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FOREWORD 

Since the enactment of the COE enabling legislation, P.L. 101-508, the FAA has conducted 12 
competitions to establish world class aviation research centers with universities and colleges across the 
United States. The FAA Administrator serves as the selecting official following a rigorous technical 
evaluation and management and fiscal review of applications. The FAA Administrator or the Secretary of 
Transportation announces those deemed to be best qualified to assist in advancing critical technologies 
of immediate and long-term importance – hot topics. COE universities prepare students to serve as the 
next generation of professionals to serve the aerospace and aviation communities while focusing on 
identified research areas with world class faculty. Academics join COE industry affiliates and other 
partners who provide superior research expertise, facilities, job opportunities, and matching contributions 
over a period of five to ten years. 

In 2009 Dr. George Nield, FAA Associate Administrator for Commercial Space Transportation, expressed 
a desire to work with academia and industry to focus on the emerging challenges presented by those 
entering the field of commercial space transportation. Amidst widespread doubt at the time, FAA 
Administrator Randy Babbitt immediately concurred with Dr. Nield’s request to establish the FAA COE 
CST. The rest is history - documented in this Summary Report prepared by Dr. Ken Davidian. Ken has 
passionately served as the FAA Program Manager for the Center of Excellence for Commercial Space 
Transportation (COE CST) over the past decade. 

Ken provides this document as an overview of the entire FAA COE CST program from beginning to end. 
Entitled the FAA COE CST Final Summary Report, these materials present the framework and 
foundational documents leading to the center’s establishment and execution. In addition, a “deep-dive” 
into the coordination elements and oversight tools employed to manage the center and capture the COE 
CST outputs, outreach, research funding history and related significant activities are also included. 

This extraordinary report analyses the center’s fiscal investments from the perspectives of each 
university, research area, and state (for Congressional reports) over time. Finally, the research efforts are 
described by compiling the ten prior Annual Report Executive Summaries created over the entire COE 
CST performance period. 

Under Ken’s dedicated leadership, the exceptional COE CST members and support staff of this FAA 
COE focused tirelessly on the challenges and newest technologies. As a result, members and affiliates 
have exceeded matching requirements, educated hundreds of talented students and prepared them to 
enter the field with advanced degrees, published volumes of articles adding to the body of knowledge, 
and performed research in a stellar manner over the past decade. 

The COE CST cooperative agreements come to a successful conclusion because of the determination 
and patience of this uniquely qualified team of experts, extraordinary faculty and students, generous 
volunteers and donors, and the commitment of dedicated FAA professionals. 

This is just the beginning of an exciting venture for those of us who are so fortunate to be a part of it at 
this particular moment in time. 

Dr. Patricia Watts 
FAA Centers of Excellence Program Manager, 2002-2017 
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FAA CENTER OF EXCELLENCE FOR  
COMMERCIAL SPACE TRANSPORTATION  

FINAL SUMMARY REPORT 

INTRODUCTION 

This document delivers an overview of the entire Federal Aviation Administration (FAA) Center of 
Excellence for Commercial Space Transportation (COE CST) program from beginning to end and is 
entitled the FAA COE CST Final Summary Report. From the perspective of the program manager, Ken 
Davidian, it provides all the foundational documents leading to the center’s establishment and execution 
and makes a “deep-dive” into the coordination and oversight tools employed to manage the center and 
the funding history of all COE CST activities. This report then analyses the center’s funding from the 
perspectives of each university, research area, and state (for Congressional reports). Finally, the research 
history is provided by compiling the prior Annual Report Executive Summaries created over the entire 
COE CST performance period. 

BACKGROUND 

The initial establishment of the COE CST required multiple steps before the first research task could be 
funded and executed. These steps were: 

 Ken Davidian prepared the initial “white paper” outlining the COE CST to management of the FAA 
Office of Commercial Space Transportation (AST) on 17 July 2009. 

 FAA AST leadership executed the COE CST “intention to establish” memo on 17 August 2009 and 
the FAA Administrator (Randy Babbitt) concurred with the memo the next day, 18 August 2009. 

 On 2 September 2009, FAA AST officially requested the assistance of Dr. Patricia Watts to guide 
AST through the process of competing and establishing the COE CST. 

 FAA AST completed a draft solicitation for the COE CST competition on 10 December 2009. 
 The first of two public meetings, held on 9 February 2010, coincided with the “snowmaggedon” event 

that hit Washington DC, crippling all ground and air transportation in the area, cancelling all incoming 
flights and stranding visitors who flew into the city prior to the snow storm. Many came to DC for both 
this public meeting and the subsequent FAA AST Commercial Space Conference. This was a truly 
memorable event! 

 FAA AST hosted the second public meeting on 25 February 2010 in Washington, DC. 
 FAA released a draft solicitation on 10 December 2009 and opened a public comment period. 

Thereafter, the FAA revised the draft solicitation and published the final solicitation for the COE CST 
competition on 15 March 2010. It closed on 30 April 2010. 

 The grants officer posted questions received from the public meetings, formally answered these and 
additional questions on an on-going basis, and issued a document on 10 March 2010. The FAA later 
published a fully inclusive updated version of this document and included additional questions, 
answers and comments for public benefit. 

 In response to the final solicitation, seven university teams submitted applications to the FAA 
representing more than 75 proposed academic core members, industry and other affiliate partners. 
Dr. Pat Watts convened technical and fiscal panels to evaluate the proposals and provided a 
summary report to the selecting official, FAA Administrator, Randy Babbitt. Department of 
Transportation (DOT) Secretary Ray LaHood announced the selection of the COE CST on 18 
August 2010. Teams at New Mexico State University and Stanford University were selected and 
combined to meet COE legislative requirements of comprehensive geographical representation and 
to ensure academic discipline coverage. 

 By mid-September 2010 each of the nine core universities entered into a Cooperative Research and 
Development Agreement (CRADA, or CA) with the FAA for the initial Phase 1 period of performance 
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through 17 August 2015. Subsequently, the FAA and each university executed a series of CA 
amendments extending the period of performance end date to 19 August 2022. The nine universities 
comprising the COE CST included (in alphabetical order) Florida Institute of Technology (FIT, or 
Florida Tech), Florida State University (FSU), New Mexico Institute of Mining and Technology (NMT), 
New Mexico State University (NMSU), Stanford University (SU), University of Central Florida (UCF), 
University of Colorado-Boulder (CU), University of Florida (UF), and University of Texas Medical 
Branch-Galveston (UTMB). In August 2017, the COE CST accepted Baylor College of Medicine 
(BCM) as the tenth member university. The logos of all COE CST member universities are shown in 
Figure 1. 

 Following the completion of the Phase I performance and fiscal assessments, Dr. George Nield 
requested the FAA Administrator renew the COE CST cooperative agreements.   Administrator 
Michael Huerta concurred by executing a memo entitled “Request to Extend the COE CST to Phase 
II, 2015-2020” and the FAA and the COE core members entered into Phase II cooperative 
agreements to enable research, education and training activities to continue for an additional 5-year 
period of performance.  FAA issued additional no-cost extensions to the core universities to assure 
orderly COE phase down and closeout of all research and related tasks as needed. 

Note: Documents mentioned above, with the exception of the draft solicitation for the COE CST 
competition, are included in the final summary report as Appendix A. Foundational Documents. 

Finally, although not a document created prior to the founding of the COE CST, Appendix A also includes 
the most recent version of the COE CST Management Plan. This document underwent many revisions 
over the life of the center and the version included in Appendix A is dated 21 May 2020. 

Over the years, COE CST member universities entered into many types of relationships with different 
organizations including Affiliate members, Associate members, and a partnership with a peer-reviewed 
journal. Maps and lists of the Affiliate and Associate members are shown in each of the Annual Report 
Executive Summary documents found in Appendix E. The peer-reviewed journal New Space featured 
COE CST research in multiple issues over the years, used COE CST photos for the issues featuring the 
center’s research, and displayed the COE CST logo on the cover of every issue. 

Speaking of journal publications, COE CST research resulted in many conference papers and peer-
reviewed articles over the years. Stylized Gantt charts for each university are given in APP F. Each charts 
showing the time phasing of research tasks over the years and the publications resulting from those 
tasks. Citations for each publication are also given. 

Figure 1. Logos of the Ten COE CST Member Universities 
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MANAGEMENT 

When FAA established the COE CST in early 2011, the COE CST Program Manager, Dr. Ken Davidian,  
regularly monitored the center’s operational, financial and technical status. In addition, the COE core 
team retained a contractor, Orion America Technology (Orion or OAT), to develop a system to monitor 
research and operational details to comply with university requirements for the FAA while similar activities 
were tracked to meet internal FAA requirements. In the early 2000s, Orion principals developed a 
database (named the Management Information System, or MIS) for a previously established FAA COE. 
Early in the COE CST life cycle, grants were issued to COE CST member universities to construct and 
maintain the new database and utilize this system to support various executive level administrative 
services, enhance fiscal oversight and technical monitoring, satisfy reporting requirements, and respond 
to related post-award demands, for the entire life of the center. 

At the start of the COE CST in 2010 and 2011, no uniform 
financial tracking tool was used across the DOT or FAA. 
Instead, Davidian tracked COE CST obligations and invoices 
for funded tasks using a combination of databases. The effort 
required to maintain data accuracy and validity grew as the 
center grew in size and age. In 2013 Davidian received an 
Award for Excellence from the Office of the DOT Senior 
Procurement Executive for Acquisition and Financial 
Assistance for "extraordinary leadership and vision 
developing procurement mechanisms to assure effective and 
efficient use of federal funds and oversight of the FAA 
Centers of Excellence research."   A DOT-wide financial 
control system was implemented shortly thereafter for internal 
purposes. 

In 2011, COE CST members, government representatives 
and industry affiliates agreed on a research outline structure 
to characterize the central research topics. FAA created the 
original Commercial Space Transportation Research Road 
Map document in 2011 to describe and refine this structure. 
The 2011 road map was updated in 2015. Both versions of 
the road map document are presented in Appendix B. At the 
highest level, the road map outline divides all COE CST tasks 
into one of four research areas (RA): (RA1) Space operations 
and access, (RA2) Aerospace vehicles, (RA3) Human spaceflight research, and (RA4) Industry 
innovation. Later, AST added the fifth RA to categorize adminisitrative tasks. In the early days of the COE 
CST, RA5 was referred to as Technical Oversight (TO). The names of the RA changed slightly over time, 
but the general categories remained the same. A significant change occurred in RA1 where the number 
of second-order categories decreased from five in 2011 to three in 2015. Details about the research areas 
are given in each of the Annual Report Executive Summaries described later in this report and included in 
Appendix E. Table 1 below summarizes each of the five RAs.  

Table 1. Brief Description of COE CST Research Areas (RA) 
RA (Color) RA1 (Red) RA2 (Blue) RA3 (Green) RA4 (Orange) RA5 (Purple) 
Description • Space 

operations 
and Access 

• Aerospace 
Vehicles 

• Human 
Spaceflight 

• Industry 
Viability or 
Innovation 

• Research 
Administration 

Academic 
Domain 

• Operations • Physical 
Sciences 
(Engineering) 

• Life 
Sciences 

• Social 
Sciences 

• None 

Figure 2. Award for Excellence from the 
Office of the DOT Senior Procurement 
Executive for Acquisition and Financial 
Assistance 
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MEETINGS 

Over the course of twelve years, COE CST held multiple Annual Administrative Meetings (AAM) and 
Annual Technical Meetings (ATM). These meetings are listed in Table 2 below. COE CST held some 
AAM at university locations while others took place elsewhere. For example, the FAA Technical Center in 
Egg Harbor, NJ hosted the 2013 AAM and the 2015 AAM took place at a Westin Hotel near the Dallas-
Fort Worth airport (this location was selected because it was close to the average latitude and longitude 
coordinates all COE CST universities). The 2017 and 2018 AAM were held in conjunction with the FAA 
Commercial Space Transportation Conference in Washington, DC. Due to the Covid pandemic, the final 
two AAM (2020 and 2021) were held virtually. Agendas from all the AAM and final reports or minutes from 
the first, second, third and fifth AAM are included in Appendix C. The minutes from the fifth AAM do not 
include any of the appendices. No final reports or minutes were available for the other AAM. The agendas 
from the ATM are also included in Appendix C. ATM6 and ATM7 were conducted as part of the 
International Symposium on Personal and Commercial Space (ISPCS) run by Dr. Patricia Hynes of 
NMSU. ATM8 and ATM9 were cancelled and postponed due to funding delays that were not resolved 
until February 2020, one month before Covid shut down all travel and in-person meetings for two years. 

All the agendas are available on the COE CST website at www.coe-cst.org as are all the technical 
presentations (in summary, full presentation, and video formats). 

DATA 

This section provides data on the COE CST tasks over the center’s life. The number and distribution of 
tasks over the 12 years are first shown, followed by the annual funding allocations by RA and university. 
Finally, this section concludes with the overall table of aggregate metrics for each year of COE CST 
operation. 

COE CST TASK HISTORIES 

Appendix D provides ledgers of all research tasks funded for every FY of COE CST operation. These 
ledgers provide slightly different data from year to year. Most include task number, task name, principal 
investigator, technical monitor, RA, FAA organizational funding source, CA amendment number, start and 
stop dates, etc. Based on the period of performance dates for each task, a “population ecology” of 
research tasks over the life of the COE CST can be drawn. For example, Figure 3 shows that once the 
COE CST was started, approximately 30 tasks were underway at any given time during the first five years 
of operation (also known as Phase 1, 2011-2015). During Phase 2 (2015-2022), the average number of 
active tasks decreased to approximately 25 at any given time. The sharp decrease at the 144-145 month 
mark corresponds to the August 19, 2022 end date of all the CA. The final two tasks between months 

Table 2. List of COE CST Annual Administrative and Technical Meetings 
#-Year Annual Administrative Meeting Annual Technical Meeting 
1- 2011 9-10 November 2010, UTMB, Galveston, TX 9-10 November 2011, CU, Boulder, CO
2-2012 25-26 April 2012, FSU, Tallahassee, FL 30 Oct-1 Nov, 2012, NMT, Albuquerque, NM 
3-2013 11-13 June 2013, FAA Technical Center, NJ 29-30 October 2013, Washington, DC
4-2014 22-23 April 2014, FIT, Melbourne, FL 28-30 October 2014, Washington DC
5-2015 27-28 April 2015, DFW Westin, Dallas, TX 27-28 October 2015, Washington DC
6-2016 29-30 March 2016, UTMB, Galveston, TX 11 October 2016, ISPCS, El Paso, NM 
7-2017 6-7 February, 2017, Washington DC 10 October 2017, ISPCS, El Paso, NM 
8-2018 6 February, 218, Washington DC Cancelled due to funding delays 
9-2019 1 April 2019, FIT, Melbourne, FL Postponed due to funding delays 
10-2020 15 July 2020, Virtual Meeting 28 October 2020, Virtual Meeting 
11-2021 16 April 2021, Virtual Meeting 14-15 April 2022, FIT, Melbourne, FL
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145-164 are close-
out administrative 
tasks required to 
assure orderly 
completion of all 
activities and the 
preparation of final 
reports. 

Figure 4 shows the 
90 distinct funded 
research tasks 
funded through the 
COE CST varied 
widely, with the 
shortest task lasting 
just over six months 
and the longest task 
just under 12 years. 
The average COE 
CST task lasted 
approximately four 
years. The 
statistics are 
skewed toward 
the low end of 
task duration 
because the 
records include 
"stop-gap" 
funding 
transfers of 
short duration 
near the end of 
an ongoing 
task. The 
duration 
distribution of 
COE CST 
tasks is shown 
below. The 
brackets along the horizontal axis showed the tasks’ duration in months (i.e., 1-13 months includes tasks 
that lasted up to one year.)  

COE CST FUNDING HISTORY 

COE CST research tasks possessed multiple characteristics, not all relevant to this overview’s analysis 
section. Data analyzed here include grant amount, research area and grantee (university receiving the 
grant). Below are charts showing the distribution of grant awards across the research areas and member 
universities. The FY identified in the charts below signifies the appropriation year of those funds, not 

Figure 3. Profile of Active COE CST Tasks 

Figure 4. Duration Histogram of COE CST Tasks 
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necessarily the year in which the FAA allocated (obligated) funds or the years during which the COE 
conducted the research. 

There’s no discernable pattern of funding proportions across fiscal years due to”lumpy” funding, funding 
of a given research task for execution across multiple years from a single fiscal year’s appropriation. Such 
a situation shows a significant funding allocation in one year and smaller allocations in subsequent years. 
However, this effect is masked in these charts because total funding allocations within a single RA are 
shown here, potentially comprised of multiple tasks.  

Figure 5. FY10 Funding by Research Area Table 3. FY10 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

Figure 6. FY11 Funding by Research Area  Table 4. FY11 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

University Allocation R&D Tech Over
CU (3) $130,000 $130,000 $0
FIT (1) $0 $0 $0
FSU (3) $125,000 $75,000 $50,000

NMSU (1) $0 $0 $0
NMT (1) $0 $0 $0
SU (4) $140,000 $140,000 $0

UCF (1) $10,000 $10,000 $0
UF (2) $60,000 $60,000 $0

UTMB (2) $35,000 $35,000 $0
TOTALS $500,000 $450,000 $50,000

University Allocation R&D Tech Over
CU (15) $300,000 $300,000 $0
FIT (11) $150,000 $150,000 $0

FSU (10) $100,000 $100,000 $0
NMSU (11) $400,000 $128,670 $271,330
NMT (11) $150,000 $150,000 $0
SU (15) $400,000 $400,000 $0
UCF (9) $100,000 $100,000 $0
UF (10) $100,000 $100,000 $0

UTMB (5) $300,000 $300,000 $0
TOTALS $2,000,000 $1,728,670 $271,330
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Figure 7. FY12 Funding by Research Area  Table 5. FY12 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

Figure 8. FY13 Funding by Research Area  Table 6. FY13 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

Figure 9. FY14 Funding by Research Area  Table 7. FY14 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

University
CU (9)
FIT (2)
FSU (3)

NMSU (3)
NMT (1)
SU (9)

UCF (2)
UF (3)

UTMB (2)
TOTALS

Allocation R&D Tech Over
$404,372 $404,372 $0
$215,216 $66,566 $148,650
$256,891 $201,891 $55,000
$101,688 $101,688 $0
$121,227 $121,227 $0
$525,995 $525,995 $0
$156,000 $156,000 $0
$218,500 $218,500 $0
$44,111 $44,111 $0

$2,044,000 $1,840,350 $203,650

University Allocation R&D Tech Over
CU (1) $51,390 $36,000 $15,390
FIT () $218,213 $0 $218,213

FSU (1) $76,082 $60,000 $16,082
NMSU (1) $50,168 $50,168 $0
NMT (3) $169,474 $119,474 $50,000
SU (5) $390,000 $390,000 $0

UCF (1) $42,520 $40,000 $2,520
UF () $0 $0 $0

UTMB (3) $142,153 $137,054 $5,099
TOTALS $1,140,000 $832,696 $307,304

University Allocation R&D Tech Over
CU (8) $128,716 $128,716 $0
FIT (2) $174,000 $75,000 $99,000

FSU (5) $137,000 $137,000 $0
NMSU (4) $39,000 $39,000 $0
NMT (8) $112,000 $112,000 $0
SU (10) $209,284 $209,284 $0
UCF (2) $37,000 $37,000 $0
UF (2) $75,000 $75,000 $0

UTMB (3) $88,000 $88,000 $0
TOTALS $1,000,000 $901,000 $99,000
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Figure 10. FY15 Funding by Research Area  Table 8. FY15 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

Figure 11. FY16 Funding by Researce Area Table 9. FY16 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

Figure 12. FY17 Funding by Research Area  Table 10. FY17 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

University Allocation R&D Admin
CU (4) $202,567 $202,567 $0
FIT (4) $320,000 $310,425 $9,575
FSU (2) $119,700 $119,700 $0

NMSU (3) $99,039 $99,039 $0
NMT (2) $143,000 $93,000 $50,000
SU (4) $75,200 $75,200 $0

UCF (3) $106,970 $106,970 $0
UF () $0 $0 $0

UTMB (7) $307,108 $145,350 $161,758
TOTALS $1,373,584 $1,152,251 $221,333

University Allocation R&D Admin
CU (6) $168,693 $168,693 $0
FIT () $0 $0 $0

FSU (1) $58,435 $58,435 $0
NMSU () $0 $0 $0
NMT (2) $190,000 $140,000 $50,000
SU (2) $111,343 $111,343 $0

UCF (1) $98,603 $98,603 $0
UF (1) $75,000 $75,000 $0

UTMB (12) $298,700 $145,004 $153,696
TOTALS $1,000,774 $797,078 $203,696
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Figure 13. FY18 Funding by Research Area  Table 11. FY18 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

Figure 14. FY19 Funding by Research Area  Table 12. FY19 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

Figure 15. FY21 Funding by Research Area Table 13. FY21 Funding by University 

• Numbers in parentheses indicate the number of tasks 
awarded to each university. 

The FAA commits to an annual base funding level prior to establishing any COE. The commitment 
applies to the entire COE; therefore, funding for each FY core member is not guaranteed to individual 
universities.  As a result, some years show schools receiving no research funding. In the COE CST case, 
FAA AST committed to an annual base funding level of $1 million. 

University Allocation R&D Admin
CU () $395,264 $0 $395,264
FIT () $0 $0 $0

FSU () $0 $0 $0
NMSU () $0 $0 $0
NMT () $100,000 $0 $100,000
SU () $0 $0 $0

UCF () $0 $0 $0
UF () $0 $0 $0

UTMB () $0 $0 $0
TOTALS $495,264 $0 $495,264

University Allocation R&D Admin
CU (3) $412,637 $412,637 $0
FIT (2) $320,000 $320,000 $0
FSU (2) $397,297 $397,297 $0

NMSU (2) $203,487 $203,487 $0
NMT (1) $350,000 $200,000 $150,000

SU () $0 $0 $0
UCF (2) $226,709 $226,709 $0

UF () $0 $0 $0
UTMB () $191,803 $191,803 $0
TOTALS $2,101,933 $1,951,933 $150,000
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The FY18 obligation chart is unlike the other years’ funding profiles due to a change in the grant funding 
process implemented within the DOT that extended the required time to coordinate FAA disbursement of  
funds from 2-3 weeks to 25-30 weeks. Also, the global COVID pandemic impacted the process during this 
time, so most of the final research funding was allocated from the FY19 budget appropriation. This 
funding was not awarded until February 2020. AST awarded final funding allocations for administrative 
tasks needed for an orderly shut-down of the center in FY21. 

COE CST ANNUAL METRICS 

Every year of its operation, the COE CST issued an Annual Report Executive Summary report. All of 
these reports are provided in Appendix E. In addition, each executive summary document included a 
table of “metrics,” including the number of active tasks, the number of unfunded tasks, etc. Table 14 
below is the final table of COE CST Metrics included in the Year 11-12 annual report executive summary. 

Table 14. Annual COE CST Metrics 
COE CST Year 1 2 3 4 5 6 7 8 9-10 11-12
Fiscal Year(s) 10 11-12 13 14 15 16 17 18 19 20-21
Active Funded Tasks 34 24 28 28 36 22 14 27 20 22 
Affiliate Tasks 34 22 22 11 6 5 2 5 14 6 
Principal Investigators 27 28 29 25 31 22 21 22 22 36 
Students 31 37 55 47 61 28 23 38 34 55 
Publications 0 38 28 22 29 19 36 23 16 40 
Affiliate Members 0 1 6 6 6 6 8 10 14 16 
Associate Members - - - 3 6 3 3 8 8 8 
Funding Profile ($M) 2.0 2.4 1.1 1.1 1.0 1.0 1.4 1.6 2.1 0.5 
Notes: “Affiliate Tasks” are not funded by the FAA but funded by COE CST affiliate members 
and counted toward matching contributions.Count of “Principal Investigators” (PIs) includes 
PIs and Co-PIs for current period only. Count of “Publications” includes publications and 
presentations for current period only.  

Minor discrepancies can be seen when comparing the funding profile in Table 14 with the funding totals 
given in Table 3 through Table 13 due to accounting variations across fiscal year boundaries. The total 
funding across all fiscal years, however, remains the same. Supporting this table are spreadsheets and 
databases with a lot of information about each task. This report includes detailed annual ledgers for every 
COE CST funding year in Appendix D. 

MATCHING FUNDING RECEIVED 

Legislation establishing the FAA Aviation Centers of Excellence requires all federal grant recipients match 
funding with in cash or in-kind contributions. All federal funding of COE CST research is curently 
accounted for at $14.2 million (see Table 15 below). A final value of matching contribution cannot be 
reported until the financial accounting is completed for all member universitis, but initial estimates indicate 
the value of university-provided match exceeds the 1:1 matching requirement for the center as a whole. 
The FAA will continue accounting for all matching contributions and sources for each core university as 
part of the close-out process. 

ANALYSIS 

Below are tables and figures of funding data and allocation across universities, research areas, and 
states. Table 15 shows each COE CST member university’s total funding over the center’s life. This 
funding includes all technical and administrative tasks associated with COE CST research. A row entitled 
“Contracts” was added to include funding allocated to non-COE CST organizations (contractors) 
conducting research for AST but these values were erased for the purposes of this report. The values for 
all the tables and charts in this report section are based on the values given in this table. 
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Figure 16 is a pie chart depicting the funding distribution. Clearly, there was no policy of equal funding for 
all COE CST universities, so the uneven distribution of funds was inevitable. Attempts were made to fund 
rigorous research relevant to the AST mission from as many 
COE CST universities in a given year as possible. However, 
this did not result in an even distribution of funds over time or 
the pool of universities. 

In total and all things being equal, funding levels to COE 
CST universities seem to fall into three categories: “big” 
recipients with a single university, CU, representing almost 
one-quarter of all funding received; “mid-level” recipients, 
including FIT, FSU, NMT, SU and UTMB for a total of 
approximately 59% of overall funding; and “low-level” 
recipients, including NMSU, UCF and UF, combining for the 
remaining 18% of all COE CST funding. A large portion of 
the CU fraction of overall funding results from a large number 
of principal investigators (PIs) funded over the entire length 
of the COE CST (there were four PIs funded for the entire 
12-year period, some working on the same task the entire 
time, others sequentially completing one task and starting 
another) and one PI continuously funded for the first five years. In addition to the large quantity of 
technical research activity, one CU PI, Dave Klaus, undertook the center’s Executive Director duties for 
the last five-year period. This duty involved administering the Orion America Technologies award and 
logistics for the required administrative and technical meetings. Klaus is also responsible for all 
administrative activities conducted during COE CST shut-down, starting once the center is “closed” on 19 
August 2022, through a planned end date of 31 December 2023. Final tasks include tracking and 
resolving all open invoicing and procurement tasks, post-center auditing and surveying activities, and 
“any other duties as assigned.” 

The second depiction of university funding of overall COE CST awards is shown in Figure 17, this time 
showing allocations by fiscal year. The FY18 allocation to CU was predominantly a result of funding the 
administrative services award (to Orion America Technologies) and annual required administrative and 
technical meetings for multiple years. Another perspective on the funding allocation to universities is 
shown in Figure 18. In this figure, all the columns are normalized to represent percentage of funding. By 
looking at the colors of the bars, the university or universities receiving large fractions of overall available 
funding are easily identified. For example, between FY10-FY14, Stanford University consistently received 
approximately 20% of the available funding, but they were not alone in receiving large fractions of 
available funding during that time. Although no other university consistently received such a large fraction 
of funding, individual universities received large fractions of the available funds, including NMSU in FY10, 
CU and FSU in FY11, FIT in FY13-14, NMT in FY15-16, UTMB in FY15-16, etc. In FY21, only CU and 
NMT received funding for administrative tasks associated with COE CST shut-down activities for a period 
of performance extending beyond the August 19, 2022 date. 

Figure 16. University Funding by Percentage 
of Overall COE CST Awards  

Table 15. Total and Average Funding for All COE CST Universities and Fiscal Years (FY)  

University TOTALS AVGS % FY10 FY11 FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY21
CU $3,287,722 $298,884 23.1% $300,000 $130,000 $404,372 $128,716 $51,390 $124,451 $168,693 $202,567 $968,896 $412,637 $396,000
FIT $1,785,985 $162,362 12.5% $150,000 $0 $215,216 $174,000 $218,213 $75,000 $0 $320,000 $313,556 $320,000 $0
FSU $1,390,168 $126,379 9.8% $100,000 $125,000 $256,891 $137,000 $76,082 $119,763 $58,435 $119,700 $0 $397,297 $0
NMSU $1,097,915 $99,810 7.7% $400,000 $0 $101,688 $39,000 $50,168 $0 $0 $99,039 $204,533 $203,487 $0
NMT $1,572,701 $142,973 11.0% $150,000 $0 $121,227 $112,000 $169,474 $237,000 $190,000 $143,000 $50,000 $350,000 $50,000
SU $1,926,423 $175,129 13.5% $400,000 $140,000 $525,995 $209,284 $390,000 $74,601 $111,343 $75,200 $0 $0 $0
UCF $952,866 $86,624 6.7% $100,000 $10,000 $156,000 $37,000 $42,520 $87,650 $98,603 $106,970 $87,414 $226,709 $0
UF $528,500 $48,045 3.7% $100,000 $60,000 $218,500 $75,000 $0 $0 $75,000 $0 $0 $0 $0
UTMB $1,695,410 $154,128 11.9% $300,000 $35,000 $44,111 $88,000 $142,153 $288,535 $298,700 $307,108 $0 $191,803 $0
Contracts $0 $0 $0 $0 $0 $0 $0
TOTALS $14,237,690 $1,294,335 100% $2,000,000 $500,000 $2,044,000 $1,000,000 $1,140,000 $1,007,000 $1,000,774 $1,373,584 $1,624,399 $2,101,933 $446,000
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FUNDING BY RESEARCH AREA 

Table 16 and Table 17 show the funding history allocated to the research areas (including RA5 for 
administrative tasks). Table 16 shows the annual funding allocations to each RA, and Table 17 shows the 
cumulative amounts for each RA. The fraction of all funding allocated to each RA is displayed across the 
top of each color-coded column. Figure 19 depicts the RA distribution of total COE CST funding In pie-
chart form. There was a significant variation in spending per RA over the life of the COE CST. However, 
on average, the annual expenditure by FAA AST on COE CST was approximately $1.2-$1.3 million 
(depending on whether you 
divide by 11 funding years or 12 
calendar years of elapsed time). 

A column chart showing the total 
allocations for each RA is shown 
in Figure 20 and the average 
over all years is shown in  Figure 
21. The data for these figures 
come from Table 16 and Table 
17. The FAA’s emphasis on 
safety of the National Air Space 
and space vehicles is reflected in 
the high levels of total and 
average funding in RA1 and RA2 
respectively.  

Lower funding levels in Human 
Spaceflight research (RA3) and 
Industry Innovation (Policy, Law, 
Regulation and Markets, i.e., the 
social sciences, RA4) also 
accurately reflect FAA AST 
priorities. Administrative funding 
levels reflect the importance of 
coordination, COE oversight, 

Figure 17. Absolute University Funding of Overall 
COE CST Awards  

Figure 18. COE CST Funding Distribution/History to 
Universities 

Table 16. Annual COE CST Funding  

Table 17. Cumulative COE CST Funding    

28.89% 24.11% 14.75% 10.19% 22.06%

FY Total
Aerospace 

Access
Aerospace
Vehicles

Human
Spaceflght

Industry
Innovation

Admini-
stration

TOTAL $14,273,391 $4,123,830 $3,441,640 $2,105,676 $1,454,211 $3,148,034
AVG $1,297,581 $374,894 $312,876 $191,425 $132,201 $286,185
2010 $2,000,000 $642,282 $450,280 $414,426 $221,682 $271,330
2011 $500,000 $315,000 $100,000 $35,000 $0 $50,000
2012 $2,044,000 $841,707 $640,059 $96,461 $262,123 $203,650
2013 $1,000,000 $313,000 $317,000 $126,000 $145,000 $99,000
2014 $1,190,000 $336,168 $159,474 $137,054 $200,000 $357,304
2015 $1,007,000 $91,531 $348,412 $286,285 $72,247 $208,525
2016 $986,475 $297,609 $282,739 $189,431 $13,000 $203,696
2017 $1,373,584 $282,739 $319,670 $319,417 $230,425 $221,333
2018 $1,624,399 $537,469 $0 $0 $149,734 $937,196
2019 $2,101,933 $466,325 $824,006 $501,602 $160,000 $150,000
2021 $446,000 $0 $0 $0 $0 $446,000
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required reporting, and control functions 
in the COE CST over the long-term, 
covering a broad scope of topics, 
individuals, activities, and universities. 

ANNUAL SPENDING BY STATE 

Of interest to Congressional analysts is 
the distribution of funding to specific 
states. This section isolates the funding 
profiles of COE CST universities by 
their individual states. As mentioned in 
the Introduction section of this report, 
the New Mexico team (including two 
New Mexico universities and four 
universities from Florida) was joined by a team of universities led by Stanford (and included CU Boulder 
and UTMB Galveston). Together, the team represented the four principal states involved in the space 
industry (namely Florida, Texas, California and Colorado) and added the state of New Mexico which, at 
the time, was the state with the preponderance of human suborbital space transportation activity in the 
country. 

Below are charts showing the funding levels received by COE CST universities in these five states. 
California, Colorado and Texas will be discussed first because there is only one university in each of 
those three states that received funding (Texas is home to two COE CST universities, but only 
onereceived funding during the life of the center; Baylor College of Medicine was added to the team but 
did not receive funding). Next, I’ll discuss New Mexico with two universities and Florida with four 
universities. Please note that in all cases, funds are not necessarily spent in the fiscal year they were 
obligated. 

First, the state of California is well known for being the home of the NASA Ames Research Center and 
the CalTech Jet Propulsion Lab (a federally funded research and development center, FFRDC). For the 
COE CST, California is the home of Stanford University. COE CST funding for Stanford over the center’s 
life started strong over the first five years, subsided for the next three years and was zeroed out for the 
final three years. It turns out that activity over the final three years utilized unspent funding from the prior 
years. Although funding was zero from FY18 onward, research activity and output were still conducted at 
significant levels. Figure 22 shows the funding distribution for Stanford University in California. The total 
of all COE CST funding to the California university is almost $1.9 million, for an average of $175 thousand 
per calendar year. 

Figure 19. Fraction of Research Funding 
by Research Area 

 

Figure 20. Total COE CST Funding per RA 

 

 Figure 21. Average COE CST Funding per RA  
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The state of Colorado is home to 
major space industry activity 
supporting science and human 
space operations for the U.S. 
military and space programs. It is 
also home to many newer and 
emerging space companies 
serving both government and 
commercial sectors of space 
activities. The University of 
Colorado at Boulder filled major 
leadership and research roles 
within the COE CST. With the 
exception of an FY18 funding 
spike (resulting from a backlog of 
research funding due to multiple 
factors), CU consistently received 
approximately $300K per year 
from FAA AST for COE CST 
research. The annual funding from 
COE CST to CU Boulder is shown 
in Figure 23. The total of all COE 
CST funding to the Colorado 
university is almost $3.3 million, 
for an average of nearly $300 
thousand per calendar year. 

The University of Texas Medical 
Branch was the only university 
receiving funds from the COE CST 
in the state of Texas. Although 
Baylor College of Medicine is also 
located in Texas, they joined the 
COE CST late in the center’s life 
and received no direct funding for 
research. The funding profile for 
UTMB shows a high initial 
allocation that sustained research 
activities through FY14, requiring 
only minor funding supplements in 
the FY11-FY14 period. Starting in 
FY15, UTMB filled the executive 
director position of the center so 
allocations for research and 
administrative activities resulted in 
a sustained high level of funding in 
FY15-FY17. A final allocation was 
given in FY19 for remaining 
research tasks as shown in  
Figure 24. The total of all COE CST funding to UTMB is almost $1.7 million, for an average of $150 
thousand per calendar year. 

Figure 22. Annual Funding Levels Allocated by COE CST to the State of 
California  

Figure 23. Annual Funding Levels Allocated by COE CST to the State of 
Colorado  

 Figure 24. Annual Funding Levels Allocated by COE CST to the State 
of Texas  
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The final two states discussed here 
are New Mexico with two COE CST 
universities in the state, and Florida, 
home to four COE CST universities. 

New Mexico State University was the 
original administrative lead for the 
COE CST and subsequently received 
a sizeable initial funding allocation in 
addition to research activities they 
performed. As shown in Figure 25, 
this initial allocation to both 
universities sustained NMSU and 
NMT through the first two years of the 
COE CST lifespan. While NMSU’s 
administrative and research funding 
waned in subsequent years, NMT 
hosted a specific administrative 
activity, namely funding the annual 
usage of the Orion Management 
Information System, the storehouse 
of technical, financial, and other 
administrative data/information for the 
COE CST. The total of all COE CST 
funding to New Mexico universities is 
almost $2.7 million, for an average of 
$240 thousand per calendar year. 

Florida is well-known for being the state where all of NASA’s rocket launches take place, and for that 
reason, it has earned the nickname “the space coast.” It is no surprise, therefore, that four of the nine 
original COE CST universities are from Florida. As shown in Figure 26, although some Florida universities 
received more total funding than others over the twelve-year lifetime of the COE CST (the total funding 
allocations range from 3.7% to 12.5%, see Figure 16), the annual profile of all Florida universities 
demonstrates a relatively steady stream of funding with the exceptionally high funding years (FY12 and 
FY19). The total of all COE CST funding to Florida universities is almost $4.7 million, for an average of 
$420 thousand per calendar year.  

Figure 25. Annual Funding Levels Allocated by COE CST to the State of 
New Mexico 

Figure 26. Annual Funding Levels Allocated by COE CST to the State of 
Florida 
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CONCLUSION 

The FAA COE CST Final Summary Report endeavored to provide details and insights into the overall 
funding of research and the required administrative and oversight tasks for the Center of Excellence for 
Commercial Space Transportation. It starts with an accounting of the preliminary and planning activities 
conducted before the competition and the COE CST Cooperative Agreements award. It then described 
the financial tracking and control methods used to manage the COE CST. Next, detailed funding and 
allocation data, in the form of tables, graphs and ledgers, were given to transparently provide insights into 
the inner-workings of the center’s funding activities. Finally, some analytic charts and graphs are provided 
at a very high level. The COE CST leadership thought this publication would be a great way to thoroughly 
wrap-up twelve years of work and data in a way that could not be achieved through the individual annual 
Executive Summary reports. 

In total, the FAA granted over $14.2 million to COE CST universities for 90 distinct tasks over 12 years. 
During that time, the universities generated at least that much matching resources (in cash and in-kind) to 
satisfy to exceed the 1:1 match requirement as per the legislation for all FAA COEs. 

As you peruse this report, please consider all the people involved in the COE CST over the years 
(pictures in the Year 11-12 - 2022 Annual Report Executive Summary Report in Appendix E). I expressed 
my thanks to all those people in that final Executive Summary, but I will repeat myself here. I want to 
thank all the individuals from the dozens of participating organizations and institutions for their patience 
and long-standing support of this research consortium. In an ideal world, I would like to thank the 46 
principal investigators and 143 students each by name, but I cannot do that here. I would also like to 
thank each of the dozens of organizations in our corps of Affiliate and Associate members, and all other 
participating and contributing organizations. A very special thanks goes to the PIs who served as 
Executive Director of the COE CST... you'll find their pictures at the beginning of the different Executive 
Summaries.Again, I appreciate everybody’s contributions of time and effort that helped make the COE 
CST a successful and worthwhile endeavor. 

I am sure there are some errors in this report, either in the narrative or in the data. These are all 
unintentional and my responsibility. I made every effort to keep meticulous records of all relevant data 
(and some irrelevant data, I’m sure) for all financial and research-related transactions. If you have any 
questions or corrections you wish to notify me of, please don’t hesitate to reach out online, in person, over 
the phone, via email, or in any other way possible. I will always be interested in what you might want to 
say or discuss. 

Although administrative tasks extend beyond the 19 August 2022 date, the COE CST effectively “locked 
the doors” on that date. At some point in the future all the administrative “loose ends” are tied up and at 
that time we’ll turn off all the lights, lock the front door for the last time, and move on. Because of this 
delay in the “shut down date” and the final close-out date, there may be changes in the final funding 
amounts if some funding is unexpended and returned to the U.S. Treasury. In any case, I am sure I’m not 
alone knowing the past 13 years were exciting and rewarding. I’m sad to see the center close but all good 
things must come to an end.  
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APPENDIX A. FOUNDATIONAL DOCUMENTS 

This Appendix contains the following documents: 

 Initial “white paper” outlining the COE CST to management of the FAA Office of Commercial Space 
Transportation (AST), dated 17 July 2009. 

 COE CST’s “intention to establish” memo dated 17 August 2009 and the FAA Administrator’s 
concurrence memo, dated 18 August 2009. 

 FAA AST’s official request memo for Dr. Patricia Watts’ assistance to compete and establish the 
COE CST, dated 2 September 2009. 

 Agenda for the first of two public meetings, dated 9 February 2010. 
 Agenda for the second public meeting, dated 25 February 2010. 
 The final solicitation for the COE CST competition, dated 15 March 2010. 
 Revised questions and answers document from the public meetings, including additions after the 

initial document was released on 10 March 2010. 
 Press release announcing the selection of the team of universities led by New Mexico State 

University to become the COE CST released by Department of Transportation Secretary Raymond 
LaHood, dated 18 August 2010. 

 Memo entitled “Request to Extend the COE CST to Phase II, 2015-2020” signed by FAA 
Administrator, Michael Huerta on February 27, 2015. 

 COE CST Management Plan dated 21 May 2020
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CENTER OF EXCELLENCE
FOR

COMMERCIAL SPACE TRANSPORTATION  
(COE-CST)

Background
The FAA Office of Commercial Space Transportation (AST) is responsible for ensuring a safe 
and successful U.S. Commercial Space Transportation Industry (CSTI) in the commercial space 
sector. AST is working with both of the two distinct segments that comprise this CSTI, namely: 

Incumbent and emerging companies in the Earth to Orbit (ETO) cargo, scientific payload,
and human transportation markets.
Incumbent and emerging companies in the wide variety of suborbital cargo, scientific
payload, and human transportation markets.

In light of the continued evolution of both market segments, AST has decided to expand its role 
to support the CSTI by establishing a formal, long-term, organizational infrastructure that will 
encourage the teaming of resources and assets from a wide variety of interested organizations, to 
define, review, coordinate, and disseminate academic research for the benefit of all CSTI 
members.  

The FAA Center of Excellence (COE) Program and competitive selection process would be 
ideally suited to accomplish this goal through the creation of a FAA Center of Excellence for 
Commercial Space Transportation (COE-CST). 

Scope of COE-CST Research 
The work pursued under the AST COE would support the major goals of the AST organization, 
including the following: 

Encourage, facilitate, and promote a safe and successful U.S. CSTI.
Encourage, facilitate, and promote private and government involvement in U.S. CSTI
infrastructure.
Encourage, facilitate, and promote the use by the CSTI of U.S. government-developed space
technology.
Develop an efficient and judicious regulatory environment.
Apply and enforce the regulation of commercial space transportation activities to protect
public and government interests.

Analytical or experimental research activities can be conducted by COE-CST members on topics 
that support the AST goals listed above. Areas of focus can include, but are not necessarily 
limited to: 

AST regulatory and market analysis and forecasting procedures and methodologies.
CSTI technical and administrative operations, practices, standards, procedures, and
methodologies.
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Current Activities 
There are two current activities by other institutions that are similar in nature but can ultimately 
reinforce the AST COE effort. These are the Space Transportation Research and Development 
Institute (STRDI) and the Commercial Space Liaison initiative. 

The Space Transportation Research & Development Institute (STRDI) was a legislative initiative 
in the State of Florida that failed to pass both state chambers before the end of the most recent 
session. The legislation proposed to allocate State funding toward the establishment of STRDI as 
a national multi-university initiative to tackle space transportation technology and policy 
challenges that would improve Florida’s competitiveness of the space launch industry. 
The U.S. Air Force Space Command is in the process of standing up a Commercial Space 
Liaison office at different locations across the country, but this is not a formal relationship with 
universities or other academic institutions for research and studies in support of the CSTI.  

Possible Participation 
Potential federal organizations that could partner with AST to be affiliated with the COE-CST 
include: 

NASA (HQ Mission Directorates or their related Centers)
U.S. Air Force Space Command
Department of Transportation
Department of Commerce, NOAA, Office of Space Commercialization

Members of the academic community that are strongly positioned to respond to a formal 
Solicitation for the COE-CST include, but is not limited to, the following: 

Embry-Riddle Aeronautical University, FL and Prescott, Prescott, AZ.
International Space University, Strasbourg, FR.
Massachusetts Institute of Technology, Cambridge, MA.
New Mexico State University, Las Cruces, NM.
University of New Mexico, Albuquerque, NM.
University of North Dakota, ND.

Schedule
Based on past scheduling experience for previous FAA COEs, the COE-CST could be 
established by the end of FY10 based on available funding at the beginning of that fiscal year. 
This aggressive schedule would require meeting the following major milestones: 

1 Oct: Initiate Solicitation Process, obtain formal concurrences
22 Dec: Release Solicitation, Response Period is Open for 4-6 Weeks
5 Feb: Proposals Due
26 Feb – 30 Mar:  Evaluation of Proposals
6 Apr:  Selection of COE-CST Members, Notify DOT
6 Ap: Public Announcement of COE-CST
6 Apr – 18 May: Negotiate Contracts and Agreements
18 May – 29 June: Determine Research Topics
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29 June:  Initiate Research Activities
A detailed task list is given in Appendix A and the Gantt Chart is shown in Appendix B. 

Budget
AST is determined to take the leadership role with an unfunded request for $1M in FY10. 
Additional funding requests will be made at the same or greater levels for out-year budgets 
FY11-19.

The possibility exists of additional funding sources from other organizations, but it is too early in 
the process to assess the probability of which organizations might be included and at what level.  
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APPENDIX A. COE-CST TASK LIST 
Start Date End Date 

INTENT TO ESTABLISH 10/1/2009 10/30/2009 
Prepare Request to Establish COE to Approving Officials 10/1/2009 10/14/2009 
Notify Senior Officials/AOA/AGI/AGC/DOT/ATO  [AA-AST] 10/14/2009 10/14/2009 
Prepare Formal Justification & Notification 10/1/2009 10/30/2009 
Brief Gov't Affairs [Watts; AA-AST] 10/30/2009 10/30/2009 
Notify FAA Administrator of Intent to Establish COE 10/30/2009 10/30/2009 

SOLICITATION PROCESS 10/1/2009 2/5/2010
Prepare Draft 10/1/2009 10/30/2009 
Prepare Notice of Availability 10/1/2009 10/30/2009 
Finalize Draft, Coordinate w/Legal, AGI, Send to Mtg Attendees 10/30/2009 10/30/2009 
Notice of Public Meeting in GRANTS.GOV [Watts] 10/30/2009 10/30/2009 
Public Information Meeting 11/13/2009 11/13/2009 
Comment Period on Draft Solicitation 11/16/2009 12/1/2009 
Comment Period Closes 12/1/2009 12/1/2009 
Prepare Final Solicitation 12/2/2009 12/22/2009 
Final Solicitation in GRANTS.GOV 12/22/2009 12/22/2009 
Send Final Solicitation to Mailing List 12/22/2009 12/22/2009 
Solicitation Period 12/23/2009 2/5/2010 
Solicitation Period Closes 2/5/2010 2/5/2010

EVALUATION PROCESS 11/16/2009 3/30/2010 
Review Proposal Submissions 2/8/2010 2/26/2010
Update Evaluator's Training manual 11/16/2009 12/4/2009 
Select Technical Evaluators 12/7/2009 12/11/2009 
Select Mgt and Financial Review Teams 12/14/2009 12/18/2009 
Update Training Manuals 12/21/2009 1/4/2010 
Eval Teams Meeting (Eval Manual, Rate&Rank Submissions) 2/26/2010 2/26/2010 
Prepare Exec Summary and Synopsis of Comments 3/1/2010 3/30/2010
Prepare Cover Letter for Draft Exec Summary Report 3/1/2010 3/30/2010
Final Evaluation Report Completed 3/30/2010 3/30/2010 

SELECTION & ANNOUNCEMENT 3/30/2010 4/6/2010
Notify OGIA of Findings and Selection [Watts] 3/30/2010 3/30/2010 
Notify Administrator of Evaluation Outcome [Watts] 3/30/2010 3/30/2010 
Administrator Makes Final Selection & Announcement 3/31/2010 4/6/2010
Notify DoT Secretary, Prepare Press Release 4/6/2010 4/6/2010
Notify Congressional Offices 4/6/2010 4/6/2010
Contact Selected Team Members 4/6/2010 4/6/2010
Issue Press Release 4/6/2010 4/6/2010

AGREEMENTS 4/6/2010 5/18/2010
Issue Draft COE Agreements to All Members 4/6/2010 4/6/2010
Negotiate Terms of CRADA 4/7/2010 4/27/2010
Execution of all Agreements 4/28/2010 5/18/2010 

EXECUTION 5/18/2010 6/29/2010 
COE Dedication 5/18/2010 5/18/2010 
Definition of Projects 5/19/2010 6/8/2010
Develop Grant/Contract Agreements 6/9/2010 6/29/2010
Execution of Grant/Contract Agreements 6/29/2010 6/29/2010 
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Public Meeting for the FAA  
Center of Excellence for  
Commercial Space Transportation  

 Federal Aviation 
Administration

Salon 2 
Tuesday, February 9, 2010 
Crystal Gateway Marriott 
Arlington, VA 

FINAL Agenda 

8:00 am Registration Opens 

9:00 am Commencement - Welcome 
Dr. George Nield, Associate Administrator 
FAA Office of Commercial Space Transportation 

9:15 am FAA Centers of Excellence Program Overview 
Dr. Patricia Watts, Director FAA COE Program  

9:45 am FAA COE CST Overview 
Ken Davidian, FAA Office of Commercial Space Transportation 

10:15 pm Break 

10:45 pm Proposal Evaluation Process 
Dr. Patricia Watts 

11:15 am Previously Asked Questions 
Dr. Patricia Watts, Ken Davidian

11:45 am Networking and Lunch Break  

1:00 pm Open Discussion, Q&A 
Dr. Patricia Watts, Ken Davidian

2:00 pm Closing Comments & Adjournment 
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Press Release – FAA Creates Center of Excellence for Commercial 
Space Transportation 

For Immediate Release 

August 18, 2010 
Contact: Henry J. Price
Phone: (202) 267-3883

WASHINGTON, D.C. — U.S. Transportation Secretary Ray LaHood announced that the 
Federal Aviation Administration (FAA) has selected New Mexico State University 
(NMSU), Las Cruces, NM, to lead a new Air Transportation Center of Excellence for 
Commercial Space Transportation. The center is a partnership of academia, industry, 
and government, developed for the purpose of creating a world-class consortium that 
will address current and future challenges for commercial space transportation. 

“The Obama Administration is committed to making sure the United States remains the 
world leader in space development and exploration,” said Secretary LaHood. “This new 
center underscores that commitment, and will ensure that the commercial space 
community can meet our current and future space transportation needs.” 

The Obama Administration recently released its new National Space Policy, which 
recognizes opportunities and advancements in commercial space transportation and 
lays out specific ways to use commercial capabilities. 

“Commercial space flight is ready to play a greater role in the nation’s space program,” 
said FAA Administrator Randy Babbitt. “Universities working with industry partners will 
fuel the research necessary to help keep us in the forefront of both technology and 
safety in space.” 

Called the Center of Excellence for Commercial Space Transportation, the new center 
is expected to begin operations this month. The research and development efforts will 
include four major research areas: space launch operations and traffic management; 
launch vehicle systems, payloads, technologies, and operations; commercial human 
space flight; and space commerce (including space law, space insurance, space policy 
and space regulation). The FAA will enter into 50-50 cost-sharing cooperative 
agreements to establish the partnerships, with plans to invest at least $1 million per 
year for the initial five years of the center’s operations. 

New Mexico State University in Las Cruces will lead a team of colleges and universities 
throughout the country. These include:  Florida Institute of Technology, Florida State University, 
New Mexico Institute of Mining and Technology, Stanford University, University of Colorado at 
Boulder, University of Florida, University of Central Florida, and University of Texas Medical 
Branch.
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Congress authorized Air Transportation Centers of Excellence under the Federal 
Aviation Administration Research, Engineering and Development Authorization Act of 
1990. This legislation enables the FAA to work with universities and their industry 
partners to conduct research in environment and aviation safety, and other activities to 
assure a safe and efficient air transportation system. With the establishment of this 
center, research will extend to cutting-edge technologies and infrastructure for private 
human spaceflight and orbital debris mitigation. 

The United States’ space program has three sectors — civil, military and commercial. 
The FAA’s Office of Commercial Space Transportation is responsible for licensing, 
regulating and promoting the commercial sector space industry. Since the office was 
created in 1984, the FAA has issued licenses for more than 200 launches, has licensed 
the operation of eight FAA-approved launch sites known as spaceports, and has helped 
ensure that no loss of life or serious injury has been associated with these efforts. For 
more information on FAA’s commercial space transportation activities, a fact sheet is 
available at:  http://www.faa.gov/news/fact_sheets/news_story.cfm?newsId=11559

The FAA has established eight other centers of excellence, focusing on air cabin 
environment, noise and emissions mitigation, airport pavement technology, operations 
research, advanced materials, aircraft structures, airworthiness assurance, and general 
aviation. For more information about the FAA Centers of Excellence program, visit the 
web page at http://www.faa.gov/go/coe.
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1.0 Introduction 
1.1 BACKGROUND 
In August 2009, the FAA Administrator signed a memo agreeing to the creation of a 
Center of Excellence (COE) for Commercial Space Transportation (CST) that would be 
supported at a minimum level of one million dollars per year for 10 years. 

Following two public meetings conducted in February 2010, a competitive process was 
conducted over the following four months to solicit and then evaluate proposals for the 
COE CST.  

In September 2010, Cooperative Agreements (CAs) were executed between the FAA 
Office of Commercial Space Transportation (AST) and nine universities to create the 
COE CST. The member universities are (in alphabetical order): 

 The Baylor College of Medicine (BCM) – joined 2018 
 Florida Institute of Technology (FIT, or Florida Tech) 
 Florida State University (FSU) 
 New Mexico Institute of Mining and Technology, (NMT, or New Mexico Tech) 
 New Mexico State University (NMSU) 
 Stanford University (SU) 
 University of Central Florida (UCF) 
 University of Colorado at Boulder (CU) 
 University of Florida (UF) 
 University of Texas Medical Branch at Galveston (UTMB) 

Subsequently, the FAA distributed two million dollars to these universities to conduct the 
first set of research tasks. Through this Management Plan, the FAA encourages the COE 
CST member universities to cooperate and collaborate with the purpose of conducting 
world-class research in support of the Commercial Space Transportation industry.  

Together, the ten member universities bring complementary strengths together for the 
benefit of the overall COE CST. FAA finds that each team member provides highly 
respected and accomplished experiences that directly address the research and study 
needs of the commercial space industry. 

The Baylor College of Medicine (BCM) is home to the Center for Space Medicine 
(CSM). The CSM is the only academic department/center in space medicine at any 
university or medical school.  Established in 2008, it has over 70 members and 15 
interdisciplinary faculty members. It offers a unique and popular four-year Space 
Medicine Track and awarded (with Neuroscience) its first Ph.D. in space medicine in 
2015. BCM CSM was awarded a $246M NASA cooperative agreement in 2016 to lead a 
12-year Translational Research Institute in collaboration with Caltech and MIT. BCM 
CSM is recognized as the leading academic space medicine research and education 
program in the world. Expansion plans for BCM CSM include a new Initiative called the 
Aerospace Medicine (ASM) program within the CSM. The CSM-ASM program will 
include membership in the FAA COE CST, new aerospace medicine clinical activities, 
enhanced educational activities, and expanded research programs. The result will be an 
unprecedented cutting-edge international center of excellence, combining research, 
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education and clinical practice in aviation and space medicine. BCM CSM will be the go-
to place in the world where space and medicine come together. 

Florida Institute of Technology (FIT, or Florida Tech) performs doctoral research and 
undergraduate and graduate education through its six academic colleges and schools with 
emphases on aviation, aeronautics, science, technology, engineering and mathematics. 
Research at Florida Tech focuses on mechanical and aerospace engineering, software and 
hardware resilient systems, biomedical engineering, space resource utilization, corrosion 
and space-related engineering, cloud physics and space weather, space traffic 
management and launch operations, vehicle and payload analysis and design, thermal 
systems, propulsion, and commercial space industry viability. Florida Tech serves as the 
primary COE CST liaison to industry for research partnership, and affiliate membership 
to the government, the private sector as well as academia. Historically known as FIT, 
Florida Tech’s preeminent research centers and institutes include the Buzz Aldrin Space 
Institute, the FAA Center of Excellence for General Aviation Research (PEGASAS), the 
FAA Center of Excellence for Commercial Space Transportation (COE CST), the School 
of Human-Centered Design, Innovation & Arts, the Harris Institute for Assured 
Information, and more.  

Florida State University (FSU) brings a range expertise and unique infrastructure and 
unparalleled testing facilities in many areas relevant to the COE CST. These include but 
are not limited to: cryogenics, thermal management, vehicle aerodynamics and controls, 
sensors, actuators, system health monitoring and high-performance simulations including 
multi-physics mechanics and flow surface interactions. We have substantial expertise in 
simulating, experimentally and numerically, the Vehicle Launch Environment and the 
associated challenges in aeroacoustics and aerostructures. 

New Mexico Institute of Mining and Technology, (NMT, or New Mexico Tech) is a 
science, math and engineering university that has more than a dozen research divisions 
that work with private industry, government agencies and other universities. The research 
divisions include the Petroleum Research and Recovery Center, the Institute for Complex 
Additive Systems Analysis, the Energetic Materials Research Testing Center, the world’s 
largest lending library of seismology equipment, the Magdalena Ridge Observatory, the 
National Center for Genome Resources, the National Cave and Karst Research Institute, 
and the Langmuir Laboratory for Atmospheric Research. 

New Mexico State University (NMSU) and its Physical Sciences Laboratory have led 
space and aerospace research in areas of suborbital investigations from the time of Robert 
Goddard and Werner von Braun to the current era of commercial sub-orbital space 
transportation with Spaceport America and its operators, Virgin Galactic. SpaceX and UP 
Aerospace. New Mexico Space Grant Consortium, the 21st Century Aerospace Space 
Group and related aerospace research focuses on annual access to space for student and 
faculty experiments, unmanned aerial vehicles, and cube-satellite development. 

Stanford University (SU) brings a 50-year history of aerospace research excellence and 
a broad scope of expertise to the COE CST, including the optimization and autonomous 
operation of complex systems, strategic research planning, organizational integration and 
distributed administration experience. 
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University of Central Florida (UCF) as partners of Florida Center for Advanced Aero-
Propulsion (FCAAP) and the Center for Advanced Turbines & Energy Research 
(CATER), offers its experience and expertise in thermal protection system, propulsion 
system components, cryogenic systems and materials, composites, sensors and actuators, 
and guidance and control. 

University of Colorado at Boulder (CU) offers the COE CST their experience in 
spacecraft life support systems and habitat design, spaceflight risk assessment, human 
factors engineering analysis, payload experiment integration, and expertise in space 
environment and orbital mechanics. 

University of Florida (UF) has been performing aeronautical and aerospace research 
since 1941, with current emphasis in the Department of Mechanical and Aerospace 
Engineering on research in space systems, MEMS, computational sciences, structural 
dynamics, controls, gas dynamics, and propulsion. 

University of Texas Medical Branch (UTMB) has a long history of medical support 
and human spaceflight physiological research with NASA. UTMB doctors have been 
involved in the commercial orbital and suborbital spaceflight industry, supporting space 
flight participant visits to the ISS, and preparing passengers and crew for suborbital space 
flights. 

Additionally, the team members provided a comprehensive distribution of geographical 
coverage representing the entire Commercial Space Transportation industry. Combined, 
the ten universities bring over 50 other government, industry and academic organizations 
as research partners. 

1.2 OVERVIEW 

Key FAA Personnel 
In this document, the following position titles are used. As of the distribution date of this 
document, the individuals named below hold each of these positions: 

 Dr. Ken Davidian, Director of Research and COE CST Program Manager, FAA 
AST 

Purpose 
The purpose of the AST COE Management Plan is to define the relationships, roles, goals 
and membership of the COE CST organizational entities and AST.  

Organizational Context 
As of March 2018, the organizational position of R&D within AST has been fairly 
uncertain. AST plans to implement a new organizational structure in early 2020. 
Therefore, no organizational context of the R&D activities within AST are currently 
detailed in this document.  

1.3 SCOPE 
Administrative activities of the COE CST member universities are defined in COE CST 
Cooperative Agreements. For activities not specified in the COE CST Cooperative 
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Agreements, member universities are at liberty to conduct business as agreed upon 
among them and by the Executive Committee through a consensus-driven decision-
making process. 

COE CST appraisal review and audits will be performed by the FAA COE Program 
Office in accordance with terms of the COE Policy Guide. 

2.0 Executive Committee 
2.1 FUNCTIONS AND GOALS 
The Executive Committee (EC) is responsible for the following COE CST functions: 

Develop a Set of Self-Governance Documents 
 Beginning with an EC Terms of Reference document, working through the second step 
of an EC Management Plan of its own, and culminating with an EC Constitution that will 
be iteratively refined over multiple years, these will evolve toward the foundational 
document for the COE CST entering its self-sustaining phase after 10 years of guaranteed 
FAA funding.  

Foster Cooperative Efforts Among the COE CST Member Universities 
To respond not only to FAA funding solicitations but also to external funding 
solicitations, cooperative efforts will require some modified posturing. The intent is to 
demonstrate through signaling and subsequent action that being a member of the COE 
CST and partnering with other member universities enhances the chances of winning 
funding for related research tasks. 

Begin Conducting Strategic Planning Analyses 
Strategic planning analyses will be very valuable to the COE CST and can provide the 
basis for sustained, meaningful activities among the participating members. The long-
term goal is self-sustenance after 10 years and the results of many structured analyses 
will be essential to painting a more complete picture of how it can best be achieved. 

2.2 MEMBERSHIP 
Members of the EC include: 

Executive Committee Chair 
Dr. David Klaus, University of Colorado - Boulder  

Executive Committee Chair Pro Tem  
Dr. Ken Davidian, AST Director of Research and COE CST Program Manager 

COE CST Member University Representatives 
Each university can be represented by COE CST Principal Investigators (PIs) and other 
university personnel (including staff and student observers) on an “as interested” basis. 
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However, each university will designate a primary and secondary PI to attend the EC as a 
voting member. 

Industry Advisory Council  
The COE CST Industry Advisory Council has been inactive. Industry members represent 
themselves individually at the EC meetings. Although they are contributing member in 
discussions leading to consensus, industry participants are not voting members of the EC. 

2.3 MEETINGS AND SCHEDULE 
Attendance at the EC meetings will be generally inclusive (allowing multiple PIs, student 
observers and staff as needed to attend from any given university). 

EC meetings will normally be conducted by teleconference on a monthly basis with face-
to-face meetings twice a year (at the annual administrative and technical meetings).  

The teleconferences will be normally short unless there were special briefings (for 
example, updates from the "Terms of Reference" team) or other topics to discuss. 

The EC is intended to be a consensus-driven decision-making body, but if decisions were 
not able to be made by consensus in an open session, a closed-session vote may be 
necessary. Each member university would have a single vote given to their primary PI, 
regardless of the number of PIs representing any given university on the EC. 

In the event the primary PI from a given university is not able to participate in a close-
session vote, the designated secondary PI from that same university will be able to act as 
a substitute. 

The agenda of these meetings will be determined by the EC Chair in consensus with the 
EC membership and distributed in advance of each meeting by the EC Chair or designee. 

3.0 Intentionally Left Blank 

4.0 Administrative Processes 
4.1 HOW TO SUBMIT A COE CST RESEARCH GRANT PROPOSAL 

 Enter www.grants.gov/ 
 Click on Apply for Grants 
 FAA assigns each proposal a number and acknowledges receipt of each proposal 

Proposal number must be referred to in all future correspondence concerning the 
proposal. 

 Provide Required Fields 
 Enter CFDA 20.109 
 Download Package 
 Select CST New Funding Package and Download 
 Complete Download Instructions and Application  
 Submit 
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Once the proposal has been submitted to grants.gov, the following steps are executed by 
FAA personnel in AST, at the COE program office, and in Oklahoma City (OKC). 

 Retrieve proposal from grants.gov. 
 Generate a Grant Request Form (GRF). 
 Get the appropriate signatures within AST on the GRF. 
 Get the appropriate signatures from the funding certifier on the GRF. 
 Send the signed GRF to the COE program office. 
 Get the appropriate signatures from the COE program office (and possibly from 

legal) 

4.2 HOW TO REQUEST A NO COST EXTENSION 

 Go to www.grants.gov 
 Click on Apply for Grants 
 Provide Required Fields 
 Enter CFDA 20.109 
 Download Package 
 Select CST No Cost Extension Package 
 Complete Download Instructions and Application  
 Submit 
 Mandatory Requirement: Form SF424 

4.3 HOW TO DOCUMENT COST SHARE CONTRIBUTIONS 

 Refer to OMB Circular A-110 Section .23 Cost Sharing or Matching  
 Complete FAA COE Matching Contribution Form 

Submit prior to award when value of in-kind activities is calculated (vs cost of 
contribution) based on activities not solely used for supporting a funded COE project. 

In the instance where the in-kind cost sharing activity is not solely for the benefit of the 
proposed project, the activities conducted and provided by a third-party source will be 
clearly defined in the proposal submission to justify the value of the anticipated 
contribution to the specific project(s). 

 Each investigator proposing credit for such contributions will review the 
anticipated cost sharing plan with his/her Fiscal Officer. 

 Prior to submission of the proposal to the FAA, the university COE member’s 
Fiscal Officer will discuss the plan with the COE lead institution’s Fiscal Officer 
for consideration in accordance with the lead institution’s policies and procedures 
on cost-sharing. The university Fiscal Officer will notify the FAA COE Program 
Director/Grants Officer that such a proposal is under consideration and in the 
process of being submitted. 

 In applying the value of a contribution versus the direct cost of contribution, the 
interpretation of the Fiscal Officer representing the COE Lead institution 
regarding the amount found to be “prudent and reasonable” will hold for all those 
participating on the project. The COE Lead institution is expected to conduct 
discussions and make a determination within 5 business days. 
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 The COE Lead institution will forward a concurrence notice to the COE Program 
Office with a justification for the value of the cost-share proposed. 

 The FAA COE Program Director will consider each request on a case-by-case 
basis. The expectation is that all COE members and Leads will be prudent in 
developing value statements and formulas. 

 In keeping with Legislative intent and the spirit of COE enabling legislation, 
Public Law 101-508, the FAA will not allow the in-kind nonspecific contributions 
that might be a result of one project to satisfy the matching obligations for an 
entire agreement Phase or for a significant number of other funded projects. 

Although the COE Fiscal Officers and ultimately the FAA may accept the value of the 
documented contribution as reasonable, allowable and allocable, each university is 
subject to final acceptance by its own auditor(s). Any penalty imposed by a cognizant 
auditing agency is the sole responsibility of the recipient providing the contribution and 
the associated documentation (Prime or Sub recipient). 

4.4 HOW TO DO QUARTERLY REPORTING 
Quarterly reports cover three-month calendar increments. 

 Q1: October 1 – December 31, due January 31. 
 Q2: January 1 – March 31, due April 30. 
 Q3: April 1 – June 30, due July 31. 
 Q4: July 1 – September 30, due October 31. 

Deadline for entering quarterly information is 30 days after the quarter ends 

 Research accomplishments (measured against the proposed goals and 
objectives):  

 Citation for written publications:  
 Journal articles published or in press:  
 Journal articles submitted:  
 Conference papers submitted and accepted:  
 Patents:  
 Follow-on research proposals submitted:  
 Transition of research results:  
 Plans for next quarter:  

4.5 HOW TO CLOSE-OUT A RESEARCH TASK 

Project Closeout Requirements 
The PI is responsible for completing all required documentation. The information has 
been entered into OMIS data fields.  

Due Date: 90 days after expiration of award 

 Send to: FAA Technical Monitor designated on FAA award letter 
 The closeout requires the FAA Form 9550.5 be sent to Technical Director (Ken 

Davidian) 
 TD forwards to Tech Monitors for concurrence 
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 TMs return approved form to TD 
 TD signs off and forwards to COE Program Director  
 COE Program Director approves  
 Complete electronic file is sent to TD, PI, COE Program Director  
 Completed project information resides in two places: COE Program Director 

and the OMIS where it awaits audit, etc. 
 Electronic file to Technical Director (Ken Davidian), OAT Contract Support 

(Carol Gregorek),  
 Completed FAA Form 9550-5 “Final Project Report” 

(www.faa.gov.documentLibrary/media/form/faa9550-5.pdf) with attachments 
below: 

Required Documents attached to the completed 9550.5 form retrieved from OMIS: 

 Abstracts of Theses 
 Publication Citations (published and planned) including Title, Journal or other 

reference, Date, Author) 
 Scientific Collaborators (including Co-Investigators, Research Assistants, 

Associate Professors, Graduate Students, Associate Members and short statement 
of their participation, and others as appropriate) 

 Inventions or Proprietary Data (Patents and status) 
 Technical Summary 
 Additional Material required under the award instrument 
 OMIS Report showing no outstanding reports due 
 Budget sheet reflecting +/- balance 
 Cost share with sources 
 Short narrative discussing value of project and results 
 Nationality report (including Name and Country of Origin) 
 Completed SF 425 Financial Close out prepared by University Fiscal office 

Final Unobligated Balance 
FAA has a reversionary interest in the unobligated balance of a grant upon expiration or 
completion of the grant. Based on final disbursements reported on the SF-272, the final 
unobligated balance is to be computed by FAA and reported to the grantee. If the 
grantee's funding has been fully advanced and the unobligated balance deduction results 
in a negative balance, the grantee must refund by check, payable to FAA, the amount of 
the negative balance. 

Compliance with Reporting Requirements 
The FAA Technical Center accounting section monitors report submissions to ensure that 
the requirements for final disbursement information are fulfilled. The technical monitor is 
responsible for assuring that the final project reports on prior, expired awards have been 
submitted by principal investigators before new awards are made to those individuals. 
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Grant Closeout 
Grant closeout is the process by which FAA determines that all applicable administrative 
actions and all required work of the grant are complete. Grants are closed upon receipt of 
final disbursement information in the final project report, and after determination that any 
other administrative requirements in the grant instrument have been met. In the event a 
final audit has not been performed prior to the closeout of the grant, FAA reserves the 
right to recover appropriate amounts after fully considering the recommendations on 
disallowed costs resulting from the final audit. 

4.6 AFFILIATE, ASSOCIATE, AND EMERITUS MEMBERSHIP 

How to Initiate an Affiliate Membership (AfM) 
This section is intended only to provide guidance when setting up a research task led by 
an Affiliate Member (AfM) and should not be considered official FAA policy. 

Affiliate Members. An Affiliate University Member or Affiliate Industry Member 
(generally referred to as an Affiliate Member) is distinguished by bringing its own self-
funded, unique research activities to the COE CST network. An Affiliate Member is 
defined as a public or private organization that conducts research or educational activities 
that fall within research areas of interest to the COE CST. Affiliate Members are 
accepted into and removed from the COE CST by a simple majority vote of the 
Executive Committee quorum. They require a host university and will be set up in OMIS 
for the host to track progress and document matching contributions. Upon completion of 
the specified research task, an Affiliate can be transferred to Associate Member status, if 
desired, to continue involvement with the COE CST. Otherwise, the Affiliate Member 
relationship will be terminated.  

Application for Affiliate Membership uses the Membership Application form available 
on the COE CST Website.   

When a new AfM research task is proposed, the HU must: 

 Notify the FAA in advance of the pending AfM proposal 
 Submit the AfM proposal via grants.gov using the standard FAA process. The 

AfM does not submit a proposal directly to grants.gov.  

Proposals are typically 3-7 pages (no maximum length) and include:  

 Project Narrative (no page limit; typically 3-7 pages) 
 Project Title, PI, Research Personnel 
 Statement of Problem 
 Hypothesis 
 Objectives 
 Research Methodology a/o Study Design 
 Relevant COE CST Research Area 
 Start & End dates 
 Literature References 
 Project Summary (1 pg max) 
 Biographical Sketches for key personnel (2 pg max per person) 
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 No-cost budget (1 pg max) 

Note: COE CST PM shall submit a Grant Request Form for a New Task at no cost and 
specify the AfM name as a Primary Partner in the Notes section of the form. Upon 
acceptance, the task will be tracked in OMIS and the AfM will be setup as a “Primary 
Partner” permitting the OMIS to track the matching contributions 

Note: The host university must manage the required documentation to account for 
matching funds that are applied against the Federal funding received. The host university 
needs to submit a NCE proposal into grants.gov for the period of performance covering 
the time period during which the matching contributions are provided. 

 Submit FAA COE In-Kind Cost Sharing form with supporting documentation 
from the AfM 

 Be responsible for all reporting by the AfM: 
 Establish a method of receiving financial reports from the AfM that will satisfy 

the Host University auditor(s) and their State regulations 
 Be responsible for entering the matching contributions in OMIS. 

For more information 

 OMB Uniform Guidance Title 2 Part 200 Cost Sharing or Matching for Allowable 
Support 

 FAA COE CST In-Kind Contribution Form 

Approval Process 
Per the bylaws (Amended 11-13-18), Affiliate Members are accepted into and removed 
from the COE CST by a majority vote of the Executive Committee following review of 
the application or termination/completion of the intended effort. 

How to Initiate an Associate Membership 
This section is intended only to provide guidance when accepting an Associate Member 
(AsM) and should not be considered official FAA policy.  

Associate Members. An Associate Member is defined as a University, Government, 
Industry, Non-profit, or other external entity that seeks engagement with the COE CST, 
but does not require a host university, matching contributions or involvement with a 
specific research project (c.f. Affiliate Member). Associate Members are broadly defined 
as partners that provide input, information, and resources pertinent to the COE CST 
Research Theme Areas. Associate Members are accepted into and removed from the 
COE CST by a simple majority vote of the Executive Committee quorum. They will be 
set up in OMIS for optional status tracking but are not required to submit reports.  

The AsM may participate in the monthly videoconferences and annual technical meetings 
of the COE CST, as well as refer to itself as such in reports, executive summaries, and 
other instruments of information dissemination regarding COE CST-related research 
areas or activities.   

Unlike AfMs, a COE CST Host University is not required for the AsM and OMIS 
reporting is optional.  In the event that a research project is contributed, a host university 
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can be established for the AsM in a manner similar to an AfM with relevant reporting as 
applicable. 

Application for Associate Membership (AsM) uses the same Affiliate Membership 
(AfM) Application form available on the COE CST Website.  Sections 1, 2, and 4 are 
required. Sections 3, 5, 6, 7, and 8 are required only for AsM applicants proposing to 
contribute research to the COE CST.   

Approval Process 
Per the COE CST Bylaws (Amended 11-13-18), Associate Members are accepted into 
and removed from the COE CST by a majority vote of the Executive Committee 
following review of the application or termination/completion of the intended effort. 

An AsM may continue involvement with the COE CST indefinitely until such time either 
party deems the relationship is no longer applicable and requests termination. 

4.6.3 Emeritus Members 
Emeritus Members. Inactive or retired faculty from core member universities can 
request to maintain affiliation with the COE CST as Emeritus status, granted with 
approval by simple majority affirmative vote from the Executive Committee. Emeritus 
members can continue to participate in COE meetings and activities, but do not have 
voting privileges. Emeritus members are, however, eligible to continue to propose funded 
research tasks through a core member institution.  

4.7 RECEIPT OF NON-FAA FEDERAL FUNDS 
COEs may receive funds from and conduct work for any public or private U.S. or 
international entity. This approach is encouraged because the ability to generate external 
work becomes critical over time as this is the road to COE self-sufficiency, which is our 
goal.  

FedGovt funding may be forwarded to FAA and awarded through the grant; however, the 
funding source should provide a tech monitor. Note: The sources and amounts of ALL 
funds (including those from other organizations/agencies): 

 Must be indicated on the Grant Request 
 Are specified in the award doc 
 Must be tracked by the FAA OPI 
 Must be accounted for by progress reports submitted quarterly as with any other 

FAA award  
 Are subject to all terms and conditions of the FAA COE cooperative agreement  
 Must be reported to the COE Program Office, and are reflected in our COE 

Congressional Report, and other reports, each year. 

Any other funding source (including any agency of the federal government) may also 
award directly to any COE member, without the FAA serving as an intermediary. These 
funds are to be monitored by the funding agency/source, tracked by the university, and 
are reported by the university to the COE Program Office as received. The progress of 
these tasks may be included in COE CST Annual Reports 
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4.8 INVOICE REQUIRED INFORMATION 
If an amendment is associated with an award that is traceable in Delphi, the Host 
University shall include the following as a minimum 

 Amendment Number 
 Task Number and Title 
 Funded Period of Performance (by the given Amendment) 
 Invoiced Period of Performance 

If an amendment is associated with an award that is not traceable in Delphi, i.e. it 
represents funds redirected from another amendment and task, the Host University shall 
include the following as a minimum 

 All earlier Amendment Numbers – if more than one - from which funds were re-
allocated in a chronological order, followed by the Amendment Number ("Child" 
Amendment) and associated funding amount, from which the invoice is to be paid 

 Task Number and Title 
 Funded Period of Performance of the last Amendment 
 Invoiced Period of Performance on the Delphi screen, when entering invoice 

information 
 On the Delphi screen, when entering invoice information, populate the 

Description field with an Amendment Number (or sequence of Numbers if need 
be), followed by a Task Number  

4.9 INVOICE APPROVAL PROCESS 
Per the FAA Financial Manual Grants Accounting guidance (p.3):1 

 The AST R&D Budget Lead retrieves invoices from Delphi (Form-270) and 
forwards them to the appropriate Technical Monitors (TM) along with Delphi 
generated information on the funds used and remaining.  

 The TM verifies all information that is required to be included in the invoice 
(Section 4.8 above), approves it in a narrative included in the electronic response, 
and sends it back to the AST R&D Budget Lead.  

 Upon receipt of the TM approval, AST R&D Budget Lead approves the invoice in 
Delphi.  

                                                 
1 https://employees.faa.gov/org/staffoffices/afn/finance/media/documents/ 
Vol11_Chpt2_Accounting_for_Grants.pdf 
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APPENDIX B. COE CST RESEARCH ROAD MAPS 

This Appendix contains the following documents: 

 2011 Research Road Map 
 2015 Research Road Map 
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1. Executive Summary 
The Federal Aviation Administration’s Office of Commercial Space Transportation 
(FAA AST) has established a Center of Excellence for Commercial Space Transportation 
(COE CST) in order to identify solutions for existing and anticipated commercial space 
transportation problems. This COE CST is a cost sharing partnership of academia, 
industry, and government that focuses on research areas of primary interest to the FAA 
and the U.S. commercial space transportation industry as a whole (Figure 1). 

Developing a roadmap for future research was identified among the COE CST’s first 
round of research tasks. To complete this, workshops were held where representatives 
from industry, academia, and government gathered to discuss what they saw as priority 
research objectives and the underlying organizational structure. The results from these 
workshops are presented in this document, and represent a near consensus opinion from 
these representatives of disparate fields. It is our conviction that these COE CST research 
goals and objectives will find broad application and relevance to the entire commercial 
space enterprise. 

Figure 1: Research Theme Structure 
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For each of the four research themes, a key recommendation or high-priority research 
item was identified: 

Theme 1 - Space Traffic Management (STM) & Operations 
The first research theme focuses on the traffic management and operations of vehicles 
from the ground, through suborbital flight, to orbit. More specifically, this includes 
orbital STM, the integration of air and space traffic, and spaceport operations. 

High-Priority Research: In order to reduce the imposition made on the National 
Airspace System and facilitate the integration of air and space vehicle traffic, a minimum 
safe corridor for launches and re-entries must be identified. 

Theme 2 - Space Transportation Operations, Technologies & Payloads 
The second theme is made up of a wide range of research areas. Ground system and 
operations safety technologies, vehicle safety analyses, vehicle safety systems and 
technologies, payload safety, and vehicle operations safety are all part of this theme. 

Recommendation: Further effort is required to identify top research objectives from the 
technological landscape. This will require iterative effort between this theme and the 
other three themes. 

Theme 3 - Human Spaceflight 
The third research theme is concerned with the medicine, technology and training that is 
needed for both crew and spaceflight participants. This includes aerospace physiology 
and medicine, personnel training, ECLSS, habitability and human factors, and the human 
rating of vehicles.  

High-Priority Research: Verifiable guidelines are needed for all spaceflight participants. 
To develop these, extensive data on the risks of various medications and conditions in the 
space environment are required. 

Theme 4 - Space Transportation Industry Viability 
The last research theme is focused on the business and government related aspects of 
CST. This includes markets, policies, laws, and regulations. 

High-Priority Research: What “the market” is remains an open question to the CST 
industries. Identifying and verifying the suborbital and orbital microgravity commerce 
and research opportunities are highly important. 

While the structure and prioritization presented in this report were developed with COE 
CST in mind, the results need not be limited to this scope. The representatives that 
attended the workshops and whose input is codified here captured the ideas and demands 
of the entire industry. 

2. Overview of the Study 
The results presented in this report were generated through a pair of workshops where 
numerous companies, agencies, research centers, universities, NASA, and the 
Department of Defense (DoD) were contacted and invited to send representatives. For 
each of the two workshops, approximately 60 people were in attendance. 
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The first was held at Stanford University in Palo Alto, CA, April 6-7 2011 and the second 
was at the Lockheed Martin Global Vision Center in Arlington, VA, August 16-17. The 
two locations and times allowed us to capture the views of a broad range of researchers 
with difficult schedules and travel availabilities. 

At the workshops, the attendees were presented with several overviews on the different 
research themes. In addition, presentations from General Jay Santee of the Office of the 
Secretary of Defense - Policy, Professor John Logsdon of George Washington University, 
Faith Chandler of NASA’s Office of the Chief Technologist (OCT), and Jeff Foust of 
Futron all gave input from their perspective on the landscape of CST. 

For roughly 8 hours at each workshop there were breakout discussions where the large 
group broke into 4 smaller groups centered on each research theme. Some spent time in 
several different themes’ discussions, while others focused on a single discussion group. 
The tasks set for them were: 

o Finding an organizational principle or mission statement 
o Correcting (if needed) the structure of the theme as defined by FAA AST 
o Documenting the main research sub-areas 
o Identifying important next-steps 
o Prioritizing research topics 

The groups were not necessarily able to complete all these tasks, but all made 
considerable progress towards the goals. After the breakout discussions, their work was 
summarized in a set of presentations given to the plenary group and accompanied by 
group discussion. 

Chairs for each breakout group were chosen in advance as experts in their fields (Table 1). 

 Workshop 1 Workshop 2 
Theme 1 Kelvin Coleman (FAA AST) & 

Karl Bilimoria (NASA Ames) 
Mike McElligott 

(FAA AST) 
Theme 2 Dr. Dan Rasky (NASA Ames) & 

Dr. Juan Alonso (Stanford U.) 
Nick Demidovich 

(FAA AST) 
Theme 3 Dr. Jon Clark 

(Baylor College of Medicine) 
Dr. Mark Weyland 

(NASA JSC) 
Theme 4 Ken Davidian  

(FAA AST) 
René Rey 

(FAA AST) 

Table 1: Breakout Group Chairs 
The research theme breakdown structure (Figure 1) was one of the results of these 
discussions. It began with a structure provided by FAA AST, but was revised to various 
degrees during both workshops. In addition, deeper levels of substructure were identified, 
in some cases down to the level of individual research tasks. 

Workshop presentations are available at http://coe-cst.stanford.edu, while additional 
information on the COE and this report is available at http://www.coe-cst.org. 
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3. Commercial Space Transportation: A Strategic 
Overview 

Overview of the Industry 
The commercial space transportation industry has many sectors: orbital and suborbital 
launch vehicles, space tourism, spaceports, and numerous subsectors that support them 
including everything from pressure vessel manufacturers to software developers. 

Much of the industry is driven by the end-customer. For orbital launches this is often the 
communications industry or the military, which uses satellites for surveillance, 
communications, and sensing applications. NASA and universities use orbiting platforms 
for Earth sensing and astronomy, but they also use the vehicles to launch probes out of 
Earth orbit to the moon, sun, and other planets in the solar system. 

There are very few manufacturers of orbital launch vehicles due to the massive 
development and operational costs associated. Currently United Launch Alliance, Orbital 
Sciences, and SpaceX are the only companies who are offering orbital launch services in 
the USA. With the notable exception of SpaceX, all of these vehicles were developed 
with close partnership with government agencies or the DoD. 

The suborbital launch industry has traditionally been limited to small sounding rockets 
used for microgravity, atmospheric, and astronomical research. However there are several 
companies currently developing vehicles which would also (or primarily) be used for 
suborbital tourism. These companies include Virgin Galactic, Sierra Nevada Corporation, 
XCOR, Blue Origin, Armadillo Aerospace, and Masten Space Systems. 

These demands for suborbital and orbital launch vehicles drive the development of the 
vehicles themselves, which in turn drives the development of subsystems and support 
systems. 

The Role of FAA AST 
The FAA’s Office of Commercial Space Transportation (FAA AST) has mandates to 
both regulate and encourage the commercial space transportation (CST) industry. AST 
regulates the operation of both spaceports and vehicles. AST does not regulate launches 
by and for the US government (for example, a Delta IV launching an NRO payload or 
NASA launching a science mission). 

Reusable suborbital vehicles may obtain an experimental permit instead of a license. 
Permits have the advantage of fewer vehicle specification and safety requirements, but 
they are much more limited in scope; the operations must be for the non-commercial 
purpose of research & development, gathering data for a license, or crew training. 

Licenses are required by all other vehicle launches in the US that exceed the limits for 
amateur rocketry, and are applicable either to a specific launch or can be used for up to 5 
years, depending on the specifics of the license. US companies launching payloads 
anywhere in the world and foreign companies launching within the US are all regulated 
by the FAA AST. This requirement stems from the 1967 United Nations International 
Outer Space Treaty whereby the nationality of the launch operator and the nation in 
which the launch occurs are responsible for any subsequent damage that occurs. 
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Obtaining a vehicle license or permit requires five steps: policy review (national security 
and foreign policy), payload review (payload safety issues), maximum probable loss 
determination (dollar amount due to bodily injury or property damage), an environmental 
determination (impact of launch on environment), and a safety review (range and launch 
site safety issues). 

Launch or reentry sites (commonly referred to as spaceports) must obtain licenses, 
however the process is slightly different. The steps are: policy review (national security 
and foreign policy), launch site location review (ground boundaries, flight corridors, and 
risk assessments), agreements (airspace and marine), an explosive site plan (minimum 
safe distances), and an environmental impact review (based on any hazardous materials). 
In addition, spaceports must have plans in place for accident response and investigation. 

The second mandate for FAA AST is to encourage, facilitate, and promote the CST 
industry. Tasks that support this mandate include generating a series of industry reports 
such as launch forecasts, economic impact reports, Year in Review reports, 
Developments and Concepts reports, and others. In addition FAA AST conducts research 
and development outside of the COE to further technologies that would be a benefit to 
the industry as a whole. FAA AST also conducts a CST Grants program, conducts an 
annual conference and has active international outreach activities.  

The Center Of Excellence for Commercial Space Transportation (COE CST), established 
“in order to identify solutions for existing and anticipated commercial space 
transportation problems,” aids in both mandates by identifying and completing research 
tasks that are important. These tasks can be geared towards informing regulatory 
practices or towards developing components and systems that many companies could use 
in order to reduce engineering and development costs. 

4. Theme 1: Space Traffic Management & Operations 
Mission Statement 
The Space Traffic Management & Operations research theme will focus on facilitating 
commercial utilization of suborbital vehicles, orbital space resources, and spaceports. It 
will also focus on integrating commercial space vehicle and spaceport operations into the 
NAS by providing equitable sharing of NAS resources for both air and space traffic. 

Description and Impact 
Theme 1 is centered on finding the best way to deal with the traffic associated with the 
anticipated rapid increase in orbital and suborbital vehicle operations. Several major 
problems will be engendered by this rise in traffic. 

Currently in the US there are roughly 850,000 commercial airline flights per month, 
while there are rarely as many as 10 commercial rocket launches per month. The FAA 
requires a large stay-out zone around these launches, but because they are rare 
occurrences from a handful of locations, the impact on commercial aviation has been 
minimal. However, in the coming years the number of launch vehicles operating 
regularly is projected to increase dramatically from an increasing number of launch sites. 
The net result of this is a logistical and economic impact that could easily become 
monumental and simply unacceptable. 
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Aside from the conflict between launch vehicles and airplanes, the current upper limit for 
air traffic control is 60,000 ft. If the number of vehicles and objects above this limit 
becomes large, some new form of traffic management will become necessary to reduce 
the risk of collision. 

A third major task involves developing something akin to the operational procedures in 
place at our nation’s airports, but optimized for the requirements of orbital and suborbital 
launch vehicles. 

 Space Traffic Management & Operations Research Program Structure 

 Program 1.1 Orbital STM Research 
• Project 1.1-1 Orbital STM Services 
• Project 1.1-2 Guidelines 
• Project 1.1-3 Standardization 

 Program 1.2 Suborbital STM Research 
• Project 1.2-1 Space Environment 
• Project 1.2-2 Traffic 

 Program 1.3 NAS Integration Research 
• Project 1.3-1 Takeoff and Landing 

Requirements 
• Project 1.3-2 Transit Requirements 
• Project 1.3-3 Integration Into NextGen 

 Program 1.4 Spaceport Operations 
Research 
• Project 1.4-1 Launch and Landing 

Requirements 
• Project 1.4-2 Interoperability 
• Project 1.4-3 Support Services 

Requirements 
 Program 1.5 Integrated Air/Space Traffic 

Management Research 
• Project 1.5-1 Placeholder 

Priority Research Tasks 

 Airspace 
• Deconfliction between air and space 

traffic 
o What kind of airspace do we need 

for the vehicle? 
o Do we need to reserve portions of 

NAS for rocket traffic? 
o Do we need transition corridors 

from air to space? 
o Do we need a new class of 

airspace? 
• How does space transportation interface 

with NextGen? 

Example of a Current 
Research Task 

Task 185: Unified 4-D 
Trajectory Approach for 
Integrated Traffic Management 
Principal Investigator: Dr. 
Juan Alonso, Stanford 
University 

The projected growth in demand for the 
use of the traditional airspace by 
commercial space transportation 
entities will make it increasingly 
difficult to accommodate launches on a 
Special Use Airspace basis. The 
purpose of this project is to use 4-D 
time-space probabilistic trajectories 
and safety assessments to develop the 
foundation of a plausible Integrated 
Airspace Management System. Some 
sample results showing these modeled 
trajectories are shown in Figure 2 
below.  
 
 
 
 
 
 
 
 

Figure 2: Possible 
trajectories, including debris 
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 Spaceport Requirements 
• What are the vehicle specific requirements (fueling, servicing, passengers, etc)? 
• Talk with existing launch sites to determine best practices? 

 Air Traffic Issues 
• What are the navigational requirements? 
• What are the flight planning requirements? 
• How are anomalies resolved? 
• Who do we tell that we’re aborting? 

 Weather and Space Weather 
• Triggered lightning 

 Command and Control 
• What should be command and control element at spaceports?  
• What are the vehicle specific command and control requirements? 
• What is the integrated concept of operations? 
• Who offers these services? 

5. Theme 2: Space Transportation Operations, 
Technologies & Payloads 

Mission Statement 
The intent of the Space Transportation Operations, Technologies & Payloads research 
theme is to perform research to significantly improve reliability/safety/risk posture and 
availability for stakeholders in full mission cycle vehicle operations and ground 
operations while ensuring that proper business case closes (and no negative interactions 
with rest of the participants). 

Description and Impact 
The wide span of this research area makes it difficult to define concisely. However, it can 
be subdivided broadly into two areas: component-level and systems-level research. From 
there, the best description is via examples. 

Component-level research includes developing new thermal protection systems for re-
entry, black boxes that could be integrated into spacecraft and launch vehicles, and 
standardized sensors. 

System-level research includes developing operational procedures, safety analyses, 
licensing and certification processes, and human-rating standards. 

Currently this type of work is only performed with a specific application or customer in 
mind. NASA develops technologies and systems and operations specific to its own 
vehicles and missions, while space transportation companies do similar work for their 
own purposes. 

As the field of commercial space transportation increases in size it will be beneficial to 
develop more generic components and systems that can be adapted to different 
applications rather than be re-designed for each new case.  
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Space Transportation Operations, Technologies & Payloads Research 
Program Structure 

 Program 2.1 Ground System & Operations 
Safety Technologies Research 
• Project 2.1-1 Roles & Responsibilities 
• Project 2.1-2 Ground Support & Operations 

Technologies 
• Project 2.1-3 Maintenance & Inspection 

Requirements 
• Project 2.1-4 Space Operations 
• Project 2.1-5 Ground Operations 
• Project 2.1-6 Pre-Launch Processing 

 Program 2.2 Vehicle Safety Analyses 
Research 
• Project 2.2-1 Parameter Maximization 

Analyses 
• Project 2.2-2 Operational Limitation 

Analyses 
• Project 2.2-3 Simulation and Testing 

 Program 2.3 Vehicle Safety Systems & 
Technologies Research 
• Project 2.3-1 Safety Equipment 
• Project 2.3-2 Post-Flight Diagnostic 

Equipment 
• Project 2.3-3 Crew Survivability (ECLSS) 
• Project 2.3-4 Other Safety Equipment 

 Program 2.4 Payload Safety Research 
• Project 2.4-1 Extent of Disclosure 
• Project 2.4-2 Interfaces 
• Project 2.4-3 Impact on Flight Safety 
• Project 2.4-4 Handling Procedures 
• Project 2.4-5 Electro-Magnetic Interference 
• Project 2.4-6 Non-Operational Payloads 
• Project 2.4-7 Connectors & Interfaces 

 Program 2.5 Vehicle Operations Safety 
Research 
• Project 2.5-1 Abort Procedures 
• Project 2.5-2 Other Off-Nominal Operations 
• Project 2.5-3 Return to Flight After Incident 
• Project 2.5- 4 Safety Reporting Systems 
• Project 2.5- 5 Mandatory Reporting 

Requirements 
• Project 2.5- 6 Go/No-Go Decisions 

Example of a Current 
Research Task 

Task 228: Magneto-Elastic 
Sensing for Structural Health 
Monitoring 
Principal Investigators: Dr. 
Andrei Zagrai & Dr. Warren 
Ostergren, New Mexico Tech 

Structural health monitoring of modern 
satellites is very expensive and time-
consuming. Future spacecraft require 
sensing technologies that are reliable, 
multi-purpose, durable, and long-lived. 
These sensors need to perform a 
multitude of tasks, such as: detect and 
characterize impact damage from space 
debris, assess structural integrity of the 
spacecraft, provide information on 
structural interfaces, explore spacecraft 
electrical signature, enable reusable 
component requalification for flight, 
and possibly conduct non-contact 
inspection in space. The purpose of this 
task is to develop innovative magneto-
elastic sensing technologies for 
structural diagnosis of space vehicles. 
A schematic showing a sample design 
of these sensors is shown below in 
Figure 3. 

 

 

 

 

 

 

 

 

Figure 3: Diagram of a 
magneto-elastic sensor 
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Priority Research Tasks 

 Research and recommend safe, expeditious, and cost efficient processing of reusable 
manned or unmanned vehicles that are payloads on ELV’s 
• Landing, inspection, modification if needed, transportation, and integration 

 Explore expeditious procedures for licensing and permitting 
• When minor changes to a licensed spacecraft, consider between having to re-license 

entire spacecraft or license the specific change 
 Explore expeditious processes to migrate technologies and payloads to be tested in 

flight 
 Research the physics and impacts of re-entry debris 
 Study how to facilitate small companies to have access to NASA and FAA test 

facilities (e.g. test chambers) 
 Investigate what NASA and FAA do for handling CG locations for aircraft before 

flight in order to develop a reliable procedure that can be used to process payloads 
 Analyze which safety equipment and systems can be leveraged from aviation, and 

identify the type of analysis required 
 Study literature on redundancy for safety critical systems to develop guidelines for 

redundancy levels 
 How much information does a developer/operator need to tell the FAA in order to 

safely fly a payload (leverage work from the NASA Flight Opportunities Program)? 
 Case study of a generic deployment of a payload on an RLV, and how to do a safety 

analysis on this 
 Develop minimum requirements and guidelines for a return to flight after off nominal 

operation 
 Study interoperability of commercial space safety management system with other 

FAA and TBD agencies and develop guidelines for vehicles, spaceports, and operators 
 Hazmat template of what toxic materials information need to be provided to fire 

departments to assess resulting fire due to a vehicle crash 

6. Theme 3: Human Spaceflight  
Mission Statement 
It is the goal of the human spaceflight research theme to optimize the human and 
spacecraft systems for performance, safety, and access for commercial human spaceflight. 

Description and Impact 
Since the beginning of manned spaceflight in 1961 and with very few exceptions since 
then, humans sent to space have gone through intensive physical training and screening. 
In the near future companies like Virgin Galactic, XCOR, Sierra Nevada Corporation and 
others may begin flying tourists on suborbital or even orbital flights. These tourists are 
unlikely to be prepared and screened to the levels that astronauts or cosmonauts are 
accustomed to. 

This presents a host of unknowns about how medications and medical conditions will be 
affected by the space environment. 
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Human Spaceflight Research Program 
Structure 

 Program 3.1 Aerospace Physiology & 
Medicine Research 
• Project 3.1-1 Standards Development 
• Project 3.1-2 Data Collection 
• Project 3.1-3 Databases 
• Project 3.1-4 Risk Mitigation 
• Project 3.1-5 Informed Consent  

 Program 3.2 Personnel Training Research 
• Project 3.2-1 Medical 
• Project 3.2-3 Passengers 
• Project 3.2-3 Ground 
• Project 3.2-4 Crew 

 Program 3.3 ECLSS 
• Project 3.3-1 Standards 
• Project 3.3-2 Modeling 

 Program 3.4 Habitability & Human Factors 
Research 
• Project 3.4-1 Normal Conditions Assessment 
• Project 3.4-2 Emergency Conditions 

Assessment 
 Program 3.5 Human Rating Research 

• Project 3.5-1 Protection & Utilization 
Considerations 

Priority Research Tasks 
Throughout the two workshops, there wasn’t a 
consensus opinion on research prioritization. 

7. Theme 4: Space 
Transportation Industry 
Viability 

Mission Statements 
The purpose of the Industry Viability research 
theme is to support effective policy decision-making and reflect the dual regulatory and 
promotional missions of the FAA Office of Commercial Space Transportation. 
Additionally, research addressing regulation is designed to maximize regulatory cost-
effectiveness; research concerning industry viability aims to maximize industry growth. 

Description and Impact 
One of the largest unanswered questions in the commercial space transportation industry 
is “what is the market?” Different companies have vastly different opinions about what 

Example of a Current 
Research Task 

Task 255: Wearable Biomedical 
Monitoring Equipment for 
Passengers on Suborbital & 
Orbital Flights 
PI: Dr. Richard Jennings, 
University of Texas Medical 
Branch 

Collection of biomedical data from the 
diverse population of commercial 
spaceflight participants (SFP’s) will 
greatly enable the FAA in developing 
relevant regulations for SFP’s. The 
purpose of this task is to identify the 
gaps between current technologies and 
the medical data needs for SFP’s, and 
then develop sensors that could be used 
by the CST industry to fill those gaps. 
In the photo below, Dr. Richard 
Jennings undergoes centrifugal testing 
at the NASTAR Center. 

 

 

 

 

 

 

 

 

Figure 4: Dr. Richard 
Jennings at the NASTAR 

Center 
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will happen to demand in the coming decades. In Theme 4, answering this question is one 
of the primary goals. 

Other topics that require detailed research and planning include domestic and 
international policies, legalities, and regulation. 

Space Transportation Industry Viability Research Program Structure 

 Program 4.1 Market Research 
• Project 4.1-1 Industry Description Research 
• Project 4.1-2 Industry Analyses 
• Project 4.1-3 Proposed Future Options 

 Program 4.2 Policy Research 
• Project 4.2-1 Domestic Policy Research 
• Project 4.2-2 International Policy Research 

 Program 4.3 Law Research 
• Project 4.3-1 Liability 
• Project 4.3-2 Insurance 
• Project 4.3-3 Barrier Analyses 

 Program 4.4 Regulation Research 
• Project 4.4-1 Regulatory Parameters 
• Project 4.4-2 Historic Analyses & Analogies 
• Project 4.4-3 Comparative Analyses 

 Program 4.5 Cross-Cutting Topics Research 
• Project 4.5-1 Omnibus 

Priority Research Tasks 

 Markets 
• CST demand market research 
• Retrospective analysis of: 

o Transition from government to private 
customers 

o Commercial failures 
• Workshop of industrial organization economists 

looking at CST industry 
 Policy 

• Options of a single international space regulatory 
regime 

 Law 
• Liability limitation: history, issues, and options 

 Regulation 
• Barrier analysis of existing regulations 

8. Cross-Cutting Tasks and Integration 
There are many research tasks that fall under more than one research theme.  In some 
cases the interaction is two-way, where both research groups will need varying degrees of 
input from each other. This could range from full collaboration to simple periodic 

Example of a Current 
Research Task 

Task 193: Defining the Future 
by Engaging Emerging 
Leaders 
PI: Dr. George Born, University 
of Colorado at Boulder 

The FAA COE program has three 
primary goals: research, training, and 
outreach. This activity emphasizes 
COE CST’s outreach goal by engaging 
students in graduate seminar activities, 
conference attendance that emphasizes 
commercial space topics, and the 
execution of specific research work for 
presentation at professional space 
conferences in commercial space paper 
sessions. In Figure 5, students are 
shown at the first Emerging Space 
Industry Leaders Conference. 

 

 

 

 

 

 

Figure 5: ESIL-01 Conference 
in Boulder, CO 

125



 12

information transfers. In other cases the interaction is only in one direction, with one 
research group simply requiring the output or knowledge base of another. 

Below, some of the specific cases of interaction that were emphasized in our workshops 
are shown graphically in Figure 6. In addition these interactions are listed and detailed 
below the figure. 

Figure 6: Research area dependencies 
Dependencies between Communications, transponders, and beacons, NAS 
integration & Air and Space Traffic Management 

• Inputs for the design of transponders, beacons, and communications systems (Theme 
2.3) are needed from the researchers developing air and space traffic management 
strategies (Theme 1.3 and 1.4). 

Dependencies between Flight diagnostic equipment & ECLSS 
• Inputs from the ECLSS experts (Theme 3.2) are needed in order to design flight 

diagnostic equipment (Theme 2.3) that measures parameters related to ECLSS 
functionality. 

Dependencies between Payload Safety & Occupant protection capabilities 
• Interaction between the payload safety researchers (Theme 2.4) and those from the 

occupant protection capabilities group (Theme 3.4) is required in order to establish 
any possible dangers to the spaceflight participants from particular payloads. 

Dependencies between Vehicle safety operations & Spaceport operations 
• Interaction between the vehicle safety operations (Theme 2.5) group and the 

spaceport operations group (Theme 1.4) is required in order to establish: 
o Guidelines for contingency operations. 
o Off-nominal operation protocols  
o Determine what equipment is needed 
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o Desired interaction between the FAA and the vehicle operator to solve 
problems 

Dependencies between Pre-flight care & Policy 
• Interaction between the pre-flight care group (Theme 3.1) and the policy group 

(Theme 4.2) is needed to develop drug and alcohol testing standards for the CST 
industry. 

Dependencies between Passengers & Space Transportation Operations, 
Technologies & Payloads 

• Inputs are needed from Theme 2 for the development within Theme 3.2 of 
standardized training templates for spacecraft and/or missions. 

Dependencies between ECLSS & Policy 
• In order to provide a starting point for work in ECLSS (Theme 3.3), inputs from the 

policy group (Theme 4.2) are needed in order to review, analyze and summarize 
information on existing regulations and policies for ECLSS. 

Dependencies between Habitability & human factors, Spaceport Operations & 
Space Transportation Operations, Technologies & Payloads 

• Interaction is needed between the habitability & human factors group (Theme 3.4), 
the spaceport operations group (Theme 1.4), and Theme 2 in order to develop 
databases related to accidents and incidents. This will also include an anonymous 
reporting system to notify authorities of applicable events. Procedures for assessing 
the human factors associated with such an event must also be developed. 

Dependencies between Human Rating / Vehicle Safety Systems & 
Technologies/ Vehicle Operations Safety 

• Research into human rating procedures and standards will require extensive work 
between the human rating group within Theme 3.4 and the vehicle safety systems & 
technologies group (Theme 2.3) and the vehicle operations safety group (Theme 2.5). 

9. Other Research Road Mapping Efforts within the COE 
Within COE CST there are two other research road mapping efforts to define work 
structures for specific tasks that cannot be tackled by a single research group. Examples 
of this include flight software validation & verification and autonomous rendezvous and 
docking standards. 

Software independent validation and verification is regarded as one of the major issues 
today and in the future for the timely and cost-effective development and certification of 
launch and re-entry systems. The goal of this effort is to hold a workshop in early 2012 
for industry representatives and experts in the field in order to develop a research 
roadmap for impacting flight software validation & verification for CST systems. 

In order to make LEO autonomous rendezvous and docking (AR&D) a routine and safe 
activity, a framework is needed to enable licensing of multiple vehicle systems. This will 
require a set of standards for AR&D, including approach trajectories, sensing, estimation, 
guidance and control, human interaction, and reliability. This activity will develop a 
research roadmap that will lead the way to a set of standards via individual research 
projects. 
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10. Conclusions 
Through our series of workshops representative of more than 50 organizations with a 
stake in the CST industry were able to gather and discuss what they see as important 
research. These discussions have been transcribed into a detailed roadmap that the COE 
CST can use to achieve its goal of identifying solutions for existing and anticipated 
commercial space transportation problems. 

The highest priority research items are summarized below: 

o Theme 1 - Space Traffic Management (STM) and Operations 
• A minimum safe corridor for launches and re-entries must be identified. 

o Theme 2 - Space Transportation Operations, Technologies, and Payloads 
• Further effort is required to identify top research objectives from the technological 

landscape, but the overriding issue is safety of flight. 

o Theme 3 - Human Spaceflight 
• Extensive data on the risks of various medications and conditions in the space 

environment are required. 

o Theme 4 - Space Transportation Industry Viability 
• Identifying and verifying the suborbital and orbital microgravity commerce and 

research opportunities is of prime importance. 

While this roadmap and these research priorities have been developed with the COE as its 
main user, there is no true limit to its applicability. The views represented are a consensus 
view from many perspectives within the industry and the result is information that is if 
value to any organization that seeks to further CST in the US. 

These research tasks contained within the roadmap will significantly benefit the industry 
by informing forthcoming regulations from the FAA and by using academic research to 
develop solutions to key problems retarding progress in the industrial sectors. Without 
sufficient funding for this research, however, this progress will be delayed needlessly. 

In 2010, there were 4 licensed or permitted launches. In 2011 there were a total of 5. 
However, combining commercial satellite launches with COTS and CRS flights, OCT’s 
Flight Opportunities Program, and Virgin Galactic’s SpaceShipTwo there could easily be 
more than 40 in 2012. In 2013 that number could climb to 100 or above.  

There are some who are skeptical of the predicted growth in CST, and for good reason. 
The industry is plagued by delays and it’s not uncommon for launch dates to be 
postponed months or even years. Nevertheless, it is quite clear that commercial launch 
frequency will be increasing dramatically in the coming years and, in order to keep pace 
with this acceleration, AST will need to grow simply to maintain current licensing and 
permitting operations. 

As milestones are reached and passed in the CST industry, new problems will arise and 
different priorities may result for research tasks. Therefore, this research roadmap will be 
updated on an annual or biennial basis. By cultivating a living document we will not only 
serve its original purpose for the COE, but also maintain it as a standard that other 
organizations may utilize. 
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Appendix I. COE CST Research Roadmap Workshop 1 
Center of Excellence for Commercial Space Transportation 

Research Roadmap Workshop I, April 6-7, 2011 
Stanford University, Stanford CA 

Attendee List

First Last  Organization 
Doc Aguilar Air Force Research 

Laboratory 

Juan Alonso Stanford University 

Farrukh Alvi Florida State 
University 

Jim Ball NASA Kennedy 
Space Center 

Herb Bachner CSSI, Inc. 

Karl Bilimoria NASA Ames 
Research Center 

Gary Chambers Cimarron, Inc. 

Brad Cheetham University of 
Colorado 

Jon Clark Baylor College of 
Medicine 

Kelvin Coleman FAA AST 
Ken Davidian FAA AST 

Diane Dimeff Center for Space 
Entrepreneurship 

Paul Eckert The Boeing 
Company 

Carl Ehrlich SpaceWorks 
Engineering 

Norm Fitz-Coy University of Florida 

Jeff Forrest Metropolitan State 
College of Denver 

Jeff Foust Futron Corporation 
Paul Guthrie The Tauri Group 

William Hoffman Webster University 
Scott Hubbard Stanford University 

Pat Hynes New Mexico State 
University 

Richard Jennings University of Texas 
Medical Branch 

Jay Kapat University of Central 
Florida 

Barry King Dynetics 

First Last  Organization 

Dan Kirk 
Florida Institute of 

Technology / 
Starfighters, Inc. 

Dave Klaus University of 
Colorado 

Glenn Law Aerospace 
Corporation 

Mark Leifeste 
NASA White Sands 
Test Facility / Jacobs 

Technology, Inc. 

John Logsdon George Washington 
University 

Alan Lovell Air Force Research 
Laboratory 

Will Marshall 

NASA Ames 
Research Center / 

International Space 
University 

Charles Miller NASA Headquarters 

Diane Murphy WMP 
Communications 

Scott Norris Lockheed-Martin 

Lori Paulin Hewlett-Packard 
Laboratories 

Dan Rasky NASA Ames 
Research Center 

Larry Richardson United Launch 
Alliance 

Van Romero 
New Mexico 

Institute of Mining & 
Technology 

Merri Sanchez Sierra Nevada 
Corporation 

Jay Santee OSD Policy 
Chris Smith Wyle 

David Spencer Penn State 
University 

James Stanley QinetiQ NA 

Gerrit van 
Ommering Space Systems Loral 

John West Draper Laboratory 

Mark Weyland NASA Johnson 
Space Center 

129



 16

Agenda 

Center of Excellence for Commercial Space Transportation  
Research Roadmap Workshop 

 April 6-7, 2011  
at Stanford University, Paul Brest Hall, Munger Conference Center 

 
DAY I : Wednesday, 6 April 2011 
Time Topic Key Speaker or Panel Moderator 
8:00 - 8:30 a.m. Coffee and continental breakfast   
8:30 – 8:45 Welcome, announcements and logistics 

 
Prof. Scott Hubbard, Stanford 

8:45 - 9:00 FAA Welcome 
 

Mr. Ken Davidian, FAA 

9:00 – 9:30 Agenda Overview and Workshop Charter Prof. Scott Hubbard 

9:30 – 10:15 Overview of Research Theme 1: Space Traffic 
Management and Launch Operations 

Mr. Kelvin Coleman, FAA 

10:15 - 10:30 Break  
10:30 - 11:15 Overview of Research Theme 2: Launch Vehicle Systems, 

Payloads, Technologies, and Operations 
Dr. Dan Rasky, NASA  

11:15 – 11:35 Commercial Space Transportation and the DoD Perspective 
 

Brig. Gen Jay Santee, USAF 

11:35 – 12:00 International Collaboration and Commercial Space 
Transportation 

Prof. John Logsdon, GWU 

12:00 – 1:00 p.m. Lunch 
 

On your own at Munger Center 

1:00 – 1:45 Overview of Research Theme 3: Human Space Flight Dr. Jon Clark, Baylor College of Medicine 

1:45 - 2:30 Overview of Research Theme 4: Industry Viability 
 

Mr. Ken Davidian, FAA 

2:30 – 2:45 Break  
2:45 – 5:00 1st Breakout Sessions  

 
Parallel Sessions on Themes 1 - 4 

6:00 – 8:00 p.m. Reception and Dinner Stanford Faculty Club 
 

DAY II: Thursday, 7 April, 2011 
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8:30 – 9:00  Plenary Session, Announcements, Logistics 
 

Prof. Scott Hubbard 

9:00 – 10:00 Breakout Sessions 
 

 

10:00 – 10:15 Break  
 

 

10:15 – 12:00 Breakout Sessions 
 

 

12:00 – 1:00 p.m. Lunch On your own at Munger 
1:00 - 2:00 Breakout Sessions 

 
 

2:00 – 2:30  Presentation on Space Traffic Management and Launch 
Operations  

Mr. Kelvin Coleman 

2:30 – 3:00 Presentation on Launch Vehicle Systems, Payloads, 
Technologies, and Operations 
 

Dr. Dan Rasky 

3:00 – 3:15 Break  
3:15 – 3:45 Presentation on Human Space Flight 

 
Dr. Jon Clark 

3:45 – 4:15 Presentation on Industry Viability 
 

Mr. Ken Davidian 

4:15 – 5:00 Group discussion 
 

 

5:00 Adjourn   
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Appendix III. CST Research Theme Structure 
1. STM & OPS 
1.1. Orbital STM 

1.1.1. Services 
1.1.1.1. Service Provider Roles and 

Responsibilities 
1.1.1.2. Space Situational Awareness 

1.1.1.2.1. Surveillance Sensor 
Technologies 

1.1.1.3. Conjunction Prediction 
Analysis 

1.1.1.4. Real-Time Conjunction 
Analysis 

1.1.1.5. Collision Avoidance 
1.1.2. Guidelines 

1.1.2.1. Slot Allocation / Zoning 
1.1.2.2. End of Life / Deorbit (Object 

Specific) 
1.1.2.3. Certification and Liability 

(Theme IV Interaction) 
1.1.3. Standardization 

1.1.3.1. State vector / Ephemeris (eg. 
Pos, Vel, etc.) 

1.1.3.2. Modeling 
1.1.3.2.1. Space Environment 
1.1.3.2.2. Propagation 
1.1.3.2.3. Macro Approach 

1.1.3.3. Time Systems 
1.2. Suborbital STM 

1.2.1. Space Environment 
1.2.1.1. Space Weather 
1.2.1.2. Debris 

1.2.2. Traffic 
1.2.2.1. Traffic Above NAS 

1.3. NAS Integration 
1.3.1. Takeoff and Landing Requirements 

1.3.1.1. STC Demand and Integration 
with NAS 

1.3.1.2. Spacecraft Escape / Abort Paths 
1.3.1.3. Breakup Debris Models 

1.3.1.3.1. Hazmat Behavior 
1.3.1.4. Ascent / Reentry Trajectory 

Models 
1.3.2. Transit Requirements 
1.3.3. Integration Into NextGen 

1.3.3.1. Launch/Landing Traffic 
Management Modeling 

1.4. Spaceport Operations 
1.4.1. Spaceport Launch/Landing 

Requirements 
1.4.1.1. Demand Studies 
1.4.1.2. Traffic Modeling 
1.4.1.3. Noise Modeling 

1.4.2. Spaceport Interoperability 
1.4.2.1. Domestic 
1.4.2.2. International 

1.4.3. Support Services Requirements 
1.4.3.1. Industry 

1.4.3.1.1. Fuel Farms 
1.4.3.1.2. Hazmat Procedures 
1.4.3.1.3. Infrastructure 
1.4.3.1.4. Safety 

1.4.3.2. Passengers 
1.5. Integrated Air/Space Traffic 

Management 
1.5.1. Forthcoming 

2. SPACE TRANSPORTATION OPS, 
TECH, & PAYLOADS 

2.1. Ground Systems & Operations 
Safety Technology 

2.1.1. Roles & Responsibilities 
2.1.1.1. Spaceport 

Facilities/Infrastructure 
2.1.1.2. Propellant Handling 
2.1.1.3. Licensing Guideline 

Requirements 
2.1.1.4. Maintenance Technician 

Certification 
2.1.1.5. Ground Abort/Range Safety 
2.1.1.6. Residual Fluid 

Handling/Disposal 
2.1.1.7. Personal Protection Equipment 
2.1.1.8. Frequency Spectrum 

Management 
2.1.1.9. EMC/RF 

2.1.1.9.1. Susceptibility 
2.1.1.9.2. Degaussing Procedures 

2.1.2. Ground Support & Operations 
Technologies 

2.1.2.1. Identification 
2.1.2.2. Development 

2.1.3. Maintenance & Inspection 
Requirements 

2.1.4. Space Operations Training 
2.1.5. Ground Operations Training 
2.1.6. Pre-Launch Processing 

2.2. Vehicle Safety Analyses 
2.2.1. Parameter Maximization Analyses 

2.2.1.1. Handling 
2.2.1.2. Redundancy 
2.2.1.3. Analysis Frameworks 
2.2.1.4. Software Safety 
2.2.1.5. Materials & Propulsion 

Systems 
2.2.1.6. Safety Metrics 

2.2.1.6.1. Probability Risk 
Assessment 

2.2.1.6.2. Reliability 
2.2.1.6.3. FMEA 

2.2.1.7. Reliability Allocation 
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2.2.1.8. Guidance, Navigation, and 
Control 

2.2.2. Operational Limitation Analyses 
2.2.2.1. Environmental Limits 
2.2.2.2. Life-Cycle Predictions 
2.2.2.3. Regulatory Support 

2.2.2.3.1. Instantaneous Impact Point 
2.2.2.3.2. Probability of Failure 
2.2.2.3.3. Trajectory 
2.2.2.3.4. Debris List 
2.2.2.3.5. Debris Dispersion 
2.2.2.3.6. Impact Probability 
2.2.2.3.7. Vulnerability 
2.2.2.3.8. Maximum Probable Loss 

2.2.3. Simulation and Testing 
2.2.3.1. Rapid Prototyping 
2.2.3.2. Hardware 
2.2.3.3. Software 

2.3. Vehicle Safety Systems & 
Technologies 

2.3.1. Real Time Instrumentation 
2.3.1.1. Communications / 

Transponders and Beacons 
2.3.1.2. Flight Termination Systems 
2.3.1.3. Detection Systems 
2.3.1.4. Propellant Monitoring 
2.3.1.5. Integrated Vehicle Health 

Systems/Fault Detection Isolation 
and Recovery 

2.3.2. Post Flight Diagnostic Equipment 
2.3.2.1. Black Boxes 
2.3.2.2. Life Cycle Detection 

2.3.3. Crew Survivability (ECLSS) 
2.3.4. Additional Safety Critical 

Subsystems / Safety Enabling 
Technologies 

2.4. Payload Safety 
2.4.1. Extent of Disclosure 
2.4.2. Interfaces 

2.4.2.1. Power 
2.4.2.2. Communications 
2.4.2.3. Storage & Deployment 
2.4.2.4. Busses, Plug & Play 

2.4.3. Impact on Flight Safety 
2.4.3.1. Vehicle 
2.4.3.2. Crew 

2.4.4. Handling Procedures 
2.4.4.1. Fluids 
2.4.4.2. Battery 
2.4.4.3. Coolant 

2.4.5. Electro-Magnetic Interference 
2.4.5.1. Programmable Frequency 

Transmitters 
2.4.6. Non-Operational Payloads 
2.4.7. Connectors and Interfaces 

2.4.7.1. Low Cost 
2.4.7.2. Space-Reliable 

2.5. Vehicle Operations Safety 
2.5.1. Abort Procedures 

2.5.1.1. Handling 
2.5.1.2. Size of Dead Zone 
2.5.1.3. Environmental Effects 

2.5.2. Other Off-Nominal Operations 
2.5.2.1. Reentry 
2.5.2.2. Abort 
2.5.2.3. FTS 
2.5.2.4. TTS 

2.5.3. Return to Flight Status After Off-
Nominal Operation 

2.5.4. Safety Reporting Systems 
2.5.4.1. Voluntary 
2.5.4.2. Mandatory 

2.5.5. Mandatory Reporting 
Requirements 

2.5.6. Go/No-Go Decisions 
2.5.6.1. Allocation 

3. HUMAN SPACEFLIGHT 
3.1. Aerospace Physiology & Medicine 

3.1.1. Develop medical standards for 
crew and develop acceptance 
criteria for passengers 

3.1.2. Data collection 
3.1.2.1. Develop methods and 

procedures to collect and analyze 
biomedical data from space flight 
crews and space flight participants 
to determine any unique medical 
risks that humans encounter during 
launch, ascent, on-orbit, reentry, 
landing and repetitive flights. 

3.1.2.2. Investigate novel ways to track 
health of space crews including 
DNA analysis for radiation injury, 
fatigue, and stress. Also, consider 
options for the use of DNA and 
other body fluids/tissues in body 
identification and other 
environmental exposures in the 
event of a fatal accident. 

3.1.2.3. Physiological sensor hardware 
utilization 

3.1.2.4. Centrifuge evaluation of 
specific medical conditions 

3.1.3. Databases 
3.1.3.1. Review all medications that 

have been used in spaceflight to aid 
in medical standard development 
and special issuance procedures for 
crew on medications. 

3.1.3.2. Develop database to track 
medical outcomes among 
crewmembers that experience 
repetitive and frequent spaceflights. 

3.1.4. Risk mitigation 
3.1.4.1. Pre-flight care 
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3.1.4.1.1. Support the validation of 
drug and alcohol testing 
standards used in the 
commercial aviation 
industry for application in 
the manned commercial 
space transportation 
industry (coordinate with 
Theme 4). 

3.1.4.2. In-flight care 
3.1.4.2.1. Support the development 

of medical kits for various 
suborbital and orbital 
flight scenarios. 

3.1.4.3. Post-flight care 
3.1.4.4. Special issuance (waiver) 

procedures for crew 
3.1.4.4.1. In a cooperative effort with 

NASA and previous 
commercial spaceflight 
participants, review 
outcome of flight 
experience involving 
astronauts with commonly 
occurring medical 
conditions in order to 
create an evidence-based 
approach to special 
issuance decision-making. 

3.1.5. Informed consent 
3.1.5.1. Provide input for an Informed 

Consent Briefing for spacecraft and 
mission specific profiles. 

3.2. Personnel Training 
3.2.1. Medical 
3.2.2. Passengers 

3.2.2.1. Develop a standardized training 
template for spacecraft and mission 
specific profiles. 

3.2.3. Ground 
3.2.3.1. Support the development of 

human factors standards for 
aerospace vehicle maintenance to 
prevent maintenance-related 
incidents/accidents. 

3.2.4. Crew 
3.2.4.1. Support the development of 

appropriate standards for emergency 
medical kits, equipment, and 
procedures for use onboard 
aerospace vehicles. Recommend 
CPR and basic life support training 
requirements for space crews. 
Evaluate and recommend the use of 
telemedicine systems for the 
diagnosis, treatment, and monitoring 
of unexpected medical emergencies 
during aerospace vehicle operations.  

3.3. ECLSS 
3.3.1. Review, analyze and summarize 

existing standards 
3.3.2. Coordinate with Theme 2 and A/C 

Environment COE 
3.3.3. Standalone generic ECLSS model 
3.3.4. Adapt existing NASA modeling 

tools for commercial human 
spaceflight, such as MMOD 
Model (Bumper) and Cabin 
Depressurization Model (Killer 
Press) to allow comparison of 
tradeoffs and risks. 

3.4. Habitability & Human Factors 
3.4.1. Review, analyze and summarize 

information on existing 
regulations and policies 

3.4.1.1. Evaluate human factors related 
to Reusable Launch Vehicles (RLV) 
cockpit/panel/ layouts, with 
emphasis on the capability to 
visually reacquire a runway, 
spaceport/airport, runway environs 
i.e. approach lighting requirements, 
visual approach slope indicators for 
re-entering vehicles, unique runway 
marking requirements for suborbital 
re-entry in visual flight conditions. 

3.4.1.2. Support the development of a 
computerized accident/incident 
database. In addition, an anonymous 
incident database similar to NASA's 
ASRS (Aviation Safety Reporting 
System) database should also be 
available for aerospace vehicle 
operations. Develop appropriate 
procedures for the assessment of 
human factors issues in aerospace 
vehicle accident investigation. 
Coordinate with Theme 1. 

3.4.2. Assess occupant protection 
capabilities during nominal and 
emergency conditions 

3.4.2.1. Identify hazards 
3.4.2.2. Physiological effects under 

appropriate g-loads of all potential 
participants across age, gender, 
anthropometry, etc. 

3.4.2.3. Seat design 
3.4.2.4. Seat materials 
3.4.2.5. Restraint design 
3.4.2.6. Suited versus unsuited 

3.4.3. Assess pilot performance under 
sustained G-loads 

3.4.3.1. Identify safety-related human-
centered automation issues related 
to the design and operation of 
aerospace vehicles to determine if 
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ascent profiles and/ or contingency 
aborts should be automated. 

3.4.4. Assess effects of repeat flight on 
pilot performance 

3.4.4.1. Pre-flight pilot condition 
3.4.4.2. Develop a risk analysis report 

on medical incapacitations and 
situations (e.g. fatigue, anxiety, 
stress) that might occur in RLV 
flight crew and space flight 
participants. 

3.4.4.3. Trajectory following 
3.4.4.4. Situational Awareness / Spatial 

Disorientation 
3.4.5. Consider performance factors of 

pilot/ground crew using remote-
piloted vehicles 

3.4.6. Determine minimum passenger 
tasks and safety knowledge 

3.4.6.1. Nominal 
3.4.6.2. Emergency 
3.4.6.3. Assess personal carry-on item 

risk 
3.4.6.4. Assess payload materials risk 

3.4.6.4.1. Coordinate with Theme 2 
3.5. Human Rating 

3.5.1. Review, analyze and summarize 
human rating work and spacecraft 
lessons learned  

3.5.1.1. Close calls 
3.5.1.2. Mishaps 
3.5.1.3. Recent work 

3.5.2. Consider implications of crew 
versus passenger/ground personnel 
on protection and utilization 

3.5.3. Integrating with launch vehicle 
team (Coordinate with Theme 2) 

4. SPACE TRANSPORTATION 
INDUSTRY VIABILITY 

4.1. Markets 
4.1.1. Industry Description 

4.1.1.1. Description of companies 
4.1.1.2. Comprehensive repository for 

industry resources 
4.1.2. Industry Analysis 

4.1.2.1. Historical studies 
4.1.2.2. Modeling 

4.1.3. Future Options 
4.1.3.1. Applications of industry 

description and analysis for future 
policy directions 

4.1.3.2. Prospective analysis of support 
of transition to multiple customers 

4.2. Policy 
4.2.1. International 

4.2.1.1. Options for new regulatory 
initiatives 

4.2.1.2. Options for a single 
international space regulatory 
regime 

4.2.2. Domestic 
4.2.2.1. Economic actor, customer 

(anchor tenant), market analysis, 
government interaction with 
commercial sector (transition) 

4.2.2.2. Service provider (range safety, 
debris removal, etc.) 

4.2.2.3. Technology research and 
development support 

4.2.2.4. Legal, regulatory actions 
4.3. Law 

4.3.1. Liability 
4.3.1.1. Historical analogies with other 

industries 
4.3.1.2. Role of government (different 

than current regime) 
4.3.1.3. State vs. federal jurisdiction 
4.3.1.4. Assessment of liability risk 

4.3.2. Insurance 
4.3.2.1. What's the insurance for and 

how is it relevant to business 
viability? 

4.3.2.2. Kind of insurance required is a 
policy decision, implemented 
through laws and regulations 

4.3.2.3. Insurance considerations and 
approaches 

4.3.3. Barrier analysis of existing laws 
4.4. Regulation 

4.4.1. Regulatory parameters 
4.4.1.1. Scope of regulations 
4.4.1.2. Characteristics 

4.4.2. Historical analyses and analogies 
4.4.2.1. Regulatory case studies in 

aviation, railroad, and maritime 
transportation to provide historical 
context on the evolution of US and 
international regulatory regimes 

4.4.3. Comparative analysis 
4.4.3.1. Contemporary issues 
4.4.3.2. International analysis 

4.5. Cross-Cutting Topics 
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1

EXECUTIVE SUMMARY 

In 2010, the Federal Aviation Administration’s Office of Commercial Space 
Transportation (FAA AST) established a Center of Excellence for Commercial Space 
Transportation (COE CST) in order to identify solutions for existing and anticipated 
commercial space transportation problems. This COE CST is a cost sharing partnership 
of academia, industry, and government that focuses on research areas of primary interest 
to the FAA and the U.S. commercial space transportation industry as a whole. 

Developing a roadmap for future research was identified among the COE CST’s first 
round of research tasks. To complete this, workshops were held where representatives 
from industry, academia, and government gathered to discuss what they saw as priority 
research objectives and the underlying organizational structure. The results from these 
workshops were compiled into a roadmap in 2011 that was then used to help direct 
research spending within the COE.

In 2014, it was recognized that the recent rapid evolution of the commercial space 
transportation industry in the United States warranted an update to the roadmap. A new 
research task was identified and a second set of workshops were held both to capture 
updated input from stakeholders and secondly to address topics and areas that were not 
included or fully examined in the first research roadmap.  

The resulting updated research roadmap is detailed in this document and shown in Figure 
1. It represents a near consensus opinion from representatives of disparate fields. It is our 
conviction that these COE CST research goals and objectives will find broad application 
and relevance to the entire commercial space community. 

For each of the four research themes1, a description is provided below along with a 
sample near-term, high-priority research item that was identified in the workshops: 

Theme 1A. Space Traffic Management (STM) 
Part of the first research theme focuses on the management of space vehicle traffic from 
the ground to orbit. More specifically, this includes suborbital STM, orbital STM, and the 
integration of air and space traffic, including issues such as orbital debris. In the area of 
Air/Space Traffic Management: 

High-priority, near-term research in dynamic de-confliction for nominal and off-
nominal operations includes work to inform first-generation implementation of 
air/space traffic management architectures including: automation tool requirements, 
equipage, conveying information to ATC, safety requirements in a high-hazard 

1 Research theme 1 was broken into two parts for the purpose of the research roadmapping workshops and 
will, therefore, be described separately throughout this report. 
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environment, and utilization of NextGen technologies (4DT and SWIM) to aid with 
further automation. 
High-priority, near-term research in integrated procedures above/below FL600 
includes the establishment of procedures and ConOps for re-entry trajectories that 
unify orbital mechanics and re-entry demands and leverage existing and near-term 
ATC infrastructure. 
High-priority, near-term research in debris debris monitoring and forecasting methods 
involves recognizing the ownership of this problem by other government agencies 
beyond FAA, short-term research focuses on FAA-appropriate work including orbital 
debris detection and prediction to forecast intersection between known debris fields 
and potential flight paths (sub-orbital and orbital); modeling of satellite and debris 
orbit and attitude dynamics to predict long-term evolution for planning.  

Figure 1. Updated Commercial Space Transportation Research Themes 
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High-priority, near-term research in debris impact modeling and risk assessments 
includes research directed towards improving understanding of impact of orbital debris 
on man-made vehicles and satellites; characterization of electromagnetic impacts; risk 
assessments and risk mitigation strategies. 

Theme 1B. Spaceport Operations 
The other part of the first research theme is focused on the operations and management of 
spaceports. In the area of spaceport operations, the high-priority research would be to 
provide guidance to spaceport operators and launch operators on emergency response and 
communications in the event of an incident. 

Theme 2. Space Transportation Vehicles 
The second theme is made up of a wide range of research areas pertaining to the space 
vehicles. Ground system and operations safety technologies, vehicle safety analyses, 
vehicle safety systems and technologies, payload safety, and vehicle operations safety are 
all part of this theme. The high-priority research identified for this theme include the 
development, test, and refining of promising flow control methods to reduce flow 
unsteadiness in rocket plume interactions with launch pad structures. 

Theme 3. Human Spaceflight 
The third research theme is concerned with the medicine, technology and training that is 
needed for both crew and spaceflight participants. This includes aerospace physiology 
and medicine, personnel training, Environmental Control Life Support System (ECLSS), 
habitability and human factors, and the human rating of vehicles.  

High-priority research identified includes research to determine the highest risk medical 
conditions that would require more data and need monitoring. 

Theme 4. Space Transportation Industry Viability 
The last research theme is focused on the business and government related aspects of 
CST. This includes markets, policies, laws, and regulations and is the research element of 
the FAA’s “Encourage, Facilitate and Promote” mandate. High-priority research for 
industry viability includes the determination of the government regulatory structure that 
will minimize cost to the industry while maximizing safety. 

While the structure and prioritization presented in this report were developed with COE 
CST in mind, the results need not be limited only to the COE. The representatives that 
attended the workshops and whose input is codified here captured the ideas and demands 
of the entire industry. 
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PREFACE AND OVERVIEW OF THE STUDIES 

The results presented in this report were generated through a total of seven workshops 
where numerous companies, agencies, research centers, universities, NASA, and the 
Department of Defense (DoD) were contacted and invited to send representatives. Two 
workshops were held in 2011 as part of the initial research roadmap development process, 
and five additional workshops in 2014 and 2015 were used to update the roadmap.  

The initial pair of workshops in 2011 each included discussions on all 4 research themes. 
The first workshop was held at Stanford University in Palo Alto, CA, April 6-7 and the 
second was at the Lockheed Martin Global Vision Center in Arlington, VA, August 16-
17. The two locations and times allowed us to capture the views of a broad range of 
researchers with difficult schedules and travel availabilities. For each, approximately 60 
people were in attendance. 

At these workshops, the attendees were presented with several overviews on the different 
research themes. In addition, presentations from General Jay Santee of the Office of the 
Secretary of Defense - Policy, Professor John Logsdon of George Washington University, 
Faith Chandler of NASA’s Office of the Chief Technologist (OCT), and Jeff Foust of 
Futron all gave input from their perspective on the landscape of CST. 

For roughly 8 hours at each workshop there were breakout discussions where the large 
group broke into 4 smaller groups centered on each research theme. Some spent time in 
several different themes’ discussions, while others focused on a single discussion group. 
The tasks set for them were: 

Finding an organizational principle or mission statement 
Correcting (if needed) the structure of the theme as defined by FAA AST 
Documenting the main research sub-areas 
Identifying important next-steps 
Prioritizing research topics 

The groups were not necessarily able to complete all these tasks, but all made 
considerable progress towards the goals. After the breakout discussions, their work was 
summarized in a set of presentations given to the plenary group and accompanied by 
group discussion. 

Chairs for each breakout group were chosen in advance as experts in their fields (Table 1). 
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Table 1. Breakout Group Chairs for 2011 Workshops 
 Workshop 1 Workshop 2 

Theme 1 Kelvin Coleman (FAA AST) &
Karl Bilimoria (NASA Ames) 

Mike McElligott (FAA AST) 

Theme 2 Dr. Dan Rasky (NASA Ames) & 
Dr. Juan Alonso (Stanford U.) 

Nick Demidovich (FAA AST) 

Theme 3 Dr. Jon Clark
(Baylor College of Medicine) 

Dr. Mark Weyland (NASA JSC) 

Theme 4 Ken Davidian (FAA AST) René Rey (FAA AST) 

In the intervening time since the original research roadmap was completed, the 
commercial space transportation landscape has evolved in numerous ways and therefore 
an updated research roadmap was required. In the summer of 2014 a new COE task was 
funded to accomplish this update with a charter of: “Update the original research 
roadmap and build on it in order to increase its usefulness to the community and to the 
FAA COE CST.” This included three main components: 

Revisiting the 2011 research roadmap and updating as necessary 
Identifying and differentiating near term (1-3 years), medium term (3-6 years), and far 
term (> 6 years) research tasks 
Defining research priorities to the extent possible 

In contrast to the first road mapping task, where broad workshops were held with plenary 
sessions that covered the full range of research areas within the COE, during this second 
effort workshops were organized with specific focus areas. Between September of 2014 
and February 2015, five events were held that each focused on a single research theme. 
Note that Theme 1 was broken into 1a and 1b to reflect a natural division within the 
research theme. Table 2 describes the dates and locations of the workshops.

Principal investigators who were experts in the domain were chosen as lead PIs and given 
control over the workshop format and invitees (Table 2). The goal of this organizational 
structure was to reflect the significant variety of research endeavors within the COE, 
from structures and materials to biomedicine to economics. The PIs invited a wide range 
of both industry and government stakeholders as well as members of the academic 
research community.
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Table 2. 2014-2015 Workshop Information 
Research Theme Lead PI Location Date 
1A. Space Traffic 
Management 

Juan Alonso Stanford University February 11 & 
12, 2015 

1B. Spaceports Patricia Hynes New Mexico State University November 17, 
2014 

2. Vehicle 
Technologies

Farrukh Alvi  Florida State University November 3, 
2014 

3. Human 
Spaceflight

Jim Vanderploeg University of Texas Medical 
Branch at Galveston 

September 24 
& 25, 2014 

4.Industry Viability Tristan Fiedler (Co-
PI Scott Benjamin) 

Lockheed Martin Global Vision 
Center, Crystal City, VA 

December 2 & 
3, 2014 

Figure 2. Adobe Connect screenshot 

The lead PIs were able to design these workshops in a way that best fit the needs and 
availabilities of their respective communities, and resulted in a variation in workshop 
format. Generally, all the meetings included a mixture of presentations and open 
discussions. In order to facilitate collaboration with as many people as possible, 
videoconferencing technology was incorporated to allow remote participation at all 
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workshops via the Adobe Connect software package. Figure 2 shows a screenshot of the 
attendees’ view using Adobe Connect from the Theme 3 workshop on human spaceflight. 
Informal assessments of the Adobe connect tool after the meetings indicated that for this 
type of workshop, a virtual environment could be utilized successfully. 

In the first round of research road mapping workshops, representatives of the Stanford 
team were present in each breakout group to directly capture the discussions and later 
synthesize the results into the first research roadmap. In contrast, during the second round 
of workshops the lead PIs compiled and distilled the input and delivered it to the Stanford 
research road mapping team. 
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COMMERCIAL SPACE TRANSPORTATION: A STRATEGIC OVERVIEW 

Overview of the Industry 
The commercial space transportation industry has many sectors: orbital and suborbital 
launch vehicles, space tourism, spaceports, and numerous subsectors that support them 
including everything from pressure vessel manufacturers to software developers. 

Much of the industry is driven by the end-customer. For orbital launches this is often the 
communications industry or the military, which uses satellites for surveillance, 
communications, and sensing applications. NASA and universities use orbiting platforms 
for Earth sensing and astronomy, but they also use the vehicles to launch probes out of 
Earth orbit to the moon, sun, and other planets in the solar system. 

There are very few manufacturers of orbital launch vehicles due to the massive 
development and operational costs associated. Currently United Launch Alliance, Orbital 
Sciences, and SpaceX are the only companies who are offering orbital launch services in 
the USA. With the notable exception of SpaceX, all of these vehicles were developed 
with close partnership with government agencies or the DoD. 

The suborbital launch industry has traditionally been limited to small sounding rockets 
used for microgravity, atmospheric, and astronomical research. However there are several 
companies currently developing vehicles which would also (or primarily) be used for 
suborbital tourism. These companies include Virgin Galactic, Sierra Nevada Corporation, 
XCOR, Blue Origin, Armadillo Aerospace, and Masten Space Systems. 

These demands for suborbital and orbital launch vehicles drive the development of the 
vehicles themselves, which in turn drives the development of subsystems and support 
systems. 

The Role of FAA AST 
The FAA’s Office of Commercial Space Transportation (FAA AST) has mandates to 
both regulate and encourage the commercial space transportation (CST) industry. AST 
regulates the operation of both spaceports and vehicles. AST does not regulate launches 
by and for the US government (for example, a Delta IV launching an NRO payload or 
NASA launching a science mission). 

Reusable suborbital vehicles may obtain an experimental permit instead of a license. 
Permits have the advantage of fewer vehicle specification and safety requirements, but 
they are much more limited in scope; the operations must be for the non-commercial 
purpose of research & development, gathering data for a license, or crew training. 

Licenses are required by all other vehicle launches in the US that exceed the limits for 
amateur rocketry, and are applicable either to a specific launch or can be used for up to 5 
years, depending on the specifics of the license. US companies launching payloads 
anywhere in the world and foreign companies launching within the US are all regulated 
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by the FAA AST. This requirement stems from the 1967 United Nations International 
Outer Space Treaty whereby the nationality of the launch operator and the nation in 
which the launch occurs are responsible for any subsequent damage that occurs. 

Obtaining a vehicle license or permit requires five steps: policy review (national security 
and foreign policy), payload review (payload safety issues), maximum probable loss 
determination (dollar amount due to bodily injury or property damage), an environmental 
determination (impact of launch on environment), and a safety review (range and launch 
site safety issues). 

Launch or reentry sites (commonly referred to as spaceports) must obtain licenses, 
however the process is slightly different. The steps are: policy review (national security 
and foreign policy), launch site location review (ground boundaries, flight corridors, and 
risk assessments), agreements (airspace and marine), an explosive site plan (minimum 
safe distances), and an environmental impact review (based on any hazardous materials). 
In addition, spaceports must have plans in place for accident response and investigation. 

The second mandate for FAA AST is to encourage, facilitate, and promote the CST 
industry. Tasks that support this mandate include generating a series of industry reports 
such as launch forecasts, economic impact reports, Year in Review reports, 
Developments and Concepts reports, and others. In addition FAA AST conducts research 
and development outside of the COE to further technologies that would be a benefit to 
the industry as a whole. FAA AST also conducts a CST Grants program, conducts an 
annual conference and has active international outreach activities.

The Center Of Excellence for Commercial Space Transportation (COE CST), established 
“in order to identify solutions for existing and anticipated commercial space 
transportation problems,” aids in both mandates by identifying and completing research 
tasks that are important. These tasks can be geared towards informing regulatory 
practices or towards developing components and systems that many companies could use 
in order to reduce engineering and development costs. 
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RESEARCH THEME 1A.
SPACE TRAFFIC MANAGEMENT 

Mission Statement 
In this first theme – Space Traffic 
Management – we focus on research 
requirements for the safe and efficient 
utilization of the NAS, including safety-related 
aspects of transitions above FL600.  In general, 
the work focuses on two major categories: 

Ideas, methods, and operations to safely and 
equitably share the NAS with minimal 
disruption caused by commercial space 
traffic (outbound and inbound), and 
Space situational awareness of resident 
space objects and the potential safety 
implications of lack of separation. 

Description and Impact 
As the frequency, variety, and geographical 
distribution of commercial space operations all 
increase over the coming decade, the safe, fair, 
and equitable use of the NAS will become a 
significant issue that must be addressed: how 
can we maintain the necessary separation 
between commercial air and space vehicles in 
all phases of flight, without unduly burdening 
one industry or the other? How can we 
minimize the impacts of one type of flights on 
those of the other community?  Moreover, 
since the outcome of a significant portion of 
future commercial space flights will include a 
transition to / from orbit, a detailed 
understanding of the space environment (regarding man-made and naturally-occurring 
hazards) and the potential impact on commercial space vehicles is needed. 

The research in this theme is well positioned to eliminate a number of critical bottlenecks 
that would impact the core mission of the FAA in the Commercial Space Transportation 
area: how can we operate orbital and sub-orbital commercial space vehicles safely and 
without artificially limiting their development and expansion?  By devising more 
effective means of maintaining separation between air and space vehicles, maintaining or 

Box 1A. Example Task - 
Space Debris Mitigation 
Principal Investigator: Dr. Norman 
Fitz-Coy, University of Florida 

The objective of this task is to 
identify and quantify the global 
growth trends of CubeSat-class 
satellites, assess the interests of US 
and international communities for 
CubeSat applications, and 
investigate emerging CubeSat 
products (e.g., Planet Labs 
constellation of CubeSats). To do 
this, a survey was conducted 
regarding the assembly integration 
and testing practices of these 
CubeSat developers and utilize that 
information to investigate the 
mortality rates of CubeSats. This 
will allow the assessment of space 
debris mitigation strategies utilized 
and implemented by these 
developers. 

Figure 3. Large constellations of 
CubeSats are being implemented 

152



11

improving on the traditional levels of safety that the commercial air traffic sector has 
demonstrated over the past few decades, and by ensuring that risks deriving from the 
presence of orbital debris can be understood and managed, the FAA will be able to 
simultaneously meet its mandates (regulation and “encouraging, facilitating, and 
promoting”) regarding the commercial space transportation industry. 

Without the completion of this research, the consequences can be substantial.  On the one 
hand, the operation of space vehicles (during both ascent and re-entry) could impose such 
large restrictions on our commercial air transportation infrastructure that system-level 
inefficiencies may relegate CST to a national-interest-only role. Moreover, lacking the 
product of this research, the necessary infrastructure would not be in place at the 
appropriate time to ensure the development of new types of vehicles and transportation 
options.  Finally, without this research work, operations relating to orbital insertion, in-
orbit operations, and de-orbit burns may result in unmanageable risks that prevent 
widespread use of commercial space transportation alternatives. 

Space Traffic Management Research Program Structure 
The Space Traffic Management research theme taxonomy is depicted in Figure 4 below. 
This version of the STM  research theme taxonomy is different than the 2011 version. 
How the latter fully integrates into the former was not addressed, so for the sake of 
completeness, the 2011 taxonomy for research theme 1 (including 1A and 1B of the 
2014-2015 version) is included as Appendix E. 

Priority Research Tasks 
As has been mentioned previously in this report, the original roadmap (2011) listed a 
number of key elements envisioned for the Space Traffic Management portion of the 
research, but did not attempt to reach consensus among the participants regarding the 
order of priority of such tasks.  In the 2014-15 workshop, an effort was made to narrow 
down the number of tasks and their descriptions and to highlight which were of higher 
(and lower) priority.  Within each of the two subareas (Air/Space Traffic Management 
and Space Situational Awareness) we present below, in order of priority within each 
subarea, the research tasks that were found to be most pressing.  Note that, during the 
workshop, the research tasks were laid out along three separate horizons: short term (high 
hazard / low equipage), medium term (medium hazard / equipage), and far term (low 
hazard / high equipage).  The order of priority described in this document represents the 
consensus of the workshop participants, but may need to be be altered if the focus and 
balance of the research program shifts from a mid-to-far term target. 

The identification of order of the research tasks in the list below also was also motivated 
by the perception of the types, locations, and frequencies of space vehicle operations that 
are expected in the coming years: the underlying assumption is that the research needs to 
be completed some time prior to the need materializing.  It is envisioned that, over the 
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next 3-5 years (near term), the majority of the CST operations will be of the sub-orbital 
type.  The frequency (and geographical diversity) of such sub-orbital flights will continue 
to grow during the mid-term (5-10 years from now).  Finally, the frequency/diversity of 
suborbital flights will be accompanied by a more substantial presence of orbital and 
trans-atmospheric flights in the long term (10-20 years from now). 

Figure 4. Research Theme 1A. Space Traffic Management Research 

Air/Space Traffic Management research tasks: 

Dynamic de-confliction for nominal and off-nominal operations 
(Short-term priority) Research to inform first-generation implementation of 
air/space traffic management architectures including: automation tool requirements, 
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equipage, conveying information to ATC, safety requirements in a high-hazard 
environment, and utilization of NextGen technologies (4DT and SWIM) to aid 
with further automation. 
(Long-term priority) Research to understand the best methods to compute 4D 
protected space / envelopes, assess reaction times during off-nominal events, 
incorporate dynamically-changing 4D envelopes into de-confliction algorithms, 
and utilize de-centralized methods and decision making algorithms to guarantee 
separation during off-nominal events. 

Integrated procedures above / below FL600 
(Short term priority) Establishment of procedures and ConOps for re-entry 
trajectories that unify orbital mechanics and re-entry demands and leverage 
existing and near-term ATC infrastructure. 
(Medium to long term priority) Research, development, and evaluation of 
integrated strategies for seamless transition between NAS and orbit and vice versa. 

In addition, participants in the workshop also discussed the importance of the following 
research topics, in no particular order of priority: development of aircraft vulnerability 
models; outlining operator (of the Space Vehicle) responsibilities regarding data and 
communications; progressive re-entry breakup models; ground-based debris tracking 
requirements. 

Space Situational Awareness / Space Debris research tasks: 

Debris monitoring and forecasting methods 
(Short term priority) Recognizing the ownership of this problem by other 
government agencies beyond FAA, short-term research focuses on FAA-
appropriate work including orbital debris detection and prediction to forecast 
intersection between known debris fields and potential flight paths (sub-orbital and 
orbital); modeling of satellite and debris orbit and attitude dynamics to predict 
long-term evolution for planning.  
(Medium to long term priority) Orbital debris modeling estimation using 
probabilistic methods and including space atmospheric characterization and 
variability, non-gravitational effects, and fusion of tracking data. 

Debris impact modeling and risk assessments 
(Short term priority) Research directed towards improving understanding of impact 
of orbital debris on man-made vehicles and satellites; characterization of 
electromagnetic impacts; risk assessments and risk mitigation strategies. 
(Medium to long term priority) Modeling of debris-vehicle impacts; probabilistic 
risk assessments; on-board and 4D options for risk mitigation. 

In addition, participants in the workshop also discussed the importance of the following 
research topics, in no particular order of priority: establishing clear lines of responsibility 
for debris monitoring and avoidance (what is the role of the FAA?  What would FAA do 
with this information?); policy / international coordination issues; real-time atmospheric 
characterization; optimizing tasking / JSPOC coordination; establishing guidelines for 
comparable levels of risk between meteoroids and man-made hazards. 
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RESEARCH THEME 1B.
SPACEPORT OPERATIONS 

Mission Statement 
The spaceport operations research theme will 
facilitate the development, utilization, and operation 
of commercial spaceports. This will be 
accomplished by developing a framework to capture 
the body of knowledge for spaceport operation best 
practices.

Description and Impact 
The research theme of spaceports must be 
approached from the perspective of the FAA 
statutory goal of protecting public health and safety 
as well as encouraging private sector launches and 
related services. 

In the next 5 years more launch operators will be 
flying under commercial licenses at commercially 
licensed spaceports. In the case of sub-orbital 
vehicles, there are only a few operating right now, 
none under a commercial license. 

FAA regulation Part 417.9: Launch Site 
Responsibility provides: 

For a launch from a spaceport licensed under Part 
420 of this chapter, a launch operator [vehicle 
operator] must: 

Conduct its operations as required by any 
agreements that the launch site operator 
[spaceport] has with any Federal and local 
authorities under part 420 of this chapter; and 
Coordinate with the launch site operator and provide any information on its 
activities and potential hazards necessary for the launch operator, person, or 
property at the launch site as required by the launch site operator’s obligations 
under 420.55 of this chapter. 

Currently, all correspondence, agreements and procedures between launch operators and 
sites is held privately by the parties, not publically disclosed. It is evident that there is a 
real gap in the knowledge of how launch operators and site operators interact.  In order to 
move forward, the interaction between ground operators and vehicle operators must be 
studied as a whole and these groups must come together to discuss what they see as 

Box 1B. Example Task - 
Spaceport Operational 
Framework 
Principal Investigator: Dr. Patricia 
Hynes, New Mexico State 
University 

The Framework for Spaceport 
Operations is an evolving 
collection documents and 
information that represents 
industry best practices. The 
collection was created and made 
accessible by a multi-agency, 
multi-partner research team led by 
NMSU. Constructed and 
maintained by the NMSU Library, 
the database is available on the 
web at contentdm.nmsu.edu. 

Figure 5. NMSU Framework for 
Spaceport Operations 
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milestones that need to be addressed, each cohort making their contributions in 
relationship to the other. 

An online database has been assembled as a way of capturing and maintaining the body 
of knowledge for spaceport operations. This database currently contains hundreds of 
documents and links to thousands more. It is available at http://contentdm.nmsu.edu. 

 Spaceport Operations Research Program Structure 
The Spaceport Operations Research Theme is depicted in Figure 6 below. 

Figure 6. Research Theme 1B. Spaceport Operations Research 

The complete taxonomy of research subjects in this research theme is provided in 
Appendix D at the end of this document. This version of the spaceport operations 
research theme taxonomy is different than the 2011 version. How the latter fully 
integrates into the former was not addressed, so for the sake of completeness, the 2011 
taxonomy for research theme 1 (including 1A and 1B of the 2014-2015 version) is 
included as Appendix E. 

Priority Research Tasks 
In the 2011 workshop, the attendees identified two priority research tasks: the first was 
related to identifying vehicle-specific requirements for spaceport operations, and the 
second was focused on establishing best practices. This second task has become the 
majority of the research done within Theme 1b in the form of an online database for the 
body of knowledge. All discussions at the 2014-2015 workshop were related to 
expansions of the body of knowledge. 

From these discussions, 4 priority research projects were identified that would 
significantly improve the body of knowledge. These were: 

1. Provide guidance to spaceport operators and launch operators on emergency response 
and communications in the event of an incident (currently missing from body of 
knowledge)
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Locate documents, in particular-NTSB guidelines and when reports become 
available integrate findings into the digital collection- and develop information to 
fill this gap 
Continuously update the digital collection 

2. Further expand the sections on insurance, indemnification, and waivers 
Search for documents, rules and regulations pertaining to this topic 
Populate the body of knowledge digital collection 

3. Query the users of the body of knowledge to identify information gaps by using a 
survey 

Development of the survey 
Promotion to people to take the survey 
Time of librarian and technical staff to work the survey into the website 
Team members to analyze the survey 
Write up final results report 

4. Encourage more transparency in the agreements that exist between spaceports and 
launch operators. 

Develop and administer confidential anonymous surveys to spaceport operators 
and launch operators. The purpose of the surveys would be to allow these entities 
to share some of the basic provisions in their agreements without jeopardizing their 
intellectual property or commercial competitive advantage. 
The information would then be converted to summary form so that the identity of 
those participating would not be revealed. 
Search for documents, rules and regulations pertaining to this topic. 
Populate the body of knowledge digital collection. 

Projects 1 and 2 were identified as near term priorities, while project 4 was classified as a 
medium-to-long term goal. 
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RESEARCH THEME 2.
SPACE TRANSPORTATION VEHICLES 

Mission Statement 
The Space Transportation Vehclias (including 
Operations, Technologies, and Systems) research 
theme focuses on enabling and enhancing the 
safety, reliability, and efficiency of commercial 
space vehicles. 

Description and Impact 
The wide span of this research area makes it 
difficult to define concisely. However, it can be 
subdivided broadly into two areas: component-
level and systems-level research. From there, the 
best description is via examples. 

Component-level research includes developing 
new thermal protection systems for re-entry, 
“black boxes” that could be integrated into 
spacecraft and launch vehicles, and standardized 
sensors. System-level research includes 
developing operational procedures, safety 
analyses, licensing or certification processes, and 
human-rating standards. 

Currently this type of research is pursued by a 
number of organizations, however it is generally 
performed with a specific application or customer 
in mind. As the field of commercial space 
transportation increases in size it will be 
beneficial to develop more generic components, 
systems, procedures, and analyses that can be 
easily adapted to different applications rather than 
be re-designed for each new case.  

This research supports the FAA’s mandate of protecting public health and safety by 
developing technologies, analyses, and operations to both increase the safety of 
commercial space vehicles and facilitate industry growth. 

The Space Transportation Operations, Technologies & Systems research program 
structure is shown in Figure 8. 

Box 2. Example Task - 
Nitrous Oxide Composite 
Case Testing 
Principal Investigators: Dr. Warren 
Ostergren, Dr. Bin Lim, Dr. Andrei 
Zagrai, New Mexico Tech 

Nitrous oxide is a popular oxidizer 
for rocket propulsion systems in 
commercial spaceflight, and is 
commonly stored in lightweight 
composite tanks. The purpose of 
this task is to develop an 
understanding of fragmentation 
hazards from such tanks in order to 
set guidelines for proper safe 
distances. In the picture below, a 
composite panel is mounted in a 
test setup that can produce shock 
waves.

Figure 7. Test fixture for shock wave 
loading of composite panels 
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Figure 8. Research Theme 2. Space Transportation Vehicles Research 

The complete taxonomy of research subjects in this research theme is provided in 
Appendix D at the end of this document. 

Priority Research Tasks 
During the 2011 workshops, attendees identified 13 specific high-priority research tasks. 
These ranged in topic from establishing proper redundancy levels on safety critical 
systems to the physics of re-entry debris to licensing procedures. 

In the 2014-2015 workshop however, the attendees identified 4 broad areas of priority 
research: 

Devices: Sensors and Actuators for Enhanced Aircraft Safety 
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Advanced Materials and Structures 
Aerothermal Environment – Test and Simulation 
Technology Transition 

Within these research areas, tasks were divided into levels of prioritization, near-to-mid 
term priorities and mid-to-long term priorities. In the first category were the following: 

Existing projects in the area of advanced materials, structures, and sensors that have 
shown promising results 
Research modeling the space vehicle environment via computational and experimental 
means 
Leveraging the distributed capabilities of the COE members, especially when there are 
PIs with complimentary expertise 

In the mid-to-long term category were the following tasks: 

Identify and fill gaps in the current knowledge base in sciences and tools 
Develop/fabricate advanced materials and structures with embedded sensors 
Support flight or survivability tests for advanced sensors and structures/materials 
Develop/support paths for transitioning technologies to the CST vehicles or systems 
that would most benefit from their inclusion. 
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RESEARCH THEME 3.
HUMAN SPACEFLIGHT  

Mission Statement 
The third research theme – Human Spaceflight – is 
concerned with the physiology, medicine, 
technology and training that impact safety and 
performance of both crew and spaceflight 
participants (SFPs). Within the research areas 
contained within Theme 3, research is generally 
focused in two primary areas: 

Protection of the health and safety of crew and 
spaceflight participants, and 
Identification and reduction of avoidable risks of 
human spaceflight.  

Description and Impact 
Research in this theme area is critical to the strategic 
needs of the FAA as the public comes to expect 
greater safety from the industry for crew and SFPs. 
There is historical precedent from spaceflight 
experience regarding human system risk 
management and medical events for humans in 
space, including topics such as space adaptation 
syndrome, behavioral/psychological issues, acute 
gastrointestinal conditions, acute pain, serious or 
incapacitating medical events, and environmental 
issues (debris, cabin environment, radiation, etc.).   

As the industry expands, development of guidelines 
or standards for protection of a population more 
diverse and likely less fit, healthy, and trained than 
the traditional astronaut is imperative.  
Considerations for examining human system risk 
management include current limitations in screening, 
limited access to analog environments for study and 
training, limited training time, and limited historical 
data on diverse populations.

The Human Spaceflight research program structure is shown in Figure 10. 

Box 3. Example Task - 
Tolerance of Centrifuge-
Induced G-Force by Disease 
State
Principal Investigator: Dr. James 
Vanderploeg, University of Texas 
Medical Branch 

Based on results from previous 
centrifuge tests, space flight 
participant (SPF) anxiety may 
present a significant problem for 
commercial spaceflight companies.  
Currently no information about 
how to train SFP’s for 
mental/physical challenges related 
to the spaceflight environment. 
This task will identify triggers for 
anxiety, possible mitigation 
approaches, and optimum training 
methods. The goal is to mitigate 
anxiety and enhance SFP 
enjoyment.. 

Figure 9.  The NASTAR centrifuge 
simulates the forces of suborbital 
flight 
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Figure 10. Research Theme 3. Human Spaceflight Research 

The complete taxonomy of research subjects in this research theme is provided in 
Appendix D at the end of this document. 

Priority Research Tasks 
In the 2011 workshop, there was no consensus opinion on prioritization of research tasks. 
However, in the 2014-2015 workshop a detailed prioritization of both areas and tasks was 
produced. This workshop identified the following six areas as being of particular 
importance: 

Vehicle life support and survivability 
Medical standards for crew and acceptance criteria for spaceflight participants 
Training and adaptation 
Operational support 
Physiological monitoring 
Data analysis and database repository 
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Within these six areas, a total of 30 priority tasks were identified and characterized as 
being either short-term or medium/long term priorities. The division was generally 
between research relating to suborbital versus orbital flight due to the apparent proximity 
that some suborbital commercial space transportation companies are to beginning 
commercial operations. Orbital tourism on the other hand were perceived as likely to be 
many years from flight. A sampling of these priority tasks are given in Table 3 below. 

Table 3. Short-, Mid-, and Long-Term Research Human Space Research Priorities 
Areas Short-Term Mid- to Long-Term 

Vehicle life 
support and 
survivability 

Research leading to recommendations 
for interior cabin design to enhance 
occupant safety and facilitate 
emergency egress. 

Research leading to 
recommendations for food, water, 
personal hygiene, sleep stations, and 
toilet facilities. 

Medical
Standards
(crew),
Acceptance 
Criteria (HSPs) 

Investigate performance effects and 
crew member fatigue with multiple 
spaceflights within the same day or 
same week. 

Research to establish advisability for 
preflight quarantine. 

Training and 
adaptation

Research directed toward answering 
the question of what is the optimum 
SFP training versus what is the 
minimum training necessary for 
suborbital spaceflights. 

Gather data to examine inflight 
psychosocial incidents and compare 
with training experiences to 
determine which training models are 
most effective, such as group vs 
individual. 

Operational
support 

Determine the best means of 
mitigating the risk of in-flight 
psychological events, particularly 
those with an elevated predisposition 
to anxiety-related events.  Determine if 
anxiolytics are an option to reduce 
anxiety to a safe and flyable level. 

Define the parameters of risk 
disclosure and informed consent.  
Evaluate the relationship between 
the informed consent process with 
reasonable customer expectations 
and appropriate levels of 
understanding of the true risks of 
their spaceflight. 

Physiological 
monitoring 

Research to determine the highest risk 
medical conditions which would 
require more data and need 
monitoring. 

Determine if flights dedicated to 
individuals with physical disabilities 
are achievable, and what preparation 
would be desired with these 
individuals? 

Data analysis 
and database 
repository 

Research needed to define which 
parameters would be included in a 
database; finding a set of common 
recommended elements for data 
gathering and analysis. 

Provide a high fidelity plan to the 
FAA on implementing a database 
repository. 
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RESEARCH THEME 4.
SPACE TRANSPORTATION INDUSTRY VIABILITY 

Mission Statements 
The purpose of the Industry Viability research theme 
is to support effective policy decision-making in the 
accomplishment of the dual regulatory and 
promotional missions of FAA AST. Studies of the 
industry will reveal the importance and effects of 
various economic, legal, legislative, regulatory, and 
market variables. These data will then be used to 
maximize both regulatory cost-effectiveness and 
industry growth. 

Description and Impact 
The research conducted in Theme 4 and its 
interaction with the other research themes is 
foundational to the overall viability of 
commercialization of the industry.  As the FAA 
continues to expand or contract its role as setting 
regulatory standards governing human space flight 
and commercial space transportation, information 
related to the appropriate level of involvement is 
pivotal.  The research generated by Theme 4 seeks to 
provide a better understanding of the relationship of 
governmental policy and innovation adoption.  As 
the commercial space transportation industry 
matures, the FAA needs to make prudent decisions 
so that regulations neither stifle technology 
development nor expose the crew or space flight 
participants to avoidable risks as the public comes to 
expect greater safety for crew and space flight 
participants from the industry.  This delicate balance 
between regulation and innovation needs to be 
approached both comparatively by making 
institutional comparisons with other industries as 
well as empirically driven in order to guide regulatory decision making based on 
statistical conclusions.   

The Space Transportation Industry Viability research program structure is shown below 
in Figure 12. 

Box 4. Example Task -  
Suborbital Transportation 
Industry Analysis 
Principal Investigator: Dr. Scott 
Benjamin, Florida Institute of 
Technology

In order to create a comprehensive 
evaluation of the impacting factors 
that will aid or hinder the adoption 
of commercial space 
transportation, indutsry structure 
and international competitiveness 
frameworks were implemented for 
the evolving suborbital space 
transportation industry. This 
research will provide a macro-level 
investigation of the factors that 
impact these adoption processes 
and overlay these concepts with the 
adoption of a radically different 
industry paradigm.  

Figure 11. Current competitors in 
suborbital space transportation 

165



24

Figure 12. Research Theme 4. Space Transportation Industry Viability Research 

The complete taxonomy of research subjects in this research theme is provided in 
Appendix D at the end of this document. 

Priority Research Tasks 
In the 2011 workshops, attendees were able to construct a list of 7 priority research tasks. 
4 of these tasks were mentioned again in the outcome of the 2014-2015 workshop and 
will be noted later. The 3 topics that were not reproduced were: 

Workshop of industrial organization economists looking at CST industry 
Liability limitation: history, issues, and options 
Barrier analysis of existing regulations 

In the 2015 workshop, the attendees not only identified research projects of importance 
but described them thoroughly with a set of specific tasks within each. Included in the 
description were a desired time scale of the project (near, medium, or long term) and also 
a level of priority (low, medium, high). These projects are: 

What defines an industry and does the commercial space transportation have an 
accepted definition of the industry? What is the current segmentation within the 
industry? (Short term, low priority) 
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Compare and contrast the adoption of commercial space transportation and the 
adoption of the aviation industry. (Medium term, high priority, related to a topic from 
2011 roadmap) 
Evaluate the cross-over of aviation and space transportation regulatory authority 
domestically and internationally. (Medium term, medium priority, related to a topic 
from 2011 roadmap) 
Industry access to public data and lessons learned for human space flight may be 
important to hastening the industry life cycle adoption process.  How do we create a 
clearinghouse for information between industry and the Center of Excellence? (Long 
term, low priority) 
Identify macro level trends across multiple industries that consistently effect rapid 
industry proliferation.  Compare and contrast these variables against the current 
adoption of commercial space transportation. (Medium term, medium priority, related 
to a topic from 2011 roadmap) 
What is an appropriate amount of government regulation that will stimulate growth in 
the industry while achieving the objective of protection of public safety? (Long term, 
high priority, mentioned in 2011 roadmap) 
What government regulatory structure will minimize cost to the industry while 
maximizing safety concerns? (Long term, high priority) 
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CROSS-CUTTING TASKS AND INTEGRATION 

There are many research tasks that fall under more than one research theme.  In some 
cases the interaction is two-way, where both research groups will need varying degrees of 
input from each other. This could range from full collaboration to simple periodic 
information transfers. In other cases the interaction is only in one direction, with one 
research group simply requiring the output or knowledge base of another. 

Below, some of the specific cases of interaction that were emphasized in our workshops 
are shown graphically in Figure 13.2 In addition these interactions are listed and detailed 
below the figure. 

Figure 13. Research Area Dependencies 

Dependencies between Communications, transponders, and beacons, NAS 
integration & Air and Space Traffic Management 

Inputs for the design of transponders, beacons, and communications systems 
(Theme 2.3) are needed from the researchers developing air and space traffic 
management strategies (Theme 1.3 and 1.4). 

2 This section was included without changes from the previous version of the research roadmap document. 
That is why the four research areas shown in Figure 13 are not the same as the updated set shown earlier in 
Figure 1. 
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Dependencies between Flight diagnostic equipment & ECLSS 
Inputs from the ECLSS experts (Theme 3.2) are needed in order to design flight 
diagnostic equipment (Theme 2.3) that measures parameters related to ECLSS 
functionality.

Dependencies between Payload Safety & Occupant protection capabilities 
Interaction between the payload safety researchers (Theme 2.4) and those from the 
occupant protection capabilities group (Theme 3.4) is required in order to establish 
any possible dangers to the spaceflight participants from particular payloads. 

Dependencies between Vehicle safety operations & Spaceport operations 
Interaction between the vehicle safety operations (Theme 2.5) group and the 
spaceport operations group (Theme 1.4) is required in order to establish: 
o Guidelines for contingency operations. 
o Off-nominal operation protocols  
o Determine what equipment is needed 
o Desired interaction between the FAA and the vehicle operator to solve 

problems 
Dependencies between Pre-flight care & Policy 

Interaction between the pre-flight care group (Theme 3.1) and the policy group 
(Theme 4.2) is needed to develop drug and alcohol testing standards for the CST 
industry.

Dependencies between Passengers & Space Transportation Operations, 
Technologies & Payloads 

Inputs are needed from Theme 2 for the development within Theme 3.2 of 
standardized training templates for spacecraft and/or missions. 

Dependencies between ECLSS & Policy 
In order to provide a starting point for work in ECLSS (Theme 3.3), inputs from 
the policy group (Theme 4.2) are needed in order to review, analyze and 
summarize information on existing regulations and policies for ECLSS. 

Dependencies between Habitability & human factors, Spaceport Operations & 
Space Transportation Operations, Technologies & Payloads 

Interaction is needed between the habitability & human factors group (Theme 3.4), 
the spaceport operations group (Theme 1.4), and Theme 2 in order to develop 
databases related to accidents and incidents. This will also include an anonymous 
reporting system to notify authorities of applicable events. Procedures for 
assessing the human factors associated with such an event must also be developed. 

Dependencies between Human Rating / Vehicle Safety Systems & 
Technologies/ Vehicle Operations Safety 

Research into human rating procedures and standards will require extensive work 
between the human rating group within Theme 3.4 and the vehicle safety systems 
& technologies group (Theme 2.3) and the vehicle operations safety group (Theme 
2.5).
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FAA AST PORTFOLIO OF “APPLIED” RESEARCH IDEAS 

In calendar year 2015, an activity within the FAA Office of Commercial Space 
Transportation (AST) was conducted to identify areas of potential research in support of 
four critical areas as presented to the FAA Research, Engineering, and Design Advisory 
Committee (REDAC). The correlation between the four research themes preseted in this 
report and the critical areas are shown in Table 4 below: 

Table 4. Applied Research Ideas 
Roadmap Research Theme/Program REDAC Critical Area 
1A. Space Traffic Management 
1.1 Air/Space Traffic Management 

Safe integration into the National Air 
Space

1A. Space Traffic Management 
1.1 Air/Space Traffic Management 

Advanced Safety Assessment Methods 
(first two bullets shown below) 

2. Space Transportation Operations, 
Technologies & Systems 

2.2 Vehicle Safety Analyses 

Advanced Safety Assessment Methods 
(last three bullets shown below) 

2. Space Transportation Operations, 
Technologies & Systems 

2.2 Vehicle Safety Analyses 
2.3 Vehicle Safety Systems & Technologies 

Advanced Vehicle Safety Technologies 
and Methodologies 

3. Human Spaceflight 
3.1 Aerospace Physiology & Medicine 

Human Space Flight Safety 

Below are research project ideas for each of the four REDAC critical areas. 

 “Safe and Efficient Integration” Research Ideas 

Improving integration of launch and reentry sites into the NAS and its system of 
airports, including sites in the vicinity of major airports or complex airspace. 
Exploring the development of separation standards for improved airspace management 
of launch/reentry vehicles during non-explosive phases of flight. 
Improving approaches to monitor launch/reentry vehicle operations for airspace 
integration, to decrease the amount of airspace closed to regular air traffic operations 
and expedite response to off-nominal scenarios. 
Developing and validating improved noise models for commercial space launch 
operations at inland launch sites, including spaceports co-located with airports. 
Improving methods for launch and reentry collision avoidance analysis to produce 
more efficient launch and reentry planning and NAS integration. 
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“Advanced Safety Assessment Methods” Research Ideas 

Exploring advanced commercial human space flight data sharing and mining 
capabilities to inform safety assessments and identify emerging safety issues. 
Improved safety analysis methods to assess and manage hazards to dynamic 
population clusters, such as for the public in recreational areas and on roads and rail. 
Improved understanding of aircraft vulnerability to space-vehicle-breakup debris, 
including model development and refinement to reduce over-conservatism applied to 
airspace “keep out” areas used to protect against a launch or reentry vehicle failure. 
Improved methods to evaluate failure probabilities for launch and reentry vehicles. 
Improved methods to evaluate debris generated by launch and re-entry vehicle failures 

“Advanced Vehicle Safety Technologies and Methodologies” Research 
Ideas 

Exploring the repetitive use considerations for high utilization reusable space vehicles, 
to include assessing the use of integrated vehicle health monitoring technologies and 
reentry breakup recorders when applicable. 
Improved understanding of emerging autonomous flight safety systems and exploring 
mitigation factors to address their potential vulnerabilities. 

“Human Space Flight Safety” Research Ideas 

Identifying best practice considerations for crew human factors for small winged 
commercial spaceflight vehicles. 
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CONCLUSIONS 

Through our series of workshops representative of more than 50 organizations with a 
stake in the CST industry were able to gather and discuss what they see as important 
research. These discussions have been transcribed into a detailed roadmap that the COE 
CST can use to achieve its goal of identifying solutions for existing and anticipated 
commercial space transportation problems. 

The highest priority research items are summarized below: 

Theme 1. Space Traffic Management (STM) and Spaceport Operations 
A minimum safe corridor for launches and re-entries must be identified. 

Theme 2. Space Transportation Vehicles 
Further effort is required to identify top research objectives from the technological 
landscape, but the overriding issue is safety of flight. 

Theme 3. Human Spaceflight 
Extensive data on the risks of various medications and conditions in the space 
environment are required. 

Theme 4. Space Transportation Industry Viability 
Identifying and verifying the suborbital and orbital microgravity commerce and 
research opportunities is of prime importance. 

While this roadmap and these research priorities have been developed with the COE as its 
main user, there is no true limit to its applicability. The views represented are a consensus 
view from many perspectives within the industry and the result is information that is if 
value to any organization that seeks to further CST in the US. 

These research tasks contained within the roadmap will significantly benefit the industry 
by informing forthcoming regulations from the FAA and by using academic research to 
develop solutions to key problems retarding progress in the industrial sectors. Without 
sufficient funding for this research, however, this progress will be delayed needlessly. 

In 2010, there were 4 licensed or permitted launches. In 2011 there were a total of 5. 
However, combining commercial satellite launches with COTS and CRS flights, OCT’s 
Flight Opportunities Program, and Virgin Galactic’s SpaceShipTwo there could easily be 
more than 40 in 2012. In 2013 that number could climb to 100 or above.  

There are some who are skeptical of the predicted growth in CST, and for good reason. 
The industry is plagued by delays and it’s not uncommon for launch dates to be 
postponed months or even years. Nevertheless, it is quite clear that commercial launch 
frequency will be increasing dramatically in the coming years and, in order to keep pace 
with this acceleration, AST will need to grow simply to maintain current licensing and 
permitting operations. 

As milestones are reached and passed in the CST industry, new problems will arise and 
different priorities may result for research tasks. Therefore, this research roadmap will be 

172



31

updated on an annual or biennial basis. By cultivating a living document we will not only 
serve its original purpose for the COE, but also maintain it as a standard that other 
organizations may utilize. 
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APPENDIX A. 2011 COE CST RESEARCH ROADMAP WORKSHOP 1 

Center of Excellence for Commercial Space Transportation 
Research Roadmap Workshop I, April 6-7, 2011 

Stanford University, Stanford CA 

Attendee List

First Last  Organization 
Doc Aguilar Air Force Research 

Laboratory 

Juan Alonso Stanford University 

Farrukh Alvi Florida State 
University 

Jim Ball NASA Kennedy 
Space Center 

Herb Bachner CSSI, Inc. 

Karl Bilimoria NASA Ames 
Research Center 

Gary Chambers Cimarron, Inc. 

Brad Cheetham University of 
Colorado 

Jon Clark Baylor College of 
Medicine 

Kelvin Coleman FAA AST 
Ken Davidian FAA AST 

Diane Dimeff Center for Space 
Entrepreneurship 

Paul Eckert The Boeing 
Company 

Carl Ehrlich SpaceWorks 
Engineering 

Norm Fitz-Coy University of Florida 

Jeff Forrest Metropolitan State 
College of Denver 

Jeff Foust Futron Corporation 
Paul Guthrie The Tauri Group 

William Hoffman Webster University 
Scott Hubbard Stanford University 

Pat Hynes New Mexico State 
University 

Richard Jennings University of Texas 
Medical Branch 

Jay Kapat University of Central 
Florida 

Barry King Dynetics 

First Last  Organization 

Dan Kirk 
Florida Institute of 

Technology / 
Starfighters, Inc. 

Dave Klaus University of 
Colorado 

Glenn Law Aerospace 
Corporation 

Mark Leifeste 
NASA White Sands 
Test Facility / Jacobs 

Technology, Inc. 

John Logsdon George Washington 
University 

Alan Lovell Air Force Research 
Laboratory 

Will Marshall 

NASA Ames 
Research Center / 

International Space 
University 

Charles Miller NASA Headquarters 

Diane Murphy WMP 
Communications 

Scott Norris Lockheed-Martin 

Lori Paulin Hewlett-Packard 
Laboratories 

Dan Rasky NASA Ames 
Research Center 

Larry Richardson United Launch 
Alliance 

Van Romero 
New Mexico 

Institute of Mining & 
Technology 

Merri Sanchez Sierra Nevada 
Corporation 

Jay Santee OSD Policy 
Chris Smith Wyle 

David Spencer Penn State 
University 

James Stanley QinetiQ NA 

Gerrit van 
Ommering Space Systems Loral 

John West Draper Laboratory 

Mark Weyland NASA Johnson 
Space Center 
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Agenda

Center of Excellence for Commercial Space Transportation  
Research Roadmap Workshop 

 April 6-7, 2011  
at Stanford University, Paul Brest Hall, Munger Conference Center 

DAY I : Wednesday, 6 April 2011
Time Topic Key Speaker or Panel Moderator 
8:00 - 8:30 a.m. Coffee and continental breakfast 
8:30 – 8:45 Welcome, announcements and logistics Prof. Scott Hubbard, Stanford 

8:45 - 9:00 FAA Welcome Mr. Ken Davidian, FAA 

9:00 – 9:30 Agenda Overview and Workshop Charter Prof. Scott Hubbard 

9:30 – 10:15 Overview of Research Theme 1: Space Traffic 
Management and Launch Operations

Mr. Kelvin Coleman, FAA 

10:15 - 10:30 Break 
10:30 - 11:15 Overview of Research Theme 2: Launch Vehicle Systems, 

Payloads, Technologies, and Operations
Dr. Dan Rasky, NASA  

11:15 – 11:35 Commercial Space Transportation and the DoD Perspective Brig. Gen Jay Santee, USAF 

11:35 – 12:00 International Collaboration and Commercial Space 
Transportation 

Prof. John Logsdon, GWU 

12:00 – 1:00 p.m. Lunch On your own at Munger Center 

1:00 – 1:45 Overview of Research Theme 3: Human Space Flight Dr. Jon Clark, Baylor College of Medicine 

1:45 - 2:30 Overview of Research Theme 4: Industry Viability Mr. Ken Davidian, FAA 

2:30 – 2:45 Break 
2:45 – 5:00 1st Breakout Sessions  Parallel Sessions on Themes 1 - 4 

6:00 – 8:00 p.m. Reception and Dinner Stanford Faculty Club 

DAY II: Thursday, 7 April, 2011
8:00 – 8:30 a.m. Coffee and breakfast 

8:30 – 9:00  Plenary Session, Announcements, Logistics Prof. Scott Hubbard 

9:00 – 10:00 Breakout Sessions 

10:00 – 10:15 Break  

10:15 – 12:00 Breakout Sessions 

12:00 – 1:00 p.m. Lunch On your own at Munger 
1:00 - 2:00 Breakout Sessions 

2:00 – 2:30  Presentation on Space Traffic Management and Launch 
Operations

Mr. Kelvin Coleman 

2:30 – 3:00 Presentation on Launch Vehicle Systems, Payloads, 
Technologies, and Operations

Dr. Dan Rasky 

3:00 – 3:15 Break 
3:15 – 3:45 Presentation on Human Space Flight Dr. Jon Clark 

3:45 – 4:15 Presentation on Industry Viability Mr. Ken Davidian 

4:15 – 5:00 Group discussion 

5:00 Adjourn 
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APPENDIX B. 2011 COE CST RESEARCH ROADMAP WORKSHOP 2 

Center of Excellence for Commercial Space Transportation 
Research Roadmap Workshop II, August 15-17, 2011 

Lockheed Martin Global Vision Center, Washington DC 

Attendee List 

First Last  Organization 
Doc Aguilar AFRL 
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Michael Draper OSD Policy
Paul Eckert The Boeing Company

Carl Ehrlich SpaceWorks 
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Edward Ellegood ERAU  & Cape 
Canaveral Spaceport

Tristan Fiedler FIT 
Norm Fitz-Coy University of Florida

Jeffrey Forrest Metropolitan State 
College of Denver

Jeffrey Foust Futron Corporation
John Gedmark CSF 
Jan Gou UCF 
Nicolas Guerra NASA IVVF
Paul Guthrie The Tauri Group
Brienna Henwood NASTAR Center
William Hoffman Webster University
Scott Hubbard Stanford University
Patricia Hynes NMSU
Matt Isakowitz CSF 
Richard Jennings UTMB 

First Last  Organization 
Kelly Kabiri FAA AST/NASA HQ
Jay Kapat UCF 
Barry King Dynetics 
Dan Kirk FIT 

David Klaus CU & BioServe Space 
Technologies

Rajun Kumar Florida State 
University

Glenn Law Aerospace Corporation
Mark Leifeste Jacobs Technology Inc.
John Logsdon GWU 
Alan Lovell AFRL 
Mike Machula NASA
Nicole Maillet FIT 
Vernon McDonald Wyle
Mike McElligott FAA AST 
Brian Meade FAA AST 
Karin Nilsdotter Spaceport Sweden

Scott Norris Lockheed Martin Space 
Systems Company

Rene Rey FAA AST 

Larry Richardson United Launch 
Alliance 

Van Romero NMT 
Jay Santee OSD Policy

Samantha Segall-
Anderson SAIC 

Audrey Schaffer OSD Policy
David Spencer Penn State University
James Stanley QinetiQ North America
Ken Stroud SNC 
Jim Van Laak FAA AST 
James Vanderploeg UTMB 
Nathaniel Villaire FIT 
Justin West Cimarron Inc 
Mark Weyland NASA JSC 
Richard Wolf NASA IVVF 
Jonah Zimmerman Stanford University
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APPENDIX C. 2014-2015 COE CST RESEARCH ROADMAP WORKSHOPS 

Theme 1a: Space/Air Traffic Management and Operations 
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Theme 1b. Spaceport Operations 
Workshop description 

This workshop was hosted by Professor Patricia Hynes of New Mexico State University 
in Las Cruces, NM. It consisted of a 2 hour teleconference call on November 17, 2014 
and combined with a questionnaire sent to participants before the workshop in order to 
help identify areas of importance and interest to the community that could be discussed 
during the workshop. Much of the workshop focused on the body of knowledge, an 
online database of information concerning all aspects of spaceport operations, and 
additionally a survey was used to assess its use and effectiveness. 

In total, 14 participants attended the call, including representatives of universities, local 
and state government, NASA, spaceports, and other commercial space transportation 
companies. Also note that this workshop occurred shortly after the widely publicized 
failures of the Orbital Sciences Antares launch vehicle and the Virgin Galactic 
SpaceShipTwo and these were an important focus area for discussions but also limited 
attendance from personnel who were involved in the resulting investigations. 

Agenda for the FAA Center of Excellence for Commercial Space Transportation 
(FAA COE-CST) Road Mapping 

Monday, November 17, 2014 at 10:00am (MST) 
Call In: (712) 432-0180, Access code: 898876# 

The Agenda  
The outcome from this 2 hour meeting is to capture the discussion among ourselves 
regarding the commercial spaceport industry and relationships that are anchors to the 
future of commercial spaceports, launch operations and spaceport users and stakeholders.
We are taking a snapshot of the industry at the time of the meeting in relationship to the 
topics below.  

At 1 hour and 45 minutes into the meeting we will stop and determine if we want to re-
convene; whether members of the group are interested in writing further on any of the 
topics; who else might we involve, and when our work will be completed.  

My job will be to keep us moving through the topics below. Anyone is free to submit 
topic for future discussion should the group want to reconvene. Thank you again for this 
service to the Center of Excellence for Commercial Space Transportation (COE-CST). 

Discussion Topics:  
Regarding the agreements and relationships between spaceport & launch operators:  
The delta between what is public information and IP is especially critical in the areas 
of spaceport operations, procedures and policies. Any guidance for the FAA on this 
will be useful. Is the current status good for the industry going forward? 
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Regarding emergency response  and communications with media in light of the recent 
accidents at Mid Atlantic Regional Spaceport and Mojave Air and Space Port: How 
did the two spaceports, launch operators and their related support community do when 
two accidents occurred in 1 week?   
Do we understand the impact of these 2 accidents on the FAA AST yet? 
Do we see regulations that may emerge because of these accidents? 
In both cases, it does not appear the spaceports were involved in either accident. 
Agree/Disagree/Too early to know. 
Regarding Research and Development Activities vs Commercial Operations: 
The launch license does not cover for those on board. Commercial Space Launch 
Amendment does not indemnify any spaceflight participants. So, the next tier of 
people we will engage will be the insurance companies. Anyone have comment here? 
Question posed by the FAA for this group: What does the industry envision a 
spaceport  to be? 
What else might they be doing to encourage, facilitate, and promote the industry? 
These are unique functions for the FAA AST Division. 
When do we think the FAA's role will evolve beyond what it currently is? 

Background:
What does the FAA currently do to regulate and work with spaceports? 
Spaceport licensing, vehicle permitting and licensing. 
Part 420 Regulation for operation of a launch site. 
FAA supports Safety Inspectors to attend each permitted or licensed launch; they 
provide safety inspection of each launch site. 
They are currently involved in the 2 NTSB investigations related to accident 
investigations that happened on commercial spaceports on October 28th and 31st, 
2014.
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Theme 2. Space Transportation Vehicles 
Workshop Description 

This workshop was hosted by Professor Farrukh Alvi of Florida State University in 
Tallahassee, FL. It was formatted as a one day meeting on November 3, 2014 with both 
in person and virtual attendees. After an overview and description of the road mapping 
effort, the day was broken into two sessions. During each, presentations were given by 
PIs currently researching tasks within or related to the research theme. Following that, an 
open discussion was held concerning the theme’s structure, possible topics, and research 
task prioritization. The first session focused on sensors and propulsion systems and the 
second focused on advanced materials, structures, and systems. 

In total, there were 18 participants including 4 virtual attendees utilizing the Adobe 
Connect software package. Attendees primarily came from universities, with two FAA 
representatives in attendance as well. 
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Theme 3. Human Spaceflight 
Workshop description 

The human spaceflight workshop was hosted by Professor James Vanderploeg of the 
University of Texas Medical Branch at Galveston in Galveston, TX. The workshop 
spanned two days (September 24 & 25, 2014) and included both in person and virtual 
attendees. In advance of the workshop, a survey was sent to the attendees that asked them 
to rank the importance of various research areas in order to establish what, if any, 
consensus opinions about prioritization already existed. 

The workshop began with several overview presentations and talks by PIs presenting the 
results to date on current research projects. Then there were discussions on future 
research needs and directions for both the near and far term, followed by discussion of 
prioritization. There were 36 attendees in total, representing 5 universities, 11 companies, 
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Theme 4. Space Transportation Industry Viability 
Workshop description 

The Space Transportation Industry Viability workshop was hosted by Professor Tristan 
Fiedler and co-led by Professor Scott Benjamin of the Florida Institute of Technology in 
Melbourne, FL. The workshop was held on December 2 and 3, 2014 at the Lockheed 
Martin Global Vision Center in Crystal City, VA in order to make it more convenient for 
many of the Washington, DC based participants. The workshop was structured primarily 
around two panel discussions on the needs of the commercial space transportation 
industry and several open discussions about research priorities and directions. 
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APPENDIX D. 2014-2015 CST RESEARCH STRUCTURE

1. SPACE TRAFFIC MANAGEMENT 
AND SPACEPORT OPERATIONS 

1.1 AIR/SPACE TRAFFIC 
MANAGEMENT 

1.1.1 Separation concepts and 
architectures 

1.1.2 Dynamic airspace response & 
decision making 

1.1.3 Space Vehicle Operations (SVO) 
concept

1.1.4 Equipage / Communication 
requirements 

1.1.5 Probabilistic tools / methods 
development 

1.2 SPACE SITUATIONAL 
AWARENESS

1.2.1 Debris monitoring /tracking and 
identification

1.2.2 Debris forecasting 
1.2.3 Probabilistic orbit characterization 
1.2.4 Damage assessment and risk 

estimation 
1.3 SPACEPORT OPERATIONS 

1.3.1 Launch and Landing Requirements 
1.3.2 Interoperability
1.3.3 Support Services Requirements 

2. SPACE TRANSPORTATION 
VEHICLES 

2.1 GROUND SYSTEMS & 
OPERATIONS SAFETY 
TECHNOLOGY 

2.1.1 Roles & Responsibilities 
2.1.1.1 Spaceport

Facilities/Infrastructure
2.1.1.2 Propellant Handling 
2.1.1.3 Licensing Guideline 

Requirements 
2.1.1.4 Maintenance Technician 

Certification
2.1.1.5 Ground Abort/Range Safety 
2.1.1.6 Residual Fluid 

Handling/Disposal 
2.1.1.7 Personal Protection Equipment 
2.1.1.8 Frequency Spectrum 

Management 
2.1.1.9 EMC/RF 

2.1.1.9.1 Susceptibility
2.1.1.9.2 Degaussing Procedures 

2.1.2 Ground Support & Operations 
Technologies

2.1.2.1 Identification

2.1.2.2 Development 
2.1.3 Maintenance & Inspection 

Requirements 
2.1.4 Space Operations Training 
2.1.5 Ground Operations Training 
2.1.6 Pre-Launch Processing 

2.2 VEHICLE SAFETY ANALYSES 
2.2.1 Parameter Maximization Analyses 

2.2.1.1 Handling 
2.2.1.2 Redundancy 
2.2.1.3 Materials & Propulsion Systems 
2.2.1.4 Analysis Frameworks 
2.2.1.5 Software Safety 
2.2.1.6 Safety Metrics 

2.2.1.6.1 Probability Risk 
Assessment 

2.2.1.6.2 Reliability
2.2.1.6.3 FMEA

2.2.1.7 Reliability Allocation 
2.2.1.8 Guidance, Navigation, and 

Control 
2.2.2 Operational Limitation Analyses 

2.2.2.1 Environmental Limits 
2.2.2.2 Life-Cycle Predictions 
2.2.2.3 Regulatory Support 

2.2.2.3.1 Instantaneous Impact Point 
2.2.2.3.2 Probability of Failure 
2.2.2.3.3 Trajectory
2.2.2.3.4 Debris List 
2.2.2.3.5 Debris Dispersion 
2.2.2.3.6 Impact Probability 
2.2.2.3.7 Vulnerability
2.2.2.3.8 Maximum Probable Loss 

2.2.3 Simulation and Testing 
2.2.3.1 Rapid Prototyping 
2.2.3.2 Hardware 
2.2.3.3 Software

2.3 VEHICLE SAFETY SYSTEMS & 
TECHNOLOGIES 

2.3.1 Real Time Instrumentation 
2.3.1.1 Communications / 

Transponders and Beacons 
2.3.1.2 Flight Termination Systems 
2.3.1.3 Detection Systems 
2.3.1.4 Propellant Monitoring 
2.3.1.5 Integrated Vehicle Health 

Systems/Fault Detection 
Isolation and Recovery 

2.3.2 Post Flight Diagnostic Equipment 
2.3.2.1 Black Boxes 
2.3.2.2 Life Cycle Detection 

2.3.3 Crew Survivability (ECLSS) 
2.3.4 Additional Safety Critical 

Subsystems / Safety Enabling 
Technologies
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2.4 PAYLOAD SAFETY 
2.4.1 Extent of Disclosure 
2.4.2 Interfaces

2.4.2.1 Power
2.4.2.2 Communications
2.4.2.3 Storage & Deployment 
2.4.2.4 Busses, Plug & Play 

2.4.3 Impact on Flight Safety 
2.4.3.1 Vehicle
2.4.3.2 Crew 

2.4.4 Handling Procedures 
2.4.4.1 Fluids
2.4.4.2 Battery 
2.4.4.3 Coolant 

2.4.5 Electro-Magnetic Interference 
2.4.5.1 Programmable Frequency 

Transmitters
2.4.6 Non-Operational Payloads 
2.4.7 Connectors and Interfaces 

2.4.7.1 Low Cost 
2.4.7.2 Space-Reliable

2.5 VEHICLE OPERATIONS 
SAFETY

2.5.1 Abort Procedures 
2.5.1.1 Handling 
2.5.1.2 Size of Dead Zone 
2.5.1.3 Environmental Effects 

2.5.2 Other Off-Nominal Operations 
2.5.2.1 Reentry 
2.5.2.2 Abort
2.5.2.3 FTS
2.5.2.4 TTS

2.5.3 Return to Flight Status After Off-
Nominal Operation 

2.5.4 Safety Reporting Systems 
2.5.4.1 Voluntary 
2.5.4.2 Mandatory 

2.5.5 Mandatory Reporting 
Requirements 

2.5.6 Go/No-Go Decisions 
2.5.6.1 Allocation

3. HUMAN SPACEFLIGHT 
3.1 AEROSPACE PHYSIOLOGY & 

MEDICINE 
3.1.1 Develop medical standards for 

crew and develop acceptance 
criteria for passengers 

3.1.2 Data collection 
3.1.2.1 Develop methods and 

procedures to collect and 
analyze biomedical data from 
space flight crews and space 
flight participants to determine 
any unique medical risks that 
humans encounter during 

launch, ascent, on-orbit, reentry, 
landing and repetitive flights. 

3.1.2.2 Investigate novel ways to track 
health of space crews including 
DNA analysis for radiation injury, 
fatigue, and stress. Also, consider 
options for the use of DNA and 
other body fluids/tissues in body 
identification and other 
environmental exposures in the 
event of a fatal accident. 

3.1.2.3 Physiological sensor hardware 
utilization

3.1.2.4 Centrifuge evaluation of specific 
medical conditions 

3.1.3 Databases 
3.1.3.1 Review all medications that 

have been used in spaceflight to 
aid in medical standard 
development and special 
issuance procedures for crew on 
medications.

3.1.3.2 Develop database to track 
medical outcomes among 
crewmembers that experience 
repetitive and frequent 
spaceflights.

3.1.4 Risk mitigation 
3.1.4.1 Pre-flight care 

3.1.4.1.1 Support the validation of 
drug and alcohol testing 
standards used in the 
commercial aviation 
industry for application in 
the manned commercial 
space transportation 
industry (coordinate with 
Theme 4). 

3.1.4.2 In-flight care 
3.1.4.2.1 Support the development of 

medical kits for various 
suborbital and orbital flight 
scenarios. 

3.1.4.3 Post-flight care 
3.1.4.4 Special issuance (waiver) 

procedures for crew 
3.1.4.4.1 In a cooperative effort with 

NASA and previous 
commercial spaceflight 
participants, review 
outcome of flight 
experience involving 
astronauts with commonly 
occurring medical 
conditions in order to create 
an evidence-based approach 
to special issuance decision-
making.

3.1.5 Informed consent 
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3.1.5.1 Provide input for an Informed 
Consent Briefing for spacecraft 
and mission specific profiles. 

3.2 PERSONNEL TRAINING 
3.2.1 Medical 
3.2.2 Passengers 

3.2.2.1 Develop a standardized training 
template for spacecraft and 
mission specific profiles. 

3.2.3 Ground 
3.2.3.1 Support the development of 

human factors standards for 
aerospace vehicle maintenance 
to prevent maintenance-related 
incidents/accidents.

3.2.4 Crew
3.2.4.1 Support the development of 

appropriate standards for 
emergency medical kits, 
equipment, and procedures for 
use onboard aerospace vehicles. 
Recommend CPR and basic life 
support training requirements 
for space crews. Evaluate and 
recommend the use of 
telemedicine systems for the 
diagnosis, treatment, and 
monitoring of unexpected 
medical emergencies during 
aerospace vehicle operations.  

3.3 ECLSS 
3.3.1 Review, analyze and summarize 

existing standards 
3.3.2 Coordinate with Theme 2 and A/C 

Environment COE 
3.3.3 Standalone generic ECLSS model 
3.3.4 Adapt existing NASA modeling 

tools for commercial human 
spaceflight, such as MMOD Model 
(Bumper) and Cabin 
Depressurization Model (Killer 
Press) to allow comparison of 
tradeoffs and risks. 

3.4 HABITABILITY & HUMAN 
FACTORS 

3.4.1 Review, analyze and summarize 
information on existing regulations 
and policies 

3.4.1.1 Evaluate human factors related 
to Reusable Launch Vehicles 
(RLV) cockpit/panel/ layouts, 
with emphasis on the capability 
to visually reacquire a runway, 
spaceport/airport, runway 
environs i.e. approach lighting 
requirements, visual approach 

slope indicators for re-entering 
vehicles, unique runway 
marking requirements for 
suborbital re-entry in visual 
flight conditions. 

3.4.1.2 Support the development of a 
computerized accident/incident 
database. In addition, an 
anonymous incident database 
similar to NASA's ASRS 
(Aviation Safety Reporting 
System) database should also be 
available for aerospace vehicle 
operations. Develop 
appropriate procedures for the 
assessment of human factors 
issues in aerospace vehicle 
accident investigation. 
Coordinate with Theme 1. 

3.4.2 Assess occupant protection 
capabilities during nominal and 
emergency conditions 

3.4.2.1 Identify hazards 
3.4.2.2 Physiological effects under 

appropriate g-loads of all 
potential participants across 
age, gender, anthropometry, etc. 

3.4.2.3 Seat design 
3.4.2.4 Seat materials 
3.4.2.5 Restraint design 
3.4.2.6 Suited versus unsuited 

3.4.3 Assess pilot performance under 
sustained G-loads 

3.4.3.1 Identify safety-related human-
centered automation issues 
related to the design and 
operation of aerospace vehicles 
to determine if ascent profiles 
and/ or contingency aborts 
should be automated. 

3.4.4 Assess effects of repeat flight on 
pilot performance 

3.4.4.1 Pre-flight pilot condition 
3.4.4.2 Develop a risk analysis report on 

medical incapacitations and 
situations (e.g. fatigue, anxiety, 
stress) that might occur in RLV 
flight crew and space flight 
participants. 

3.4.4.3 Trajectory following 
3.4.4.4 Situational Awareness / Spatial 

Disorientation
3.4.5 Consider performance factors of 

pilot/ground crew using remote-
piloted vehicles 

3.4.6 Determine minimum passenger 
tasks and safety knowledge 

3.4.6.1 Nominal
3.4.6.2 Emergency 
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3.4.6.3 Assess personal carry-on item risk 
3.4.6.4 Assess payload materials risk 

3.4.6.4.1 Coordinate with Theme 2 
3.5 HUMAN RATING 

3.5.1 Review, analyze and summarize 
human rating work and spacecraft 
lessons learned  

3.5.1.1 Close calls 
3.5.1.2 Mishaps 
3.5.1.3 Recent work 

3.5.2 Consider implications of crew 
versus passenger/ground personnel 
on protection and utilization 

3.5.3 Integrating with launch vehicle 
team (Coordinate with Theme 2) 

4. SPACE TRANSPORTATION 
INDUSTRY VIABILITY 

4.1 MARKETS 
4.1.1 Industry Description 

4.1.1.1 Description of companies 
4.1.1.2 Comprehensive repository for 

industry resources 
4.1.2 Industry Analysis 

4.1.2.1 Historical studies 
4.1.2.2 Modeling 

4.1.3 Future Options 
4.1.3.1 Applications of industry 

description and analysis for 
future policy directions 

4.1.3.2 Prospective analysis of support 
of transition to multiple 
customers 

4.2 POLICY
4.2.1 International

4.2.1.1 Options for new regulatory 
initiatives

4.2.1.2 Options for a single 
international space regulatory 
regime 

4.2.2 Domestic 
4.2.2.1 Economic actor, customer 

(anchor tenant), market analysis, 

government interaction with 
commercial sector (transition) 

4.2.2.2 Service provider (range safety, 
debris removal, etc.) 

4.2.2.3 Technology research and 
development support 

4.2.2.4 Legal, regulatory actions 
4.3 LAW 

4.3.1 Liability 
4.3.1.1 Historical analogies with other 

industries
4.3.1.2 Role of government (different 

than current regime) 
4.3.1.3 State vs. federal jurisdiction 
4.3.1.4 Assessment of liability risk 

4.3.2 Insurance
4.3.2.1 What's the insurance for and 

how is it relevant to business 
viability?

4.3.2.2 Kind of insurance required is a 
policy decision, implemented 
through laws and regulations 

4.3.2.3 Insurance considerations and 
approaches 

4.3.3 Barrier analysis of existing laws 
4.4 REGULATION

4.4.1 Regulatory parameters 
4.4.1.1 Scope of regulations 
4.4.1.2 Characteristics

4.4.2 Historical analyses and analogies 
4.4.2.1 Regulatory case studies in 

aviation, railroad, and maritime 
transportation to provide 
historical context on the 
evolution of US and 
international regulatory 
regimes 

4.4.3 Comparative analysis 
4.4.3.1 Contemporary issues 
4.4.3.2 International analysis 

4.5 CROSS-CUTTING TOPICS 
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APPENDIX E. 2011 SPACE TRAFFIC MANAGEMENT AND OPERATIONS 
RESEARCH THEME STRUCTURE

1. STM & OPS 
1.1. ORBITAL STM 

1.1.1. Services 
1.1.1.1. Service Provider Roles and 

Responsibilities 
1.1.1.2. Space Situational Awareness 

1.1.1.2.1. Surveillance Sensor 
Technologies

1.1.1.3. Conjunction Prediction 
Analysis

1.1.1.4. Real-Time Conjunction 
Analysis

1.1.1.5. Collision Avoidance 
1.1.2. Guidelines

1.1.2.1. Slot Allocation / Zoning 
1.1.2.2. End of Life / Deorbit (Object 

Specific)
1.1.2.3. Certification and Liability 

(Theme IV Interaction) 
1.1.3. Standardization

1.1.3.1. State vector / Ephemeris (eg. 
Pos, Vel, etc.) 

1.1.3.2. Modeling 
1.1.3.2.1. Space Environment 
1.1.3.2.2. Propagation 
1.1.3.2.3. Macro Approach 

1.1.3.3. Time Systems 
1.2. SUBORBITAL STM 

1.2.1. Space Environment 
1.2.1.1. Space Weather 
1.2.1.2. Debris 

1.2.2. Traffic
1.2.2.1. Traffic Above NAS 

1.3. NAS INTEGRATION 
1.3.1. Takeoff and Landing Requirements 

1.3.1.1. STC Demand and Integration 
with NAS 

1.3.1.2. Spacecraft Escape / Abort 
Paths

1.3.1.3. Breakup Debris Models 
1.3.1.3.1. Hazmat Behavior 

1.3.1.4. Ascent / Reentry Trajectory 
Models 

1.3.2. Transit Requirements 
1.3.3. Integration Into NextGen 

1.3.3.1. Launch/Landing Traffic 
Management Modeling 

1.4. SPACEPORT OPERATIONS 
1.4.1. Spaceport Launch/Landing 

Requirements 
1.4.1.1. Demand Studies 
1.4.1.2. Traffic Modeling 
1.4.1.3. Noise Modeling 

1.4.2. Spaceport Interoperability 
1.4.2.1. Domestic 
1.4.2.2. International 

1.4.3. Support Services Requirements 
1.4.3.1. Industry

1.4.3.1.1. Fuel Farms 
1.4.3.1.2. Hazmat Procedures 
1.4.3.1.3. Infrastructure
1.4.3.1.4. Safety

1.4.3.2. Passengers 
1.5. INTEGRATED AIR/SPACE 

TRAFFIC MANAGEMENT 
1.5.1. Forthcoming 
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The Research Roadmap Workshops were generously supported by contributions from the 
following companies: 
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APPENDIX C. COE CST MEETING AGENDAS AND REPORTS 

This Appendix contains the following documents: 

 AAM01 Agenda, 9-10 November 2010, UTMB, Galveston, TX 
 AAM02 Agenda, 25-26 April 2012, FSU, Tallahassee, FL 
 AAM03 Agenda, 11-13 June 2013, FAA Technical Center, NJ 
 AAM04 Agenda, 22-23 April 2014, Florida Tech, Melbourne, FL 
 AAM05 Agenda, 27-28 April 2015, DFW Westin, Dallas, TX 
 AAM06 Agenda, 29-30 March 2016, UTMB, Galveston, TX 
 AAM07 Agenda, 6-7 February, 2017, Washington DC 
 AAM08 Agenda, 6 February, 218, Washington DC 
 AAM09 Agenda, 1 April 2019, Florida Tech, Melbourne, FL 
 AAM10 Agenda, 15 July 2020, Virtual Meeting 
 AAM11 Agenda, 16 April 2021, Virtual Meeting 
 AAM01 Final Report 
 AAM02 Final Report 
 AAM03 Minutes 
 ATM01 Agenda, 9-10 November 2011, CU, Boulder, CO 
 ATM02 Agenda, 30 Oct-1 Nov, 2012, NMT, Albuquerque, NM 
 ATM03 Agenda, 29-30 October 2013, Washington, DC 
 ATM04 Agenda, 28-30 October 2014, Washington DC 
 ATM05 Agenda, 27-28 October 2015, Washington DC 
 ATM06 Agenda, 11 October 2016, ISPCS, El Paso, NM 
 ATM07 Agenda, 10 October 2017, ISPCS, El Paso, NM 
 ATM10 Agenda, 28 October 2020, Virtual Meeting 
 ATM11 Agenda, 14-15 April 2022, Florida Tech, Melbourne, FL
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FAA CENTER of EXCELLENCE for
COMMERCIAL SPACE TRANSPORTATION

Tuesday, November 9, 2010
Wednesday, November 10, 2010
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April 21, 2020 
 

 1  

FAA AST COE CST YEAR 2 MEETING 1 AGENDA 
 ATTENDEES: COE CST Coordinating Committee members, Other interested PIs, and 
CESTAC leadership & interested members 

 PURPOSE: To convene the COE CST Coordinating Committee, other interested Principal 
Investigators and the CESTAC to discuss administrative topics of the COE CST. 

 WHEN: On April 25-26, 2012.  
 WHERE: COE CST Meetings In room 211, Meeting Room B, 2003 AME Building, Levy 
Avenue, Tallahassee, FL 32310 on the FSU campus. Breakfast and Lunch at the Turnbull 
Conference Center, 555 Pensacola St., Tallahassee, FL 32310 on the FSU campus. 

WEDNESDAY, APRIL 25, 2012 THURSDAY, APRIL 26, 2012 

08:00 BREAKFAST (TURNBULL CENTER) 

0. ADMINISTRIVIA 
09:00 Introduction [R] 

1. REPORTING REQUIREMENTS 
09:15 Year 1 Evaluation Results (Watts) [R] 
09:45 GROUP ACTIVITY – Part 1:  

Drafting Survey Questions [Note 1] [R] 
10:30 BREAK 
11:00 Quarterly Reporting - Orion’s MIS [R] 

2. MEETINGS 
11.30 Next COE CST Meeting (Ostergren) [R] 
11:45 COE CST Plaque Photos [R] 
12:00 LUNCH (TURNBULL CENTER) 

3. EVENTS 
13:30 Task Status and List of Events: Past, 

Present and Future 

4. R&D FUNDING PROCESS – Part 1 
13:45 FAA AST R&D Coordination Plan 
14:15 COE CST Philosophies 
14:45 External Opportunities (Demidovich) [R] 
15:15 COE CST Cooperative Agreement and 

Management Plan Changes 
15:30 BREAK 
16:00 Strategic Planning Overview (Hynes) 
16:30 GROUP ACTIVITY – Part 1:  

Letters to Wilson Felder [Note 2] [R] 
17:30 Group Photo 
18 :00 Adjourn 
18:30 DINNER 

08:00 BREAKFAST (TURNBULL CENTER) 

0. ADMINISTRIVIA 
09:00 Introduction [R] 

1. REPORTING REQUIREMENTS 
09:15 Year 1 Evaluation Results (Watts) [R] 
09:45 GROUP ACTIVITY – Part 2:  

Drafting Survey Questions [Note 1] [R] 
10:30 BREAK 
11:00 Quarterly Reporting - Orion’s MIS [R] 

2. MEETINGS 
11.30 Next COE CST Meeting (Ostergren) [R] 
11:45 COE CST Plaque Photos [R] 
12:00 LUNCH (TURNBULL CENTER) 
13:30 FSU FACILITY TOUR 

4. R&D FUNDING PROCESS – Part 2 
14:45 External Opportunities (Demidovich) [R] 
15:15 AST’s Strategic Planning Efforts 
15:45 GROUP ACTIVITY – Part 2:  

Letters to Wilson Felder [Note 2] 

5. WEB SITE UPDATES 
16:15 GROUP ACTIVITY: New COE CST 

web site ideas. 

6. SUMMARY OF ACTION ITEMS & AOB 
16:45 Open Discussion 
17:30 Adjourn 
18:30 DINNER 

Notes 
 General: Unless noted otherwise, Ken Davidian will be the presenter. 
 [R] denotes Meeting Day 1 material that will be repeated on Meeting Day 2. 
 [1] Think of simple evaluation questions for annual survey. Can include multiple choice or ranking 
(e.g., on a scale of 0-10). Other types? 

 [2] Provide written ideas for at least 3-5 future COE CST research tasks, including the following 
information: Title; Relevance to FAA AST and Commercial Space Industry; Brief Statement of 
Work. 
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April 21, 2020 
 

 2  

ADDITIONAL INFORMATION 

Telecon Dial-In Information 
 Dial-In #: 712-432-0075, Participant Access Code: 141648# 

Sametime Meeting Information 
 Invitation coming soon… 
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Monday,
April 27, 2015

Tuesday,
April 28, 2015

8:00 AM 8:00 AM

9:00 AM
CST Bylaws (Continued)

9:00 AM

9:30 AM 9:30 AM

10:00 AM Break 10:00 AM

10:30 AM 10:30 AM

http://www.westindallasfortworthairport.com/

12:00 PM 12:00 PM 12:00 PM

1:00 PM
Introduction: Overview, Ken Davidian

1:00 PM 1:00 PM

1:30 PM

2:45 PM
New Space Journal, Prize, Hubbard

2:30 PM 2:30 PM

3:00 PM
Break

3:30 PM 2:45 PM
Break

2:45 PM

3:30 PM 3:30 PM

4:15 PM

3:30 PM

Other Business & Closing
Next Steps, Davidian

3:30 PM

7:00 PM
Reception

4:00 PM 4:00 PM

7:30 PM

Congressional Update
minus FAA employees

Networking & Collaboration 
Breakfast

Westin Elm Room
note: Lunch selection memu cards due at 9AM

Management Issues, Hynes
    Funding & Number of Annual Meetings
    Orion Program Support

Working Lunch
Westin Elm Room

Committees        
   Collaboration Subcommittee Report, Fiedler
      1. Affiliate Members
      2. CESTAC / CSF, Davidian
   Strategic Planning Committee Report, Klaus

Working Lunch
Westin Chinaberry Room

New Cooperative Agreement, Watts, Gregorek
   Cost Match Carry Forward and Reconciliation
    Funding (R&D, Operations) Davidian
    Ownership of Publications, Publication Rights & 
PR, Watts

Joseph Carrabino – NCURA Award
Fiedler

Final Agenda for the COE CST 
Fifth Annual Administrave Meeting (AAM5)

WESTIN 
Dallas / Ft. Worth Airport Hotel

4545 West John Carpenter Freeway, 
Irving, TX 75063
T: 972-510-2426

All Meetings in Chinaberry Room

AIRPORT INFO
DFW:  Free Hotel Shuttle
DAL:  Taxi to Hotel ~$30 

Group Dinner &
Davidian Pilot Study 

Westin Hotel
Private Dining Room 2

Transition to Independence, Davidian
  Task Selection and Funding
   COE Long Term Viability, Watts, Gregorek

CST Bylaws
     Self-Governance Document
     Membership – Definitions & Terms
     Leadership – Definitions & Terms, Rotation, 
Consensus
     Committees – Statement of Purpose
     Policy Review – Multi University Collaboration, 
etc.

CST Past Funding, Bern, Bowen
   Reconciliation of Awards/Funds
    Matching Summary & OMIS

Date of this version: 4/20/2015
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Day  COE CST Annual Administrative Meeting 7 

 

 

Monday 
February 6, 2017 

Hyatt Place Washington DC/White House – Meeting Room Farragut 

7:30 – 8:45 AM Complimentary Breakfast 
Included in hotel room rate – Hyatt Gallery 

9:00 AM 

INTRODUCTION AND OPENING REMARKS 
Jim Vanderploeg, Executive Director 

Pat Watts, National FAA COE Program Director 
Ken Davidian, FAA COE CST Program Manager 

9:30 – 10:30 AM 

COE ADMINISTRATION 
COE CST Statement of Purpose 

Year 6 Annual Report Executive Summary 
Core Membership Addition/Deletion Process 

Students - Definition 
Contract 

FEIN 

10:30 AM BREAK 

11:00 AM – 12:00 noon Organizational Structure for Self-Sufficiency – University Consortium 
Call for Nominations and Election of Executive Director  

12:00 noon – 1:00 PM LUNCH - Provided 

1:00 – 2:30 PM 

REPORTING 
OMIS 2.0 Features and Implementation 

Technical Presentations and Quad Charts for Annual Report 
Discuss dedicated issue of a Journal (New Space) 

2:30 PM BREAK 

3:00 – 4:30 PM 
PROPOSALS 

DOT/FAA Data Management Plan 
RFP Tracking and Preparation 

4:30 – 5:00 PM Wrap-up of Day 1 

 Dinner – TBD 

 

Annual Administrative Meeting 7
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Day  COE CST Annual Administrative Meeting 7 

 

Tuesday 
February 7, 2017 

Hyatt Place Washington DC/White House – Meeting Room Farragut 

7:30 – 8:45 AM Complimentary Breakfast 
Included in hotel room rate – Hyatt Gallery 

9:00 – 10:30 AM 

UPCOMING EVENTS PREPARATION 
ATM7 – Location and Plans 

Location and Make-Up Of Future ATMS  
Theme-Based ATMS and/or Workshops 

10:30 – 11:30 AM ATM7 Wrap-up 
Adjourn 

11:30 AM LUNCH - Provided 
Move to AST Conference for 1:00 PM start 

 
AAM7: Meeting Room Farragut is located on the 3nd Floor 
Hyatt Place Washington DC/White House  
1522 K Street, NW 
Washington, D.C., USA, 20005 
Tel: 202 830 1900 
 
AST Conference – February 7-8, 2017 
Ronald Reagan Building and International Trade Center 
1300 Pennsylvania Avenue Northwest 
Washington, DC 20004 
 
AST Conference Registration and Information link: https://www.eventbrite.com/e/20th-annual-
faa-commercial-space-transportation-conference-tickets-29483608266 
 
There is a Metro station outside of the Hyatt and everyone is planning to take the Metro to the 
Ronald Reagan Building as it has a stop and you can enter the building from the Metro Station. 
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Monday 
February 5, 2018 

Hyatt Place Washington DC/White House – Meeting Room McPherson 2nd Floor 

7:30 – 8:30 AM 
Complimentary Breakfast 

Included in hotel room rate – Hyatt Gallery 

8:45 AM 
INTRODUCTION AND OPENING REMARKS 

Jim Vanderploeg, Executive Director 
Ken Davidian, FAA COE CST Program Manager 

9:00 – 10:30 AM 

COE ADMINISTRATION 
Executive Director Position 

COE CST Statement of Purpose 
Tech Monitors Participation and Contributions  

Year 7 Annual Report Executive Summary 

10:30 AM BREAK 

11:00 AM – 12:00 noon 

By-Law Revision 
Core Membership Addition/Deletion Process 

Abolishing the Planning Committee 
Adding Associate Membership Definition  

Discuss dedicated issue of a Journal (New Space) – Annual Issue 

12:00 noon – 1:00 PM LUNCH – Honoring CST Tech Monitors (provided) 

1:00 – 2:30 PM 
REPORTING 

DOT/FAA Matrix for required OMIS 2.0 reporting  
OMIS 2.0 Features and Implementation 

2:30 PM BREAK 

3:00 – 4:30 PM 
REPORTING Cont’d 

Website Discussion 

4:30 – 5:00 PM Wrap-up  

6:00 PM Dinner – TBD 
 
 
 
 

Annual Administrative Meeting 8 
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Additional Information for Meetings 
 
February 5th — AAM8: (Business Casual) 

 
Meeting Room McPherson is on the 2nd Floor 
Hyatt Place Washington DC/White House  
1522 K Street, NW 
Washington, D.C., USA, 20005 
Tel: 202 830 1900 

 
February 6th — RA1 Workshop: Hosted at MITRE 1 Building (Business Casual)  
 

R&D workshop sponsored by Stanford University in collaboration with the University of Colorado and 
FAA’s Office of Commercial Space Transportation(AST) on February 6, 2018 in McLean, VA.   
  
RA1 Workshop Registration and Information Links: 
Registration:  https://www.mitre.org/faa-center-workshop 
Information: http://www.coe-cst.org/meetings.html 

 
February 7th and 8th — AST Conference (Business Dress) 

 
Ronald Reagan Building and International Trade Center 
1300 Pennsylvania Avenue Northwest 
Washington, DC 20004 
 
AST Conference Registration and Information link:  https://www.eventbrite.com/e/21st-annual-faa-
commercial-space-transportation-conference-tickets-36660183596?aff=erelexpmlt 

 
NOTE: A Metro station is located outside of the Hyatt and UBER is available for additional 
transportation. 
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Monday 
April 1, 2019 

8:30 AM 
Meet at FIT Center for Aeronautics and Innovation (Room 117A) 

1050 Nasa Blvd., Melbourne, FL 32901 
Continental Breakfast Provided 

8:45 AM 

INTRODUCTION AND OPENING REMARKS 
 David Klaus, Executive Director 
 Welcome – FIT and FAA Invited Speakers 
 Ken Davidian, FAA COE CST Program Manager 

9:00 – 10:30 AM 

COE CST ADMINISTRATION 
Budget and Proposal Status  

Bylaws and Affiliate / Associate Membership 
Core Membership Addition / Deletion Process Discussion 

10:30 AM Group Photo - BREAK 

11:00 AM – 12:00 noon 

OUTCOME DISSEMINATION 
Year 8 Annual Report Executive Summary 

Annual Dedicated Issue of New Space 
Website Updates / Publication Tracking 

12:00 noon – 1:00 PM LUNCH  

1:00 – 2:30 PM 
FUTURE DIRECTIONS 

Post-COE CST Planning Discussion 

2:30 PM BREAK 

3:00 – 4:30 PM 

REPORTING REQUIREMENTS 
OMIS Status / Technical Reports and Matching Documentation 

Task Closeout Process 
Action Items Assigned (Delinquency Resolution) 

4:30 – 5:00 PM 
CLOSING REMARKS 

Ken Davidian, David Klaus 
Adjourn 

6:00 PM Group Dinner 
The Mansion of Melbourne Florida – 1218 E. New Haven Ave., Melbourne, FL 

 
  

Annual Administrative Meeting 9 
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Additional Information for Meetings 
 
April 1st — AAM9: (Business Casual) 

 

FIT Center for Aeronautics and Innovation (Room 117A) 
1050 Nasa Blvd, Melbourne Florida, 32901 
 

 
 
 
 
 
 
 
 
NOTE: UBER is available for additional transportation. 
 
April 1st — Group Dinner 
The Mansion of Melbourne, FL, 1218 E. New Haven Ave. - http://thebigmansion.com/ 
 
Hotels 

There is a Hilton Melbourne Rialto Place and Suburban Extended Stay Hotel just a few minutes’ 
drive from the meeting location.  

Hilton Melbourne Rialto Place: 200 Rialto Pl, Melbourne, FL 32901 

Suburban Extended Stay Hotel: 1125 Airport Blvd, Melbourne, FL 32901 

RA4 Workshop April 2-3 
 
Kennedy Space Center Visitor Complex  
https://www.kennedyspacecenter.com/info/travel-information 

Entrance is located on Space Commerce Way: specific driving directions below. Please note: the 
former entrance to the visitor complex is now for crewmembers and deliveries only. 
 
From Cocoa Beach on State Road 528 
Travel north on A1A to SR 528 west. Take exit # 49 for SR 3 toward Merritt Island/Kennedy 
Space Center. Turn right/north onto SR 3 and continue north for approximately 8 miles/13 km. 
Turn left/west onto Space Commerce Way and go approximately 1.5 miles/2.4 km. Kennedy 
Space Center Visitor Complex is located on the right. 
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Wednesday 
July 15, 2020 

11 AM to 2:30 PM ET 

10:45 AM ET 
Join Zoom Meeting  

 

11:00 AM 
INTRODUCTION AND OPENING REMARKS 

 David Klaus, Executive Director 
 Ken Davidian, FAA COE CST Program Manager 

11:15 – 12:45 PM 

COE CST ADMINISTRATION 
 Review of COE By-Laws & Management Plan - Klaus 
 Status of OMIS Quarterly Reports & Close-Outs – Garman/Bowen 
 Planning for remaining ATM Logistics - All 

o ATM10 (virtual) October 2020 
 Template for ATM 10 (Past-Present-Future format, 

(to be discussed below) 
 Panel or Series of Presentations? 

o ATM11 (hopefully in person) October 2021 or ~April 2022 
 Timing depends on majority task completion status 

 Discussion of post-COE CST Consortium - Davidian 

 Breaks as Needed Individually 

12:45 PM – 2:45 PM 

TECHNICAL PLANNING 
 Strategic Planning (Introduction to AST R&D Roadmap) – Davidian 

o Operations of launch/reentry vehicles and operation of 
spaceports 

 Review Template and Content for Past-Present-Future Research 
Summaries as Pilot for ATM – All 

o These are intended to provide an overview of how the COE 
CST tasks at each university fit into the AST R&D 
Roadmap and define ‘Impact Statements of Research’ going 
forward 

 Integration of all Research Summaries into R&D Roadmap - 
Davidian 

2:45 PM ADJOURN 
 

Annual Administrative Meeting 10 

208



Page Pageg
 

COE CST 11th Annual Administrative Meeting 
 

 

  
 
 

Friday 
April 16, 2021 

9am-12pm PT / 10am-1pm MT / 11am-2pm CT / 12pm-3pm ET  

5 minutes 
INTRODUCTION AND OPENING REMARKS 

 David Klaus, Executive Director 
 Ken Davidian, FAA COE CST Program Manager 

45 minutes 

I.  COE CST Administration 
1. Review of COE By-Laws & Management Plan - Klaus 
2. Status of OMIS Quarterly Reports & Close-Outs – Garman/Bowen 
3. Closeout Process, task/CA end dates, COE CST admin extension (15 min– 

Davidian, Klaus) 
a. COE CST CA end date (8/19/22) vs. Task end dates (Klaus, Davidian) 
b. Target to end/zero out budget and closeout tasks - 5/31/22, hard stop for 

COE CST Cooperative Agreements – August 2022 (per CA end date) 

5 minutes Break 

45 minutes 

II.  Planning for ATM11 – what, when and where 
1. Topics/format – What to do for our ‘Grand Finale’ in addition to the normal 

presentations 
2. Date – Spring 2022 April/May? (Easter is on 17 Apr) 
3. Host/Venue - Hopefully in-person, possibly in Washington, DC, other 

suggestions? 

5 minutes Break 

1 hour 

III.  CSII Status, Evolving the Research Road map 
1. Expanded R&D description 
2. CSII overview 
3. R&D dissemination and coordination  

15 minutes 

IV.  Increasing Engagement 
1. Plan for a tag up with Affiliates and Associates, former PIs, CSF, industry, 

NASA…  
2. Opportunities going forward 

5 minutes Wrap UP 

3 hours 
cumulative ADJOURN 

 

11th Annual Administrative Meeting 
Via Zoom 
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CENTER OF EXCELLENCE FOR 
COMMERCIAL SPACE TRANSPORTATION
FRIDAY, 5 NOVEMBER 2010 - MEETING #1

0.1 ATTACHMENTS

• Attachment 1. COE CST POC List
• Attachment 2. Face-to-Face Meeting Draft Agenda
• Attachment 3. List of Proposed Research Tasks
• Attachment 4. FAA AST R&D Coordination Plan (redacted as necessary)

0.2 UPCOMING MEETINGS

• Mtg #1 Telecon Numbers: 609-485-8102. Participant passcode: 4669.

• Subsequent meeting telecon numbers: TBD.

1.0 ADMINISTRATIVE FOUNDATIONS AND DIRECTIONS

• Finding a balance between organizational structure vs. operational flexibility.
• Technical and Administrative Leadership

• For this telecon (Mtg #1), Tech and Admin driven by AST.
• Admin Lead is NMSU, Exec Director Pat Hynes, *in addition* to her PI duties.
• AST’s goal is to gradually transition Tech Lead duty to the COE CST as an independent entity.
• Admin Lead transition will be much faster, falling on Pat Hynes’ shoulders starting with Mtg #2.

• Execution of Administrative Tasks
• Admin tasks that require input and coordination of all COE CST members are numerous, including 

proposal evaluation and selection schedules, web page, writing the constitution, etc...

• Fundamental guiding principles for COE CST include:
• Work as a team to enable the Center to operate as a national center for research.
• Integrate industry needs into a focused research agenda.
• Provide access to ongoing education and training for the nation.
• Serve as a communication and distribution hub for the FAA to enable input from external clients to 

be integrated into the ongoing work of the center as it continuously disseminates results to the com-
mercial spaceflight community.

Name Name Name

Alonso, Juan/Stanford PI Hynes, Pat/NMSU PI Rizner, Glenn/AST SSC
Alvi, Farrukh/FSU PI Jackson, Stewart/AST SSC Romero, Van/NMT PI
Bachurski, Laura/AST SSC Kapat, Jay/UCF PI Sloan, John/AST RDAB
Cattafesta, Lou/UFL PI Kelly, Mike/AST SSC Ukeiley, Larry/UFL PI
Cheetham, Brad/UCB Klaus, David/UC PI van Laak, Jim/AST SSC
Coleman, Kelvin/AST RDAB McElligott, Mike/AST SSC Vanderploeg, Jim/UTMB PI
Davidian, Ken/AST DoR McShannon, Judy/NMSU Watkins, Joylynn/NMSU
Demidovich, Nick/AST RDAB Murray, Dan/AST RDAB Watts, Pat/FAA COE PD
Duffy, Jim/AST SSC Murray, Michelle/AST RDAB Westpfahl, Dave/NMT PI
Durrance, Sam/FIT PI Ramesy, Jen/FCAAP Wong, Ken/AST SSC
Graham, Doug/AST RDAB Repcheck, Randy/AST SSC Wright, Mark/AST SSC
Hubbard, Scott/Stanford PI Rey, Rene/AST RDAB

# Day Date Time (EST) Mode Comments

2 Tue-Wed Nov 9-10 9a-5p, 9a-2p F2F See draft agenda below.
3 TBD Wk of Nov 15-19 TBD Telecon
4 TBD Wk of Nov 29-Dec 3 TBD Telecon
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• Google Map showing the location of the 9 COE CST member universities

2.0 COE CST POC LIST

• Attachment 1 is the “COE CST POC List” which provides contact information (and more!) for all the COE 
CST actors/players.

• Please check your entry in this table and send me any edits. I will update the table and send it out in pdf 
and excel spreadsheet formats via email.

3.0 FACE-TO-FACE MEETING INFO

MEETING HOST: Dr. James Vanderploeg, (o) 409-747-5357, (c) 832-752-7651, email: 
jmvander@utmb.edu
PURPOSE OF MEETING: There are a number of purposes that will be fulfilled by this meeting: (1) Continu-
ation of, with goal of finalizing, the COE CST research task selection process; (2) In-person meeting of 
other COE CST PIs and FAA Advisory Board members; (3) Preparation of finalized research task pro-
posals; and (4) Tour of UTMB research facilities.
LODGING: Here is the link again for three hotels near UTMB that I think you will find acceptable: http://
www.harborhousepier21.com/. 
LOGISTIC DETAILS AND DRAFT AGENDA: See Attachment 2.

4.0 FAA AST TASK EVALUATION PROCESS

• We’ll talk more about this in detail at the F2F meeting, but below are the high-points:
• AST has categorized all R&D activities into 4 major areas of research, each with sub-areas of 

research.
• AST has an R&D Advisory Board (RDAB) comprised of Technical Monitors in each of the sub-areas 

of research.
• AST has an R&D Senior Steering Committee (SSC) comprised of senior managers.
• All proposal evaluation and technical program management functions are performed by the RDAB 

and guidance/concurrence is provided by the SSC.
• For this initial round of research task selection, the RDAB meeting is scheduled for Monday, 15 Nov, 

and the SSC meeting is scheduled for Friday, 19 Nov.

• The list of proposed research tasks are given in Attachment 3.
• Refer to Attachment 4, the “AST R&D Coordination Plan” for details. 

• The material covered in this document will be presented at the F2F meeting at UTMB next week.

5.0 FUTURE TELECON TIMES

• I would like start off with weekly 30-minute telecons. If we find this frequency is too burdensome, then we 
will schedule them with less frequency.
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• I would like to schedule a telecon for the week of Nov 15-19 and the week of Nov 29-Dec 3. Should we 
use Doodle to find a good time for all, or can we determine a fixed time on Fridays that would be best for 
folks?

6.0 FUTURE FACE-TO-FACE MEETINGS

6.1 AST CONFERENCE, 9-10 FEBRUARY 2011, IN WASHINGTON DC.

6.2 FLORIDA OPTIONS

PURPOSE: Tour of COE CST members FSU, UCF, UFL, and FIT.
POSSIBLE DATES: The following are possible dates for a Florida meeting.

• Jan 4-7 in conjunction with the Aerospace Sciences Meeting in Orlando; 
• Feb 28 - March 2 in conjunction with the Next Generation Suborbital Researchers Conference in 

Orlando.

6.3 STANFORD OPTIONS

PURPOSE: (1) Tour of COE CST member Stanford University; (2) Conduct Road mapping Workshop.
POSSIBLE DATES: Late March, early April time frame at the Ames Research Center, Moffett Field, CA.

6.4 BOULDER OPTIONS

PURPOSE: (1) Tour of COE CST member UC Boulder; (2)???.
POSSIBLE DATES: ???

6.5 NEW MEXICO OPTIONS

PURPOSE: (1) Tour of COE CST members NMSU and NMT; (2)???.
POSSIBLE DATES: ???

7.0 ANY OTHER BUSINESS?

ADJOURN
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ATTACHMENT 2. FACE-TO-FACE MEETING LOGISTIC 
DETAILS AND DRAFT AGENDA

DAY 1 LOGISTIC DETAILS

WHERE: Ewing Hall, Room 1.118, University of Texas Medical Branch (UTMB) at Galveston, 700 Harbor-
side Drive, Galveston, TX 77555.
WHEN: Start at 9:00am. End at 5:00pm.
PARKING: Diane Ellison from UTMB will be sending maps, parking instructions, and a parking pass to all 
the attendees. 
LUNCH: Lunch will be brought in to our meeting room. 
UTMB RESEARCH FACILITIES TOUR: Jim has arranged for a brief tour of UTMB's General Clinical 
Research Center (GCRC) and the NASA Flight Analog Research Center (both located within the UTMB 
hospital) right after lunch on Tuesday, between 1:00 and 2:00pm. Dr. Don Powell, M.D., the Director of 
the GCRC, will be our host for this tour.
DINNER: Jim is making arrangements for dinner together, for all who wish to attend, at a restaurant on 
Galveston Island for Tuesday night.

DAY 2 LOGISTIC DETAILS

WHERE: We do not have access to the conference room at UTMB that we will be using on Day 1. Wyle, 
one of our corporate partners, has kindly agreed to let us use one of their conference rooms. Wyle is 
located near NASA at 1290 Hercules Drive, Houston, TX 77058. Maps and driving instructions will be 
provided during our meeting on Day 1.
WHEN: Start at 9:00am. End at 2:00pm.
LUNCH: Lunch will be brought in to the Wyle meeting room.
PARKING: Parking without restriction is available at the Wyle buildings. 
LODGING: If you are returning home on Wednesday, on the 10th you can check out of your hotels in the 
morning and be much closer to the Houston airports for traveling home. 
BADGING: Since Wyle is a government contractor all meeting attendees will need to be badged to enter 
the facility. That is not a problem for any U.S. citizens. If any of you who are attending are NOT a U.S. cit-
izen please notify Jim immediately so he can make the necessary arrangements for access to the meet-
ing room on Day 2.
DRIVE TO AIRPORT: Being at the Wyle facilities will help greatly in getting to airports on Wednesday after-
noon to fly home. Their facilities are about 30 minutes from Hobby airport and about an hour from Bush 
Intercontinental Airport. 

DAY 1 AGENDA, TUESDAY, NOVEMBER 9

• 9:00-9:30: Introductions. 
• 9:30-10:00: Meeting Overview. 
• 10:30-12:00: Working Session #1. 
• 12:00-1:00: Working Lunch. Presentation by Ken Davidian on FAA AST Task Evaluation Process. 
• 1:00-2:00: UTMB Facility Tour. 
• 2:00-5:00: Working Session #2.
• 6:00-9:00: Group Dinner

DAY 2 AGENDA, WEDNESDAY, NOVEMBER 10

• 9:00-12:00: Working Session #3. 
• 12:00-1:00: Working Lunch with presentation by Pat Watts.
• 1:00-2:00: Working Session #4.
• 2:00: Adjourn
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ATTACHMENT 3. LIST OF PROPOSED RESEARCH TASKS
RESEARCH AREA 1.1 STM - INTEGRATION & OPERATIONS: FAA AST RDAB Member - Kelvin Coleman

• Space Traffic Management, NMSU
• Debris Behavior (was 'Space Weather'), NMSU
+ Unified 4D Trajectory Approach for Integrated Airspace Management of Commercial Air and Space 

Traffic, Stanford University
+ Mitigate threats through space environment modeling/prediction including micrometeoroid and 

orbital debris (MMOD) detection/avoidance, Stanford University - UC Boulder
+ Space Situational Awareness Improvements to Enable Safe Commercial Space Operations and 

Traffic Management, UC Boulder

RESEARCH AREA 1.2 STM - LAUNCH & REENTRY OPERATIONS: FAA AST RDAB Member - Rene Rey
+ Beyond A Launch License: Spaceport Operational Requirements, NMSU
+ Spaceport America Hazardous Media Safety Assessment, NMSU

RESEARCH AREA 2.1 VEHICLE SAFETY - ANALYSES: FAA AST RDAB Member - Dan Murray
• CFD Benchmarking of Cryo-Fluid Tank Sloshing (was 'Thermal Management of Spacecraft and Pay-

load'), FIT
• Advanced Numerical Methodology to Quantify & Reduce Uncertainty in Trajectory Planning, FSU
• Launch Vehicle Buffeting - A safety and mission concern, FSU
• Vision2010: A Laptop-Based Range Safety and Operations Program, NMSU
• Analysis of Air-Launch Orbital and Suborbital Vehicle Concepts and Requirements for Spaceports, 

NMSU
• Reduced-order non-linear dynamic system models (was 'Nonlinear stochastic system models for life 

prediction of vehicles and components'), NMT, NMSU
• Predictive Models of Debris Behavior and Impact Characteristics, UF, UCF

RESEARCH AREA 2.2 VEHICLE SAFETY - TECHNOLOGIES: FAA AST RDAB Member - Nick Demidovich
+ High Temperature Material Sensors, FIT
• Bio-inspired Self-Healing Structures, FSU
+ Development and characterization of thermal insulation systems for space vehicles, FSU
+ Air and Space Traffic Control Considerations for Commercial Space Transportation, FIT
• Rocket Plume Control for Commercial Launch Vehicles, FSU
• Engine Inlet Design with Adaptive Control, FSU, UFL
+ Docking and Berthing of Launch Vehicles, FSU, UFL
• Modeling and Numerical Simulation of the Aero-acoustic Environment and Loads on the Payload 

During a Rocket Launch, FSU, UFL
+ Damage Prognosis Models for Space Vehicles and Structures, NMSU
+ Magneto-Elastic Sensing for Structural Health Monitoring (was 'Magneto-mechanical Sensing for 

Space Vehicle Health Management'), NMT, NMSU
• Development of Hybrid Nanocomposites for Lightweight and Durable Airframe Structures, UCF
+ Ultra High Temperature Composites For Thermal Protection Systems, UCF
• Mode Switching Transition Aerodynamics and Actuation, UCF, FSU, FIT
+ High Temperature, Optical Sapphire Pressure Sensors for Hypersonic Vehicles, UFL, FSU
• Effects of Air Vitiation during Flight Simulation in Ground-Based Facilities, UFL, FSU

RESEARCH AREA 3.1 HUMAN SPACEFLIGHT - PHYSIOLOGY & MEDICINE: FAA AST RDAB Member - Doug 
Graham

• Improved Cardiac Disorder Management for Spaceflight, NMSU
• Effect of the Earth's magnetic field on blood clot and plaque formation in human cardiovascular sys-

tem, NMT
+ Research needed for medical and physiological database definition and design, UTMB
+ Investigate the extension of JSC's Human System Risk Management process for design reference 

missions of the commercial suborbital and orbital regimes, UTMB
+ Medical standards for flight crews, flight acceptance criteria for passengers UTMB
+ Assess biomedical monitoring equipment integrated into clothes/flightsuit, UTMB, Virgin Galactic

216



November 5, 2010

2010.11.05 COE CST Mtg #1.fm 6 906814#

RESEARCH AREA 3.2 HUMAN SPACEFLIGHT - ECLSS & HABITABILITY: FAA AST RDAB Member - Doug 
Graham

• Suborbital Habitability Guidelines (was 'Commercial Human Space Flight'), NMSU

RESEARCH AREA 3.1 HUMAN SPACEFLIGHT - HUMAN FACTORS: FAA AST RDAB Member - Doug Graham
• Human-Centered Design (HCD) of a Space Capsule cockpit, FIT

RESEARCH AREA 3.4 HUMAN SPACEFLIGHT - HUMAN RATING: FAA AST RDAB Member - Rene Rey
+ Human rating of commercially operated spacecraft and launch vehicle systems, UC Boulder

RESEARCH AREA 3.5 HUMAN SPACEFLIGHT - TRAINING: FAA AST RDAB Member - Doug Graham
+ Additional centrifuge testing w/NASTAR to support selection criteria, UTMB, NASTAR

RESEARCH AREA 4.1 INDUSTRY VIABILITY - COMMERCIAL: FAA AST RDAB Member - Ken Davidian
• The Economic Impact of Commercial Space Transportation in the U.S., FSU
+ Analysis of Personal Space Flight Insurance Requirements, NMSU
+ Commercial Sub-Orbital/Orbital Research Payload Requirements Analysis, NMSU
+ The Market for Suborbital Science Payloads, NMSU
+ Business case for encouraging, stimulating and facilitating commercial spaceflight, Stanford Univer-

sity
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EXECUTIVE SUMMARY 
The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) 
Center of Excellence (COE) for Commercial Space Transportation (CST) Second Annual 
Administrative Meeting (AAM2) was conducted at the Florida State University in Tallahassee, 
Florida over a two-day period, on April 25-26, 2012. 
COE CST 10 Principal Investigators from 8 of the nine member universities, 4 students and 4 
administrative personnel were in attendance for all or part of the two-day meeting. In attendance 
via telecom were 2 administrative personnel and 1 PI from the remaining member university. In 
all, there were 21 people who participated in the two-day AAM2. 
Presentations were made for 13 different agenda items and generated nine action items, but the 
agenda items that generated the most discussion or had substantial impacts on the COE CST 
administration are discussed below. 

YEAR 1 EVALUATION RESULT: The primary findings of increased role for industry and 
FAA leadership set the stage for the ultimate consolidation of COE CST administration into a 
single entity. (See section 1.1.) 
EXTERNAL OPPORTUNITIES: The idea that COE CST member universities need to initiate 
their own intra-center collaborative efforts in response to external funding opportunities, such 
as NASA Research Announcements and Broad Area Announcements. (See section 4.3.) 
COE CST COOPERATIVE AGREEMENT & MANAGEMENT PLAN CHANGES: Changes 
to the cooperative agreements of all nine COE CST member universities were discussed to 
reflect the changes in administrative functions (being transferred from a grant with NMSU to a 
contractor) and quarterly reporting collection (from NMSU and Stanford being assigned 
responsibility to aggregate reports from certain universities to a fully distributed system where 
each university is responsible for submitting their own reports). Beyond minor organizational 
chart edits, the major Management Plan change discussed would, if agreed upon by the 
member universities, unify the Planning Committee (Ken Davidian, Pat Hynes and Scott 
Hubbard) and the Coordinating Committee (consisting of principal PIs from each of the 
universities and led by Pat Hynes) into a single Executive Committee. This would be a major 
stride toward unifying the center into a single whole entity that was two distinct and separate 
halves only one year ago. (See section 4.4.) 
STRATEGIC PLANNING OVERVIEW: An interesting activity was conducted to identify the 
benefits of a collaborative strategic planning exercise by the COE CST member universities 
and the diversity of responses was enlightening. (See section 4.5.) 

Finally, the highest priority issue facing the center was identified as a lack of funding and 
attention was focused on achieving an annual budget more typical of a government grant 
program (identified as $10M). Secondary issues included industry involvement and raising the 
visibility of the COE CST. 
In summary, the meeting was very productive and demonstrated the great progress that has been 
made by the FAA COE CST in the past year.  

Ken Davidian 
COE CST Program Manager & FAA AST Director of Research 
FAA Office of Commercial Space Transportation 
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Abbreviations and Acronyms 
Below are the abbreviations and acronyms used in this report. 
AAM2 2nd Annual Administrative Meeting 
AOB Any Other Business 
AME Aero-Propulsion, Mechatronics and 

Energy
AST Office of Commercial Space 

Transportation
ATM2 2nd Annual Technical Meeting  
BAA Broad Area Announcement 
CA Cooperative Agreement 
CC Coordinating Committee 
CESTAC COE CST Advisory Committee 
CNES Centre National d’Etudes Spatiales 
COE Center of Excellence 
CSA Canadian Space Agency 
CST Commercial Space Transportation  
CU University of Colorado at Boulder 
DOD Department of Defense 
EC Executive Committee 
FAA Federal Aviation Administration  
FIT Florida Institute of Technology 
FSU Florida State University 
IDIQ Indefinite Delivery Indefinite Quantity 
ISR Internal Solicitation for Research  

OAT Orion America Technologies 
OMIS Orion Management 

Information System 
NASA National Aeronautics and 

Space Administration 
NMSU New Mexico State University 
NMT New Mexico Tech 
NRA NASA Research 

Announcement 
PC Planning Committee 
PI Principal Investigator  
PM Program Manager 
R&D Research and Development 
RE&D Research, Engineering & 

Development 
RII Requirements Identification 

and Integration 
SU Stanford University 
UCF University of Central Florida 
UF University of Florida 
USG United States Government 
UTMB University of Texas Medical 

Branch at Galveston 

Introduction
The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) 
Center of Excellence (COE) for Commercial Space Transportation (CST) Second Annual 
Administrative Meeting (AAM2) was conducted in the Florida State University (FSU) 
Innovation Park Aero-Propulsion, Mechatronics and Energy (AME) building in Tallahassee, 
Florida over a two-day period, on April 25-26, 2012. 
It should be noted that the AME Building is a brand-new facility (it had been occupied just under 
2 months prior to the AAM2) and our host, Dr. Farrukh Alvi, made the FAA COE CST group 
feel very welcome and repeatedly provided first-rate support and equipment upon request. 
The FAA requires that each COE conduct two meetings, one administrative and one technical, 
every year (after the initial year). The purpose of the COE CST AAM2 is to convene the COE 
CST Coordinating Committee, members of the COE CST Advisory Committee (CESTAC), 
interested Principal Investigators, FAA Technical Monitors and other individuals (e.g. students), 
to discuss administrative topics of the COE CST 
COE CST Principal Investigators, students and administrative personnel in attendance for all or 
part of the two-day meeting included (in alphabetical order by last name): Jesse ? (FIT student), 
Farrukh Alvi (FSU PI), Brad Cheetham (CU student), Ken Davidian (FAA COE CST Program 
Manager), Tristan Fiedler (FIT Administrator), Scott Hubbard (Stanford PI), Pat Hynes (NMSU 
PI), Jay Kapat (UCF PI), Dan Kirk (FIT PI), Dave Klaus (CU PI), Rajan Kumar (FSU PI), Billie 
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Oates (FSU PI), Warren Ostergren (NMT Administrator), Jim Vanderploeg (UTMB PI), Nat 
Villaire (FIT PI) and Joylynn Watkins (NMSU Administrator).  
In attendance via telecom (again, in alphabetical order by last name) included: Nick Demidovich 
(FAA AST technical monitor), Dr. Norm Fitz-Coy (UF PI) and Dr. Patricia Watts (FAA COE 
Program Director). 
Specific logistical details about the AAM2 can be found in the meeting agenda shown in 
Appendix A. 
The agenda of the AAM2 followed the structure of previously held bi-weekly teleconferences 
conducted by the PM for the PIs. The major topic areas included: 

Administrative Details 
Reporting Requirements 
Meetings
Events
R&D Funding Process 
Web Site Updates 
Summary of Action Items and AOB 

The following sections give an overview of the AAM2 presentation and provide details about 
any discussions and conclusions conducted by the group for each presentation topic. 

0. ADMINISTRATIVE DETAILS 
0.1 Introduction 
This presentation was given by Ken Davidian on both meeting days. The agenda for the meeting 
is presented in Appendix A. The presentation charts are included in Appendix B Section 1. 
The content included basic logistical information about the agenda. During this presentation, the 
FAA recognized and thanked FSU for their generosity for hosting the meeting.  
There was no substantive discussion resulting from this presentation and there were no action 
items associated with this agenda item. 
0.2 Group Photo 
A photo of the group was taken in the stairwell of the FSU AME Building at the end of meeting 
day 1. The best of the photos taken is presented in Appendix C. 
There was no substantive discussion resulting from this presentation and there were no action 
items associated with this agenda item. 

1. REPORTING REQUIREMENTS 
1.1 Year 1 Evaluation Results 
This presentation was given by Dr. Patricia Watts, FAA COE Program Director via 
teleconference during the morning session of both meeting days. The presentation charts are 
included in Appendix B Section 2. 
The three major findings of the Year 1 Evaluation included the following major points: 

CESTAC – There needed to be the development of an industry advisory group that could give 
input on the research activities being planned and conducted by the COE CST. 
Industry Participation – There needed to be better communication between the COE CST and 
industry members. 
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FAA Leadership – The amount of FAA leadership needed to be increased over levels observed 
in the first two years of operation. 

The next FAA COE Program Office Evaluation will be conducted and completed by the end of 
COE CST Year 5. 
There was no substantive discussion resulting from this presentation and there were no action 
items associated with this agenda item. 
Having Dr. Watts available on the phone line during both days was invaluable, however, and 
questions that arose during subsequent day 1 discussions were asked and addressed during the 
day 2 telecon. The whole value of Dr. Watts’ input and experience was sorely missed because 
she was not able to travel to attend this meeting and it is hoped that she will be able to attend 
future meetings. 
1.2 Drafting Survey Questions 
This presentation was designed as a group activity/discussion and conducted during the morning 
session of both meeting days. The presentation charts are included in Appendix B Section 3. 
The impetus for this agenda item was in response to the general comments received about the 
low frequency of the Year 1 Evaluation (as discussed in the previous agenda item, the next time 
it would be taken is three years from now), the overall generality of the questions and ambiguity 
of the conclusions that could be derived from the responses. 
It was proposed that the COE CST design its own annual survey to help get better information 
with the goal of improving overall performance on an annual basis. 
A discussion of the overall purpose of the annual survey was discussed and the following ideas 
were generated: 

Enable self-sufficiency. 
Help improve FAA involvement. 
Help distinguish industry educational support (where industry input is limited) from critical 
path support (where industry input is critical). 
To figure out which projects in industry are most valuable to industry vs. what is most 
interesting to us that will complement research & outreach. (to drive task selection) 
Providing students on the industry’s critical path who then bring back tasks once they get 
hired.

Under the survey topics of improving COE CST performance, the following questions were 
asked:

How well are we executing our current research activities to serve our customers? 
How can we better demonstrate value of our results? 
New approach: we can perform services for industry. 
Timeframes of industry versus those of government and academia. How to ask questions about 
this topic? 
Where are the process bottlenecks?  

Short-term, as-needed versus long-term, degree granting. 
Ask the questions of whether industry needs short-term help? How much? Can they 
accommodate long-term research? 
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Can teaming improve the COE CST product? What are the IP implications of the COE CST 
activities? 

In addition to improving center performance, the question was asked “How can we use the 
survey as an outreach tool?” It was proposed that the survey could be used to ask potential or 
current partners how current portfolio of activities could be of interest to them. This might 
highlight current work of which partners may not have been aware. 
There was discussion about the notorious low response rate of surveys in general and it was 
proposed that to get better response rates from PIs, funding should be tied to survey 
responsiveness. Concerns were expressed, however, that we don’t overload PIs by creating or 
requiring too many surveys. 
Part of the discussion referred back to the previous agenda item (the results of the Year 1 
Evaluation) and the following ideas were proposed to demonstrate how survey results were being 
used.

Send summary of responses to respondents 
Maybe present results at the Annual Technical Meeting (ATM) in November or put the results 
on web site. 
Emphasis process *and* content of the evaluation. 
Tailor questions on survey to be relevant to what we are doing. 
Internal versus external versions of the survey. 

There was further discussion by the group about an outreach strategy. 

Between “telling industry what we’re doing” and “designing a new survey” it’s probably more 
important to work on the former before the latter. 
We need an outreach strategy that is targeted and planned to cover all the major meetings. 
Spots on panels and paper sessions to talk about COE CST. Recruit PIs (who may already be at 
the meeting) to give these presentations. The strategy should be developed by both PIs and 
FAA.

Other thoughts that were expressed during the discussion included the following: 

Can we assume FAA will identify critical research needs to ensure public safety? Or can the 
survey help identify those needs that can be recommended to the FAA? 
A survey question category is “FAA AST R&D Task Selection” 

Show how AST tasks are meeting other FAA line of business mission goals. 

Survey done in cooperation with CESTAC. 
There were no action items associated with this agenda item. 
1.3 Quarterly Reporting - Orion’s MIS 
This presentation was conducted during the morning session of both meeting days. The 
presentation charts are included in Appendix B Section 4. 
The Orion Management Information System (OMIS) is an internet-accessible database designed 
specifically to collect data for FAA COE R&D grant and contract activity designed by Mr. Fred 
Bowen of Orion America Technology (OAT). OMIS collects all required administrative, 
financial and status reporting information at the appropriate time intervals. 
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OMIS is to be used by all FAA COE CST PIs (to input technical, schedule and budget quarterly 
reports), the COE CST member university finance people (to input quarterly/monthly invoice 
information and matching funds/in-kind information) and FAA AST Technical Monitors (to 
review and concur on quarterly reports). 
The decision to implement OMIS was taken to promote standardized data reporting structure 
within COE CST, to simplify generation of the COE Annual Report, to enables COE data 
collection and reporting of financial information (invoice costs, matching, etc.) and to permit 
COE reporting by user-specified groupings (e.g. sets of tasks, by university, etc.). 
Just as an aside, it is planned that the OMIS will be required of all new FAA COEs that are 
currently being initiated. 
After a live demonstration of the web site, there was some general discussion. 
All PIs were reminded that the next deadline for inputting their required quarterly report 
information was April 30, 2012. 

2. MEETINGS 
2.1 Next COE CST Meeting  
This presentation was given by Dr. Warren Ostergren of NMT during the morning session of 
meeting day 1. This was the first COE CST meeting that Dr. Ostergren has attended. An 
abbreviated version of this presentation was given by Ken Davidian during the afternoon of 
meeting day 2 for those in attendance that missed Dr. Ostergren’s presentation the previous day. 
The presentation charts are included in Appendix B Section 5. 
There was general discussion resulting from this presentation and questions about the timing of 
the agenda were raised. It was noted that November 7 is Election Day and it might not be a good 
time for the meeting because of that conflict. Also, the question of whether the tour to Spaceport 
America could be scheduled for the end of the meeting time instead of the start was raised.  
Assuming that the overall ATM2 will require 2.5-3 meeting days (two days of presentations and 
one-half to one full day dedicated to the Spaceport America tour), PIs should identify their 
preferred set of dates for the late October, early November time frame.  
2.2 COE CST Plaque Photos 
This presentation was conducted during the morning session of both meeting days. Pictures of 
the plaques at many of the COE CST member universities have been received and were 
displayed at the meeting. These pictures are shown in Appendix B Section 6. 
There was no substantive discussion resulting from this presentation.
Universities that have not yet provided photographs of their COE CST plaque are tasked with 
providing this photo as soon as possible. 

3. EVENTS 
3.1 List of Events: Past, Present and Future 
This presentation was conducted during the morning session of both meeting days. Although it 
was originally listed as “Task Status and List of Events: Past, Present and Future,” there was no 
status update on individual tasks given. The presentation charts are included in Appendix B 
Section 7. 
Lists of recent, current and future events were shown.
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The following types of milestones related to COE CST activities were requested by the PIs to be 
sent periodically to the COE CST PM. 

Papers
Conference presentations 
Patents
Experimental testing 
Graduations
Awards, Honors 

There was no substantive discussion resulting from this presentation.
There were no specific action items resulting from this agenda item, but a continuously-open 
action would be for PIs to send the dates and descriptions for any milestones or events (listed 
above) that are related to COE CST R&D activities.

4. R&D FUNDING PROCESS 
4.1 FAA AST R&D Coordination Plan 
This presentation was given by Ken Davidian on both meeting days. The presentation charts are 
included in Appendix B Section 8. 
The histories of the AST R&D Coordination Plan and the COE CST were shown in parallel to 
emphasize the point that the former was created and has been evolving at the same time that full 
operation of the latter was initiated. Detailed flow-charts and descriptions of the R&D 
Requirements Identification & Integration (RII) and Internal Solicitation for Research (ISR) 
processes were given and discussed. These were important topics to present to the PIs since they 
are being required to fit into the information and timing flow of these processes. 
An observation was made that input from industry needs to be shown at the appropriate places in 
the RII and ISR processes. Ken Davidian will update the AST R&D Coordination Plan to 
address this point.
4.2 AST’s Strategic Planning Efforts
This presentation was given by Ken Davidian on both meeting days although the presentation on 
day 2 was a summary version of that given on day 1. The presentation charts are included in 
Appendix B Section 9. 
This presentation began by providing a historic perspective of strategic planning activities and 
then identified the overall scope of strategic planning research. Primary sources for the historic 
perspective was “The Management Myth” by Matthew Stewart and “Strategy Safari” by Henry 
Mintzberg, Joseph Lampel and Bruce Ahlstrand for the scope of research. 
Below is a complete list of the near-term, mid-term and long-term strategic goals adopted by 
AST to guide actions to support the COE CST. These goals are not intended to be “cast in stone” 
and are open to discussion and revision by the COE CST. 
Near-Term Goals 

Goal 1: Finalize Start-Up Activities 

Evolve COE Administration 
Implement OMIS, OAT 
Modify CAs as needed 
Annual Evaluation Questions: Baseline Industry Information 
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Initiate Cooperative Efforts 
University Pairings 

Goal 2: Increased Funding and Support 

Target 1: FAA 
Approach 1: Unspent FY12 RE&D Funds 
Approach 2: Inclusion in Existing Tasks 

Target 2: Other USG– NASA, DoD 
Approach 1: Looking Over Our Shoulder 
Approach 2: Participate in Specific Tasks 
Approach 3: Funding Specific Tasks
Approach 4: Long-Term Sponsorship 

Target 3: Non-US– CSA, ESA, CNES 

Mid-Term Goals 

Goal 1: Increased Funding and Support 

Target 1: FAA 
Approach 1: Funding from Existing R&D Programs 
Approach 2: Targeted Commercial Space RE&D Funding ($10M) 

Target 2: Other USG Agencies – NASA, DoD 
Target 3: Non-Member Universities 

Goal 2: Increased Value 

Approach 1: COE CST as a New-Market Disruptive Innovation? 
"Blue Ocean Strategy" Analysis (Kim and Mauborgne, 2005) 
Entrepreneurial School 

Approach 2: Increased Cooperative Efforts 
"Co-opetition" Value Net Analysis (Dixit & Nalebuff, 1991 & 2008), (Brandenburger 
& Nalebuff, 1996) 
Positioning School 

Long-Term Goal 

Goal: COE CST Self-Sufficiency 
Discussion by the group centered on a set of rhetorical questions regarding the COE CST long-
range goals, including “What Does Self-Sufficiency Mean?” and “What Will Be the Form, 
Function and Purpose?” 
There were no action items resulting from this agenda item.  
4.3 External Opportunities 
This presentation was given by Mr. Nick Demidovich of FAA AST Office of the Chief Engineer 
via telecom during the afternoon session of both meeting days. The presentation charts are 
included in Appendix B Section 10. 
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Nick discussed the opportunities for the COE CST provided by external funding sources and 
competitions. It was noted on multiple occasions that federal agencies would like to fund 
member universities for COE CST research but did not have the acquisition instrument to 
facilitate the transfer of funds. 
Discussion of this topic led to a conclusion that the COE CST PM should initiate the indefinite 
delivery, indefinite quantity (IDIQ) contact option with all the member universities. 
4.4 COE CST Cooperative Agreement and Management Plan Changes 
This presentation was scheduled to be discussed during the afternoon of meeting day 1 but was 
mistakenly skipped (due to an impromptu facility tour that ran late and graciously hosted by 
FSU’s Dr. Farrukh Alvi) given by Ken Davidian on meeting day 2. The presentation charts are 
included in Appendix B Section 11. 
Changes to the COE CST Cooperative Agreements (CA) and the COE CST Management Plan 
became necessary when the OMIS was adopted and the administrative functions were transferred 
from NMSU to OAT. 
Proposed Modifications to the COE CST Cooperative Agreements 
The first recommended change was to modify the second and third full paragraphs in Attachment 
1 of all CAs regarding topics of administrative support and quarterly reporting. There are two 
versions of these paragraphs.
Version 1 reads as follows: 

“New Mexico State University (NMSU) will provide administrative support for the COE 
CST for the planning and coordination of quarterly meetings and the dissemination of 
COE CST publications and information and related activities. NMSU will also 
coordinate and track technical and fiscal reports relevant to COE research and related 
activities for the Florida Center of Advanced Aero-Propulsion, Florida Institute of 
Technology, and the New Mexico Institute of Mining and Technology, to satisfy the FAA 
COE program requirements. The FAA will discuss task requirements with the team 
members.

“All universities track their own matching contributions and submit quarterly and semi-
annual reports to their lead and to the FAA COE Program Manager and COE Program 
Director. Reports as required by the FAA for quarterly and semi-annual meetings are 
submitted to the Administrative Lead for Preparation prior to the meetings and 
distribution at the meetings.” 

Version 2 reads as follows: 
“New Mexico State University (NMSU) will provide administrative support for the COE 
CST for the planning and coordination of quarterly meetings and the dissemination of 
COE CST publications and information and related activities. Stanford will coordinate 
and track technical and fiscal reports relevant to COE research and related activities 
for the University of Texas Medical Branch and the University of Colorado at Boulder, 
to satisfy the FAA COE program requirements. The FAA will discuss task requirements 
with the team members. 

“All universities track their own matching contributions and submit quarterly and semi-
annual reports to their lead and to the FAA COE Program Manager and COE Program 
Director. Reports as required by the FAA for quarterly and semi-annual meetings are 
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submitted to the Administrative Lead for Preparation prior to the meetings and 
distribution at the meetings.” 

The new paragraph to replace both original versions is proposed to read as follows: 
“All COE CST member universities are required to submit technical and fiscal reports 
on a quarterly basis relevant to COE research and related activities to satisfy the FAA 
COE program requirements. The FAA will discuss task requirements with the team 
members.”

Issue of modification to all universities to modify the fourth full paragraph in Attachment 1 of all 
CAs regarding topic of report tracking. The original paragraph currently reads as follows: 

“Each University listed above will submit proposals through Grants.gov directed to the 
FAA COE Program Manager and in response to discussions or announcements. NMSU 
will track COE activities, awards, and prepare and submit reports as required for the 
entities listed above. All binding financial terms and conditions will be specified in each 
awarded task issued as an amendment to this agreement.” 

The new paragraph is proposed to read as follows: 
“Each University will submit proposals through Grants.gov directed to the FAA COE 
Program Manager and in response to discussions or announcements. All COE CST 
member universities will track their COE activities and awards and will prepare and 
submit their own reports as required. All binding financial terms and conditions will be 
specified in each awarded task issued as an amendment to this agreement.” 

Proposed Modifications to the COE CST Management Plan 
Next, proposed modifications were discussed to the COE CST Management Plan based on the 
same changes discussed above. First, the organizational structure of the COE CST was displayed 
and the responsibilities of the Planning Committee (PC) were shown. Next the original 
Coordinating Committee (CC) responsibilities were shown but, due to the current situation, the 
proposed set of CC responsibilities was then shown. After some discussion, it was noted that the 
original PC and the proposed new CC were very similar. The next logical step was the proposal 
that the PC and CC be combined into a single Executive Committee (EC). Below are some first-
level details about the idea: 

The EC would be led by FAA AST COE CST PM, Ken Davidian. 
EC meetings would be conducted by telecons on a "once every two-weeks" basis with face-to-
face meetings twice a year (at the Annual Administrative and Technical Meetings). The 
telecons will be normally very short unless there were special outbriefs (for example, updates 
from the "Terms of Reference" team) or other topics to discuss. 
Each university will designate a principal PIs for the EC. 
Attendance at the EC meetings will be generally inclusive (allowing multiple PIs, student 
observers and staff as needed to attend from any given university). 
In the event that decisions were not able to be made by consensus in an open session (making 
necessary a vote or closed session), each member university would have a single vote given to 
their principal PI, regardless of the number of PIs sitting on the EC. 
CESTAC would be represented at the EC meetings (presumably by the CESTAC Chair, Vice-
Chair and/or the COE CST CESTAC Point of Contact) and although they would be a 
contributing member in discussions leading to consensus, they would not be a voting member. 
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The COE CST PM will issue changes to the current CAs and Management Plan for all COE CST 
member universities to enact these changes.  
4.5 Strategic Planning Overview 
This presentation was given by Dr. Patricia Hynes of NMSU during the afternoon session of 
meeting day 1. An abbreviated version of this presentation was given by Ken Davidian during 
the afternoon session of meeting day 2 for those in attendance that missed Dr. Hynes’ 
presentation the previous day. The presentation charts are included in Appendix B Section 12. 
After covering the presentation material, Dr. Hynes asked the group to think about the top three 
benefits of conducting a collaborative strategic planning exercise. The following were the results 
of the group are given in the table below (listed below in no particular order): 

Table 1. Responses to the Question “What are Three Benefits to Collaborative Strategic 
Planning Exercise?” 

Respondent 1: 
Collaborative strategic planning is beneficial 
because it provides tools for identifying… 

Long-term goals 
Necessary resources 
Division of effort 

Respondent 2:
Avoid “getting money” as the focus of the 
COE
Making the COE industry focused and 
directed (not FAA or university) 
Making a COE unnecessary 

Respondent 3:
Need organizational vision mission, value 
proposition, strategic plan, 
operations/business plan 
Point all efforts in the same direction 

Respondent 4:
Roadmap to the future 
Q: What do we mean about us vs. others? 
Who is the “us”? 
C: must be a living document 

Respondent 5:
Stewardship of tax payer $ 
Who else? 
Re-focus on core task … but beware of 
self-fulfilling prophesy. 

Respondent 6:
See how we can involve in the community 
and learn what resources they bring to the 
table
Learn what resources they ring to the table. 
See how the planning community envisions 
our broad environment 

Respondent 7:
Strength of collaborative effort in topics 
identified and capabilities (Same as 9c) 
Synergistic learning (see what others think) 
Capability to be a power block in getting 
resources

Respondent 8:
I hope we do our own plan 
I am excited about a future we create 
together. We are not only planning our 
future but also the future of our industry. 

Respondent 9:
Reduce duplication 
Ensures a stable research infrastructure 
Provides a cross-fertilization of research 
talent and resources (Same as 7a) 

After some discussion, it was determined that responses 7a and 9c were very similar and could 
be combined into a new benefit: Strength of collaborative effort provides a cross-fertilization of 
research talent and resources. 
Other important points that were highlighted included: 
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Membership of planning community is important and must include industry. 
Timing of the process is important. 

The overall point was made that this activity could be a proposal for funding in response to a 
future ISR call that would be a collaboration of all nine COE CST member universities. 
There were no action items resulting from this agenda item.  
4.6 Letters Writing Campaign 
This presentation was designed as a group activity/discussion and conducted during the 
afternoon session of both meeting days. The presentation charts are included in Appendix B 
Section 13. 
Because Dr. Wilson Felder (Director of the FAA William J. Hughes Technical Center and 
chairman of the FAA R&D Executive Board) had previously expressed the belief that the AST 
R&D program could be funded at a $10M level instead of the $1M (the current funding level) it 
was thought that AST could request additional funding by demonstrating an overwhelming 
amount of potential research that was currently unfunded.
This idea generated a lot of discussion and it was quickly determined that overwhelming the 
Technical Center Director with a letter-writing campaign was not the best approach to making 
this request. It was advised by the group that a meeting with AST Associate Administrator Dr. 
George Nield should be arranged and the request for additional funding should be carefully 
coordinated and arranged. 
COE CST PM was tasked with coordinating and arranging the meeting between Dr. Nield and 
Dr. Felder to request additional AST R&D funding. 

5. WEB SITE UPDATES 
5.1 New COE CST web site ideas 
This presentation was designed as a group activity/discussion and originally planned to be 
conducted during the afternoon session of meeting day 2 but was not executed due to time 
limitations. 

6. SUMMARY OF ACTION ITEMS & AOB 
1. FAA AST and PIs should develop an outreach strategy that is targeted and planned to cover 

all the major meetings. Spots on panels and paper sessions to talk about COE CST. Recruit 
PIs (who may already be at the meeting) to give these presentations. (Section 1.2) 

2. All PIs were reminded that the next deadline for inputting their required quarterly report 
information was April 30, 2012. (Section 1.3) 

3. Assuming that the overall ATM2 will require 2.5-3 meeting days (two days of presentations 
and one-half to one full day dedicated to the Spaceport America tour), PIs should identify 
their preferred set of dates for the late October, early November time frame. (Section 2.1) 

4. Universities that have not yet provided photographs of their COE CST plaque are tasked with 
providing this photo as soon as possible. (Section 2.2) 

5. A continuously-open action would be for PIs to send the dates and descriptions for any 
milestones or events (listed above) that are related to COE CST R&D activities. (Section 3.1) 

6. Ken Davidian will update the AST R&D Coordination Plan to show where input from 
industry can be inserted into the RII and ISR processes. (Section 4.1) 

7. The COE CST PM should initiate the IDIQ contact option with all the member universities. 
(Section 4.3) 
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8. The COE CST PM will issue changes to the current Management Plan and CAs to enact 
changes due to admin function and quarterly reporting changes. (Section 4.4) 

9. COE CST PM was tasked with coordinating and arranging the meeting between Dr. Nield 
and Dr. Felder to request additional AST R&D funding. (Section 4.6) 
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Appendix A. FAA COE CST AAM2 Agenda 

FAA AST COE CST YEAR 2 MEETING 1 AGENDA 
 ATTENDEES: COE CST Coordinating Committee members, Other interested PIs, CESTAC 
leadership & interested members and FAA AST Technical Monitors. 

 PURPOSE: To convene the COE CST Coordinating Committee, other interested Principal 
Investigators and the CESTAC to discuss administrative topics of the COE CST. 

 WHERE: COE CST Meetings on both days will be in room 211, Meeting Room B, 2003 
AME Building, Levy Avenue, Tallahassee, FL 32310 on the FSU campus (See note [4] 
below). On Day 1, Breakfast and Lunch are in the AME Building. On Day 2, Breakfast and 
Lunch are in the Turnbull Conference Center, 555 Pensacola St., Tallahassee, FL 32310 
on the FSU campus. 

WED, APRIL 25, 2012 (AME BLDG) THURS, APRIL 26, 2012 (AME BLDG) 

08:00 BREAKFAST (IN AME BUILDING)

0. ADMINISTRIVIA 
09:00 Introduction [R] 

1. REPORTING REQUIREMENTS 
09:15 Year 1 Evaluation Results (Watts) [R] 
09:45 GROUP ACTIVITY – Part 1:  

Drafting Survey Questions [Note 1] [R] 
10:30 BREAK
11:00 Quarterly Reporting - Orion’s MIS [R] 

2. MEETINGS 
11.30 Next COE CST Meeting (Ostergren) [R] 
11:45 COE CST Plaque Photos [R] 
12:00 LUNCH (IN AME BUILDING)

3. EVENTS 
13:30 Task Status and List of Events: Past, Present 

and Future 

4. R&D FUNDING PROCESS – Part 1 
13:45 FAA AST R&D Coordination Plan 
14:15 AST’s Strategic Planning Efforts  
14:45 External Opportunities (Demidovich) [R][3] 
15:15 COE CST Cooperative Agreement and 

Management Plan Changes 
15:30 BREAK

16:00 Strategic Planning Overview (Hynes) 
16:30 GROUP ACTIVITY – Part 1:  

Letters to Wilson Felder [Note 2] [R] 
17:30 Group Photo 
18 :00 Adjourn 
18:30 DINNER

08:00 BREAKFAST (AT TURNBULL CENTER)

0. ADMINISTRIVIA 
09:00 Introduction [R] 

1. REPORTING REQUIREMENTS 
09:15 Year 1 Evaluation Results (Watts) [R] 
09:45 GROUP ACTIVITY – Part 2:  

Drafting Survey Questions [Note 1] [R] 
10:30 BREAK
11:00 Quarterly Reporting - Orion’s MIS [R] 

2. MEETINGS 
11.30 Next COE CST Meeting (Ostergren) [R] 
11:45 COE CST Plaque Photos [R] 
12:00 LUNCH (AT TURNBULL CENTER)
13:30 FSU FACILITY TOUR

4. R&D FUNDING PROCESS – Part 2 
14:45 External Opportunities (Demidovich) [R] 
15:15 COE CST Philosophies 
15:45 GROUP ACTIVITY – Part 2:  

Letters to Wilson Felder [Note 2] 

5. WEB SITE UPDATES 
16:15 GROUP ACTIVITY: New COE CST web 

site ideas. 

6. SUMMARY OF ACTION ITEMS & AOB 
16:45 Open Discussion 
17:30 Adjourn 
18:30 DINNER

Notes
 [R] denotes Meeting Day 1 material that will be repeated on Meeting Day 2. 
 [1] Think of simple evaluation questions for annual survey. Can include multiple choice or 
ranking (e.g., on a scale of 0-10). Other types? 

 [2] Provide written ideas for at least 3-5 future COE CST research tasks, including the 
following information: Title; Relevance to FAA AST and Commercial Space Industry; Brief 
Statement of Work. 

 [3] Telecon Dial-In #: 712-432-0075, Participant Access Code: 141648# 
 [4] The AME building is not on the main FSU campus but in INNOVATION PARK. Since the 
building is brand new, it does not show up correctly in Google Maps. it is on the corner of 
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Appendix B. Presentation Slides 
1. Introduction 

1

FAA COE CST 
2nd Annual Administrative 

Meeting (AAM2)
on the campus of

Florida State University

Ken Davidian 
FAA Office of Commercial Space Transportation
April 25-26, 2012

2

• WHAT: FAA COE CST AAM2
(2nd Annual Administrative Meeting)

• WHEN: On April 25-26, 2012 

• PURPOSE: To convene the COE CST 
Coordinating Committee, other interested 
Principal Investigators and the CESTAC to 
discuss administrative topics of the COE CST.

AAM2 Logistics: What, When, Why
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2. Year 1 Evaluation Results 
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3. Drafting Survey Questions 
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4. Quarterly Reporting - Orion’s MIS 
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5. Next COE CST Meeting  
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6. COE CST Plaque Photos 

245



FAA Center of Excellence for Commercial Space Transportation 

26  2012.05.22 FAA COE CST AAM2 Report 

10

University of Florida

9

University of Central Florida

This space reserved for NMSU plaque picture. 

7. List of Events: Past, Present and Future 
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8. FAA AST R&D Coordination Plan 
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9. AST’s Strategic Planning Efforts  
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10. External Opportunities 
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11. COE CST Cooperative Agreement & Management Plan Changes 
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12. Strategic Planning Overview 
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13. Letters Writing Campaign 
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Appendix C. COE CST AAM2 Group Photo 
Below is the photo of the attendees at meeting day 1 of the FAA COE CST 2nd Annual 
Administrative Meeting.  
Pictured from left to right: Ms. Joylynn Watkins (NMSU), Dr. Jay Kapat (UCF), Dr. Dan Kirk 
(FIT), Jesse Feltus (FIT Student), Mr. Ken Davidian (stooping, FAA AST), Dr. Farrukh Alvi 
(FSU), Dr. Nat Villaire (FIT), Mr. Brad Cheetham (CU Student), Dr. Jim Vanderploeg (UTMB), 
Prof. Scott Hubbard (Stanford), Dr. Warren Ostergren (NMT), Dr. Pat Hynes (NMSU), Dr. 
Rajan Khumar (FSU). 

Attendees (in person or via telecom) not shown: Mr. Nick Demidovich (FAA AST), Dr. Patricia 
Watts (FAA COE Program Director), Dr. Tristan Fiedler (FIT), Dr. Dave Klaus (CU), Dr. Norm 
Fitz-Coy (UF). 
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The FAA COE CST AAM2 was made 
possible by the generous contributions and 

efforts of our good friends at FSU.  
Thank You Very Much!  
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EXECUTIVE SUMMARY 
The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) 
Center of Excellence (COE) for Commercial Space Transportation (CST) Third Annual 
Administrative Meeting (AAM3) was conducted at the Residence Inn of Somers Point, New 
Jersey (approximately 13 miles away from the FAA William J. Hughes Technical Center in Egg 
Harbor Township, NJ) over a two-day period, on June 12-13, 2013. 
Attendees included 10 Principal Investigators (PIs) from 8 of the nine member universities, one 
student (who performs the duties of a PI), one visiting professor and five administrative 
personnel for all of the two-day meeting. 
Presentations were made for 10 different agenda items and generated 14 action items. The 
agenda items that generated the most discussion or had substantial impacts on the COE CST 
administration are discussed below. 

COE CST MANAGEMENT & ADMINISTRATION PLAN: A majority of COE CST 
administrative functions will be transitioning from AST to FIT as a tangible step toward 
COE CST independent operation. Only inherently governmental administrative functions 
that will be retained by FAA AST. 
NEXT COE CST MEETING: It was decided that the Third Annual Technical Meeting 
(ATM3) would be held in Washington, DC so FAA AST Technical Monitors would be 
able to attend. Other invitees to the meeting would include the FAA Administrator, high-
ranking officials from other related government agencies, and appropriate Congressional 
representatives and staffers. The ATM3 is intended to be very well attended by the COE 
CST academic community. 
AFFILIATE MEMBERSHIP: Eleven Affiliate Member candidates were reviewed and 
five passed the first hurdle toward membership. UTMB plans to host the Baylor College 
of Medicine and the NASTAR Center and NMSU plans to host the University of 
Nebraska-Lincoln, Embry-Riddle and a company called SatWest. 
BUDGET & FUNDING TOPICS: The current funding situation under Sequester was 
discussed and a topic of great concern by the AAM3 attendees. They were all made 
aware that, no matter what, the end of calendar year 2013 would be a major milestone in 
the future of the COE CST. 

Of all the topics highlighted above, the highest priority issue facing the center was identified as a 
lack of funding for the second consecutive year. and attention was focused on achieving an 
annual budget more typical of a government grant program (identified as $10M).  
In summary, the meeting was very productive and demonstrated the great progress that has been 
made by the FAA COE CST in the past year.  
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ABBREVIATIONS AND ACRONYMS 
Below are the abbreviations and acronyms used in this report. 
AAM Annual Administrative Meeting 
AST Office of Commercial Space 

Transportation
ATM Annual Technical Meeting  
CESTAC COE CST Advisory Committee 
COE Center of Excellence 
CST Commercial Space Transportation  
CU University of Colorado at Boulder 
DC District of Columbia 
EC Executive Committee 
ELC Executive Leadership Contract 
ERAU Embry-Riddle Aeronautical 

University 
FAA Federal Aviation Administration  
FIT Florida Institute of Technology 
FSU Florida State University 
FY13 Fiscal Year 2013 
MOA Memorandum of Agreement 

OAT Orion America Technologies  
OMIS Orion Management Information 

System
NJ New Jersey 
NM New Mexico 
NMSU New Mexico State University 
NMT New Mexico Tech 
PI Principal Investigator  
PM Program Manager 
R&D Research and Development 
SOW Statement of Work 
SU Stanford University 
UCF University of Central Florida 
UF University of Florida 
URL Universal Resource Locator 
USG United States Government 
UTMB University of Texas Medical Branch 

at Galveston 

INTRODUCTION
The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) 
Center of Excellence (COE) for Commercial Space Transportation (CST) Third Annual 
Administrative Meeting (AAM3) was conducted at the Residence Inn of Somers Point, New 
Jersey (approximately 13 miles away from the FAA William J. Hughes Technical Center in Egg 
Harbor Township, NJ) over a two-day period, on June 12-13, 2013. 
The FAA requires that each COE conduct two meetings, one administrative and one technical, 
every year (after the initial year). The purpose of the COE CST AAM3 was to convene the COE 
CST Executive Committee, members of the COE CST Advisory Committee (CESTAC), 
interested Principal Investigators, FAA Technical Monitors and other individuals (e.g. students), 
to discuss administrative topics of the COE CST 
Attendees included 10 Principal Investigators (PIs) from 8 of the nine member universities, one 
student (who performs the duties of a PI), one visiting professor and five administrative 
personnel for the entire two-day meeting. Appendices B and C list all the AAM3 attendees. 
The AAM3 meeting agenda is shown in Appendix A. 
The agenda of the AAM3 followed the structure of previously held monthly Executive 
Committee teleconferences. The major topic areas included: 

Welcome & Introduction 
COE CST Management & Administration Plan 
COE CST Reporting Requirements 
COE CST Web site 
Next COE CST Meeting 
Affiliate Membership 

260



FAA Center of Excellence for Commercial Space Transportation 

Monday, August 12, 2013  3

Budget & Funding Topics 
Self-Governance Subcommittee Presentation 
Collaboration Subcommittee Discussion 
Strategic Planning Subcommittee Presentation 

The following sections give an overview of the AAM3 presentation and provide details about 
any discussions and conclusions conducted by the group for each presentation topic.  
Action items are denoted in the text with stars ( ) preceding the action statement. These items 
will be compiled into a single list at the very end of the report’s main body before the 
Appendices.

1. WELCOME & INTRODUCTION 
The Welcome and Introduction presentation was given by Ken Davidian. During this portion of 
the meeting, basic site logistics and the overall agenda of the meeting was presented.
A chart showing all the COE CST industry supporters was presented and some discussion 
followed about some companies that were included that could be removed and vice versa, some 
companies that were not included that could be added.  
Finally, logistics of the meals that would be conducted as part of the meeting were identified and 
discussed.

2. COE CST MANAGEMENT & ADMINISTRATION PLAN 
The second presentation given by Ken Davidian presented the way the COE CST was being 
managed and administered. This information is documented in the COE CST Management and 
Administration Plan. This plan, previously referred to as the COE CST Management Plan, is 
updated during each year to accurately represent the management structure of the COE CST and 
its relationship to external entities, including the FAA AST. This year, administrative processes 
were also documented in the plan. This new addition is the reason the name of the plan was 
changed for this year. 
The agenda items for this presentation include: 

Continuity of Operations 
Management Structure Evolution 
Evolution of Functional Assignments 
Administrative Processes 

Each of these is discussed briefly below. 
2.1 Continuity of Operations 
In response to the question of how to maintain continuity of COE CST operations with no FY13 
funding, the response was to ensure mission critical administrative functions by using unspent 
FY12 funding residing at the different universities. 
Two mission critical administrative functions were identified: the OMIS database (required to 
collect data and generate Congressionally-mandated reports) and the functions performed under 
the Executive Leadership Coordination (ELC) contract held by Orion America Technologies 
(OAT).
The OMIS database (the licensing rights for which is held by OAT) costs the COE CST 
approximately $50K per year. NMT had a task with over $120K of FY12 funding that had not 
been drawn against, so it was on this task that the OMIS database license fee was drawn. 
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The ELC contract cost was approximately $80K per year and Tristan Fiedler had a Coordination 
Collaboration task with $120K allocated to it but none of it had been spent. It is from this task 
that the OAT contract will be funded by FIT to execute the same administrative functions as they 
had in the previous calendar year. 
The intent with both these tasks is not to rescind these funds for the new tasks but to “borrow” 
the necessary funding. When additional funding becomes available, both these tasks shall be 
“topped off” to their original funding levels. 
2.2 Management Structure Evolution 
The management structure of the COE CST has evolved every year since its inception in August 
of 2010. The changes this year include this transformation from AST-control of administrative 
functions to COE CST control of administrative functions (as described in the subsection above).
Appendix B, Section 2, slides 5-7 show the changes in COE CST management structure over the 
past three years. 
2.3 Evolution of Functional Assignments 
Changes can also be described from a functional perspective. Appendix B, Section 2, slides 8-9 
show these changes graphically. It can be seen that many functions that were formerly performed 
by AST (falling within the blue background rectangle) have been transferred to COE CST 
control (as depicted by the light purple background rectangle). The only administrative functions 
retained by AST are those that are “inherently governmental”, including budget planning, the 
processing of grant request forms, interaction with other U.S. Government entities, invoice 
acceptance and task monitoring. 
2.4 Administrative Processes 
The new addition to the COE CST Management and Administrative Plan was the inclusion of 
specific administrative processes necessary for the smooth functioning of the center. The 
following processes were included in the document’s latest release: 

How to Submit a Research Grant Proposal 
How to Request a No Cost Extension 
How to Document Cost Share Contributions 
How to Do Quarterly Reporting 
How to Close-Out a Research Task 
How to Initiate an Affiliate Membership 

3. COE CST REPORTING REQUIREMENTS 
This was a brief presentation given by Ken Davidian and Carol Gregorek. The different types of 
reporting that COE CST PIs are expected to provide include: 

Quarterly
Annual
Reports, Articles 
Task Close-Out 

The quarterly reporting is performed in the OMIS on-line database and the discussion of the 
group was based on the level of detail required in the quarterly reports. Samples of the 
appropriate level of detail for the technical quarterly reports were requested by some of the PIs 
present.  
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Carol Gregorek should provide samples of technical quarterly reports to the COE CST PIs with 
an appropriate level of detail so PIs can provide text in a more uniform fashion. 

A presentation slide of the COE CST Year 2 Annual Report, Volumes 0-3, were shown to the 
group and URLs were given. 
A request was made to the PIs to provide, to the greatest extent possible and without violating 
any copyright laws, electronic versions of conference papers and/or journal articles, or links to 
these papers. These papers or links are very important to be able to show the real deliverables 
from the COE CST member universities. 

COE CST PIs should provide, to the greatest extent possible and without violating any 
copyright laws, electronic versions of conference papers and/or journal articles, or links to 
these papers. 

Finally, a description of all the work being conducted to finalize COE CST tasks was given. 
Carol Gregorek estimated that compilation of the necessary information for each task was 
requiring approximately 12 hours of her time. 

4. COE CST WEB SITE 
Fred Bowen discussed the current status of the COE CST web site and his plans for increasing its 
functionality. The site was migrated from the original server (hosted by a company named 
“Digital Solutions”) to a new, much less expensive service. Besides some minor upgrades to the 
current web site, there is no real difference in the look and feel of the current site as compared to 
the original site. 
His future plans for the COE CST web site include increasing ease-of-use including the ability to 
query the research tasks in multiple ways. He also discussed plans to develop a new page 
architecture for dynamic updating of information. 

All COE CST members (staff, PIs and students) are requested to provide input of ways to 
improve the COE CST web site. 

5. NEXT COE CST MEETING 
Ken Davidian led the discussion of the next meeting required by the COE CST Cooperative 
Agreement of all the member universities, the third Annual Technical Meeting (ATM3). ATM1 
was held on November 8-9, 2010 in Boulder, CO (at UC) and ATM2 was held on October 31-
November 1, 2011 in Socorro, NM (at NMT).  
After some discussion, it was agreed that the next meeting should be held in Washington DC to 
allow full participation of the FAA AST Technical Monitors of COE CST tasks. Other attendees 
to be invited to participate will include AST management, FAA management, the leaders of 
other federal agencies involved with space research, and representatives and staff members of the 
legislative branch of government. 
ATM3 will be held near the end of calendar year 2013 so it was determined that schedule 
coordination of the nine member universities would begin immediately. Venue identification 
would also begin as soon as practicable. These activities would be led by Tristan Fiedler of FIT 
as the new Collaboration Coordinator in cooperation with OAT contract support. 

Based on the future budget and funding situation (described in the next section), a very strong 
emphasis was given to the near-requirement that ALL PRINCIPAL INVESTIGATORS AND 
STUDENTS FROM ALL MEMBER UNIVERSITIES SHOULD PLAN ON ATTENDING 
THE ATM3. (I cannot emphasize this point enough, hence the all-caps.) 
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6. AFFILIATE MEMBERSHIP 
Tristan Fiedler led the discussion of Affiliate Membership, covering first the overall process and 
definitions of candidacy and terms of the basic agreement. This discussion was followed by a 
thorough review of all the candidate Affiliate Member candidates by the COE CST Executive 
Committee membership (phase one of the candidate review process).
The following Affiliate Member candidates were presented, reviewed and the status of this 
review is given: 

Czech Tech University 
Embry-Riddle Aeronautical University (with UCF as the host) 
Embry-Riddle Aeronautical University (with NMSU as the host) 
Final Frontier 
Baylor College of Medicine 
NASTAR Center 
Near Space Corporation 
Penn State University 
Prevailance
SatWest 
SYSENEX
University of Nebraska, Lincoln 

In summary, the following two host universities will now begin phase two activities with their 
associated Affiliate member candidates: 

UTMB: Baylor College of Medicine, NASTAR 
NMSU: ERAU, SatWest, University of Nebraska at Lincoln 

These five candidates that passed the first phase of the review process will now engage with their 
university hosts and the FAA AST to develop the accepted research task statement of work and 
will conclude with an executed MOA between the host and the new Affiliate Member. 
The following actions remain for the other Affiliate Member candidates that did not yet pass the 
first phase of the review process: 

Czech Tech University - ask if they have received funded research in space activity; Do they 
have resources available to apply to contributed research to the COE CST. CU may be 
interested. 
ERAU w/ UCF - ERAU must provide SOW -- NOT PASSING PHASE 1 
Final Frontier - CU & UTMB to explore Host roles 
NEAR SPACE CORP -- Tentative Approval pending SOW & P.I. 
PENN STATE UNIV - a. GLXP not consistent with COE CST research; b. Original 
application contained areas that appear to be of interest to COE CST; c. To be reconsidered, 
please provide SOW consistent with original application along with PI 
PREVAILANCE -  To be reconsidered, please provide SOW consistent with research goals of 
COE CST 
SYSENEX - a. Create SOW addressing state of the art questions in risk management with 
specific research consistent with COE CST 
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7. BUDGET & FUNDING TOPICS 
This presentation was given by Ken Davidian and discussed budget and funding topics of the 
past (“pre-Sequester”), present (“Sequester, Year 1”), and future (“Sequester, Years 2-10”). 
The past funding situation was shown and it was noted that the total funding of over $4.5M over 
three years of COE CST operation averages to $1.5M/year, a value in excess of the minimum 
FAA commitment of $1M.  
However, in discussing the current funding situation, the volatility of the funding situation was 
described and the specific example was given that over a three day period of time, the funding 
allocation for COE CST changed four times! 
Finally, when it came to discussion of the future funding situation, a philosophy of maintaining 
the health of all COE CST member universities, PIs and students, at least for the next six months 
(imprecisely referred to as “the end of the calendar year” since the first six month period of 
funding would include the period of time beginning of June through the end of November). 
Because of the near-requirement that all PIs and students participate in the ATM3, any FY13 
funds that become available will be allocated first to ensure full participation by covering travel 
costs of the ATM3. The next priority for any FY13 funds that become available will be to ensure 
the continuity of student funding involved with COE CST research tasks. 
This portion of the meeting stimulated a lot of discussion to clarify points that had not been 
presented or were unclear in their original presentation. 

8. SELF-GOVERNANCE SUBCOMMITTEE PRESENTATION 
As chair of the Self-Governance Subcommittee, Nat Villaire made a presentation of the current 
status of his subcommittee’s activities. He reviewed the origins of the COE and its mission and 
initial governance structure.  The current governance structure was reviewed before he presented 
a proposal for a future governance model.   
In order to achieve a self-governance structure, Dr. Villaire developed a set of Bylaws designed 
specifically for the COE.  The COE Membership is defined, administrative offices are defined, 
duties of all officers are listed and officer selection processes are outlined.  Those Bylaws are 
ready for evaluation by the current COE members and the FAA CST  
His presentation highlighted the major content of his proposed COE CST Bylaws and the entire 
set of documents carefully define the details of the proposed governance structure, and he 
requested input and editorial comment from all the COE CST PIs.  
Nat Villaire has provided the current version of the proposed COE CST Bylaws to Ken 
Davidian. The document can be downloaded by all COE CST PIs from the following URL: 
http://db.tt/56f1sx9f) 

COE CST PIs should download and review the draft COE CST Bylaws (http://db.tt/56f1sx9f)
to provide comment to Nat Villaire as soon as practicable. 

9. COLLABORATION SUBCOMMITTEE DISCUSSION 
Tristan Fiedler, as head of the COE CST Collaboration Subcommittee, led a discussion of the 
CESTAC report that was issued following the industry group’s review of the COE CST research 
tasks as presented at the ATM2 in Socorro, NM in October and November, 2012.   Ken Davidian 
then gave a task-by-task review of the report’s findings and remarks. It was determined that a 
follow-up discussion with CESTAC lead, Joe Rothenberg, would be appropriate. The purpose of 
this discussion would be to gain clarity of the group’s findings as well as to prepare the CESTAC 
for their review at the upcoming ATM3 in November 2013. 
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From the CESTAC report, key areas of research that were of immediate relevance to the 
commercial space industry as represented in CESTAC were presented.  Principal Investigators 
were informed that CESTAC assessed the strategic relevance of the tasks currently in the COE 
CST Research Portfolio.  In summary, CESTAC found that almost all of the current COE CST 
Research Tasks have the potential to help enable the growth of the Commercial Space Industry 
and to meet the FAA Regulatory and AST goals from the program.  CESTAC also noted 
considerable variance however in the level of potential near-term impact of various tasks to both 
the Industry and FAA needs.  As a conclusion, CESTAC reported that given current funding 
constraints, both Industry and FAA may be better served by deferring some of the current 
Research activities, where the potential payoff is in the far-term, in order to accelerate those 
areas that have higher potential of nearer-term payoff.  Complete details are provided in the 
"CESTAC Assessment of the 2012 FAA COE CST Research Portfolio" report. 

Tristan should coordinate a telecom with CESTAC leadership and FAA AST to discuss the 
report findings. -- Requested by TJF on 26 June 2013 

10. STRATEGIC PLANNING SUBCOMMITTEE PRESENTATION 
Dave Klaus presented a status report on the COE CST activity he is heading for the Strategic 
Planning Subcommittee. Taking a systems engineering approach, Dave started this process by 
decomposing the original COE CST Request for Proposals and identifying 48 unique 
requirements that were specified in the RFP (see his presentation in Appendix B).  In order to 
ensure that the COE is fulfilling its obligations to the FAA as well as meeting the high priority 
needs of the commercial space industry, draft Mission and Vision statements were proposed in 
this summary presentation, along with a set of goals that were culled directly from the RFP 
text.  This initial strategic overview is intended to serve as a framework for further discussion by 
the COE members as we define a long-range vision for the Center beyond meeting these initial 
expectations of the FAA.  The process of Strategic Planning is used to identify priorities, allocate 
resources, and ensure that participants (e.g., COE PI’s, students and affiliates) and stakeholders 
(FAA and commercial space industry) are working toward common goals.  Once the 
expectations are articulated and agreed upon as our mission, vision and goals, the strategic plan 
can be used to direct operations as well as assess success in achieving the stated goals.

All COE CST PIs should review and provide comments on this initial framework of strategic 
goals to Dave Klaus as soon as practical.

The Strategic Planning Subcommittee members will combine these inputs and assemble a 
baseline plan for final comment.  The Strategic Plan should then be used to direct the 
Governance of the COE, monitor progress toward meeting the stated goals, and help to ensure 
that the COE remains a productive, cohesive entity that will continue to provide valuable 
research and programmatic support to the FAA and commercial space industry for years to 
come. Taking a systems engineering approach, Dave has identified 48 separate requirements as 
originally specified in the COE CST Request for Proposals (see his presentation in Appendix B). 

SUMMARY OF ACTION ITEMS 
1. Carol Gregorek should provide samples of technical quarterly reports to the COE CST PIs 

with an appropriate level of detail so PIs can provide text in a more uniform fashion. 
2. COE CST PIs should provide, to the greatest extent possible and without violating any 

copyright laws, electronic versions of conference papers and/or journal articles, or links to 
these papers. 

3. All COE CST members (staff, PIs and students) are requested to provide input of ways to 
improve the COE CST web site. 
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4. ALL PRINCIPAL INVESTIGATORS AND STUDENTS FROM ALL MEMBER 
UNIVERSITIES SHOULD PLAN ON ATTENDING THE ATM3 

5. Czech Tech University - ask if they have received funded research in space activity; Do they 
have resources available to apply to contributed research to the COE CST. CU may be 
interested. 

6. ERAU w/ UCF - ERAU must provide SOW -- NOT PASSING PHASE 1 
7. Final Frontier - CU & UTMB to explore Host roles 
8. NEAR SPACE CORP -- Tentative Approval pending SOW & P.I. 
9. PENN STATE UNIV - a. GLXP not consistent with COE CST research; b. Original 

application contained areas that appear to be of interest to COE CST; c. To be reconsidered, 
please provide SOW consistent with original application along with PI 

10. PREVAILANCE -  To be reconsidered, please provide SOW consistent with research goals 
of COE CST 

11. SYSENEX - a. Create SOW addressing state of the art questions in risk management with 
specific research consistent with COE CST 

12. COE CST PIs should download and review the draft COE CST Bylaws 
(http://db.tt/56f1sx9f) to provide comment to Nat Villaire as soon as practicable. 

13. Tristan should coordinate a telecom with CESTAC leadership and FAA AST to discuss the 
report findings. 

14. All COE CST PIs should review and provide comment on the requirements presented to 
Dave Klaus as soon as practicable. 
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Minutes 

FAA Center of Excellence for Commercial Space Transportation 

Fifth Annual Administrative Meeting (AAM5) 

Westin Dallas/Ft. Worth Airport Hotel 

April 27 – April 28, 2015 

Participants – Appendix A 

Topics and Discussion – Agenda – Appendix B 

Phase II Approval – Appendix C 

Approved By-Laws – Appendix D 

Financial Analysis – Appendix E 

Monday, April 27 

At 1:00 CDT Tristan Fiedler, Fl Tech, opened the Fifth Annual Administrative meeting. 

The meeting attendees were acknowledged and welcomed. The FAA COE CST Technical 
Director Ken Davidian began a program overview.  He announced FAA Administrator Michael 
Huerta approved Phase II of the CST COE allowing the center to continue for the next five years. 

Mr. Davidian discussed several business models allowing for adjustments in Phase II. He began 
by citing the order of center management to date: 

Year 1   NMSU 

Year 2  FAA 

Year 3 - 4 Florida Tech 

Year 5 – 6 UTMB (unanimously approved later in the meeting) 

Mr. Davidian’s business models all included greater industry participation, how to demonstrate 
to industry the value of the COE to their bottom line and their body of needed 
knowledge/technology. CST COE self-sufficiency at the end of ten years was debated including 
what self-sufficiency means. Juan Alonso, Brad Cheetham, and Jim Vanderploeg raised the 
issues with industry; regarding what it would take to get greater industry involvement. The 
consensus was that the government would have to have continued involvement on some level 
since many industries see government interest as an indicator of long term broader priorities and 
profitability. 

Brad Cheetham proffered that FAA AST would have to continue as a full partner so they can 
help shape regulations not just technology; scientists discover, engineers invent. He also noted 
that industry and the FAA haven’t done a very good job of emphasizing the workforce potential 
of CST COE university alums. 
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Dr. Patricia Watts the FAA COE National Director began her remarks by acknowledging and 
congratulating the CST on their continuation into Phase II. Particularly praiseworthy is the 
CST’s over 2:1 cost match.  The CST cost match exceeds any other COE’s cost match in the 
history of COE’s. Discussions are happening regarding “turning on” the contract portion, IDIQ, 
of the CST COE.  Up to this point all the money coming into the CST has been handled as a 
grant, requiring the cost match, per public law establishing the COEs.  Initiating the contract 
vehicle permits research with a deliverable not being subject to cost match.  

New Phase II cooperative agreements will be renegotiated with the prime nine universities. If the 
universities elect to enter into the contract vehicle additional agreements will be negotiated and 
issued. Carol Gregorek is working with the universities research offices to capture their 
recommendations.  She will compile and submit this information to the FAA for negotiation and 
final output. FAA legal is determining how to best proceed with COE requirement for pre-
approval for press releases, publications, and interviews.  

Dr. Watts suggested plans be put in place for a two year post Phase II so that students would 
have time to complete their degrees, assuming students might require this additional time. 

General discussion took place on the need to refocus on industry recruitment, the need for a 
strategic and implementation plan such as the Roadmap 2 and a reconstitution of the CESTAC. 

Dr. Scott Hubbard from Stanford announced his retirement from the program.  His replacement 
on the Executive Committee is Dr. Mykel Kochenderfer. Dr. Hubbard announced a $1500 cash 
prize from the New Space Journal to awarded for student (Insert requirements) 

Dr. Jim Vanderploeg rewrote and submitted for review by-laws.  Recommendations were made 
and are to be discussed during the Day 2 session. The by-laws include membership, leadership, 
standing committees, and policy. 

Day One was adjourned and reconvened at 7:30 pm.  Tristan Fiedler was thanked for his tireless 
and enthusiastic leadership of the CST for the past two years.  Scott Hubbard was presented with 
a farewell gift in appreciation of his service as Stanford lead during Phase I and Jim Vanderploeg 
was applauded as the incoming Administrative Director.  Ken Davidian surprised the group with 
beautiful desk name plates created with his 3-D printer.  Each was hand crafted and painted by 
Ken. Absolutely stunning and such a wonderfully thoughtful gift.  He requested photos of the 
name plates and their recipients. 

 

Actions from Day One 

June 30 – Deadline for matching/cost sharing reconciliation for Phase I by institution. Report 
due: July 31  

August 31 – Deadline for university feedback on Phase II cooperative agreements 

  

286



3 
 

Tuesday, April 28 

At 9:00 AM Tristan Fiedler opened the meeting.  

Evelina Bern was introduced and provided her professional background to the assembly.  She is 
the chief associate working with Ken Davidian, supporting him in the financial module of the 
CST. Evelina’s engineering background and financial experience with the World Bank have 
added much vigor and depth to the CST. She is very much appreciated and has already made an 
enormous impact. 

Conversation resumed on the by-law modifications.  The by-laws were adopted. 

The topic of the two annual meetings; discussed at each bi-annual meeting, was again discussed. 
The primary considerations, time and travel funding, are the issue.  Dr. Watts was asked if the 
meetings might be combined.  She stressed the importance of face-to-face intercourse and its 
productive outcome.  

Pat Hynes contributed that combining the technical meeting with an existing meeting such as the 
AST CST annual meeting would provide the industry networking so badly needed. She indicated 
the FAA technical monitors might be more focused and the research results more connected to 
industry through such an alliance. Her parting words “…think about the strategy of the meeting”. 

All agreed additional industry participation was required for a robust program. 

Fred Bowen commented on using the five roadmap areas and coordinating them with a broader 
industry group. Jim Vanderploeg, Tristan Fiedler/Scott Benjamin, Farrukh Alvi (via telecon), 
Juan Alonso  and Pat Hynes were the roadmap area coordinators.  The Roadmap 2.0 will be 
completed and delivered in mid-summer.  

Evelina Bern and Fred Bowen provided a financial analysis of the CST funding from program 
inception to date. They focused on reconciliation of the awards and spending, the matching-cost 
share data and the OMIS. 

Ken Davidian provided an overview of the FY2015 funding.  Details will be forthcoming when 
he knows how much money is going to the CST COE allocation. The allocation is expected to be 
from $1M - $3M. Also at issue is the mission research versus diffusion research versus 
regulatory research. 

Mr. Davidian and Ms. Bern met with the FAA acquisition legal team to discuss the IDIQ 
contract.  CST prime nine have expressed interest in incorporating this ability into Phase II. 

The Phase I CST closeout survey results will be a part of the Year 5 CST Annual 
Report/Closeout of Phase I. 

Tristan Fiedler discussed the NCURA Award and nominations. The consensus was to nominate a 
candidate for the award. The candidate was selected. 

Affiliate membership remains a hot topic. Tristan Fiedler is the prime nine lead for affiliate 
membership coordination. Note actions below: 
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Stanford was approved to work with University of Vienna 

Stanford was approved to work with Simpson College 

NMSU was asked to pursue or hand off working with University of Nebraska 

Affiliate membership will be a continuing dialogue and agenda item for the monthly Executive 
Committee Telecons.  Membership discussions led to deliberation on how to revive a CESTAC. 
It was unanimously agreed that the first step should be further examination of a CST and CSF 
relationship. Specific questions were 

What is membership for and how does it aid CST? 

Since there are different levels of membership, what level should CST pursue? 

Should the CST join as a research and education affiliate? 

Would the prime nine join CSF individually or would the FAA CST be a sole membership? 

A good deal of time was devoted to the premise that science + engineering + technology + 
entrepreneur + business = commercial space community. 

A further question was does the CSF need a panel for their research needs? 

Tristan Fiedler volunteered to meet with CSF to discuss the questions and make a presentation 
and recommendations at the May or June monthly Executive Committee telecon. 

David Klaus discussed strategic planning versus scenario based model – since CST doesn’t 
control its environment, examining pathways is critical. 

Juan Alonso discussed fostering relations and communicating the vision versus loose federation   
of research tasks. 

Scott Hubbard pointed out interdisciplinary and focus group workshops work for the benefit of 
all. 

Brad Cheetham challenged the prime nine to create an effort formalizing the nine member 
relationship. 

Andrei Zagrai discussed clearly defining in writing the prime nine vision.  

Ken Davidian reviewed the FAA requirements for the cooperative agreement; discussed 
identifying and meeting industry needs, and the pathway to long term viability. He included 
organizational model theory and the various approaches. 

Pat Hynes believes all models should be studied and that Ken should get back with the assembly 
to explore further. 

Day 2 Actions 

Carol Gregorek: Send out notification to Prime Nine requesting changes, if any, to their 
cooperative agreements. Deadline: May 30 
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Ken Davidian/Evelina Bern: Explore IDIQ and report to Executive Committee 

Tristan Fiedler/Carol Gregorek – NCURA Award 

All: Review the Affiliate Process and recommend changes 

Tristan Fiedler – Explore CSF process 

Fred Bowen – Get new website on-line 
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FAA COE for CST Technical Meeting
Millennium Harvest House, Boulder, CO

November 9 10, 2011

Tuesday November 8

6:00 8:00 pm Registration / Reception
Wednesday November 9

0730 0830 Continental Breakfast
Welcoming Remarks

0830 0845 CU
0845 0900 FAA

Programmatic Overviews
0900 0915 FAA AST Overview
0915 0930 FAA COE Overview (Watts)
0930 0945 COE CST Overview (Davidian)

COE CST Member University Overviews
0945 1000 CU (Klaus)
1000 1015 FIT (Durrance)
1015 1030 FSU (Alvi)
1030 1100 Break
1100 1115 NMSU (Hynes)
1115 1130 NMT (Westpfahl)
1130 1145 SU (Hubbard)
1145 1200 UCF (Kapat)
1200 1215 UF (Fitz Coy)
1215 1230 UTMB (Vanderploeg)

1230 1330 Lunch
CESTAC Meeting – Open Session

1330 1430 Introduction and Orientation

1: SPACE TRAFFIC MANAGEMENT AND OPERATIONS
1430 1445 185. Unified 4D Trajectory (SU Alonso)
1445 1500 186. Space Environment MMOD Modeling & Prediction (SU Close)
1500 1515 186. Space Environment MMOD Modeling & Prediction (CU Fuller Rowell)
1515 1530 187. Space Situational Awareness (CU Scheeres)
1530 1600 Break
1600 1615 247. Air & Space Traffic Considerations for CST (FIT Villaire)
1615 1630 220. Space Ops Framework (NMSU Hynes)
1630 1645 257. Master’s Ops Lab (CU Born)

2: SPACE TRANSPORTATION OPS, TECH & PAYLOADS Part 1
1645 1700 258. Multi disc Analysis of Safety Metrics (SU Alonso)
1700 1715 244. Autonomous RDV & Docking for Space Debris Mitigation (SU Rock)
1715 1730 259. Flight Software V&V for Safety (SU Alonso)

1730 Closing Remarks

6:30 7:00 pm Reception
7:00 9:00 pm Dinner
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Thursday November 10

0730 0830 Continental Breakfast

0830 0845 Opening Remarks

2: SPACE TRANSPORTATION OPS, TECH & PAYLOADS Part 2
0845 0900 244. Autonomous RDV & Docking for Space Debris Mitigation (UF Fitz Coy)
0900 0915 244. Autonomous RDV & Docking for Space Debris Mitigation (FSU Collins)
0915 0930 244. Autonomous RDV & Docking for Space Debris Mitigation (CU Axelrad)
0930 0945 228. Magneto Elastic Sensing for SHM (NMT Zagrai, Ostergren)
0945 1000 241. High Temp Pressure Transducers (UF Sheplak)
1000 1015 241. High Temp Pressure Transducers (FSU Oates)
1015 1030 253. Ultra High Temp Composites (UCF Gou, Kapat)

1030 1100 Break

3: HUMAN SPACEFLIGHT RESEARCH
1100 1115 181. Physiological Database Definition and Design (UTMB Vanderploeg)
1115 1130 182. Commercial Spaceflight DRMs (UTMB Vanderploeg)
1130 1145 183. Crew & HSP Medical Standards (UTMB Jennings)
1145 1200 255. Wearable Biomedical Equip (UTMB Jennings)
1200 1215 184. Commercial Spacecraft Human Rating (CU Klaus)
1215 1230 256. Centrifuge Testing (UTMB Vanderploeg)

1230 1330 Lunch

4: SPACE TRANSPORTATION INDUSTRY VIABILITY
1330 1345 193. Role of COE CST in EFP (SU Hubbard)
1345 1400 193. Role of COE CST in EFP (CU Born)

1400 1415 Technical Sessions Concluding Remarks (Davidian)

1415 1500 Break

1500 1600 Discussion / Closing Remarks

ADJOURN
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Day 1: Tuesday, October 29, 2013

8:00 AM

8:15 AM

8:30 AM

8:45 AM

9:00 AM

9:15 AM

9:30 AM

9:45 AM

10:00 AM

10:15 AM

10:30 AM Keynote Speaker Congressman Bill Posey

10:30 AM

10:45 AM

11:00 AM

11:15 AM

11:30 AM

11:45 AM

12:00 PM

12:15 PM

12:30 PM

12:45 PM

1:00 PM

1:15 PM

1:30 PM

1:45 PM

2:00 PM

2:15 PM

2:30 PM

2:45 PM

3:00 PM

3:15 PM

3:30 PM

3:45 PM

4:00 PM

4:15 PM

4:30 PM

4:45 PM

5:00 PM

5:15 PM Adjournment

2a: SPACE TRANSPORTATION OPS, TECH & PAYLOADS
228. Magneto-Elastic Sensing for SHM (NMT-Zagrai, Ostergren) 

253. Ultra High Temp Composites (UCF-Gou, Kapat)
293. Reduced Order Non-Linear Dynamic System Models (NMT-Miller)

2b: SPACE TRANSPORTATION OPS, TECH & PAYLOADS
241. High Temp Pressure Transducers (UF-Sheplak), (FSU-Oates)

298: Integration & Evaluation of Payloads (NMSU-Hynes)
299: Nitrous Oxide Composite Tank Testing 

(NMT-Ostergren, Dr. Robert Abernathy and Dr. Michael Hargather)

Lunch
Hyatt Regency Capitol Room A, (Lunch Included in your Registration)

Keynote Speaker: Joseph Rothenberg
(Chairman CESTAC/JHR Consulting)

1a: SPACE TRAFFIC MANAGEMENT AND OPERATIONS
186. Space Env MMOD Modeling & Prediction 

(SU-Close), (CU-Fuller-Rowell)

1b: SPACE TRAFFIC MANAGEMENT AND OPERATIONS
185. Unified 4D Trajectory (SU-Alonso) 

258. Multi-disc Analysis of Safety Metrics (SU-Alonso)
247. Air & Space Traffic Considerations for CST (FIT-Villaire)

1c: SPACE TRAFFIC MANAGEMENT AND OPERATIONS
257: Master's Launch & On-Orbit Ops Class (Cheetham)

187. Space Situational Awareness (CU-Scheeres)
220: Space Operational Framework (NMSU-Hynes)

Networking Break

Registration & Breakfast
Hyatt Regency Capitol Rooms A & B - Lobby Level

(Breakfast Included in your Registration)

OPENING REMARKS
WELCOME (K. Davidian, FAA AST)

FAA OPENING KEYNOTE SPEAKER (G. Nield, FAA AST)
NASA OPENING SPEAKER (F. Chandler, NASA HQ OCT)

PROGRAMMATIC OVERVIEWS
- FAA COE Welcome & Overview (P. Watts, FAA COE)

- COE CST Status Report (K. Davidian, FAA AST)

 Networking Break

COE CST AFFILIATE AND ASSOCIATE MEMBERS
- Overview (K. Davidian), McGill (Y. Nyampong), NASTAR (B. Henwood), 

ERAU (M. Hickey), DLR (J. Drescher). 
- Not in attendance: SatWest (B. Barnett), UN Lincoln (M. Schaeffer), 

NASA ARC (M. Dudley)
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Day 2: Wednesday, October 30, 2013

8:00 AM

8:15 AM

8:30 AM

8:45 AM

9:00 AM DAY 2 OPENING REMARKS

9:15 AM

9:30 AM

9:45 AM

10:00 AM

10:15 AM

10:30 AM

10:45 AM

11:00 AM

11:15 AM

11:30 AM

11:45 AM

12:00 PM

12:15 PM

12:30 PM

12:45 PM

1:00 PM

1:15 PM

1:30 PM

1:45 PM

2:00 PM

2:15 PM

2:30 PM

2:45 PM

3:00 PM

3:15 PM

3:30 PM

3:45 PM

4:00 PM

4:15 PM

4:30 PM

4:45 PM Adjournment

4: SPACE TRANSPORTATION INDUSTRY VIABILITY
193. Role of COE CST in EFP (SU-Hubbard), (CU-Born)

Parallel Sessions
Allied Organization Presentations

and CESTAC Closed Meeting

Networking Break

CESTAC OUTBRIEF
- Joe Rothenberg (CESTAC)

CLOSING KEYNOTE
Mike Gold (Bigelow Aerospace/COMSTAC)

CLOSING REMARKS
- P. Watts (FAA COE), K. Davidian (FAA AST), T. Fiedler (FIT)

Registration & Breakfast
Hyatt Regency Capitol Rooms A & B - Lobby Level

(Breakfast Included in your Registration)

3: HUMAN SPACEFLIGHT RESEARCH
184. Comm'l Spacecraft Human Rating (CU-Klaus)

255. Wearable Biomedical Equip (UTMB-Castleberry)
256. Centrifuge Testing (UTMB-Vanderploeg)

294. Minor Injury Severity Scale (UTMB-Castleberry)
295. EMF Effects on Implantable Devices (UTMB-Vanderploeg)

Networking Break

2c: SPACE TRANSPORTATION OPS, TECH & PAYLOADS
244. Autonomous RDV & Dock ing for Space  Debris Mitigation 

(UF-Fitz-Coy), (FSU-Collins). (SU-Rock), (CU-Axelrad)

Lunch
Hyatt Regency Capitol Room A, (Lunch Included in your Registration)

Keynote Speaker: Dr. T. Dwayne McCay
(Executive VP-COO, Florida Institute of Technology)
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CENTER OF EXCELLENCE
for

COMMERCIAL SPACE TRANSPORTATION
ANNUAL TECHNICAL MEETING

October 11, 2016

Start Time Tuesday, October 11th
7:30 AM
7:45 AM
8:00 AM
8:15 AM
8:30 AM ATM6 OPENING, Dr. James M. Vanderploeg, MD, COE CST Exec Director, UTMB
8:45 AM FAA COE PROGRAM OVERVIEW, Dr. Patricia Watts, FAA COE National Program 

Director
9:00 AM COE CST YEAR 6 STATUS, Ken Davidian, FAA AST
9:15 AM

9:30 AM

9:45 AM

10:00 AM
10:15 AM
10:30 AM

10:45 AM

11:00 AM

11:15 AM

11:30 AM

11:45 AM

12:00 PM
12:15 PM
12:30 PM
12:45 PM
1:00 PM

1:15 PM

1:30 PM

1:45 PM

2:00 PM

2:15 PM

2:30 PM

2:45 PM
3:00 PM Wayne Hale

Consultant, NASA (Ret.), Consultant, Special Aerospace Services
3:15 PM Sponsored Break
3:30 PM

3:45 PM

4:00 PM

4:15 PM

4:30 PM

4:45 PM

5:00 PM
5:15 PM
5:30 PM ADJOURN

REGISTRATION
Hotel Encanto de Las Cruces, San Rafael Ballroom

(Breakfast Included in Registration)

Sponsored Break

CLOSING REMARKS
Dr. Jim Vanderploeg, et al.

INDUSTRY VIABILITY PANEL
Moderator: Dr. Tristan Fiedler, FIT
Panelists: 
• Mr. Brad Cheetham (Task 193-CU, ESIL Workshops)
• Bailey Reichelt, Esq (Task 305-FIT, Suborbital Industry Analysis)
• Aram Kerkonian (Task 304-MU/FIT Legal Issues on Cross-Border Suborbital Flights - Affiliate Task)

HUMAN SPACEFLIGHT RESEARCH PANEL
Moderator: Dr. Jim Vanderploeg, UTMB
Panelists: 
• Dr. David Klaus (Task 320-CU, Commercial Spaceflight Risk Assessment and Communication)
• Dr. Guy Boy (Task 333-FIT, Onboard Context-Sensitive Info System)
• Dr. Rebecca Blue (Task 308-UTMB, Suborbital SFP Anxiety Assessment
• Dr. Tarah Castleberry (Task 309-UTMB, Suborbital Pilot Training Assessment)
• Dr. Charles Mathers (Task 310-UTMB, Increasing Cabin Survivability in Commercial Spacecraft)

SPACE TRAFFIC MANAGEMENT PANEL
Moderator: Dr. Juan Alonso, Stanford
Panelists: 
• Dr. Tim Fuller-Rowell (Task 186-CU, Mitigate Threats Through Space Environment Modeling and 
Prediction)
• Dr. Sigrid Close (Task 186-SU, Space Environment Modeling Prediction)
• Dr. Dan Scheeres (Task 187-CU, Space Situational Awareness)
• Dr. Norman Fitz-Coy (Task 319-UF, DebriSat)
• Dr. Juan Alonso (Task 331-SU, Advanced 4D Special Use Airspace Research)
• Dr. Chris Draper (Affiliate Task 332-SIM Defining Class X Air Space)
• Dr. Zheng Tao (MITRE - Associate Task)
• Mr. Brian Barnett (Affiliate Task 307-SSC/NMSU COTS Satellite Communications) 
• Dr. Richard Stansbury (Affiliate Task 306-ERAU/NMSU Advanced ADS-B Prototypes)

TECHNOLOGY PANEL
Moderator: Dr. Andrei Zagrai, NMT
Panelists: 
• Dr. Billy Oates (Task 241-FSU, High Temperature, Optical Sapphire Pressure Sensors) 
• Dr. Rajan Kumar (Task 325-FSU, Optical Measurements of Rocket Nozzle Thrust and Noise)
• Dr. Bin Lim (Task 299-NMT, Nitrous Oxide Composite Tank Testing)
• Dr. Andrei Zagrai (Task 323-NMT, Structural Health Monitoring Framework)
• Dr. Subit Vasu (Task 311-UCF, Robust and Low-Cost LED Absorption Sensor)
• Dr. Eileen Ryan (Task 329-NMT, Tracking and Monitoring Suborbital Commercial Space Vehicles)

Sponsored Lunch
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CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION

7TH ANNUAL TECHNICAL MEETING

(COE CST ATM7)

Tuesday, October 10, 2017
Hotel Encanto, Las Cruces, NM

MORNING PROGRAM

7:30 AM Hotel Encanto de Las Cruces, San Rafael Ballroom
(Group Photo #1 at 8:15 AM)

8:30 AM
Dr. James M. Vanderploeg, COE CST Executive Director

Dr. Jeff Sutton, Baylor College of Medicine
Mr. David Zuniga, Danish Aerospace Company
Dr. Moriba Jah, University of Texas-Austin
Dr. Tristan Fiedler, FIT, Additional Members

Ms. Evelina Bern and Mr. Ken Davidian, FAA AST

9:30 AM Mr. Ken Davidian, FAA AST

9:45 AM

Dr. Dave 
Klaus, CU

Dr. David Klaus (320-CU, Commercial Spaceflight Risk Assessment)
Dr. Rebecca Blue (308-UTMB, Suborbital SFP Anxiety Assessment)
Dr. Tarah Castleberry (309-UTMB, Suborbital Pilot Training)
Dr. Jim Vanderploeg (310-UTMB, Increasing Cabin Survivability)

10:30 AM
11:00 AM

Dr. Dave 
Klaus, CU

Dr. David Klaus (353-CU, Human Factors - Vehicle Design Focus)
Dr. Jim Vanderploeg (353-BCM, Human Factors - Physiological Focus)

12:00 PM (Group Photo #2 at 12:45 PM)
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CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION

7TH ANNUAL TECHNICAL MEETING

(COE CST ATM7)

Tuesday, October 10, 2017
Hotel Encanto, Las Cruces, NM

AFTERNOON PROGRAM

1:00PM

Dr. Mykel 
Kochenderfer,
Stanford

Dr. Sigrid Close (186-SU, Probabilistic Debris Model Development)
Ms. Marielle Pellegrino for Dr. Dan Scheeres (187-CU, Space Situational 
Awareness)
Dr. Mykel Kochenderfer and Rachel Tompa (331-SU, Advanced 4D 
Special Use Airspace)
Dr. Joe Kleespies (319-UF, DebriSat)
Dr. Bill Lash (MITRE Associate Task)
Mr. Sven Kaltenhaeuser (Associate DLR-Interoperable Air and Space 
Traffic Management)

Dr. Moriba Jah (371-NMSU/UT Austin Space Object Database)
Dr. Tim Fuller-Rowell (186-CU, Whole Atmosphere Model 
Development)
Dr. Penina Axelrad, (367-CU, CubeSat Deployment Tracking)

3:00PM
3:30PM

Dr. Andrei 
Zagrai, 
NMT

Dr. Rajan Kumar (325-FSU, Optical Measurements of Rocket Thrust)
Dr. Bin Lim (299-NMT, Nitrous Oxide Composite Tank Testing)
Dr. Andrei Zagrai (323-NMT, Structural Health Monitoring Framework)
Dr. Subith Vasu (311-UCF, LED Absorption Sensor)
Drs. Jan Gou & Jay Kapat (253-UCF, Composite TPS Material)
Mr. Brian Barnett (Affiliate 307-SSC/NMSU COTS Satellite Comms)

Dr. Billy Oates (241-FSU, High Temperature, Optical Sapphire Pressure 
Sensors)

5:30PM
Dr. Jim Vanderploeg, et al.

5:45PM
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Map of COE CST Member Distribution
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FINAL 10/27/2020 

 FAA CENTER OF EXCELLENCE FOR  
COMMERCIAL SPACE TRANSPORTATION 

TENTH ANNUAL TECHNICAL MEETING AGENDA 
Wednesday, October 28, 2020 

It is recommended that you preview the Presentation Videos  
prior to the meeting for a more robust participation 

U.S. EDT AGENDA ITEM 

11:00 AM Pre-Conference Videos – Overview of FAA AST Commercial Space R&D 

11:30 AM WELCOME & OPENING REMARKS 

 Dr. Dave Klaus, COE CST Executive Director, University of Colorado Boulder 
 Dr. Ken Davidian, FAA Office of Commercial Space Transportation 

11:45 AM PANEL 1: AEROSPACE ACCESS & OPS RESEARCH 

 186-SU. Mitigate Threats through Space Environment Modeling/Prediction  Dr. Sigrid Close, Stanford 
 367-CU. CubeSat Cluster Deployment Tracking  Dr. Penina Axelrad, CU Boulder 
 371-NMSU/UTA. Space Object Database  Dr. Moriba Jah, UT Austin 
 372-CU. Resident Space Object System Mechanics  Dr. Dan Scheeres, CU Boulder 
 375 DLR. Interoperable Air and Space Traffic Management  Mr. Sven Kaltenhaeuser, DLR 
 397-FIT. Measurements of Thunderstorm Electrical Parameters  Dr. Amitabh Nag, FIT 
 399-UCF. Space Object Uncertainty Quantification, Probability of Collision  Dr. Tarek Elgohary, UCF 

12:45 PM Break (Student auto-biographical videos) 

1:00 PM PANEL 2: AEROSPACE VEHICLES RESEARCH 

 241-FSU. High Temp, Optical Sapphire Pressure Sensors  Dr. Billy Oates, FSU 
 253-UCF. Ultra-High Temp Composites for Thermal Protection Systems  Drs. Jay Kapat/Jan Gou, UCF 
 311-UCF. LED-Based Low-Cost Gas Sensor for Crew and Vehicle Safety  Dr. Subith Vasu, UCF 
 323-NMT. Structural Health Monitoring Framework  Dr. Andrei Zagrai, NMT 

 Mr. Dale Amon, Immortal Data 
 325-FSU. Optical Measurements of Rocket Nozzle Thrust and Noise  Dr. Rajan Kumar, FSU 
 377-NMT. Nitrous Oxide Composite Case Testing  Dr. Bin Lim, NMT 
 406-ARC. Aircraft Vulnerability Testing and Modeling  Mr. Ryan Schnalzer, ARCTOS 
 407-ARC. Conditional Risk Investigation  Dr. Wije Wathugala, ARCTOS 
 410-ARC. Improved Population Clustering Follow-up  Dr. Wije Wathugala, ARCTOS 

2:00 PM Break (Student auto-biographical videos) 

2:15 PM PANEL 3: HUMAN SPACEFLIGHT & OPS RESEARCH 

 396-CU. Mapping Life Support System Functions and Technologies  Dr. David Klaus, CU Boulder 
 398-FIT. Human Input Systems for Commercial Space Transportation  Dr. Tom Eskridge, FIT 
 400-UTMB. Commercial Space Occupational Medicine Health Standards  Dr. Ed Powers, UTMB 

3:00 PM Break (Student auto-biographical videos) 

3:15 PM PANEL 4: INDUSTRY INNOVATION RESEARCH 

 Suborbital Tourism Industry Emergence Data and Processes  Dr. Ken Davidian 
 378-FIT. Commercial Space Innovation Initiative Policy Research  Dr. Greg Autry 
 380-NMSU. Spaceport Industry Emergence & Operations Online Reference  Dr. Patricia Hynes, NMSU 
 395-FIT. Small Launch Vehicle Sector: Industry Dynamics and Policy  Dr. Andy Aldrin, FIT 
 402-FIT. Satellite Constellation Industry Dynamics  Dr. Andy Aldrin, FIT 

4:00 PM CLOSING REMARKS 
Abbreviations: CU-University of Colorado Boulder, DLR-Deutschen Zentrums für Luft- und Raumfahrt (German 
Aerospace Center), FIT-Florida Institute of Technology, FSU-Florida State University, McGill-McGill University, 
NMSU-New Mexico State University, NMT-New Mexico Institute of Mining and Technology, Stanford-Stanford 
University, UCF-University of Central Florida, UF-University of Florida, UNF-University of Northern Florida, UT-
University of Texas, UTMB-University of Texas Medical Branch at Galveston 
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FINAL AGENDA 
11th ANNUAL TECHNICAL MEETING 

Thursday, April 14, 2022 
 
As of April 12, 2022 

EDT AGENDA ITEM  

8:30 AM Open House at CAMID for In-Person Attendees  

9:00 AM Sign-In and Pre-Meeting Discussions 

9:30 AM 

 

End 26.45 

Cut 26.46 
to 33.17 

Welcome & Opening Remarks 

 Kelvin Coleman, Acting Associate 
Administrator, FAA Office of Commercial 
Space Transportation - Welcome Video 

 

 Pat Watts Presentation 
 

Dr. Dan Kirk, Florida Tech 

Dr. David Klaus, COE CST Executive 
Director, University of Colorado 
Boulder 

Dr. Ken Davidian, FAA Office of 
Commercial Space Transportation 

Dr. Patricia Watts, FAA Workforce 
Development, Senior Advisor and 
Grants Officer 

10:00 AM 

Start 33.18 
to 1:32.08 

Cut 
1:32.09 to 
1:44.40 

Research Area 1 Retrospective and Q&A 
 

Moderator: David Klaus (CU) 

Panelists: Penny Axelrad (CU), Tarek 
Elgohary (UCF), Tim Fuller-Rowell 
(CU), Sven Kaltenhauser (DLR), 
Amitabh Nag (FIT) 

 

11:00 AM Video Messages / Break   

11:15 AM 

Start 
1:44.40 to  

Research Area 2 Retrospective and Q&A 
 

Moderator: Karl Garman (FAA AST) 

Panelists: Dale Amon (ID), Jihua Gou 
(UCF), Rajan Kumar (FSU), Seokbin 
Lim (NMT), Subith Vasu (UCF), 
Andrei Zagrai (NMT) 
 

12:15 PM Lunch Break   

1:15 PM Research Area 3 Retrospective and Q&A 
 

Moderator: Melchor Antunano (FAA 
CAMI) 

Panelists: Jonathan Clark (BCM), 
David Klaus (CU), Charles Mathers 
(FAA CAMI), Jeffrey Sutton (BCM) 
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FINAL AGENDA 
11th ANNUAL TECHNICAL MEETING 

Thursday, April 14, 2022 
 

2:15 PM Video Messages / Break   

2:30 PM Research Area 4 Retrospective and Q&A 
 

Moderator: Ken Davidian (FAA AST) 

Panelists: Andy Aldrin (ERAU),  
Greg Autry (ASU), Patricia Hynes 
(NMSU), Don Platt (FIT) 
 

3:00 PM Video Messages / Break   

3:15 PM Overview of Affiliates and Associates 

 Spaceport to Spaceport – Oscar Garcia 
 Immortal Data Black Box Status and Future 

Directions – Dale Amon 

Dr. Tristan Fiedler 

3:35 PM Current Industry Research Awareness Dr. Tristan Fiedler 

3:45 PM Future Research Directions Dr. Ken Davidian 

4:05 pm Keynote Speaker 

Closing Remarks 
 

Dr. George Nield 

Dr. David Klaus & Dr. Ken Davidian 
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 COE CST 2009 ‐ 2022 

 
       

APPENDIX D. ANNUAL FINANCIAL LEDGERS 

This Appendix contains the following documents: 

 FY10 COE CST Financial Ledger 
 FY11 COE CST Financial Ledger 
 FY12 COE CST Financial Ledger 
 FY13 COE CST Financial Ledger 
 FY14 COE CST Financial Ledger 
 FY15 COE CST Financial Ledger 
 FY16 COE CST Financial Ledger 
 FY17 COE CST Financial Ledger 
 FY18 COE CST Financial Ledger 
 FY19 COE CST Financial Ledger 
 FY21 COE CST Financial Ledger 
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Approved

Proposal 

Posted to 

grants.gov

Proposal 

Sent to COE 

PD

FAA COE 

PD Issues 

CA Mod

R,E&D Grant 

Amount

Physiological DB Definition and Design (Yr 1/2) 3.1 UTMB 7 11/19/2010 12/20/2010 1/3/2011 1/21/2011 $25,190

Physiological DB Definition and Design (Yr 2/2) 3.1 UTMB 8 11/19/2010 12/20/2010 4/19/2011 5/3/2011 $20,646

182 Commercial Suborbital & Orbital DRMs (Yr 1/1) 3.1 Vanderploeg UTMB 3 11/19/2010 12/20/2010 1/3/2011 1/21/2011 $25,190

183 Crew & HSP Medical Standards etc. (Yr 1/1) 3.1 Jennings UTMB 4 12/9/2010 12/20/2010 1/3/2011 1/21/2011 $33,284

184 Human Rating of Commercial Spacecraft (Yr 3.4 Klaus CU 7 12/9/2010 5/12/2011 5/13/2011 5/16/2011 $79,542

185 Unified 4D Trajectory (Yr 1/5) 1.1 Alonso SU 5 11/19/2010 1/28/2011 2/1/2011 2/18/2011 $60,000

185 Unified 4D Trajectory (Yr 1/5) 1.1 Alonso SU 21 11/19/2010 1/28/2011 8/21/2012 8/31/2012 $580

1.1 Close SU 3 11/19/2010 12/16/2010 12/16/2010 1/21/2011 $49,272

1.1 Fuller-Rowell CU 6 11/19/2010 4/20/2011 4/20/2011 5/3/2011 $40,000

187 Space Situational Awareness (Yr 1/5) 1.1 Scheeres CU 4 1/13/2011 2/8/2011 2/11/2011 2/18/2011 $76,906

Role of COE CST in EFP (Yr 1/5) 4.1 Hubbard SU 2,10 11/19/2010 12/16/2010 12/16/2010 1/21/2011 $95,038

Role of COE CST in EFP (Yr 1/5) 4.1 Born CU 2 11/19/2010 12/20/2010 1/3/2011 1/21/2011 $11,552

Role of COE CST in EFP (added funds Yr 1/5) 4.1 Born CU 8 11/19/2010 6/2/2011 6/6/2011 6/20/2011 $15,092

1.2 NMSU 2 12/9/2010 12/13/2010 12/14/2010 1/28/2011 $50,126

1.2 NMSU 7 4/17/2012 5/23/2012 5/31/2012 6/28/2012 $54,544

1.2 NMSU 4 12/19/2010 12/14/2011 12/15/2011 1/5/2012 $24,000

228 Magneto-Elastic Sensing for SHM (Yr 1&2/5) 2.2 Zagrai, Ostergren NMT 2 11/19/2010 12/6/2010 12/14/2010 1/21/2011 $75,000

228 Magneto-Elastic Sensing for SHM (Yr 1&2/5) 2.2 Zagrai, Ostergren NMT 5 4/17/2012 6/12/2012 6/18/2012 7/10/2012 $37,500

2.2 Sheplak UF 3 12/9/2010 1/14/2011 1/19/2011 1/28/2011 $50,000

2.2 Oates FSU 4 12/9/2010 2/11/2011 2/11/2011 2/18/2011 $41,310

1.1 Fitz-Coy UF 2 1/13/2011 1/14/2011 1/19/2011 1/28/2011 $30,000

1.1 Collins FSU 3 1/13/2011 1/20/2011 1/25/2011 2/2/2011 $24,830

1.1 Rock SU 4 1/13/2011 1/28/2011 1/28/2011 2/18/2011 $40,000

1.1 Axelrad CU 9 1/13/2011 6/6/2011 6/6/2011 6/20/2011 $17,000

1.1 FIT 5 1/13/2011 12/14/2011 1/31/2012 2/1/2012 $17,000

1.1 FIT 7 4/17/2012 7/30/2012 8/2/2012 8/2/2012 $23,526

1.1 FIT 2 11/19/2010 3/16/2011 3/28/2011 4/8/2011 $89,486

253 Ultra High Temp Composites (Yr 1/3) 2.2 Gou, Kapat UCF 2 12/9/2010 1/25/2011 1/26/2011 2/2/2011 $89,090

255 Wearable Biomedical Monitoring Equip (Yr 1/2) 3.1 Jennings UTMB 5 11/19/2010 12/20/2010 1/3/2011 1/21/2011 $59,025

255 Wearable Biomedical Monitoring Equip (Yr 2/2) 3.1 Jennings UTMB 9 11/19/2010 12/20/2010 4/19/2011 5/3/2011 $34,896

255 Wearable Biomedical Monitoring Equip (Yr 2/2) 3.1 Jennings UTMB 17 11/19/2010 12/17/2012 1/7/2013 $0

256 Additional NASTAR Centrifuge Testing (Yr 1/2) 3.5 Vanderploeg UTMB 6 12/9/2010 12/20/2010 1/3/2011 1/21/2011 $31,525

256 Additional NASTAR Centrifuge Testing (Yr 2/2) 3.5 Vanderploeg UTMB 10 12/9/2010 12/20/2010 4/19/2011 5/3/2011 $32,396

256 Additional NASTAR Centrifuge Testing (Yr 2/2) 3.5 Vanderploeg UTMB 16 12/9/2010 12/17/2012 1/7/2013 $0

257 Master’s Launch & On-Orbit Ops Lab (Yr 1/5) 1.2 Born CU 3 12/9/2010 12/16/2010 1/3/2011 1/21/2011 $25,024

258 Multi-disc Analysis of Safety Metrics (Yr 1/5) 2.1 Alonso SU 8 11/19/2010 2/22/2011 2/23/2011 3/4/2011 $50,000

259 Flight Software V&V for Safety  (Yr 1/5) 2.2 Alonso SU 6 12/9/2010 1/19/2011 2/4/2011 2/18/2011 $5,110

293 Reduced-Order Non-Linear Dyn Sys Models 2.2 Miller NMT 4 4/17/2012 5/10/2012 5/11/2012 5/22/2012 $37,500

281 Technical Oversight (Yr 1/5) 3.1 Klaus CU 5,14 NA 2/24/2011 2/25/2011 3/4/2011 $34,884

282 Technical Oversight (Yr 1/5) 1.1 Durrance FIT 3 NA 3/15/2011 3/28/2011 4/8/2011 $19,988

283 Technical Oversight (Yr 1/5) 2.1 Alvi FSU 2,5 NA 12/16/2010 12/16/2010 1/21/2011 $33,860

286 Technical Oversight (Yr 1/5) 4.1 Hubbard SU 7&11 NA 2/11/2011 2/11/2011 2/18/2011 $100,000

287 Technical Oversight (Yr 1/5) 2.1 Kapat UCF 3 NA 2/1/2011 2/1/2011 2/18/2011 $10,910

288 Technical Oversight (Yr 1/5) 2.1 Cattafesta, Ukeiley UF 4 NA 1/14/2011 1/19/2011 1/28/2011 $20,000

289 Technical Oversight (Yr 1/5) 3.1 Vanderploeg UTMB 2 NA 12/17/2010 1/3/2011 1/21/2011 $23,907

289 Technical Oversight (Yr 2/5) 3.1 Vanderploeg UTMB 11 NA 12/17/2010 6/6/2011 6/20/2011 $13,941

$1,728,670

284 Administrative Lead (Yr 1&2/5) 5 Hynes NMSU 3,6 NA 7/20/2011 7/22/2011 8/15/2011 $271,330

$271,330

$2,000,000

2,000,000$           

FAA AST COE CST FY10 Funding Status

Space Env MMOD Modeling & Prediction (Yr 

1/5)

220

181

186

as of Thursday, June 23, 2022

Vanderploeg

193

Space Operational Framework (Yr 1/5)

Funds Released by FAA COE Program Office by Cooperative Agreement Modification

Hynes

247 Air & Space Traffic for CST (Yr 1/5) Villaire

Subtotal of All Research Tasks

241

Autonomous RDV & Docking for Space Debris 

Mitigation

TOTAL OF ALL TASKS APPROVED BY FAA AST

Subtotal of All Technical Oversight Tasks

High Temp Pressure Transducers (Yr 1/2)

244
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183 Crew & HSP Medical Standards etc. 3.1 Jennings UTMB 12 12/9/2010 9/1/2011 9/6/2011 9/7/2011 $35,000
184 Human Rating of Commercial Spacecraft 3.4 Klaus CU 12/9/2010

1.1 Alonso SU 12 11/19/2010 9/2/2011 9/6/2011 9/7/2011 $50,000
1.1 Klaus CU 11/19/2010

1.1 Close SU 13 11/19/2010 9/2/2011 9/6/2011 9/7/2011 $50,000
1.1 Fuller-Rowell CU 11/19/2010

187 Space Situational Awareness 1.1 Scheeres CU 10 1/13/2011 8/19/2011 8/29/2011 8/31/2011 $80,000
4.1 Hubbard SU 11/19/2010

4.1 Born CU 11/19/2010

220 Space Operational Framework 1.2 Hynes NMSU 12/9/2010

227 High Temp Material Sensors 2.2 Durrance FIT

228 Magneto-Elastic Sensing for SHM 2.2 Zagrai, Ostergren NMT 11/19/2010

2.2 Sheplak UF 5 12/9/2010 9/8/2011 9/8/2011 9/9/2011 $60,000
2.2 Oates FSU 6 12/9/2010 8/31/2011 9/1/2011 9/1/2011 $30,000
1.1 Fitz-Coy UF 5 1/13/2011

1.1 Collins FSU 7 1/13/2011 9/7/2011 9/8/2011 9/9/2011 $45,000
1.1 Rock SU 14 1/13/2011 9/1/2011 9/1/2011 9/7/2011 $40,000

246 Thermal Insulation Systems 1.1 FSU

247 Air & Space Traffic Considerations for CST 1.1 Villaire FIT 11/19/2010

251 Damage Prognosis Models 2.2 NMSU 11/19/2010

253 Ultra High Temp Composites 2.2 Gou, Kapat UCF 12/9/2010

257 Master’s Launch & On-Orbit Ops Lab 1.2 Born CU 11 12/9/2010 8/19/2011 8/29/2011 8/31/2011 $50,000
258 Multi-disc Analysis of Safety Metrics 2.1 Alonso SU 11/19/2010

259 Flight Software V&V for Safety 2.2 Alonso SU 12/9/2010

287 Technical Oversight 2.1 Kapat UCF 4 NA 8/18/2011 8/29/2011 8/31/2011 $10,000
260 Payload Interface & Safety Guidelines 2.4 Klaus CU 11/19/2010

$450,000

281 Technical Oversight Klaus CU NA

282 Technical Oversight Durrance FIT NA

283 Technical Oversight Alvi FSU NA

285 Technical Oversight Westpfal NMT NA

286 Technical Oversight Hubbard SU NA

288 Technical Oversight Cattafesta, Ukeiley UF NA

289 Technical Oversight Vanderploeg UTMB NA

- AST Management Reserve Davidian FSU 8 NA 8/26/2011 8/29/2011 8/31/2011 $50,000
$50,000

$500,000

500,000$     

FAA AST COE CST FY11 Funding Status

TOTAL OF ALL TASKS APPROVED BY FAA AST

Autonomous RDV & Docking for Space 
Debris Mitigation

Role of COE CST in EFP

244

193

Unified 4D Trajectory

Subtotal of All Research Tasks

185

241

Funds Released by FAA COE Program Office by Cooperative Agreement Modification

as of Thursday, June 23, 2022

186 Space Env MMOD Modeling & Pred

Subtotal of All Technical Oversight Tasks

High Temp Pressure Transducers
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482,200$    130,000$   152,800$     1,075,350$     

193-CU (SG) Role of COE CST in EFP 4.1 George Born CU $13,000 12 $13,000

186-CU (SG) Space Env MMOD Modeling & Prediction 1.1 Tim Fuller-Rowell CU $18,000 13 $18,000

187-CU Space Situational Awareness 1.1 Dan Scheeres CU $67,069 16 $67,069

184-CU Human Rating of Commercial Spacecraft 3.1 David Klaus CU $52,350 17 $52,350

193-CU Role of COE CST in EFP 4.1 George Born CU $0 18 $0

184-CU Human Rating of Comm'l S/C IOU 1.1 David Klaus CU $50,000 23 $50,000

186-CU Space Env MMOD Modeling & Prediction 1.1 Tim Fuller-Rowell CU $40,000 19 $40,000

193-CU Role of COE CST in EFP 4.1 George Born CU $36,000 20 $36,000

244-CU Autonomous RDV & Docking 1.1 Penny Axelrad CU $94,467 21 $94,467

257-CU Master’s Launch & On-Orbit Ops Lab 1.1 George Born CU $33,486 22 $33,486

247-FIT ATC for Comm'l Space Transportation 1.1 Nat Villaire FIT $26,566 8 $26,566

247-FIT ATC for Comm'l Space Transportation IOU 1.1 Nat Villaire FIT $40,000 10 $40,000

241-FSU (SG) High Temp Pressure Transducers 2.1 Billie Oates FSU $21,000 9 $21,000

241-FSU High Temperature Pressure Transducers 2.1 Billie Oates FSU $86,853 11 $86,853

244-FSU Autonomous RDV & Docking 1.1 Emmanuel Collins FSU $94,038 13 $1,852 $52,800 $39,386

220-NMSU Commercial Spaceport Practices Framework 1.1 Pat Hynes NMSU $35,497 8 $35,497

220-NMSU Commercial Spaceport Practices Framework 1.1 Pat Hynes NMSU $5,000 10 $5,000

298-NMSU Integration & Evaluation of ADS-B Payloads 2.1 Pat Hynes NMSU $61,191 9 $20,000 $41,191

299-NMT Nitrous Oxide Composite Tank Testing 2.1 TBD NMT $121,227 6 $121,227

193-SU (SG) Role of COE CST in EFP 4.1 Scott Hubbard SU $73,000 15 $73,000

258-SU (SG) Multidisciplinary Analysis of Safety Metrics 2.1 Juan Alonso SU $24,000 16 $24,000

193-SU RLV Technology Roadmap 4.1 Scott Hubbard SU $140,123 18 $140,123

185-SU Unified 4D Trajectory Analysis 1.1 Juan Alonso SU $17,416 19 $17,416

185-SU Unified 4D Trajectory Analysis 1.1 Juan Alonso SU $130,000 25 $130,000

186-SU Task 186-SU Mod 22 Rule Econ Impact 1.1 Sigrid Close SU $50,000 22 $50,000

258-SU Multidisciplinary Analysis of Safety Metrics 2.1 Juan Alonso SU $51,288 20 $51,288

186-SU Space Env MMOD Modeling & Prediction 1.1 Sigrid Close SU $18,042 23 $18,042

244-SU Autonomous RDV & Docking 1.1 Steve Rock SU $22,126 24 $22,126

253-UCF (SG) UHT Thermal Protection System 2.1 JGou, JKapat UCF $42,000 6 $42,000

253-UCF UHT Thermal Protection System 2.1 JGou, JKapat UCF $114,000 8 $114,000

244-UF (SG) Autonomous RDV & Docking 2.1 Norm Fitz-Coy UF $31,500 6 $31,500

241-UF High Temperature Pressure Transducers 2.1 Mark Sheplak UF $87,000 8 $87,000

244-UF Autonomous RDV & Docking 1.1 Norm Fitz-Coy UF $100,000 11 $100,000

294-UTMB Minor Injury Severity Scale 3.1 Richard Jennings UTMB $25,422 14 $25,422

295-UTMB EMI and Rad Effects on Implantable Devices 3.1 Jim Vanderploeg UTMB $18,689 15 $18,689

$1,840,350

296-FIT CESTAC Outreach 5 Tristan Fiedler FIT $4,000 11 $4,000

300-FIT Collaboration Coordination 5 Tristan Fiedler FIT $120,000 12 $120,000

296-FIT CESTAC Outreach 5 Tristan Fiedler FIT $24,650 9 $24,650

297-FSU OAT OMIS 5 Farrukh Alv i FSU $5,000 14 $5,000

297-FSU OAT OMIS 5 Farukh Alv i FSU $50,000 12 $50,000

$203,650

$2,044,000

-$               Funds Released by FAA COE Program Office by Cooperative Agreement Modification

FAA AST COE CST FY12 (AOA-1 Discretionary Funds) Funding Status
as of Thursday, June 23, 2022

Subtotal of All Research Tasks

Subtotal of All Technical Oversight Tasks

TOTAL OF ALL TASKS APPROVED BY FAA AST
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184-CU Human Rating of Commercial Spacecraft 3.5 Klaus/Fanchiang CU $19,000 25 $19,000 31-Dec-13

184-CU Human Rating of Commercial Spacecraft 3.5 Klaus/Fanchiang CU $19,000 29 $19,000 31-May-14

186-CU Space Env MMOD Modeling & Prediction 1.1 Fuller-Rowell/None CU $0 32 31-May-14

187-CU Space Situational Awareness 1.1 Scheeres/None CU $28,000 31 $28,000 31-May-14

187-CU Space Situational Awareness 1.1 Scheeres/None CU $8,000 34 $8,000 31-May-14

193-CU Role of COE CST in EFP 4.1 Born/Cheetham CU $24,716 26 $24,716 31-Dec-13

193-CU Role of COE CST in EFP 4.1 Born/Cheetham CU $0 35 31-Dec-14

244-CU Autonomous RDV & Docking 1.1 Axelrad/Gehly CU $5,000 28 $5,000 31-May-14

244-CU Autonomous RDV & Docking 1.1 Axelrad/Gehly CU $5,000 33 $5,000 31-May-14

257-CU Master’s Launch & On-Orbit Ops Lab 1.1 Born/Herman CU $20,000 30 $20,000 31-May-14

247-FIT Air & Space Traffic Considerations for CST 1.3 Villaire FIT $45,000 22 $45,000 31-May-14

247-FIT Air & Space Traffic Considerations for CST 1.3 Villaire FIT $30,000 23 $30,000 31-May-14

241-FSU High Temp Pressure Transducers 2.3 Oates FSU $60,000 21 $60,000 31-May-14

241-FSU High Temp Pressure Transducers 2.3 Oates FSU $15,000 22 $15,000 31-May-14

244-FSU Autonomous RDV & Docking 1.1 Collins FSU $10,000 18 $10,000 31-May-14

244-FSU Autonomous RDV & Docking 1.1 Collins FSU $15,000 20 $15,000 31-May-14

244-FSU Autonomous RDV & Docking 1.1 Collins FSU $37,000 23 $37,000 31-May-14

220-NMSU Space Operational Framework 1.4 Hynes NMSU $18,000 15 $18,000 31-May-14

220-NMSU Space Operational Framework 1.4 Hynes NMSU $3,000 17 $3,000 31-May-14

298-NMSU Integration & Evaluation of ADS-B Payloads 2.4 Hynes NMSU $14,000 14 $14,000 31-May-14

298-NMSU Integration & Evaluation of ADS-B Payloads 2.4 Hynes NMSU $4,000 16 $4,000 31-May-14

228-NMT Magneto-Elastic Sensing for SHM 2.3 Zagrai NMT $19,000 11 $19,000 31-Dec-13

228-NMT Magneto-Elastic Sensing for SHM 2.3 Zagrai NMT $6,000 14 $6,000 31-May-14

228-NMT Magneto-Elastic Sensing for SHM 2.3 Zagrai NMT $7,000 17 $7,000 31-May-14

228-NMT Magneto-Elastic Sensing for SHM 2.3 Zagrai NMT $0 20 31-Jul-14

293-NMT Reduced Order Non-Linear 2.2 Miller NMT $22,000 12 $22,000 31-May-14

293-NMT Reduced Order Non-Linear 2.2 Miller NMT $8,000 15 $8,000 31-May-14

293-NMT Reduced Order Non-Linear 2.2 Miller NMT $8,000 18 $8,000 31-May-14

299-NMT Tank Testing 2.3 Ostergren NMT $33,000 16 $33,000 31-May-14

299-NMT Tank Testing 2.3 Ostergren NMT $9,000 19 $9,000 31-May-14

185-SU Unified 4D Trajectory 1.3 Alonso/Colvin SU $3,000 32 $3,000 31-May-14

186-SU Space Env MMOD Modeling & Prediction 1.1 Close/Li SU $10,000 31 $10,000 30-Jun-14

186-SU Space Env MMOD Modeling & Prediction 1.1 Close/Li SU $8,000 33 $8,000 30-Jun-14

193-SU Role of COE CST in EFP 4.1 Hubbard/Zimmerman SU $71,284 27 $71,284 31-May-14

193-SU Role of COE CST in EFP 4.1 Hubbard/Zimmerman SU $45,000 35 $45,000 31-May-14

193-SU Role of COE CST in EFP 4.1 Hubbard/Zimmerman SU $4,000 39 $4,000 31-May-14

244-SU Autonomous RDV & Docking 1.1 Rock/Padial SU $0 28 30-Sep-13

244-SU Autonomous RDV & Docking 1.1 Rock/Padial SU $18,000 34 $18,000 30-Jun-14

244-SU Autonomous RDV & Docking 1.1 Rock/Padial SU $11,000 37 $11,000 30-Jun-14

258-SU Multi-disc Analysis of Safety Metrics 1.3 Alonso/Capristan SU $0 29 30-Sep-13

258-SU Multi-disc Analysis of Safety Metrics 1.3 Alonso/Capristan SU $15,000 36 $15,000 31-May-14

258-SU Multi-disc Analysis of Safety Metrics 1.3 Alonso/Capristan SU $24,000 38 $24,000 31-May-14

253-UCF Ultra High Temp Composites 2.3 Kapat, Gou UCF $10,000 11 $10,000 31-May-14

253-UCF Ultra High Temp Composites 2.3 Kapat, Gou UCF $27,000 12 $27,000 31-May-14

241-UF High Temp Pressure Transducers 2.3 Sheplak UF $0 14 31-May-14

241-UF High Temp Pressure Transducers 2.3 Sheplak UF $60,000 15 $60,000 31-May-14

241-UF High Temp Pressure Transducers 2.3 Sheplak UF $15,000 16 $15,000 31-May-14

244-UF Autonomous RDV & Docking 1.1 Fitz-Coy UF $0 13 30-Apr-14

255-UTMB Wearable Biomedical Monitoring Equip 3.1 Vanderploeg UTMB $15,000 24 $15,000 31-Dec-13

256-UTMB Wearable Biomedical Monitoring Equip 3.1 Vanderploeg UTMB $30,000 25 $30,000 31-May-14

256-UTMB Wearable Biomedical Monitoring Equip 3.1 Vanderploeg UTMB $43,000 26 $43,000 31-May-14

256-UTMB Wearable Biomedical Monitoring Equip 3.1 Vanderploeg UTMB $0 27 31-Aug-14

256-UTMB Multiple funding redirections 3.1 Vanderploeg UTMB $0 28

$901,000 $181,000 $230,000 $240,000 $250,000

296-FIT CESTAC and Outreach 5 Fiedler FIT $0

300-FIT Collaboration Coordination 5 Fiedler FIT $99,000 20 $99,000

303-NMT OMIS 5 Ostergren NMT $0 10

$99,000 $99,000 $0 $0 $0

$1,000,000 $280,000 $230,000 $240,000 $250,000

250,000$         unds Released by FAA COE Program Office by Cooperative Agreement Modification $1,000,000

FAA AST COE CST FY13 Funding Status
as of Thursday, June 23, 2022

Subtotal of All Research Tasks

Subtotal of All Technical Oversight Tasks

TOTAL OF ALL TASKS APPROVED BY FAA AST
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Task # g.g# Task Title R
s

e
a

rc
h

A
re

a

PI/Student Name C
A

 1
0

-
C

-C
S

T
-

Total C
A

 M
o

d

P
O

P
 E

n
d

 D
a

te

FY14 RE&D 
ANG 
($1M)

($0=NCE)

FY14 ANG 
F&E

($140K)

184-CU Human Rating of Commercial Spacecraft 3.5 Klaus/Fanchiang CU $0 37 12/31/14 $0
186-CU Space Env MMOD Modeling & Prediction 1.1 Fuller-Rowell/None CU $0 40 09/30/15 $0
187-CU Space Situational Awareness 1.1 Scheeres/None CU $36,000 39 12/31/14 $36,000
193-CU Role of COE CST in EFP 4.1 Born/Cheetham CU $0 35 12/31/14 $0
193-CU Role of COE CST in EFP 4.1 Born/Cheetham CU $0 42 08/31/15 $0
257-CU Master's Space Ops Class 4.1 Born/Cheetham CU $0 43 08/31/15 $0
244-CU Autonomous RDV & Docking 1.1 Axelrad/Gehly CU $0 36 05/31/15 $0
305-FIT Suborbital Industry Analysis 4.1 Benjamin FIT $0 29 10/31/15 $0
241-FSU High Temp Pressure Transducers 2.3 Oates FSU $0 26 05/31/15 $0
244-FSU Autonomous RDV & Docking 1.1 Collins FSU $0 25 05/31/15 $0
244-FSU Autonomous RDV & Docking 1.1 Collins FSU $60,000 27 08/31/15 $60,000

220-NMSU Space Operational Framework 1.4 Hynes NMSU $0 19 05/31/15 $0
220-NMSU Space Operational Framework 1.4 Hynes NMSU $50,168 20 11/31/15 $50,168
220-NMSU Space Operational Framework 1.4 Hynes NMSU $0 21 05/31/16 $0
298-NMSU Integration & Evaluation of ADS-B Payloads 2.4 Hynes NMSU $0 18 05/31/15 $0
228-NMT Magneto-Elastic Sensing for SHM 2.3 Zagrai NMT $0 26 06/01/15 $0
228-NMT Magneto-Elastic Sensing for SHM 2.3 Zagrai NMT $34,980 28 12/31/15 $34,980
293-NMT Reduced Order Non-Linear 2.2 Miller NMT $0 23 05/31/15 $0
299-NMT Tank Testing 2.3 Ostergren NMT $0 24 05/31/15 $0
299-NMT Tank Testing 2.3 Ostergren NMT $76,738 27 05/31/15 $76,738
299-NMT Tank Testing 2.3 Ostergren NMT $7,756 30 05/31/15 $7,756
185-SU Unified 4D Trajectory 1.3 Alonso/Colvin SU $0 45 06/30/15 $0
185-SU 11995590 Unified 4D Trajectory 1.3 Alonso/Colvin SU $140,000 47 06/30/15 $140,000
331-SU Advanced 4D Special Use Air Space 1.3 Alonso/Colvin SU $50,000 15-003 06/30/15 $50,000
186-SU Space Env MMOD Modeling & Prediction 1.1 Close/Li SU $19,160 44 09/30/15 $19,160
186-SU Space Env MMOD Modeling & Prediction 1.1 Close/Li SU $0 43 09/30/15 $0
193-SU Role of COE CST in EFP 4.5 Hubbard/Zimmerman SU $200,000 41 05/31/15 $200,000
244-SU Autonomous RDV & Docking 1.1 Rock/Padial SU -$19,160 44 09/30/15 -$19,160
244-SU Autonomous RDV & Docking 1.1 Rock/Padial SU $0 42 09/30/15 $0
258-SU Multi-disc Analysis of Safety Metrics 1.3 Alonso/Capristan SU $0 46 03/31/15 $0
258-SU Multi-disc Analysis of Safety Metrics 1.3 Alonso/Capristan SU $0 48 06/30/15 $0

253-UCF UHT TPS Materials 2.3 Kapat/Gou UCF $0 13 04/30/15 $0
311-UCF Low-Mass/Cost CO/CO2 Sensors 2.3 Vasu UCF $40,000 14 08/30/15 $40,000
241-UF High Temp Pressure Transducers 2.3 Sheplak UF $0 18 04/30/15 $0
244-UF Autonomous RDV & Docking 1.1 Fitz-Coy UF $0 17 04/30/15 $0
244-UF Autonomous RDV & Docking 1.1 Fitz-Coy UF $0 19 08/31/15 $0

256-UTMB Testing & Training in High-G Profiles 3.2 Vanderploeg UTMB $0 32 07/31/15 $0
308-UTMB Suborbital SFP Anxiety Assessment 3.2 Vanderploeg UTMB $71,682 31 08/17/15 $71,682
309-UTMB Suborbital Pilot Assessment 3.2 Vanderploeg UTMB $38,885 29 08/17/15 $38,885

310-UTMB Reduced Order Non-Linear 3.4 Vanderploeg UTMB $26,487 30 08/17/15 $26,487

308-UTMB 11985471 Suborbital SFP Anxiety Assessment 3.2 Vanderploeg UTMB $0 36 05/31/16 $0

309-UTMB 11985487 Suborbital Pilot Assessment 3.2 Vanderploeg UTMB $0 35 05/31/16 $0

310-UTMB 11985481 Reducing Cabin Lethality in Comm'l S/C 3.4 Vanderploeg UTMB $0 34 05/31/16 $0
$832,696 $692,696 $140,000

184'-CU ATM4 Logistics - CU 3 Klaus CU $15,390 38 12/31/14 $15,390

300.2-FIT AAM4 Logistics 5 Fiedler FIT $34,349 24,25,26 05/31/15 $34,349

300.3-FIT Collaboration Coordination 5 Fiedler FIT $120,000 28 05/31/15 $120,000

300.4-FIT 4th Annual Technical Meeting 5 Fiedler FIT $40,260 30 05/31/15 $40,260

283-FSU Technical Oversight 5 Alvi FSU $0 24 05/31/15 $0

303-NMT OMIS License 5 Ostergren NMT $50,000 21,22 05/31/15 $50,000

311'-UCF ATM4 Logistics - UCF 2 Vasu UCF $2,520 16 08/31/15 $2,520

244'-FSU ATM4 Logistics - FSU 1 Collins FSU $10,580 28 08/31/15 $10,580

244'-FSU ATM4 Logistics - FSU 1 Collins FSU $5,502 28' 08/31/15 $5,502

256'-UTMB ATM4 Logistics - UTMB 3 Vanderploeg UTMB $5,099 33 08/17/15 $5,099

300-5-FIT AAM5 Logistics 5 Fiedler FIT $23,604 31 05/16/16 $23,604

303-NMT 11904633 COE PD Support 5 Ostergren NMT $50,000 25 05/31/16 $50,000
$357,304 $357,304 $0

$1,190,000 $1,050,000 $140,000
-$             Funds Released by FAA COE Program Office by Cooperative Agreement Modification

Subtotal of All Research Tasks

Subtotal of All Technical Oversight Tasks
TOTAL OF ALL TASKS APPROVED BY FAA AST

$1,190,000

FAA AST COE CST FY14 Funding Status
as of Thursday, June 23, 2022
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367-CU 12693214 CubeSat Deployment Tracking 1.2 Axelrad CU $173,653 15-XX 08/31/20 $173,653
372-CU 12762036 Resident Space Object (RSO) System Mechanics 1.2 Scheeres CU $89,185 15-XX $89,185

380-NMSU 12739299 Spaceport Operations Online Reference Guide 1.3 Hynes NMSU $101,579 15-XX 01/31/20 $101,579
380-NMSU 12748937 Spaceport Operations Online Reference Guide 1.3 Hynes NMSU $101,908 15-XX 08/17/20 $101,908
241-FSU 12376905 High Temperature, Optical Sapphire Pressure Sensors for 2.3 Oates FSU $203,313 15-XX 08/17/20 $203,313
253-UCF 12651779 Composite TPS Material 2.3 Gou UCF $47,909 15-XX 07/31/19 $47,909
311-UCF 12772270 LED-based Low Cost Gas Sensor for Crew and Vehicle S 2.3 Vasu UCF $178,800 15-XX 01/30/21 $178,800
323-NMT 12828454 Structural Health Monitoring Framework 2.3 Zagrai NMT $200,000 15-XX $200,000
325-FSU G Optical Rocket Nozzle Noise Measurements 2.3 Kumar FSU $193,984 15-XX 08/17/20 $193,984

400-UTMB 12748725 Occupational Health Standards 3.1 Vanderploeg UTMB $191,803 15-XX 08/17/20 $191,803
396-CU 12750526 Mapping Life Support Systems to Commercial Space App 3.3 Klaus CU $149,799 15-XX 08/17/20 $149,799
398-FIT 12756734 Human Input Systems 3.4 Doule FIT $160,000 15-XX 12/20/20 $160,000
402-FIT 12793317 Streamlined Export Control for CST 4.4 Doule FIT $160,000 15-XX $160,000

$1,951,933 $1,951,933
303-NMT G Admin Support Services - OMIS License - Year 10-12 5.2 Zagrai NMT $150,000 15-XX 02/17/22 $150,000

$150,000 0 44609 $150,000
$2,101,933 $2,101,933

-$              $2,101,933Funds Released by FAA COE Program Office by Cooperative Agreement Modification

Subtotal of All Research Tasks

Subtotal of All Admin Tasks
TOTAL OF ALL TASKS APPROVED BY FAA AST

as of Thursday, June 23, 2022
FAA AST COE CST FY19 Funding Status
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Subtotal of All Research Tasks

Subtotal of All Admin Tasks
TOTAL OF ALL TASKS APPROVED BY FAA AST
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PREFACE 
The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is 
pleased to release this FAA Center of Excellence for Commercial Space Transportation (COE 
CST) Year 1 Annual Report Executive Summary.  

For more information about the content of this report, please visit the COE CST web site at 
www.coe-cst.org.

Please address any questions or corrections to COE CST Program Manager, Ken Davidian, 
202-267-7214, ken.davidian@faa.gov. 

- December 14, 2011 
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INTRODUCTION

This executive summary accompanies a more detailed annual report of the FAA Center of 
Excellence (COE) for Commercial Space Transportation (CST) that began operation on August 
18, 2010.

This executive summary begins with overviews of the FAA Office of Commercial Space 
Transportation (the sponsoring organization), the FAA COE Program and the COE CST. The 
time period covered in this summary includes the first year of COE CST operation, starting on 
August 18, 2010 and ending on August 17, 2011. 

Next, brief introductions to each of the nine member universities are provided, with general 
descriptions as well as specific strengths the universities bring to the COE CST. 

Finally, the scope of COE CST research areas are given and each of the research tasks 
initiated and conducted under the COE CST during the first year of operation is listed and 
summary information of each is provided. 

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION (AST) 

As of August 2011, the FAA Office of Commercial Space Transportation (AST) is comprised of 
approximately 80 full time equivalent (FTE) civil servants and operates with a budget of $15 
million. (By contrast, the FAA has 48,000 FTEs and a total budget of $15 billion.) Despite its 
relatively small size, AST has an important set of responsibilities as described in their mission 
and defined in the Code of Federal Regulations, Title 51 US Code Subtitle V, Ch. 509. The two 
main goals of AST are: 

 Regulate the commercial space transportation industry, only to the extent necessary, to 
ensure compliance with international obligations of the United States and to protect the public 
health and safety, safety of property, and national security and foreign policy interest of the 
United States. 

 Encourage, facilitate, and promote commercial space launches and re-entries by the private 
sector.

FAA CENTER OF EXCELLENCE (COE) PROGRAM 

The FAA Center of Excellence (COE) program was established by the Omnibus Budget 
Reconciliation Act of 1990, Public Law 101-508, Title IX, Aviation Safety and Capacity 
Expansion Act.

COEs are intended to be a 10-year partnership of academia, industry, and government to create 
a world-class consortium that will address current and future challenges for commercial space 
transportation. The three main goals of every COE include research, training, and outreach. 

A unique attribute of the COE program is the one-to-one matching requirement for every federal 
dollar granted to a COE university. The matching requirement can be satisfied through direct or 
in-kind contributions from any non-federal funding source, including industry, universities, or 
state and local government organizations. 

Eight other COEs have been established by the FAA that pre-date the COE CST, including:  

 The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996. 
 The Center of Excellence for Airport Technology (CEAT), established 1995. 
 The National COE for Aviation Operations Research (NEXTOR), 1996 to 2007.  
 The Airworthy Assurance COE (AACE), 1997 to 2007. 
 The COE for General Aviation Research (CGAR), established 2001. 
 The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), 
established 2003. 
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 The Joint Center for Advanced Materials (JAMS), established 2003. 
 The Airliner Cabin Environment Research (ACER) Center, also called the COE for Research 
in the Intermodal Transport Environment (RITE), established 2004. 

FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION 

FUNDING DETAILS

 FAA Funding Year 1 Level: $2M (FY10) 

MEMBER UNIVERSITIES

The nine COE CST member universities are: 

 Florida Institute of Technology  
(FIT, or Florida Tech) 

 Florida State University (FSU) 
 New Mexico Institute of Mining and Technology, 
(NMT, or New Mexico Tech) 

 New Mexico State University (NMSU) 
 Stanford University (SU) 
 University of Central Florida (UCF) 
 University of Colorado at Boulder (CU) 
 University of Florida (UF) 
 University of Texas Medical Branch at Galveston (UTMB) 

The COE CST member universities provide a comprehensive distribution of geographical 
coverage representing the entire Commercial Space Transportation industry, including the top 
four civil space states (California, Colorado, Texas and Florida) and New Mexico, the state 
leading the suborbital industry as well as having a significant level of military space activity.  
Combined, the nine universities bring over 50 other government, industry and academic 
organizations as research partners. 

RESEARCH TASKS

 Number of Research Tasks: 25 
 Number of Principal Investigators: 27 
 Number of Students: 31 

Distribution of students by university and degree 
are shown in the graphs to the right. 

COE CST YEAR 1 HIGHLIGHTS

The following are the major milestones for the 
FAA COE CST during its first year of operation: 

 COE CST Public Announcement Date:  
August 18, 2010 

 Execution Dates of Cooperative Agreements: September 15, 2010. 
 Meeting #1: Oct 21, 2010, held in Las Cruces, NM. 
 Meeting #2: Nov 9-10, 2010, hosted by UTMB in Galveston, TX. 
 Meeting #3: Feb 9, 2011, held in conjunction with the AST Conference in Washington, DC. 
 Meeting #4: Nov 8-9, 2011, the First Annual Technical Meeting held in Boulder, CO. 
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COE CST MEMBER UNIVERSITIES 

As a single entity, the nine COE CST member universities bring complementary strengths 
together for the benefit of the overall COE. FAA finds that each team member provides highly 
respected and accomplished experiences that directly address the research and study needs of 
the commercial space industry. 

This section provides more detail on each of the nine member universities of the COE CST. 

FLORIDA INSTITUTE OF TECHNOLOGY (FIT) 

Florida Tech (FIT) offers broad expertise in aerospace and space-related engineering, science, 
space traffic management and launch operations, vehicle and payload analysis and design, 
thermal systems and propulsion.

FLORIDA STATE UNIVERSITY (FSU) 

FSU brings a range expertise and unique infrastructure in many areas relevant to the COE CST, 
including but not limited to: cryogenics, thermal management, vehicle aerodynamics and 
controls, sensors, actuators and system health monitoring and high performance simulations. 

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT) 

NMT is a science, math and engineering university with a focus on applied research. Major 
research facilities include a rocket engine test fixture at the Energetic Materials Research and 
Testing Center, and a 2.4M fast tracking telescope at the Magdalena Ridge Observatory 
dedicated to the study of near earth objects. 

NEW MEXICO STATE UNIVERSITY (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas 
of suborbital investigations from the time of Werner Von Braun to the current era of commercial 
sub-orbital space transportation with Virgin Galactic. New Mexico Space Grant Consortium, the 
21st Century Space and related aerospace research focuses on annual access to space for 
student and faculty experiments, unmanned aerial vehicles, scientific ballooning and nano-
satellite development.   
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STANFORD UNIVERSITY (SU) 

SU brings a 50 year history of aerospace research excellence and a broad scope of expertise to 
the COE CST, including the optimization and autonomous operation of complex systems, 
strategic research planning, organizational integration and distributed administration experience. 

UNIVERSITY OF CENTRAL FLORIDA (UCF) 

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the Center for 
Advanced Turbines & Energy Research (CATER), offers its experience and expertise in thermal 
protection system, propulsion system components, cryogenic systems and materials, 
composites, sensors and actuators, and guidance and control. 

UNIVERSITY OF COLORADO AT BOULDER (CU) 

CU offers the COE CST their experience in spacecraft life support systems and habitat design, 
human factors engineering analysis, payload experiment integration, and expertise in space 
environment and orbital mechanics. 

UNIVERSITY OF FLORIDA (UF) 

UF has been performing aeronautical and aerospace research since 1941, with current 
emphasis in the Department of Mechanical and Aerospace Engineering on research in space 
systems, MEMS, computational sciences, structural dynamics, controls, gas dynamics, and 
propulsion.

UNIVERSITY OF TEXAS MEDICAL BRANCH AT GALVESTON (UTMB) 

UTMB has a long history of medical support and human spaceflight physiological research with 
NASA.  This is complemented by more recent involvement in the commercial orbital and 
suborbital spaceflight industry supporting space flight participant visits to the ISS and 
preparation of passengers and crew for suborbital space flights. 

RESEARCH TASKS 

The research conducted within FAA 
AST is broken into four major 
research areas: 

 Space Traffic Management & 
Operations

 Space Transportation Operations, 
Technologies & Payloads  

 Human Spaceflight 
 Space Transportation Industry 
Viability

Each of these major research areas 
are divided into sub-areas and 
these, in turn, are further sub-
divided into lower level divisions.

The following pages include a list of 
the individual COE CST research 
tasks conducted during the first 
year of operation followed by 
summary charts, one for each task.
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COE CST Research Tasks
Research Task Name RA PI Name (University)
186. Space Environment MODModeling & Prediction 1.1 Fuller Rowell (CU), Close (SU)

187. Space Situational Awareness Improvements 1.1 Scheeres (CU)

185. Unified 4 Dimensional Trajectory Approach for Integrated Traffic Mgt 1.3 Alonso (SU)
220. Develop a Spaceport Operations Framework 1.4 Hynes (NMSU)
247. Air and Space Traffic Considerations for Commercial Space Transportation 1.5 Villaire (FIT)
257. Masters Level Commercial Operations Instruction Criteria 2.1 Born (CU)
258. Analysis Environment For Safety Assessment of Launch & Re Entry Vehicles 2.2 Alonso (SU)
259. Flight Software Validation & Verification Workshop 2.2 Alonso (SU)
228. Magneto Elastic Sensing for Structural Health Monitoring 2.3 Zagrai & Ostergren (NMT)
241. High Temperature Pressure Transducers for Hypersonic Vehicles 2.3 Sheplak (UF), Oats (FSU)
253. Ultra High Temperature Composites for Thermal Protection Systems 2.3 Gou & Kapat (UCF)

244. Autonomous Rendezvous and Docking (For Space Debris Mitigation) 2.3 Axelrad (CU), Rock (SU),
Fitz Coy (UF), Collins (FSU)

255. Wearable Biomedical Monitoring Equipment For Human Spaceflight 3.1 Jennings (UTMB)
181. Physiological Database Definition and Design 3.1 Vanderploeg (UTMB)
182. Human System Risk Management Approach 3.1 Vanderploeg (UTMB)
256. Additional NASTAR Centrifuge Testing 3.3 Vanderploeg (UTMB)
184. Human Rating of Commercial Spacecraft 3.4 Klaus (CU)
183. Flight Crew Medical Standards & Participant Acceptance Guidelines 3.5 Jennings (UTMB)
193. Role of COE CST in Encourage, Facilitate & Promote (EFP) 4.5 Hubbard (SU), Born (CU)

Research Task Name RA PI Name (University)
186. Space Environment MODModeling & Prediction 1.1 Fuller Rowell (CU), Close (SU)

187. Space Situational Awareness Improvements 1.1 Scheeres (CU)

185. Unified 4 Dimensional Trajectory Approach for Integrated Traffic Mgt 1.3 Alonso (SU)
220. Develop a Spaceport Operations Framework 1.4 Hynes (NMSU)
247. Air and Space Traffic Considerations for Commercial Space Transportation 1.5 Villaire (FIT)
257. Masters Level Commercial Operations Instruction Criteria 2.1 Born (CU)
258. Analysis Environment For Safety Assessment of Launch & Re Entry Vehicles 2.2 Alonso (SU)
259. Flight Software Validation & Verification Workshop 2.2 Alonso (SU)
228. Magneto Elastic Sensing for Structural Health Monitoring 2.3 Zagrai & Ostergren (NMT)
241. High Temperature Pressure Transducers for Hypersonic Vehicles 2.3 Sheplak (UF), Oats (FSU)
253. Ultra High Temperature Composites for Thermal Protection Systems 2.3 Gou & Kapat (UCF)

244. Autonomous Rendezvous and Docking (For Space Debris Mitigation) 2.3 Axelrad (CU), Rock (SU),
Fitz Coy (UF), Collins (FSU)

255. Wearable Biomedical Monitoring Equipment For Human Spaceflight 3.1 Jennings (UTMB)
181. Physiological Database Definition and Design 3.1 Vanderploeg (UTMB)
182. Human System Risk Management Approach 3.1 Vanderploeg (UTMB)
256. Additional NASTAR Centrifuge Testing 3.3 Vanderploeg (UTMB)
184. Human Rating of Commercial Spacecraft 3.4 Klaus (CU)
183. Flight Crew Medical Standards & Participant Acceptance Guidelines 3.5 Jennings (UTMB)
193. Role of COE CST in Encourage, Facilitate & Promote (EFP) 4.5 Hubbard (SU), Born (CU)
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PREFACE 
The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is 
pleased to release this FAA Center of Excellence for Commercial Space Transportation (COE 
CST) Year 2 Annual Report Executive Summary.  

For more information about the tasks presented in this report, please visit the COE CST web 
site at www.coe-cst.org.  

All efforts have been made to ensure the accuracy of information included in this report but it is 
possible that errors may have crept in. Please address any questions or corrections to COE 
CST Program Manager, Ken Davidian, 202-267-7214, ken.davidian@faa.gov. 

- December 31, 2012 

Pictured
right: COE 
CST plaques 
were 
presented to 
each of the 
member
universities in 
2012.  Left 
column from 
top to 
bottom:
University of 
Florida,
Florida Tech, 
University of 
Colorado 
Boulder, and 
University of 
Texas
Medical
Branch 
Galveston. 
Right column 
from top to 
bottom:
Florida State 
University 
New Mexico 
Tech,
Stanford
University, 
University of 
Central 
Florida, and 
New Mexico 
State
University. 
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INTRODUCTION

This document accompanies a more detailed Year 2 Annual Report of the FAA Center of 
Excellence for Commercial Space Transportation (COE CST) that began operation on August 
18, 2010. The period of the COE CST second year is January 1 through December 31, 2012. 

This executive summary begins with overviews of the FAA Office of Commercial Space 
Transportation (the sponsoring organization), the FAA COE Program and the COE CST.  

Next, brief introductions to each of the nine member universities are provided, with general 
descriptions as well as specific strengths the universities bring to the COE CST. 

Quad charts are next given and each of the research tasks initiated, conducted and concluded 
by the COE CST during the second year of operation1 is listed and summary information of each 
is provided. 

Finally, a comprehensive list of research partners, students and publications that contributed to 
the COE CST second year of operation are given. 

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION 

As of December 2012, the FAA Office of Commercial Space Transportation (AST) is comprised 
of approximately 80 full time equivalent (FTE) civil servants and operates with a budget of $15 
million. (By contrast, the FAA has 48,000 FTEs and a total budget of $15 billion.) Despite its 
relatively small size, AST has an important set of responsibilities as described in their mission 
and defined in the Code of Federal Regulations, Title 51 US Code Subtitle V, Ch. 509. The two 
main goals of AST are: 

Regulate the commercial space transportation industry, only to the extent necessary, to ensure 
compliance with international obligations of the United States and to protect the public health 
and safety, safety of property, and national security and foreign policy interest of the United 
States.
Encourage, facilitate, and promote commercial space launches and re-entries by the private 
sector. 

FAA CENTER OF EXCELLENCE PROGRAM 

The FAA Center of Excellence (COE) program was established by the Omnibus Budget 
Reconciliation Act of 1990, Public Law 101-508, Title IX, Aviation Safety and Capacity 
Expansion Act.

COEs are intended to be a 10-year partnership of academia, industry, and government to create 
a world-class consortium that will address current and future challenges for commercial space 
transportation. The three main goals of every COE include research, training, and outreach. 

A unique attribute of the COE program is the one-to-one matching requirement for every federal 
dollar granted to a COE university. The matching requirement can be satisfied through direct or 
in-kind contributions from any non-federal funding source, including industry, universities, or 
state and local government organizations. 

Eight other COEs have been established by the FAA that pre-date the COE CST, including:  

 The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996. 
 The Center of Excellence for Airport Technology (CEAT), established 1995. 

1 The first “year” of COE CST operation began on August 18, 2010 and ended December 31, 2011. The 
second year of COE CST operation covered in this document includes all of calendar year 2012.  
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COE CST MEMBER UNIVERSITIES 

The nine COE CST member universities are: Florida Institute of Technology (FIT, or Florida 
Tech), Florida State University (FSU), New Mexico Institute of Mining and Technology, (NMT, or 
New Mexico Tech), New Mexico State University (NMSU), Stanford University (SU), University 
of Central Florida (UCF), University of Colorado at Boulder (CU), University of Florida (UF) and 
University of Texas Medical Branch at Galveston (UTMB) 

The COE CST member universities provide a comprehensive distribution of geographical 
coverage representing the entire Commercial Space Transportation industry, including the top 
four civil space states (California, Colorado, Texas and Florida) and New Mexico, the state 
leading the suborbital industry as well as having a significant level of military space activity.  
Combined, the nine universities bring over 50 other government, industry and academic 
organizations as research partners. 

As a single entity, the nine COE CST member universities bring complementary strengths 
together for the benefit of the overall COE. FAA finds that each team member provides highly 
respected and accomplished experiences that directly address the research and study needs of 
the commercial space industry. 

In 2012, McGill University of Montréal, Canada, joined the COE CST as the first Affiliate 
University. The remainder of this section provides more detail on each of the nine member 
universities and one affiliate university of the COE CST. 

FLORIDA INSTITUTE OF TECHNOLOGY (FIT) 

Florida Tech (FIT) offers broad expertise in aerospace and space-related engineering, science, 
space traffic management and launch operations, vehicle and payload analysis and design, 
thermal systems and propulsion.  

FLORIDA STATE UNIVERSITY (FSU) 

FSU brings a range expertise and unique infrastructure in many areas relevant to the COE CST, 
including but not limited to: cryogenics, thermal management, vehicle aerodynamics and 
controls, sensors, actuators and system health monitoring and high performance simulations. 

COE CST Member and Affiliate University Geographic Distribution  
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NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT) 

NMT is a science, math and engineering university with a focus on applied research. Major 
research facilities include a rocket engine test fixture at the Energetic Materials Research and 
Testing Center, and a 2.4M fast tracking telescope at the Magdalena Ridge Observatory 
dedicated to the study of near earth objects. 

NEW MEXICO STATE UNIVERSITY (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas 
of suborbital investigations from the time of Werner Von Braun to the current era of commercial 
sub-orbital space transportation with Virgin Galactic. New Mexico Space Grant Consortium, the 
21st Century Space and related aerospace research focuses on annual access to space for 
student and faculty experiments, unmanned aerial vehicles, scientific ballooning and nano-
satellite development. 

STANFORD UNIVERSITY (SU) 

SU brings a 50 year history of aerospace research excellence and a broad scope of expertise to 
the COE CST, including the optimization and autonomous operation of complex systems, 
strategic research planning, organizational integration and distributed administration experience. 

UNIVERSITY OF CENTRAL FLORIDA (UCF) 

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the Center for 
Advanced Turbines & Energy Research (CATER), offers its experience and expertise in thermal 
protection system, propulsion system components, cryogenic systems and materials, 
composites, sensors and actuators, and guidance and control. 

UNIVERSITY OF COLORADO AT BOULDER (CU) 

CU offers the COE CST their experience in spacecraft life support systems and habitat design, 
human factors engineering analysis, payload experiment integration, and expertise in space 
environment and orbital mechanics. 

UNIVERSITY OF FLORIDA (UF) 

UF has been performing aeronautical and aerospace research since 1941, with current 
emphasis in the Department of Mechanical and Aerospace Engineering on research in space 
systems, MEMS, computational sciences, structural dynamics, controls, gas dynamics, and 
propulsion. 

UNIVERSITY OF TEXAS MEDICAL BRANCH AT GALVESTON (UTMB) 

UTMB has a long history of medical support and human spaceflight physiological research with 
NASA.  This is complemented by more recent involvement in the commercial orbital and 
suborbital spaceflight industry supporting space flight participant visits to the ISS and 
preparation of passengers and crew for suborbital space flights. 

AFFILIATE MEMBER: MCGILL UNIVERSITY (MU) 

McGill University’s Institute of Air and Space Law (IASL) offers the most comprehensive and 
advanced graduate level space law program in the world covering General Principles of Space 
Law, Law of Space Applications and Government Regulation of Space Activities. 
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COE CST RESEARCH TASKS 

The research conducted within FAA AST is broken into four major research areas: 

 Space Traffic Management & 
Operations

 Space Transportation 
Operations, Technologies & 
Payloads

 Human Spaceflight 
 Space Transportation Industry 
Viability

Each of these major research 
areas are divided into sub-areas 
and these, in turn, are further sub-
divided into lower level divisions.  

The following pages include a list 
of the individual COE CST 
research tasks conducted during 
the second year of operation 
followed by summary charts for 
each task. 

The presentation order of the 
summary charts follows the list of 
tasks given in the table below.
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 Close, S., R. Volz, R. Loveland, A. Macdonell, P. Colestock, I. Linscott, M. Oppenheim (2012), 
Determining meteoroid bulk densities using a plasma scattering model with high-power large-
aperture radar data, Icarus, doi:10.1016/j.icarus.2012.07.033. 

 Kelley, M., S. Pancoast, S. Close, Z. Wang (2012), Analysis of electromagnetic and 
electrostatic effects of particle impacts on spacecraft, Adv. Space. Res., 49, doi: 
10.1016/j.asr.2011.12.023.

 Pifko, S., D. Janches, S. Close, J. J. Sparks, T. Nakamura, and D. Nesvorny (2012), Modeling 
the meteoroid input function at mid-lattitude using meteor observations by the MU radar, 
Icarus, in review. 

 Li, A., S. Close and J. Markannen (2012), EISCAT space debris after the international polar 
year (IPY), IAC, 12.A6.1.8. 

TASK 187-CU SPACE SITUATIONAL AWARENESS IMPROVEMENTS

 K. Fujimoto and D.J. Scheeres. 2012. “Correlation of Optical Observations of Earth-Orbiting 
Objects and Initial Orbit Determination,” Journal of Guidance, Control and Dynamics 35(1): 
208-221.

 K. Fujimoto, D.J. Scheeres and K.T. Alfriend. 2012. “Analytical Non-Linear Propagation of 
Uncertainty in the Two-Body Problem,” Journal of Guidance, Control and Dynamics 35(2): 
497-509.

 K. Fujimoto, D.J. Scheeres , and K.T. Alfriend. “Analytical Non-Linear Propagation of 
Uncertainty in the Two-Body Problem," paper presented at the 2011 AAS/AIAA Spaceflight 
Mechanics Meeting, New Orleans, February 2011. Paper AAS 11-202. 

 A. Rosengren and D.J. Scheeres. “Averaged Dynamics of HAMR Objects: Effects of Attitude 
and Earth Oblateness,” paper presented at the 2011 AAS/AIAA Astrodynamics Specialist 
Meeting, Girdwood, Alaska, August 2011. Paper AAS 11-594. 

 D.J. Scheeres and A. Rosengren. “Closed Form Solutions for the Averaged Dynamics of 
HAMR Objects,” paper presented at the 62nd International Astronautical Congress, Cape 
Town, South Africa, October 2011. 

 K. Fujimoto and D.J. Scheeres. “Non-Linear Propagation of Uncertainty With Non-
Conservative Effects," paper presented at the 2012 AAS/AIAA Spaceflight Mechanics 
Meeting, Charleston, SC, Jan/Feb 2012. 

 S. Gehly, B. A. Jones, P. Axelrad, G. H. Born, "Minimum L1 Norm Orbit Determination Using a 
Sequential Processing Algorithm", paper presented at the 2012 AAS/AIAA Spaceflight 
Mechanics Meeting, Charleston, SC, Jan/Feb 2012. 

 K. Fujimoto and D.J. Scheeres. “Non-Linear Bayesian Orbit Determination Based on the 
Generalized Admissible Region,” paper presented at Fusion 2012, the 15th International 
Conference on Information Fusion, Singapore, July 2012. 

 D.J. Scheeres, M.A. de Gosson, and J. Maruskin. “Fundamental Limits on Orbit Uncertainty,” 
paper presented at Fusion 2012, the 15th International Conference on Information Fusion, 
Singapore, July 2012. 

 A.J. Rosengren and D.J. Scheeres. “Long-term Dynamics of HAMR Objects in HEO,” paper 
presented at the AIAA/AAS Astrodynamics Specialist Meeting, Minneapolis, August 2012. 

 A.J. Rosengren and D.J. Scheeres. “Prediction of HAMR Debris Population Distribution 
Released from GEO Space,” paper presented at the 2012 AMOS Meeting, Maui, September 
2012.

 K. Fujimoto and D.J. Scheeres. “Rapid Non-Linear Uncertainty Propagation via Analytical 
Techniques,” paper presented at the 2012 AMOS Meeting, Maui, September 2012. 

 A.J. Rosengren and D.J. Scheeres. “Long-Term Dynamics of High Area-to-Mass Ration 
Space Debris in GEO,” paper presented at the 63rd International Astronautical Congress, 
Naples, Italy, October 2012. Paper IAC-12, A6.2.5. 

 K. Fujimoto and D.J. Scheeres. “Non-Linear Bayesian Orbit Determination: Angle 
Measurements,” paper presented at the 63rd International Astronautical Congress, Naples, 
Italy, October 2012. Paper IAC-12-C1.6.11. 
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TASK 193-CU ROLE OF COE CST IN EFP (GRADUATE WORKSHOPS)

 Cheetham, B., Feldhacker, J., Puera, A., Chandler, A., Kloberdanz, C., and Groswald, L., 
"Government's Role in Commercial Space from the Perspective of Emerging Industry 
Leaders", IAC-12-E6.4-D4.2.1, October 2012. 

 Cheetham, Bradley W. "Theory Based Analysis of the Commercial Crew to Orbit 
Transportation Industry Structure and Evolution", IAC-12-E6.1.6, October 2012. 

TASK 193-SU ROLE OF COE CST IN EFP (SECONDARY AND HOSTED PAYLOADS)

 Zimmerman, J., Hubbard S. and Davidian, K. "FAA Office of Commercial Space 
Transportation Research Roadmap", GLEX-2012.09.1.8, April 2012. 

 Zimmerman, J., Hubbard S. and Davidian, K. "Research Roadmap for Commercial Space 
Transportation", IAC-12-E6.1.3, October 2012. 

 Cheetham, B., Feldhacker, J., Herman, J. and Heeren, E. "Commercial Spaceflight 
Operations: Graduate Level Curriculum Development", IAC-12.E1.4.5, October, 2012. 

TASK 228-NMT MAGNETO-ELASTIC SENSING FOR STRUCTURAL HEALTH MONITORING

Conrad, D and Zagrai, A, (2011) “Active Detection of Structural Damage in Aluminum Alloy 
Using Magneto-Elastic Active Sensors (MEAS),” Proceedings of SMASIS-11, ASME 
Conference on Smart Materials, Adaptive Structures and Intelligent Systems, September 18 – 
21, 2011, Scottsdale, AZ, paper: SMASIS2011-5219.
Meisner, D  and Zagrai, A (2012) “Magneto-elastic Active Sensors for Detection Of Incipient 
Fatigue Damage in Aerospace Structures,” International Youth Competition of Scientific 
Research Works “Student and Science & Technology Progress,” Taganrog, Russia, June 20, 
2012.
Conrad, D., Zagrai, A., Meisner, D, (2012) “Influence of Sensor Statistics on Piezoelectric and 
Magneto-elastic Damage Detection,” Proceedings of SMASIS-12, ASME Conference on 
Smart Materials, Adaptive Structures and Intelligent Systems, September 19 – 21, 2012, 
Stone Mountain, GA, paper: SMASIS2012-8255.
Siler, D., Cooper, B., White, C., Marinsek, S., Zagrai, A., MacGillivray, J., Gutierrez, J., Tena, 
K., Magnuson, L., Puckett, L., Klepper, J., Jorgensen, A., Kessler, S., (2012) “Design, 
Development, and Assembly of Space Flight Structural Health Monitoring Experiment,” 
Presentation at ASME Conference on Smart Materials, Adaptive Structures and Intelligent 
Systems, September 19 – 21, 2012, Stone Mountain, GA.

TASK 247-FIT AIR & SPACE TRAFFIC CONSIDERATIONS FOR COMMERCIAL SPACE TRANSPORTATION

 Villaire, N., “Integration of Commercial Space Vehicle Traffic into the National Airspace 
System”, Task 247-FIT Year 1 Final Report, March 31, 2012. 

TASK 253-UCF ULTRA-HIGH TEMPERATURE COMPOSITES FOR THERMAL PROTECTION SYSTEMS

 J.F. Zhuge, J. Gou, R.H. Chen and J. Kapat. 2012. "Finite Element Modeling of Thermo-
Mechanical Response of Fiber Reinforced Polymer Composites under Constant Heat Flux," 
Composites Part A: Applied Science and Manufacturing. 43, 665-674. 

 J.F. Zhuge, J. Gou, R.H. Chen, A. Gordon, J. Kapat, D. Hart and C. Ibeh. 2012. "Fire 
Retardant Evaluation of Carbon Nanofiber/Graphite Nanoplatelets Nanopaper-Based Coating 
under Different Heat Fluxes," Composite Part B: Engineering. 43, 3293-3305. 

 J.F. Zhuge, J. Gou, R.H. Chen and J. Kapat, "Finite Difference Analysis of Thermal Response 
and Post-Fire Flexural Degradation of Glass Fiber Reinforced Composites Coated with 
Carbon Nanofiber Based Nanopapers," Composites Part A: Applied Science and 
Manufacturing, 43, 2278-2288, (2012) 

 D. Lui, C. Carpenter, J. Gou, J. Kapat, A. Gordon. High Heat Flux Testing and Thermal 
Degradation Modeling of Ablative Composite Thermal Protection Systems (TPS).  Student 
Poster at the Society for Advancement of Material and Process Engineering (SAMPE) 
Technical Conference, Charleston, SC, October 22-25, 2012 
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PREFACE 
The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is pleased 
to release this FAA Center of Excellence for Commercial Space Transportation (COE CST) Year 3 
Annual Report Executive Summary.  

For more information about the content of this report, please visit the COE CST web site at www.coe-
cst.org.  

Please address any questions or corrections to COE CST Program Manager, Ken Davidian,  
202-267-7214, ken.davidian@faa.gov.  

- December 31, 2013  
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INTRODUCTION 

This executive summary accompanies a more detailed annual report of the FAA Center of Excellence for 
Commercial Space Transportation (COE CST). 

This executive summary begins with overviews of the FAA Office of Commercial Space Transportation 
(the sponsoring organization), the FAA COE Program and the COE CST. The CST became operational 
on August 18, 2010 with nine member and affiliate universities. 

Brief introductions to each of the nine Member University and six Affiliate Members are provided with 
general descriptions as well as specific strengths the universities bring to the COE CST. 

The scope of COE CST research areas are given and each of the research tasks initiated, conducted and 
concluded by the COE CST during the third year of operation are listed and summary information of each 
is provided. 

The Executive Summary concludes with the COE CST students and partners, both from industry and 
other research organizations highlighted. 

OVERVIEWS 

FAA Office of Commercial Space Transportation 

As of December 2012, the FAA Office of Commercial Space Transportation (AST) is comprised of 
approximately 80 full time equivalent (FTE) civil servants and operates with a budget of approximately 
$15 million. (By contrast, the FAA has approximately 48,000 FTEs and a total budget of about $15 
billion.) Despite its relatively small size, AST has an important set of responsibilities as described in their 
mission and defined in the Code of Federal Regulations, Title 51 US Code Subtitle V, Ch. 509. The two 
main goals of AST are: 

 Regulate the commercial space transportation industry, only to the extent necessary, to ensure 
compliance with international obligations of the United States and to protect the public health and 
safety, safety of property, and national security and foreign policy interest of the United States. 

 Encourage, facilitate, and promote commercial space launches and re-entries by the private sector. 

FAA Center of Excellence Program 

The FAA Center of Excellence (COE) program was established by the Omnibus Budget Reconciliation 
Act of 1990, Public Law 101-508, Title IX, Aviation Safety and Capacity Expansion Act. 

COEs are intended to be a 10-year partnership of academia, industry, and government to create a world-
class consortium that will address current and future challenges for commercial space transportation. The 
three main goals of every COE include research, training, and outreach. 

A unique attribute of the COE program is the one-to-one matching requirement for every federal dollar 
granted to a COE university. The matching requirement can be satisfied through direct or in-kind 
contributions from any non-federal funding source, including industry, universities, or state and local 
government organizations. 

Eight other COEs have been established by the FAA that pre-date the COE CST, including:  

 The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996. 
 The Center of Excellence for Airport Technology (CEAT), established 1995. 
 The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2007.  
 The Airworthy Assurance COE (AACE) operated from 1997 to 2007. 
 The COE for General Aviation Research (CGAR), in operation from 2001 to 2013. 
 The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), in operation 
from 2003 to 2013. 

 The Joint Center for Advanced Materials (JAMS), in operation from 2003 to 2015. 
 The Airliner Cabin Environment Research (ACER) Center, also called the COE for Research in the 
Intermodal Transport Environment (RITE), in operation from 2004 to 2014. 

Since the creation of the COE CST in August 2010 and as of December 2013, one new COE has been 
created and another two COEs been announced. They are:  

379



 COE CST YEAR 3 ANNUAL REPORT 

2 
 

The Center of Excellence for General Aviation Safety Research (named PEGASAS, Partnership to 
Enhance General Aviation Safety, Accessibility and Sustainability), established in 2012. 

 The Center of Excellence for Alternative Jet Fuels and Environment, announced in 2012 

FAA Center of Excellence for Commercial Space Transportation 

COE CST YEAR 3 HIGHLIGHTS 

The following are the major milestones for 
the FAA COE CST during its third year: 

 Third Annual Administrative Meeting 
held near the FAA Technical Center in 
Somers Point, NJ on June 11-13, 2013. 

 Induction of the second set of Affiliate 
Members, including three universities 
(Embry Riddle Aeronautical University, 
University of Nebraska – Lincoln and 
Baylor College of Medicine) and two 
industry members (Satwest and 
NASTAR Center). 

 Third Annual Technical Meeting held in 
Washington, D.C. on October 28-30, 
2013. 

In the third year of COE CST operation, there were no new tasks started, 25 ongoing from the previous 
year and 3 tasks completed. The complete list of all tasks is given in the second half of this executive 
summary. 

COE CST STUDENTS, PARTNERS AND PUBLICATIONS 

In the third year of operation, the COE CST benefited from the services of 55 students, 20 research 
partners and 44 industry partners. The combined effort resulted in 28 technical or programmatic papers 
published in journals or presented at conferences. A complete list of students, partners (both industry and 
research organization) and publications are given after the research task summary charts in this report. 

COE CST MEMBER UNIVERSITIES 

The nine COE CST member universities are: Florida Institute of Technology (FIT, or Florida Tech), 
Florida State University (FSU), New Mexico Institute of Mining and Technology, (NMT, or New Mexico 
Tech), New Mexico State University (NMSU), Stanford University (SU), University of Central Florida 
(UCF), University of Colorado at Boulder (CU), University of Florida (UF) and University of Texas Medical 
Branch at Galveston (UTMB) 

The COE CST member universities provide a comprehensive distribution of geographical coverage 
representing the entire Commercial Space Transportation industry, including the top four civil space 
states (California, Colorado, Texas and Florida) and New Mexico, the state leading the suborbital industry 
as well as having a significant level of military space activity.  Combined, the nine universities bring over 
60 other government, industry and academic organizations as research partners. 

As a single entity, the nine COE CST member universities bring complementary strengths together for the 
benefit of the overall COE. FAA finds that each team member provides highly respected and 
accomplished experiences that directly address the research and study needs of the commercial space 
industry. 

In 2013, five organizations joined the COE CST as new Affiliate Members. The remainder of this section 
provides more detail on each of the nine member universities and six affiliate members of the COE CST. 

Florida Institute of Technology (FIT) 

Florida Tech (FIT) offers broad expertise in aerospace and space-related engineering, science, space 
traffic management and launch operations, vehicle and payload analysis and design, thermal systems 
and propulsion.  
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Florida State University (FSU) 

FSU brings a range expertise and unique infrastructure in many areas relevant to the COE CST, including 
but not limited to: cryogenics, thermal management, vehicle aerodynamics and controls, sensors, 
actuators and system health monitoring and high performance simulations. 

New Mexico Institute of Mining and Technology (NMT) 

NMT is a science, math and engineering university with a focus on applied research. Major research 
facilities include a rocket engine test fixture at the Energetic Materials Research and Testing Center, and 
a 2.4M fast tracking telescope at the Magdalena Ridge Observatory dedicated to the study of near earth 
objects. 

New Mexico State University (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas of 
suborbital investigations from the time of Werner Von Braun to the current era of commercial sub-orbital 
space transportation with Virgin Galactic. New Mexico Space Grant Consortium, the 21st Century Space 
and related aerospace research focuses on annual access to space for student and faculty experiments, 
unmanned aerial vehicles, scientific ballooning and nano-satellite development. 

Stanford University (SU) 

SU brings a 50 year history of aerospace research excellence and a broad scope of expertise to the COE 
CST, including the optimization and autonomous operation of complex systems, strategic research 
planning, organizational integration and distributed administration experience. 

University of Central Florida (UCF) 

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the Center for Advanced 
Turbines & Energy Research (CATER), offers its experience and expertise in thermal protection system, 
propulsion system components, cryogenic systems and materials, composites, sensors and actuators, 
and guidance and control. 

University of Colorado at Boulder (CU) 

CU offers the COE CST their experience in spacecraft life support systems and habitat design, human 
factors engineering analysis, payload experiment integration, and expertise in space environment and 
orbital mechanics. 

University of Florida (UF) 

UF has been performing aeronautical and aerospace research since 1941, with current emphasis in the 
Department of Mechanical and Aerospace Engineering on research in space systems, MEMS, 
computational sciences, structural dynamics, controls, gas dynamics, and propulsion. 

University of Texas Medical Branch at Galveston (UTMB) 

UTMB has a long history of medical support and human spaceflight physiological research with NASA.  
This is complemented by more recent involvement in the commercial orbital and suborbital spaceflight 
industry supporting space flight participant visits to the ISS and preparation of passengers and crew for 
suborbital space flights. 

COE CST AFFILIATE MEMBERS 

BAYLOR COLLEGE OF MEDICINE CENTER FOR SPACE MEDICINE (CSM) 

Baylor College of Medicine Center for Space Medicine (CSM) is a collaborative enterprise involving 
Baylor College of Medicine, the National Space Biomedical Research Institute, NASA, Rice University, 
Texas Medical Center institutions, and other academic, industry and government organizations nationally 
and internationally. The affiliation with UTMB and the COE CST offers UTMB researchers the ability 
to work side-by-side CSM faculty and students in collaboration with NSBRI, NASA and other colleagues. 
Most recently, this included UTMB residents working with CSM faculty Dr. Jon Clark, providing medical 
support and research for the RedBull Stratos project, resulting in many publications and presentations. 
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EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (ERAU) 

Embry-Riddle Aeronautical University (ERAU) team focuses upon the demonstration, verification, and 
validation of the AST funded, and ERAU developed ADS-B prototype (UAT Beacon Radio – ERAU 
model) for the reusable sub-orbital space vehicles for the first year.   

MCGILL UNIVERSITY (MU) 

McGill University’s Institute of Air and Space Law (IASL) offers the most comprehensive and advanced 
graduate level space law program in the world covering General Principles of Space Law, Law of Space 
Applications and Government Regulation of Space Activities. 

NATIONAL AEROSPACE TRAINING AND RESEARCH (NASTAR) CENTER 

The National AeroSpace Training and Research (NASTAR) Center is partnering with UTMB and the FAA 
COE CST to participate as an industrial affiliate in an advisory board capacity and also as a research 
partner providing cost sharing support.  It offers a strong foundations in flight training and research to 
improve the health and safety of passengers in the extreme aviation and space environments.  Most 
recently, NASTAR donated time and use of its centrifuge for a COE CST sponsored novel study on G-
tolerance of subjects with chronic diseases.  

SATELLITE COMMUNICATIONS SYSTEMS (SatWest) 

SatWest is developing low-cost, internet-based data and voice communications services via commercial 
satellites for payloads and crew located in LEO and suborbital platforms and for ground-based crew 
interacting with research payloads and space-based crew..   

UNIVERSITY OF NEBRASKA 

The University of Nebraska, a collaboration of space law and policy, focuses on how the liability regime 
will achieve the appropriate balance between the risks and benefits of allowing lay persons to travel to 
space, and what elements of the liability regime are best addressed at both the national and international 
levels.  In addition the research will look at how to avoid over/under-regulating so as to retain profitability 
and viability, and how regulation should evolve as the industry matures.  

Below: COE CST Member and Affiliate University Geographic Distribution y g p
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COE CST RESEARCH TASKS 

The research conducted within FAA AST is broken into four major research areas: 

 Space Traffic Management & 
Operations  

 Space Transportation Operations, 
Technologies & Payloads  

 Human Spaceflight 
 Space Transportation Industry 
Viability  

Each of these major research areas 
(which are analogous to programs) 
are divided into sub-areas (analogous 
to projects) and these, in turn, are 
further sub-divided into lower level 
divisions (e.g., tasks).  

The following pages include a list of 
the individual COE CST research 
tasks conducted during the third year 
of operation followed by summary 
charts for each task. 

The presentation order of the 
summary charts follows the list of 
tasks given in the table below.  

5
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COE CST STUDENTS, PARTNERS AND PUBLICATIONS 

COE CST YEAR 3 STUDENTS 

The following is a list and demographic information of the 55 COE CST students working on research 
tasks during the second year of operation.  

 Bayley, Steven  (NMT) 
 Blue, Rebecca (UTMB) 
 Borowski, Holly (CU) 
 Bowers, Marianne (NMSU) 
 Capristan, Francisco (SU) 
 Carpenter, Cassandra (UCF) 
 Cason, Kathryn (UF) 
 Charalambides, Gabe  (SU) 
 Cheetham, Bradley (CU) 
 Collins, Justin (FSU) 
 Colvin, Thomas (SU) 
 Conrad, David  (NMT) 
 Cooper, Benjamin (NMT) 
 Cushman, James (UTMB) 
 Deaven, Jacob (NMSU) 
 Fanchiang, Christine (CU) 
 Feldhacker, Juliana (CU) 
 Francis, Griffin (FSU) 
 Fujimoto, Kohei (CU) 

 Gehly, Steven (CU) 
 Gutierrez, Jaclene (NMT) 
 Hammond, Marcus (SU) 
 Herman, Jon (CU) 
 Kasdaglis, Nicholas (FIT) 
 Kruse, Walter (NMT) 
 Law, Jennifer (UTMB) 
 Lawrence, Jeremey (UCF) 
 Lewis, Leigh (UTMB) 
 Li, Alan (SU) 
 LoCrasto, Heather (CU) 
 Lui, Donovan (UCF) 
 Maillet, Nicole (FIT) 
 Masker, William (NMT) 
 Mathers, Charles (UTMB) 
 McGranaghan, Ryan (CU) 
 Meisner, Daniel (NMT) 
 Mendoza, Joshua (NMT) 
 Menon, Anil (UTMB) 

 Michalenko, Joshua (NMSU) 
 Mills, David (UF) 
 Mulcahy, Robert (UTMB) 
 Padial, Jose (SU) 
 Pattarini, James (UTMB) 
 Phillips, Homer (CU) 
 Reiner, Sebastian (FIT) 
 Reyes, David (UTMB) 
 Runnels, Joel (NMT) 
 Sharma, Aneesh (FSU) 
 Smith, Andrew (SU) 
 Stanley, June (NMT) 
 Strevel, Hank (NMSU) 
 Trujillo, Blaine (NMT) 
 Wilt, Dennis (FIT) 
 Yang, Hongjiang (UCF) 
 Zimmerman, Jonah (SU) 

 
Abbreviations: CU-University of Colorado Boulder, FIT-Florida Tech, FSU-Florida State University,  
MU-McGill University, NMSU-New Mexico State University, NMT-New Mexico Tech, SU-Stanford 
University, UCF-University of Central Florida, UF-University of Florida, UTMB-University of Texas Medical 
Branch at Galveston 

COE CST Year 3 Student Demographics 
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COE CST YEAR 3 RESEARCH PARTNERS

The following is a list of the 20 COE CST research organization partners that have contributed to the year 
3 COE CST research tasks. 

 Air Force Research Lab - Kirtland 
 Air Force Research Lab - Maui 
 Baylor College of Medicine 
 FAA Civil Aerospace Medical Institute 
 Mayo Clinic - Jacksonville 
 Mayo Clinic - Scottsdale 
 Metropolitan State College of Denver 
 NASA Ames Research Center 
 NASA Headquarters 
 NASA Jet Propulsion Lab 
 NASA Johnson Space Center  

 National Science Foundation  
(Student Fellowships) 

 National Space Grant Foundation 
 NMSU Space Development Foundation 
 Pennsylvania State University, The 
 Southwest Research Institute 
 Universities Space Research Association 
 University of Colorado LASP 
 University of Missouri 
 US Army 

COE CST YEAR 3 INDUSTRY PARTNERS 

The following is a list of the 44 COE CST industry partners that have contributed to the year 3 COE CST 
research tasks. 

 Altius Space Machines 
 American Institute of 
Aeronautics and 
Astronautics (AIAA) 

 Analytical Graphics Inc. 
 Arianespace 
 ATK 
 Bachner Consultants, Inc. 
 Ball Aerospace 
 Bigelow Aerospace 
 Boeing Company, The 
 Cimmaron Software 
Services Inc. 

 Clear Channel Satellite 
 CSSI Inc. 
 Digital Solutions 
 DigitalGlobe 

 Dynetics, Inc. 
 Futron 
 GeoEye 
 Jacobs Technology Inc. 
 Locked On Inc. 
 Lockheed Martin Space 
Systems Company 

 Marketing Consultant 
 NASTAR Center 
 New Mexico Spaceport 
Authority 

 Orbital Sciences Corporation 
 Orion America Technologies, 
LLC 

 Paris Surgical Assoc. 
 Qinetiq 
 Scitor Corporation 
 Sierra Nevada Corp. 

 Space Exploration Technologies 
(SpaceX) 

 Space Florida 
 Space News 
 Space Systems / Loral 
 Space Works Enterprises 
 Spaceport America Consultants 
 Spaceport Sweden 
 Spaceworks 
 Special Aerospace Services 
 Tauri Group, The 
 United Launch Alliance 
 Virgin Galactic 
 Webster University 
 Wyle Integrated Science and 
Engineering Group 

 XCOR Aerospace, Inc. 

COE CST would like to thank United Launch Alliance and Craig Technologies for sponsoring the 
Welcome Reception at the Annual Technical Meeting in Washington, DC. 

COE CST YEAR 3 PUBLICATIONS 

The following is a list of the 28 publications published or presented during COE CST year 3. 

TASK 182-UTMB HUMAN SYSTEM RISK MANAGEMENT APPROACH 
 CH Mathers, EL Kerstman.  J. Law, JM Vanderploeg, and SRE Fondy. (2013). and "NASA's Human System Risk Management 

Approach and Its Applicability to Commercial Spaceflight"; Aviation, Space, and Environmental Medicine, Vol. 84, No. 1, January 
2013. 

TASK 184-CU HUMAN RATING OF COMMERCIAL SPACECRAFT 
 Fong et al., (2013). Winter temperature tides from 30 to 110 km at McMurdo: Lidar observations and comparison with WAM, J. 

Geophys. Res., submitted, 2013. 
 D.M. Klaus and R.P. Ocampo (2013) A Review of Spacecraft Safety: from Vostok to the International Space Station.  New Space 

1(2): 73-80 

TASK 185-SU UNIFIED 4-DIMENSIONAL TRAJECTORY ANALYSIS 
 F. Capristan and J. Alonso.  (2014). Range Safety Assessment Tool (RSAT): An analysis environment for safety assessment of 

launch and reentry vehicles (AIAA 2014-0304), 52nd Aerospace Sciences Meeting, 2014,10.2514/6.2014-0304. 

TASK 186-SU SPACE ENVIRONMENT MMOD MODELING AND PREDICTION 
 A. Li and S. Close. (2013). Orbital debris parameter estimation from vertical pointing radar, IAC, Conference Proceedings. 
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 A. Goel, A. Mocker, D. Lauben, D. Strauss, I. Linscott, N. Lee, R. Srama, S. Bugiel, S. Close, and T. Johnson. (2013). Detection 
of electromagnetic pulses produced by hypervelocity micro particle impact plasmas, Physics of Plasmas, 20, 092102, 1–8, 
doi:10.1063/1.4819777. 

 A. Goel, A. Mocker, D. Lauben, D. Strauss, I. Linscott, N. Lee, R. Srama,  S. Bugiel, S. Close, and T. Johnson. (2013). Theory 
and experiments characterizing hypervelocity impact plasmas on biased spacecraft materials, Physics of Plasmas, 20, 032901, 
1–9, doi:10.1063/1.4794331. 

 N. Lee, R. Srama, and S. Close. (2013). Composition of plasmas formed from debris impacts on spacecraft surfaces, Sixth 
European Conference on Space Debris. 

 D. Janches, D. Nesvorny,  J. J. Sparks, S. Close, S. Pifko, and T. Nakamura. (2013)., The Meteoroid Input Function and 
predictions of mid-latitude meteor observations by the MU radar, Icarus, 223, 444–459, doi:10.1016/j.icarus.2012.12.014. 

TASK 187-CU SPACE SITUATIONAL AWARENESS 
 D.J. Scheeres and K. Fujimoto. (2013). “Applications of the Admissible Region to Space- Based Observations,” Advances in 

Space Research 52: 696-704.  
 A.J. Rosengren and D.J. Scheeres. (2013). “Long-term Dynamics of High Area-to-mass Ratio Objects in High-Earth Orbit,” 

Advances in Space Research 52: 1545-1560.  
 A. Albuja and D.J. Scheeres. (2013). “Evolution of Angular Velocity for Large Space Debris as a Result of YORP,” paper 

presented at the 64th International Astronautical Congress, Beijing, China, October 2013. Paper IAC-13.A6.2.6.  
 A.J. Rosengren, D.J .Scheeres and J.W. McMahon. (2013). “The Classical Laplace Plane and its use as a Stable Disposal Orbit 

for GEO,” paper presented at the 2013 AMOS Meeting, Maui, September 2013.  
 A. Albuja and D.J .Scheeres. (2013). “Defunct Satellites, Rotation Rates and the YORP Effect,” paper presented at the 2013 

AMOS Meeting, Maui, September 2013.  
 D.J. Scheeres, J. Herzog, K. Fujimoto, and T. Schildknecht. (2013). “Improvements to Optical Track Association with the Direct 

Bayesian Admissible Region Method,” paper presented at the 2013 AMOS Meeting, Maui, September 2013.  
 D.J .Scheeres and K. Fujimoto. (2013). “Analytical Non-Linear Conjunction Assessment Via State Transition Tensors In Orbital 

Element Space,” paper presented at the 2013 AAS/AIAA Astrodynamics Specialist Conference, Hilton Head Island, South 
Carolina, August 2013. Paper AAS 13-913.  

 A.J. Rosengren, D.J .Scheeres and J.W. McMahon. (2013). “Long-Term Dynamics And Stability Of Geo Orbits: The Primacy Of 
The Laplace Plane,” paper presented at the 2013 AAS/AIAA Astrodynamics Specialist Conference, Hilton Head Island, South 
Carolina, August 2013. Paper AAS 13-865.  

 D.J. Scheeres, J. Herzog, K. Fujimoto, and T. Schildknecht. (2013). “Applying the Direct Bayesian Admissible Region Approach 
to The Association of GEO Belt Optical Obser- vations,” paper presented at ISTS 2013, The 29th International Symposium on 
Space Technology and Science, Nagoya-Aichi, Japan, June 2013.  

 D.J. Scheeres, J. Herzog, K. Fujimoto, and T. Schildknecht. (2013). “Association Of Short-Arc Optical Tracks Via The Direct 
Bayesian Admissible Region: Theory And Application,” paper presented at the 6th European Conference on Space Debris, 
ESA/ESOC Darmstadt, Germany, April 2013.  

 A.J. Rosengren and D.J. Scheeres. (2013). “Averaged Dynamics Of High Area-To-Mass Ratio Space Debris In Geo,” paper 
presented at the 6th European Conference on Space Debris, ESA/ESOC Darmstadt, Germany, April 2013.  

 A. Albuja, D.J. Scheeres, J.W. McMahon. (2013). “Evolution of Angular Velocity for Space Debris as a Result of YORP,” paper 
presented at the 23rd AAS/AIAA Space Flight Mechanics Meeting, Kauai, Hawaii, February 2013. Paper AAS 13-316  

TASK 193-SU ROLE OF COE CST IN EFP 
 A. Ow, J. Zimmerman, and S. Hubbard. (2013).  "Potential Opportunities for Secondary and Hosted Payloads on NASA 

Missions", IAC-13-B4.5.7, September, 2013. 

TASK 193-CU ROLE OF COE CST IN EFP 
 B. Cheetham, B. Henwood, J.  Crowell, J.  Feldhacker, J. Stark, K. Davidian, K. Raimalwala, L.  Kennick, M. Cannella, N. Wong, 

and S. Bandla,.  “The ‘Game’ of Training Humans for Commercial Suborbital Spaceflight,” 64th International Astronautical 
Congress, Beijing China, IAC-13-E6.2.3 

TASK 228-NMT MAGNETO-ELASTIC SENSING FOR STRUCTURAL HEALTH MONITORING 
 A. Zagrai, B. Cooper, B. Trujillo, C. White, J. Gutierrez, J. MacGillivray, J. Schlavin, K. Tena, L.  Magnuson, L. Puckett, N. 

Demidovich, S Chesebrough, S. Kessler, T. Gonzales. (2013). “Structural Condition Assessment during High Altitude 
Stratospheric Balloon Flight,” Presentation at Next-Generation Suborbital Researchers Conference 2013, June 3-5, 2013, 
Broomfield, Colorado. 

 A. Zagrai, B. Cooper, B. Trujillo, C. White, J. Gutierrez, J. MacGillivray, J. Schlavin, K. Tena, L.  Magnuson, L. Puckett, N. 
Demidovich, S Chesebrough, S. Kessler, T. Gonzales. (2013). “Structural Health Monitoring using COTS Equipment during High 
Altitude Stratospheric Balloon Flight,” Presentation at Commercial and Government Responsive Access to Space Technology 
Exchange, Bellevue, Washington, June 26, 2013. 

 A. Zagrai, B. Cooper, C. White, J. Schlavin, and S. Kessler. (2013). “Structural Health Monitoring in Near-Space Environment, a 
High Altitude Balloon Test,” Proceedings of International Workshop on Structural Health Monitoring, Stanford University, 
September 10, 2013. 

 A.  Zagrai, B. Cooper, and S. Kessler. (2013). “Effects of Altitude on Active Structural Health Monitoring,” Proceedings of 
SMASIS-13, ASME Conference on Smart Materials, Adaptive Structures and Intelligent Systems, September 16 – 18, 2013, 
Snowbird, Utah, paper: SMASIS2013-3269. 

TASK 244-FSU AUTONOMOUS RENDEZVOUS AND DOCKING 
 A. Sharma,  E. Collins, G. Francis, and O. Chuy. (2013). “Sampling-Based Trajectory Generation for Autonomous Spacecraft 

Rendezvous and Docking,” AIAA Guidance, Navigation, and Control Conference, Boston, MA, August 2013. 
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FAA Administrator, Michael Huerta, presents Drs. Tarah Castleberry and Charles Mathers with 
a plaque in recognition of UTMB’s centrifuge testing conducted under the FAA COE CST 
program. 
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PREFACE 

The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is pleased 
to release this FAA Center of Excellence for Commercial Space Transportation (COE CST) Year 4 
Annual Report Executive Summary.  

For more information about the content of this report, please visit the COE CST web site at www.coe-
cst.org. 

Please address any questions or corrections to COE CST Program Manager, Ken Davidian, 202-267-
7214, ken.davidian@faa.gov.  

- December 31, 2014 

ACKNOWLEDGEMENTS 

Dr. George Nield, the Associate Administrator of FAA AST, and Dr. Patricia Watts, Program Director of all 
the FAA COEs are two individuals without whose support the COE CST could not function today. They 
are recognized as driving forces for the past successes of COE CST and will be the source of any future 
accomplishments as well. The COE CST is very grateful for their support. Coming more recently to the 
COE CST world, the Director of the FAA William J. Hughes Technical Center, Dr. Dennis Filler, has 
demonstrated great support through his participation in the fourth Annual Technical Meeting. Long-time 
advocate, Dr. Joseph Rosenberg, leader of the COE CST Industry Advisory Committee, said farewell to 
the COE CST community when he retired from retirement (for a third time?) and took a full-time job with a 
small start-up located in the San Jose area. We wish him well. He will be missed. 

The COE CST is a collection of nine incredible universities (described in detail later in this document), 
supplemented by a handful of affiliate and associate members, and complemented by numerous private 
organizations and research institutions. Of course, within each of these entities are the people that make 
the COE CST what it is: the principal investigators, the students, the financial officers, the contractors, the 
business women (and men), the executives, the administrators, the government researchers, and 
everybody else. It is the collective effort of these individuals that make the research possible, provide 
matching in-kind contributions, generate and post the boat-load of technical and financial data for 
government-required reports, and fundamentally make the overall system function efficiently through their 
individual actions. 

These important individuals represent the dozens of participating organizations and institutions. Words of 
thanks or acts of appreciation in recognition for their contributions of time, effort, and treasure cannot be 
adequately expressed. Thank you, all. 

PICTURED TO THE 
RIGHT: The nine COE CST 
member universities posed 
for a picture at the fourth 
Annual Technical Meeting 
on October 29, 2014. From 
left to right: Dr. Dave Klaus 
(CU Boulder), Dr. Jay Kapat 
(UCF), Professor Scott 
Hubbard (Stanford), Dr. 
Norm Fitz-Coy (UF), Dr. Jim 
Vanderploeg (UTMB), Dr. 
Farrukh Alvi (FSU), Dr. 
Patricia Hynes (NMSU), Dr. 
Warren Ostergren (NMT), 
and Dr. Tristan Fiedler 
(FIT). 
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INTRODUCTION

This Executive Summary accompanies a more detailed, three volume annual report of the FAA COE 
CST, available on the COE CST web site.  

 Volume 1 gives a full description of the FAA COE CST, its research, structure, member universities, 
funding and research tasks.  

 Volume 2 is a comprehensive set of presentation charts of each research task as presented at the 
fourth Annual Technical Meeting in October 2014.  

 Volume 3 is a comprehensive set of notes from all FAA COE CST teleconferences and face-to-face 
meetings. 

This Executive Summary begins with overviews of the FAA Office of Commercial Space Transportation 
(the sponsoring organization), the FAA COE Program and the COE CST. The COE CST became 
operational on August 18, 2010 with nine member universities and has subsequently added affiliate and 
associate organizations, including both universities and industry members. 

Brief introductions and general descriptions are provided for each of the COE CST member universities 
and affiliate members. A new section has been added to the Executive Summary this year, introducing 
the FAA Technical Monitors for the COE CST research tasks. 

The overall scope of COE CST research themes is given and each of the research tasks initiated, 
conducted and concluded by the COE CST during the fourth year of operation are listed. Quad charts 
provide the summary information for each task. 

The Executive Summary concludes with a listing of the COE CST students, the partnering industry 
institutions, the research organizations, and the technical publications delivered during the year. 

OVERVIEWS

FAA Office of Commercial Space Transportation 

As of December 2013, the FAA Office of Commercial Space Transportation (AST) is comprised of 
approximately 80 full time equivalent (FTE) civil servants and operates with a budget of $16 million. (By 
contrast, the FAA has approximately 48,000 FTEs and a total budget of $16 billion.) Despite its relatively 
small size, AST has an important set of responsibilities as described in their mission and defined in the 
Code of Federal Regulations, Title 51 US Code Subtitle V, Ch. 509. The two main goals of AST are: 

 Regulate the commercial space transportation industry, only to the extent necessary, to ensure 
compliance with international obligations of the United States and to protect the public health and 
safety, safety of property, and national security and foreign policy interest of the United States. 

 Encourage, facilitate, and promote commercial space launches and re-entries by the private sector. 

FAA Center of Excellence Program 

The FAA Center of Excellence (COE) program was established by the Omnibus Budget Reconciliation 
Act of 1990, Public Law 101-508, Title IX, Aviation Safety and Capacity Expansion Act. 

COEs are intended to be a 10-year partnership of academia, industry, and government to create a world-
class consortium that will address current and future challenges for commercial space transportation. The 
three main goals of every COE include research, training, and outreach. 

A unique attribute of the COE program is the one-to-one matching requirement for every federal dollar 
granted to a COE university. The matching requirement can be satisfied through direct or in-kind 
contributions from any non-federal funding source, including industry, universities, and state and local 
government organizations. 

Eight other COEs have been established by the FAA that pre-date the COE CST, including:  
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 The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996. 

 The Center of Excellence for Airport Technology (CEAT), established in 1995. 

 The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2007.  

 The Airworthiness Assurance COE (AACE) operated from 1997 to 2007. 

 The COE for General Aviation Research (CGAR), in operation from 2001 to 2013. 

 The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), in operation 
from 2003 to 2013. 

 The Joint Center for Advanced Materials (JAMS), in operation from 2003 to 2015. 

 The Airliner Cabin Environment Research (ACER) Center, also called the COE for Research in the 
Intermodal Transport Environment (RITE), in operation from 2004 to 2014. 

Since the creation of the COE CST in August 2010 and as of December 2013, two new COEs have been 
created. They are:  

 The Center of Excellence for General Aviation Safety Research (named PEGASAS, Partnership to 
Enhance General Aviation Safety, Accessibility and Sustainability), established in 2012. 

 The Center of Excellence for Alternative Jet Fuels and Environment (ASCENT), announced in 2012. 

FAA Center of Excellence for Commercial Space Transportation 

Below is a quick look at COE CST year four highlights and technical publications. 

COE CST YEAR 4 HIGHLIGHTS

The following are the major milestones for the FAA COE CST during its fourth year: 

 Fourth Annual Administrative Meeting 
held at the Florida Institute of 
Technology (FIT) in Melbourne, 
Florida, on April 22-23, 2014. 

 Recognition of COE CST research 
work done by the University of Texas 
Medical Branch (UTMB) at the 
Aerospace Medical Association 
Annual Scientific Meeting in San 
Diego, California, on May 13-16, 
2014. 

 Fourth Annual Technical Meeting held 
in Washington, D.C. on October 28-
30, 2014. 

 The New Space Journal completed its 
second year of quarterly publications, 
featuring topics of spaceports, Mars, 
human spaceflight research, and the 
“space generation” of upcoming professionals. 

In the fourth year of COE CST operation, there were 3 new tasks started, 18 ongoing from the previous 
year, 3 tasks on hold, 3 tasks completed, and 3 affiliate member tasks. The complete list of all tasks is 
given in the second half of this Executive Summary. 

COE CST STUDENTS, PARTNERS AND PUBLICATIONS

In the fourth year of operation, the COE CST benefited from the services of 47 students, 27 research 
partners and 55 industry partners. The combined effort resulted in 22 technical or programmatic papers 
published in journals or presented at conferences. A complete list of students, partners (both industry and 
research organization) and publications are given after the research task summary charts in this report. 
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FAA AST TECHNICAL MONITORS 

Technical monitors are the strategic link between the FAA’s research requirements and the work 
performed by COE CST member universities. Below is a brief listing of the FAA COE CST Technical 
Monitors who contributed to the research efforts of the principal investigators and students: 

 Mr. Ken Davidian, Office of the Chief Engineer, AST 

 Mr. Nickolas Demidovich, Office of the Chief Engineer, AST 

 Mr. Steph Earle, Space Transportation Development Division, AST 

 Mr. Kevin Hatton, Space Vehicles Office, NextGen Office 

 Mr. Henry Lampazzi, Licensing & Evaluation Division, AST 

 Ms. Karen Shelton-Mur, Space Transportation Development Division, AST 

 Ms. Yvonne Tran, Regulations & Analysis Division, AST  

 Dr. Paul Wilde, Office of the Chief Engineer 

The specific tasks for which each Technical Monitor is responsible are given in the research task table in 
the “COE CST RESEARCH TASKS” section and on each of the research task summary (quad) charts. 

COE CST MEMBER UNIVERSITIES 

The nine COE CST member universities are: Florida Institute of Technology (FIT, or Florida Tech), 
Florida State University (FSU), New Mexico Institute of Mining and Technology, (NMT, or New Mexico 
Tech), New Mexico State University (NMSU), Stanford University (SU), University of Central Florida 
(UCF), University of Colorado at Boulder (CU), University of Florida (UF) and University of Texas Medical 
Branch at Galveston (UTMB) 

The COE CST member universities provide a comprehensive distribution of geographical coverage 
representing the entire Commercial Space Transportation industry, including the top four civil space 
states (California, Colorado, Texas and Florida) and New Mexico, the state leading the suborbital industry 
as well as having a significant level of military space activity.  Combined, the nine universities bring over 
50 other government, industry and academic organizations as research partners. 

As a single entity, the nine COE CST member universities unite complementary strengths for the benefit 
of the overall COE and the FAA. Each team member provides highly respected and consummate 
experiences that directly address the research and education needs of the commercial space industry. 

In 2012, McGill University of Montréal, Canada, joined the COE CST as the first Affiliate University. The 
remainder of this section provides more detail on each of the nine member universities and other affiliate 
and associate organizations. 

Florida Institute of Technology (FIT) 

Florida Tech (FIT) offers broad expertise in aerospace and space-related engineering, science, space 
traffic management and launch operations, vehicle and payload analysis and design, thermal systems 
and propulsion.  

Florida State University (FSU) 

FSU brings a range expertise and unique infrastructure and unparalleled testing facilities in many areas 
relevant to the COE CST. These include but are not limited to: cryogenics, thermal management, vehicle 
aerodynamics and controls, sensors, actuators, system health monitoring and high performance 
simulations including multi-physics mechanics and flow surface interactions. We have substantial 
expertise in simulating, experimentally and numerically, the Vehicle Launch Environment and the 
associated challenges in aeroacoustics aero-structures. 
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New Mexico Institute of Mining and Technology (NMT) 

NMT is a science, math and engineering university with a focus on applied research. Major research 
facilities include a rocket engine test fixture at the Energetic Materials Research and Testing Center, and 
a 2.4M fast tracking telescope at the Magdalena Ridge Observatory dedicated to the study of near earth 
objects. 

New Mexico State University (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas of 
suborbital investigations from the time of Robert Goddard and Werner Von Braun to the current era of 
commercial sub-orbital space transportation with Spaceport America and its operators, Virgin Galactic, 
SpaceX and UP Aerospace. New Mexico Space Grant Consortium, the 21st Century Aerospace Space 
Group and related aerospace research focuses on annual access to space for student and faculty 
experiments, unmanned aerial vehicles, and cube-satellite development. 

Stanford University (SU) 

SU brings a 50 year history of aerospace research excellence and a broad scope of expertise to the COE 
CST, including the optimization and autonomous operation of complex systems, strategic research 
planning, organizational integration and distributed administration experience. 

University of Central Florida (UCF) 

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the Center for Advanced 
Turbines & Energy Research (CATER), offers its experience and expertise in thermal protection system, 
propulsion system components, cryogenic systems and materials, composites, sensors and actuators, 
and guidance and control. 

University of Colorado at Boulder (CU) 

CU offers the COE CST their experience in spacecraft life support systems and habitat design, 
spaceflight risk assessment, human factors engineering analysis, payload experiment integration, and 
expertise in space environment and orbital mechanics. 

University of Florida (UF) 

UF has been performing aeronautical and aerospace research since 1941, with current emphasis in the 
Department of Mechanical and Aerospace Engineering on research in space systems, MEMS, 
computational sciences, structural dynamics, controls, gas dynamics, and propulsion. 

University of Texas Medical Branch at Galveston (UTMB) 

UTMB has a long history of medical support and human spaceflight physiological research with NASA.  
This is complemented by more recent involvement in the commercial orbital and suborbital spaceflight 
industry supporting space flight participant visits to the ISS and preparation of passengers and crew for 
suborbital space flights. 

COE CST AFFILIATE MEMBERS 

Embry-Riddle Aeronautical University (ERAU) 

Embry-Riddle Aeronautical University (ERAU) team focuses upon the demonstration, verification, and 
validation of the AST funded, and ERAU developed ADS-B prototype (UAT Beacon Radio – ERAU 
model) for the reusable sub-orbital space vehicles for the first year.   
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Map of COE CST Member and Affiliate University Geographic Distribution 

McGill University (MU) 

McGill University’s Institute of Air and Space Law (IASL) offers the most comprehensive and advanced 
graduate level space law program in the world covering General Principles of Space Law, Law of Space 
Applications and Government Regulation of Space Activities. 

Satellite Communications Systems (SatWest) 

Satellite Communications Systems focuses on test of Satellite Communications Systems on-board 
Suborbital Platforms to provide low-cost data communications for Research Payloads, Payload 
Operators, and Space Vehicle Operators, and government agencies such as the FAA and NASA.  The 
satellite systems to be tested include, but are not limited to, Iridium, Globalstar, and Inmost.   

COE CST ASSOCIATE MEMBERS AND PRIMARY PARTNERS 

Baylor College of Medicine Center for Space Medicine (CSM) 

Baylor College of Medicine Center for Space Medicine (CSM) is a collaborative enterprise involving 
Baylor College of Medicine, the National Space Biomedical Research Institute, NASA, Rice University, 
Texas Medical Center institutions, and other academic, industry and government organizations nationally 
and internationally. The affiliation with UTMB and the COE CST offers UTMB researchers the ability 
to work side-by-side CSM faculty and students in collaboration with NSBRI, NASA and other colleagues. 
Most recently, this included UTMB residents working with CSM faculty Dr. Jon Clark, providing medical 
support and research for the RedBull Stratos project, resulting in many publications and presentations. 

National Aerospace Training and Research (NASTAR) Center 

The National AeroSpace Training and Research (NASTAR) Center is partnering with UTMB and the FAA 
COE CST to participate as an industrial affiliate in an advisory board capacity and also as a research 
partner providing cost sharing support.  It offers a strong foundation in flight training and research to 
improve the health and safety of passengers in the extreme aviation and space environments.  Most 
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recently, NASTAR donated time and use of its centrifuge for a COE CST sponsored novel study on G-
tolerance of subjects with chronic diseases.  

University Of Nebraska Lincoln 

The University of Nebraska, a collaboration between space law and policy, focuses on how the liability 
regime will achieve the appropriate balance between the risks and benefits of allowing lay persons to 
travel to space, and what elements of the liability regime are best addressed at both the national and 
international levels.  In addition, the research will look at how to avoid over/under-regulating so as to 
retain profitability and viability, and how regulation should evolve as the industry matures. 

AWARDS AND RECOGNITION 

During the past five years, many of the principal investigators and students from COE CST member 
universities have received promotions, awards, and recognition for their work. Shown below are honors 
received during the past 12 months. The FAA would like to congratulate all the recognized recipients 
(listed in alphabetical order by last name) for their great achievements! 

Dr. Rebecca Blue (UTMB) was given the Julian E. Ward Memorial Award for superior performance 
and outstanding achievement in the art and science of aerospace medicine during residency training, 
and was noted for all of her work, including 18 publications. 

Mr. Brad Cheetham (CU Boulder) received the 2014 Aviation Week’s Twenty-20s Award, listing the 
top 20 people in the aerospace industry under the age of 30. 

Dr. Natacha Chough (UTMB) was awarded the AsMA Jeffrey R. Davis, MD, Endowed Scholarship and 
the Society of NASA Flight Surgeons Outstanding Student Award.

Dr. Emmanuel Collins (FSU) received the Black Engineer of the Year Award for College-Level 
Promotion of Education, and was named a Fellow of the American Society of Mechanical Engineer 
(ASME).

Dr. Dave Klaus (CU Boulder) recently received the Aerospace Department Outstanding Graduate 
Teaching and Mentoring Award, 2014. 

Dr. Robert Mulcahy (UTMB) was awarded the Jeff Myers Young Investigator Award. 

Dr. James Pattarini (UTMB) was awarded the AsMA Jeffrey R. Davis, MD, Endowed Scholarship and 
the Space Medicine Association Wyle Scholarship. 

Dr. Daniel J. Scheeres (CU Boulder) was recently Named Distinguished Professor of The University 
of Colorado by the Board of Regents, 2014, and was named a Fellow of the American Institute of 
Aeronautics and Astronautics. 

Dr. James Vanderploeg (UTMB) was given the Louis H. Bauer Founders Award, the top honor from 
the Aerospace Medical Association (AsMA) 
for the most significant contribution in 
aerospace medicine. 

Mr. Jonah Zimmerman (Stanford)
received the Best Student Paper at the 
AIAA Joint Propulsion Conference in 2013.

TEAM UTMB: Members of the UTMB 
researchers at the AsMA Conference, from 
left to right: Dr. Dana Levin, Dr. James 
Pattarini, Dr. Robert Mulcahy, Dr. Rebecca 
Blue, Mr. Ken Davidian, Dr. Alex Garbino, Dr. 
Jim Vanderploeg, Dr. Tarah Castleberry, Dr. 
Charles Mathers, and Dr. Eric Blacher. Not 
pictured: Dr. Natacha Chough. 
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COE CST RESEARCH TASKS 

The research conducted within FAA AST is broken into four major research themes: 

 Space Traffic Management & 
Operations  

 Space Transportation Operations, 
Technologies & Payloads  

 Human Spaceflight 

 Space Transportation Industry 
Viability

Each of these major research themes 
are divided into programs and these 
are further divided into projects and 
tasks.  

The following pages include a list of 
the individual COE CST research 
tasks conducted during the fourth year 
of operation followed by summary 
(quad) charts for each task. 

The presentation order of the 
summary charts follows the list of 
tasks given in the table below. 
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Dr. Tristan Fiedler (FIT) making a presentation at the COE CST Fourth Annual Technical 
Meeting held in Washington, DC. 
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COE CST STUDENTS, PARTNERS AND PUBLICATIONS 

COE CST YEAR 4 STUDENTS

The following is a list and demographic information of the 47 COE CST students working on research 
tasks during the fourth year of operation.  

 Bayley, Steven (NMT) 
 Blacher, Eric (UTMB) 
 Blood, Dan (UF) 
 Bowers, Marianne (NMSU) 
 Capristan, Francisco (SU) 
 Carpenter, Cassandra (UCF) 
 Chamberlain, Christina (CU) 
 Cheetham, Bradley (CU) 
 Chough, Natcha (UTMB) 
 Collins, Justin (FSU) 
 Colvin, Thomas (SU) 
 Day, Richard (ERAU) 
 DiPaolo, Andrea (MU) 
 Francis, Griffin (FSU) 
 Gehly, Steven (CU) 
 Hernandez, Lance (NMT) 

 Huang, Roger (CU) 
 Johansen, Benjamin (UTMB) 
 Li, Alan (SU) 
 Lipscomb, Caleb (CU) 
 LoCrasto, Heather (CU) 
 Loparo, Zachary (UCF) 
 Masker, William (NMT) 
 Meisner, Daniel (NMT) 
 Mendoza, Joshua (NMT) 
 Mills, David (UF) 
 Mulcahy, Robert (UTMB) 
 Negrea, Catalin (CU) 
 Neugebauer, Brandon (ERAU) 
 Newman, Tristan (UF) 
 Ow, Andrew (SU) 
 Park, In-Kwan (CU) 

 Pattarini, James (UTMB) 
 Reyes, David (UTMB) 
 Rumsey, Alex (FIT) 
 Runnels, Joel (NMT) 
 Sharma, Aneesh (FSU) 
 Smith, Taylor (FIT) 
 Stanley, June (NMT) 
 Stotts, Jarrett (NMT) 
 Thurmond, Kyle (UCF) 
 Tobin, Jessica (NMT) 
 Tounour, Dominic (ERAU) 
 Trujillo, Blaine (NMT) 
 Yang, Hongjiang (UCF) 
 Yosvany, Alonso (ERAU) 
 Zimmerman, Jonah (SU) 

Note: Not all students’ names are given on the quad charts in the preceding section so this list has some names
not found in the charts. Abbreviations: CU University of Colorado Boulder, ERAU Embry Riddle Aeronautical
University, FIT Florida Tech, FSU Florida State University, MU McGill University, NMSU New Mexico State
University, NMT New Mexico Tech, SU Stanford University, UCF University of Central Florida, UF University of
Florida, UTMB University of Texas Medical Branch at Galveston.

COE CST STUDENT DEMOGRAPHIC CHARTS

Note: These charts were made using
cumulative data from previous years
and consequently do not reflect 2014
student data only.

Breakdown
by ethnicity 

Breakdown
by gender 

Breakdown
by school 
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COE CST YEAR 4 RESEARCH PARTNERS

The following is a list of the 27 COE CST research organization partners that have contributed to the year 
four COE CST research tasks. 

 Air Force Research Lab - Kirkland 
 Air Force Research Lab - Maui 
 Baylor College of Medicine 
 FAA Civil Aerospace Medical Institute 
 Los Alamos National Laboratory Engineering 
Institute 

 May Clinic - Rochester and Scottsdale 
 Metropolitan State College of Denver 
 MIT Lincoln Laboratory 
 MITRE 
 NASA Ames Research Center 
 NASA Headquarters 
 NASA Jet Propulsion Lab 
 NASA Johnson Space Center 

 Nation Science Foundation  
 National Space Biomedical Research Institute 
 National Space Grant Foundation 
 NMSU Space Development Foundation 
 Oak Ridge National Laboratory 
 Pennsylvania State University, The 
 Sandia National Laboratories 
 Southwest Research Institute 
 Universities Space Research Association 
 University of Colorado LASP 
 University of Missouri 
 US Army 
 Webster University 
 Wright State University 

COE CST YEAR 4 INDUSTRY PARTNERS

The following is a list of the 55 COE CST industry partners that have contributed to the year four COE 
CST research tasks. 

 Altius Space machines 
 American Institute of 
Aeronautics and 
Astronautics (AIAA) 

 Analytical Graphics Inc. 
 Arianespace 
 ATK 
 Bachner Consultants 
 Ball Aerospace 
 Bigelow Aerospace 
 Blue Origin 
 Boeing Company, The 
 Braxton 
 Cimmaron Software 
Services Inc. 

 Clear Channel Satellite 
 CSSI Inc. 
 DigitalGlobe  
 Digital Solutions 
 Dynetics, Inc. 

 Echostar  
 Globalstar 
 IBM 
 Intelsat 
 Iridium 
 Jacobs Technology Inc. 
 Locked On Inc. 
 Lockheed Martin Space Systems 
Company 

 LORD Microstrain 
 Marketing Consultant 
 Metis Design 
 NASTAR Center 
 Near Space Corporation 
 New Mexico Spaceport Authority 
 Orbital Sciences Corporation 
 Orion America Technologies 
 Qinetiq 
 SAIC 
 SatWest 

 Scitor Corporation 
 Sierra Nevada Corp 
 Space X 
 Space Florida 
 Space News 
 Space Ops 
 Space Systems / Loral 
 Space Works Enterprises 
 Spaceport America Consultants 
 Spaceport Sweden 
 Spaceworks 
 Special Aerospace Services 
 Tauri Group, The 
 Terminal Velocity Aerospace 
 United Launch Alliance 
 UP Aerospace 
 Virgin Galactic 
 Wyle Integrated Science and 
Engineering Group 

 XCOR Aerospace, Inc. 

COE CST would like to thank the Florida Space Grant Consortium for sponsoring the Welcome Reception 
at the Fourth Annual Technical Meeting in Washington, DC. 
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COE CST YEAR 4 PUBLICATIONS

The following is a list of the 22 publications published or presented during COE CST year four. 

TASK 184-CU HUMAN RATING OF COMMERCIAL SPACECRAFT

Klaus, D.M., Ocampo, R.P. and Fanchiang, C. (2014) Spacecraft Human-Rating: Historical Overview 
and Implementation Considerations. IEEE Aerospace Proceedings (978-1-4799-1622-1/14, no. 2272).

 Neis, S.M. and Klaus, D.M. (2014) Considerations toward Defining Medical ‘Levels of Care’ for 
Commercial Spaceflight. New Space [accepted]. 

TASK 185-SU UNIFIED 4-DIMENSIONAL TRAJECTORY ANALYSIS

 Capristan, Francisco M., and Juan J. Alonso. "Range Safety Assessment Tool (RSAT): An analysis 
environment for safety assessment of launch and reentry vehicles," 52nd Aerospace Sciences Meeting, 
2014, 10.2514/6.2014-0304.  

TASK 187-CU SPACE SITUATIONAL AWARENESS

 Rosengren, Aaron J., Daniel J. Scheeres, and Jay W. McMahon. "The classical Laplace plane as a 
stable disposal orbit for geostationary satellites." Advances in Space Research 53.8 (2014): 1219-1228.  

TASK 193-CU ROLE OF COE CST IN EFP

 Bandla, S., Cheetham, B., Hakeem, R., Zea, L. "Applying Insights Of Game Theory To The Microgravity 
Utilization Market", IAC-14,E6,3,3, x24346, October, 2014. 

TASK 193-SU ROLE OF COE CST IN EFP

 Ow, A., Zimmerman, J., Hubbard, S. "A qualitative analysis of opportunities and processes for 
secondary and hosted payloads." IAC-14-B4.5.12, October 2014. 

TASK 220-NMSU SPACE OPERATIONS FRAMEWORK

 Bachner, H., Hynes, P., Schneider, I., Hayhoe, J., Lee, N., and Bowers, M. "The development of a 
framework to capture a body of knowledge (BOK) for commercial spaceport practices." IAC-14.D6.1.7, 
October 2014. 

TASK 228-NMT MAGNETO-ELASTIC SENSING FOR STRUCTURAL HEALTH MONITORING

Masker, W., Runnels, J., and Zagrai, A., (2014) “Small-factor Electromechanical Impedance 
Measurement Board for Space Applications”, presentation at SPIE's 21th Annual International 

UTMB Students, 
Dr. Robert 
Mulcahy, Dr. 
Natacha Chough, 
and Dr. James 
Pattarini, receiving 
awards at the 2014 
Aerospace Medical 
Association 
Conference. 
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Symposium on Smart Structures and Materials + NDE for Health Monitoring and Diagnostics, 9 - 13 
March 2014, CA.

Trujillo, B. and Zagrai, A., (2014) “Monitoring of Acoustic Emission Activity using Thin Wafer 
Piezoelectric Sensors”, paper at SPIE's 21th Annual International Symposium on Smart Structures and 
Materials + NDE for Health Monitoring and Diagnostics, 9 -13 March 2014, CA. 

 Trujillo, Blaine, et al. "Monitoring of acoustic emission activity using thin wafer piezoelectric sensors." 
SPIE Smart Structures and Materials+ Nondestructive Evaluation and Health Monitoring. International 
Society for Optics and Photonics, 2014. 

Zagrai, A., (2014) “High-frequency Sensor Technology”, presentation at AFOSR Workshop on 
Microsecond State Monitoring of Multicomponent Structures, 8 April  2014, Niceville, Florida 32578-
1295

 Zagrai, A, Cooper, B., Schlavin, J., Clemens, R., White, C., Kessler, S., (2014) “Assessing structural 
condition during suborbital space flight,” Technical presentation at ASME Conference on Smart 
Materials, Adaptive Structures and Intelligent Systems, September 9, 2014, Newport, RI, presentation: 
SMASIS2014-7726.  

TASK 241-UF HIGH TEMPERATURE, OPTICAL SAPPHIRE PRESSURE SENSORS FOR HYPERSONIC VEHICLES

 Mills, D., D. Alexander, G. Subhash, and M. Sheplak, “Development of a sapphire optical pressure 
sensor for high-temperature applications,” Proc. SPIE 9113, Sensors for Extreme Harsh Environments, 
Baltimore, MD, 6/5/2014.  

TASK 244-CU AUTONOMOUS RENDEZVOUS AND DOCKING

 McMahon, J., S. Gehly, and P. Axelrad, “Enhancing Relative Attitude and Trajectory Estimation for 
Autonomous Rendezvous Using Flash LIDAR,” AIAA/AAS Astrodynamics Specialist Conference, San 
Diego, CA, August 4-8, 2014.   

TASK 244-FSU AUTONOMOUS RENDEZVOUS AND DOCKING

Francis, G., Collins, E., Chuy, O., and Sharma, A. ”Rapid Trajectory Generation for Autonomous 
Spacecraft in Stochastic Environments” (in preparation), for submission to Journal of Guidance, 
Control, and Dynamics.

 Sharma, A., Ordonez, C., and Collins, E. “Robust Sampling-Based Trajectory Tracking for Autonomous 
Vehicles,” 2014 IEEE International Conference on Systems, Man, and Cybernetics, San Diego, CA, Oct 
5 – 8, 2014. 

TASK 256-UTMB ADDITIONAL NASTAR CENTRIFUGE TESTING

 Blue, Rebecca S., et al. "Tolerance of centrifuge-simulated suborbital spaceflight by medical condition." 
Aviation, space, and environmental medicine 85.7(2014): 721-729. 

Mulcahy RA, Blue RS, Vardiman JL, Mathers CH, Castleberry TL, Vanderploeg JM. Subject Anxiety 
and Psychological Considerations for Centrifuge-Simulated Suborbital Spaceflight. Aviat Space Environ 
Med 2014; 85(8): 847-851.

 Pattarini JM, Blue RS, Castleberry TL, Vanderploeg JM. Preflight screening techniques for centrifuge-
simulated suborbital spaceflight. Aviat Space Environ Med 2014; 85(12). 

TASK 257-CU MASTER’S LAUNCH & ON-ORBIT OPERATIONS CLASS

 Cheetham, B.W., J. Feldhacker, J. Herman, and G.H. Born, “Bringing Together Industry and Academia 
via Graduate Commercial Spaceflight Operations Curriculum,” 2014 Spaceflight Operations 
Conference. 

TASK 307-SATWEST/NMSU TEST OF COTS SATELLITE COMMUNICATIONS SYSTEMS

Barnett, B. "Flight Test of Communications in Space via Commercial Communications Satellite 
Networks on-board Suborbital RLV and High Altitude Balloon:  Implications for Space Traffic 
Management“, Embry Riddle Space Traffic Management Conference, Florida, Nov. 2014.

Barnett, B. "Flight test of Satwest’s Space Communications Technology on Suborbital RLV and High 
Altitude Balloon”, NASA SBIR Technology Commercialization conference, Cleveland, Sept. 2014.
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LETTER FROM THE EXECUTIVE DIRECTOR 

This sixth Executive Summary of the work undertaken and the products produced by the Center of 
Excellence for Commercial Space Transportation highlights the breadth and depth of the work being 
accomplished at nine core universities, other agencies, many affiliate members, and an expanding group 
of spaceflight companies across the country. The work summarized here demonstrates the research, 
education, and training necessary to support, safeguard, and promote the growing commercial space 
flight industry. It takes a team effort, visionary leadership, and an attitude of not accepting “no” as an 
answer when facing the challenges of ensuring safe access to space. Our goal is to make saying “yes” 
the correct and safest answer we can.  

Through the guidance of the FAA Office of Commercial Space Transportation we have assembled a 
robust and expanding team of academia, industry, and government participants – all working together to 
push the edges of knowledge, science, and engineering to make the future brighter and safer for 
commercial space flight. 

An exciting component of the information presented within is the growing number of students who are 
directly participating in the work of the COE. It is these individuals who will become the life-blood of 
workers, scientists, and engineers in the future. By engaging students at each of our universities in the 
research supporting commercial spaceflight, the Center of Excellence for Commercial Space 
Transportation will meet its mission of enabling safe access to space.  

THANK YOU to the FAA Office of Commercial Space Transportation for your vision, direction, and 
support over the past six years to enable these advances in commercial spaceflight. 

James M. Vanderploeg, MD 

Executive Director, COE CST 
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PREFACE 

The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is pleased 
to release this FAA Center of Excellence for Commercial Space Transportation (COE CST) Year 6 
Annual Report Executive Summary. This year is a tipping point in the history and evolution of the COE 
CST.  

The COE CST is a collection of nine incredible universities (as will be described in more detail later in this 
document) supplemented by affiliate and associate members, and complemented by numerous private 
organizations and research institutions. Of course, within each of these entities are the people that make 
the COE CST what it is; the principal investigators, the students, the financial officers, the contractors, the 
business women (and men), the executives, the administrators, and the government researchers. It is the 
collective effort of these individuals that makes the research possible, provides matching cash and in-kind 
contributions, posts the extensive technical and financial data for government-required reports, and 
fundamentally makes the overall system function efficiently through their individual actions. 

The first five years of operation were focused on building the various types of relationships (e.g., 
research, administrative, financial, personal, etc.) among the many individuals at each of the nine 
universities and government offices. Although the budget of the center may be relatively small, the 
complexity of the relationship network makes the smooth operation of this center more challenging than 
what may be encountered at other COEs with more universities and larger budgets. Despite this 
complexity, the COE CST has successfully emerged from the initial “getting to know you” period as a fully 
functional, cohesive unit. 

Year 6, however, begins the second half of the ten-year program. During this phase of the organization, 
emphasis is being placed on raising the COE CST profile with industry to better understand the needs of 
the evolving commercial space marketplace, and to be better understood by the major marketplace 
actors. 

Dr. George Nield, Associate Administrator of FAA AST, and Dr. Patricia Watts, National Program Director 
of the FAA COEs, are two individuals without whose support the COE CST could not function today. They 
are recognized as driving forces for the past successes of the COE CST and will be the source of any 
future accomplishments as well. The COE CST is very grateful for their support. 

Each of these individuals, representing the dozens of participating organizations and institutions, cannot 
be given enough words of thanks or acts of appreciation in recognition for their contributions of time, 
effort, and treasure. Thank you ALL.

For more information about the content of this report, please visit the COE CST web site at  
www.coe-cst.org. Please address any questions or corrections to COE CST Program Manager, Mr. Ken 
Davidian, 202-267-7214, ken.davidian@faa.gov.  

- December 31, 2016 

INTRODUCTION

This executive summary accompanies a more detailed, three-volume annual report of the FAA COE CST. 
The annual report volumes will be available on the COE CST web site: 

 Volume 1 provides a full description of the FAA COE CST including its research, structure, member 
universities, funding, and research tasks.  

 Volume 2 is a comprehensive set of presentation charts of each research task as presented at the 
Sixth Annual Technical Meeting in October 2016.  

 Volume 3 is a comprehensive set of notes and links to recordings from all FAA COE CST 
teleconferences and face-to-face meetings. 

The Executive Summary begins with overviews of the FAA Office of Commercial Space Transportation 
(the sponsoring organization), the FAA COE Program and the COE CST. The COE CST became 
operational on August 18, 2010, with nine members and has subsequently added Affiliate and Associate 
organizations including both universities and industry members. 
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Brief introductions and general descriptions are provided for each of the COE CST Member Universities, 
the Affiliate Members, and the FAA Technical Monitors for the COE CST research tasks. 

The overall scope of COE CST research themes is given and each of the research tasks initiated, 
conducted and concluded by the COE CST during the sixth year of operation are listed. Summary 
information of each task is then provided in the form of quad charts. 

The Executive Summary concludes with a listing of the COE CST students, the partnering institutions 
from industry, the research organizations, and the technical publications delivered during the year. 

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION 
Despite its relatively small size, the FAA Office of Commercial Space Transportation (AST) has an 
important set of responsibilities as described in their mission and defined in the Code of Federal 
Regulations, Title 51 US Code Subtitle V, Ch. 509. The two main goals of AST are: 

 Regulate the commercial space transportation industry, only to the extent necessary, to ensure 
compliance with international obligations of the United States and to protect the public health and 
safety, safety of property, and national security and foreign policy interest of the United States. 

 Encourage, facilitate, and promote commercial space launches and re-entries by the private sector. 

FAA CENTER OF EXCELLENCE PROGRAM 
The FAA Air Transportation Centers of Excellence (COE) program was established by the Omnibus 
Budget Reconciliation Act of 1990, PL 101-508, Title IX, Aviation Safety and Capacity Expansion Act. 

COEs are intended to be multi-year, multi-disciplinary partnerships of academia, industry, and 
government to combine world-class resources that will address current and future challenges for the 
aviation and aerospace communities, including commercial space transportation. The main goals of every 
COE include research, training and education, technology transfer and outreach.  

The absolute uniqueness of the program partnerships is the mandatory one-to-one matching requirement 
for every federal dollar granted to a COE university to establish, operate and conduct research. The 
matching requirement can be satisfied through direct or in-kind contributions from any non-federal funding 
source, including industry, universities, or state and local government organizations. COE efforts which 
are jointly supported provide the U.S. citizens a return on their tax dollars. To date, the COE members 
have generated more than $300M in matching contributions to offset the research costs incurred by the 
government organizations. 

Other COEs have been established by the FAA that pre-date the COE CST, including:  

 The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996.
 The Center of Excellence for Airport Technology (CEAT), established 1995.
 The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2008. 
 The Airworthy Assurance COE (AACE) operated from 1997 to 2007.
 The COE for General Aviation Research (CGAR), in operation from 2001 to 2013.
 The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), in 
operation from 2003 to 2014.

 The Joint Center for Advanced Materials (JAMS), in operation from 2003 to 2016.
 The Airliner Cabin Environment and Intermodal Research (ACERite) Center, in operation from 2004 
to 2014.

Since the creation of the COE CST in August 2010 and as of December 2016, four new COEs have been 
created. They are:  

 The Center of Excellence for General Aviation Safety Research (named PEGASAS, Partnership to 
Enhance General Aviation Safety, Accessibility and Sustainability), established in 2012.

 The Center of Excellence for Alternative Jet Fuels and Environment (ASCENT), established in 2014.
 The Center of Excellence for Unmanned Aircraft Systems (UAS), established in 2015.
 The Center of Excellence for Technical Training and Human Performance, established in 2016.
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FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION 
Below is a quick look at COE CST year 6 highlights and technical publications. 

COE CST YEAR 6 HIGHLIGHTS
The following are the major milestones for the FAA COE CST during its sixth year: 

 Sixth Annual Administrative Meeting held on the campus of the University of Texas Medical Branch in 
Galveston, Texas on March 29-30, 2016.

 Sixth Annual Technical Meeting held in Las Cruces, New Mexico, in conjunction with the International 
Symposium for Personal & Commercial Spaceflight, on November 11, 2016.

 The New Space Journal completed its fourth year featuring topics of lunar markets, the risk and 
safety of human spaceflight, the booming commercial small satellite market, and international, non-
governmental space activities. 

 There were 22 research activities conducted during the sixth year of COE CST operation, resulting in 
29 technical publications. All tasks are listed later in the Executive Summary. 

COE CST STUDENTS, PARTNERS AND PUBLICATIONS

Table of COE CST metrics for operational years 1 through 6. 

In the sixth year of operation, the COE CST benefited from the research of 28 students, 11 research 
partners and 11 industry partners. The combined effort resulted in 19 technical/programmatic papers 
published in journals or presented at conferences. A complete list of students, industry, research 
organizations, and publications is given after the research task summary charts in this report. 

A new row has been added to the metrics this year to show the percentage of total FAA funding that has 
been dedicated to the administrative costs of operating the COE CST. Accounting for funding provided 
over all seven fiscal years, the average annual administrative cost is just less than 15%. On the basis of 
six operating years, the average is under 18%. The variation seen from one fiscal year to the next results 
from paying for administrative costs of more than one operating year from the allocation of a single fiscal 
year (e.g., paying for three bi-annual meetings from a single fiscal year’s budget, instead of two).  

FAA AST TECHNICAL MONITORS 

Technical monitors are the links between FAA’s research requirements and the work being performed by 
COE CST member universities. Below is a brief listing of the FAA COE CST Technical Monitors who 
contributed to the research efforts of the principal investigators and students: 

 Mr. Ken Davidian, COE CST Program Manager, Office of the Chief Engineer
 Mr. Nickolas Demidovich, Office of the Chief Engineer
 Mr. Steph Earle, Office of Special Projects
 Mr. Henry Lampazzi, Licensing & Evaluation Division
 Ms. Karen Shelton-Mur, Space Transportation Development Division

COE CST
Year-by-Year Metrics

Year 1 
(FY10)

Year 2 
(FY11-12)

Year 3 
(FY13)

Year 4 
(FY14)

Year 5 
(FY15)

Year 6 
(FY16)

Active Tasks 34 24 28 28 36 22 
Unfunded Tasks 34 22 22 11 6 5 
Principal Investigators 27 28 29 25 31 22 
Students 31 37 55 47 61 28 
Publications 0 38 28 22 29 19 
Research Partners - 17 20 27 27 11 
Industry Partners - 29 44 55 57 11 
Affiliate Members 0 1 6 6 6 6
Associate Members - - - 3 6 3 
Funding Profile $2M $2.4M $1.1M $1.1M $1M $1M
Administrative Overhead 13.6% 20.0% 9.9% 27.0% 19.7% 16.4% 
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 Mr. John Sloan, Office of Strategic Planning
 Mr. Gunther Smiley, Space Transportation Development Division
 Ms. Yvonne Tran, Regulations & Analysis Division 
 Dr. Paul Wilde, Deputy Chief Engineer

The specific tasks for which each Technical Monitor is responsible is given in the research task table in 
the “COE CST RESEARCH TASKS” section and on each of the research task summary (quad) charts. 
The universities appreciate the time, dedication, and intellectual expertise provided by the technical 
monitors. The researcher/technical monitor relationship is important to all partners, equally beneficial. 

COE CST MEMBER UNIVERSITIES 

The COE CST member universities are: Florida Institute of Technology (FIT, or Florida Tech), Florida 
State University (FSU), New Mexico Institute of Mining and Technology (NMT, or New Mexico Tech), New 
Mexico State University (NMSU), Stanford University (SU), University of Central Florida (UCF), University 
of Colorado at Boulder (CU), University of Florida (UF) and University of Texas Medical Branch at 
Galveston (UTMB). 

The COE CST member universities provide a comprehensive distribution of geographical coverage 
representing the entire Commercial Space Transportation industry, including the top four civil space 
states (California, Colorado, Texas and Florida) and New Mexico, the state leading the suborbital industry 
as well as having a significant level of military space activity. Combined, the universities bring over 50 
other government, industry and academic organizations as research partners. 

As a single entity, the COE CST member universities bring complementary strengths together for the 
benefit of the overall COE. FAA finds that each team member provides highly respected and 
accomplished experiences that directly address the research and study needs of the commercial space 
industry. 

FLORIDA INSTITUTE OF TECHNOLOGY (FLORIDA TECH) 
Florida Institute of Technology performs doctoral research and undergraduate and graduate education 
through its six academic colleges and schools with emphases on aviation, aeronautics, science, 
technology, engineering and mathematics. Research at Florida Tech focuses on mechanical and 
aerospace engineering, software and hardware resilient systems, biomedical engineering, space 
resource utilization, corrosion and space-related engineering, physics and space weather, space traffic 
management and launch operations, vehicle and payload analysis and design, thermal systems, 
propulsion, and commercial space industry viability. Florida Tech serves as the primary COE CST liaison 
to industry for research partnership, and affiliate membership to the government, the private sector as 
well as academia. Historically known as FIT, Florida Tech’s preeminent research centers and institutes 
include the Buzz Aldrin Space Institute, the FAA Center of Excellence for General Aviation Research 
(PEGASAS), the FAA Center of Excellence for Commercial Space Transportation (COE CST), the School 
of Human-Centered Design, Innovation & Arts, the Harris Institute for Assured Information, and more. 

FLORIDA STATE UNIVERSITY (FSU) 
 FSU brings a range expertise and unique infrastructure and unparalleled testing facilities in 
 many areas relevant to the COE CST. These include but are not limited to: cryogenics, thermal 
 management, vehicle aerodynamics and controls, sensors, actuators, system health monitoring 
 and high-performance simulations including multi-physics mechanics and flow surface 
 interactions. We have substantial expertise in simulating, experimentally and numerically, the 
 Vehicle Launch Environment and the associated challenges in aeroacoustics and aero-structures. 

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT) 
NMT is a science, math and engineering university that has more than a dozen research divisions that 
work with private industry, government agencies and other universities. The research divisions include: 
the Petroleum Research and Recovery Center, the Institute for Complex Additive Systems Analysis, the 
Energetic Materials Research Testing Center, the world’s largest lending library of seismology equipment, 
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the Magdalena Ridge Observatory, the National Center for Genome Resources, the National Cave and 
Karst Research Institute, and the Langmuir Laboratory for Atmospheric Research. 

NEW MEXICO STATE UNIVERSITY (NMSU) 
NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas of 
suborbital investigations from the time of Robert Goddard and Werner Von Braun to the current era of 
commercial sub-orbital space transportation with Spaceport America and its operators, Virgin Galactic. 
SpaceX and UP Aerospace. New Mexico Space Grant Consortium, the 21st Century Aerospace Space 
Group and related aerospace research focuses on annual access to space for student and faculty 
experiments, unmanned aerial vehicles, and cube-satellite development. 

STANFORD UNIVERSITY (SU) 
SU brings a 50-year history of aerospace research excellence and a broad scope of expertise to the COE 
CST, including the optimization and autonomous operation of complex systems, strategic research 
planning, organizational integration and distributed administration experience. 

UNIVERSITY OF CENTRAL FLORIDA (UCF) 
UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the Center for Advanced 
Turbines & Energy Research (CATER), offers its experience and expertise in thermal protection system, 
propulsion system components, cryogenic systems and materials, composites, sensors and actuators, 
and guidance and control. 

UNIVERSITY OF COLORADO AT BOULDER (CU) 
CU offers the COE CST their experience in spacecraft life support systems and habitat design, 
spaceflight risk assessment, human factors engineering analysis, payload experiment integration, and 
expertise in space environment and orbital mechanics. 

UNIVERSITY OF FLORIDA (UF) 
UF has been performing aeronautical and aerospace research since 1941, with current emphasis in the 
Department of Mechanical and Aerospace Engineering on research in space systems, MEMS, 
computational sciences, structural dynamics, controls, gas dynamics, and propulsion. 

UNIVERSITY OF TEXAS MEDICAL BRANCH (UTMB) 
UTMB has a long history of medical support and human spaceflight physiological research with NASA. 
This is complemented by more recent involvement in the commercial orbital and suborbital spaceflight 
industry supporting space flight participant visits to the ISS and preparation of passengers and crew for 
suborbital space flights. 

COE CST AFFILIATE MEMBERS 

EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (ERAU) 
Embry-Riddle Aeronautical University (ERAU) team focuses on the demonstration, verification, and 
validation of the AST funded, and ERAU developed ADS-B prototype (UAT Beacon Radio – ERAU 
model) for the reusable sub-orbital space vehicles for the first year.  

MCGILL UNIVERSITY (MU) 
McGill University’s Institute of Air and Space Law (IASL) offers the most comprehensive and advanced 
graduate level space law program in the world covering General Principles of Space Law, Law of Space 
Applications and Government Regulation of Space Activities. 

NATIONAL AEROSPACE TRAINING AND RESEARCH (NASTAR) CENTER 
The National AeroSpace Training and Research (NASTAR) Center is partnering with UTMB and the FAA 
COE CST to participate as an industrial affiliate in an advisory board capacity and also as a research 
partner providing cost sharing support. It offers a strong foundation in flight training and research to 
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improve the health and safety of passengers in the extreme aviation and space environments. Most 
recently, NASTAR donated time and use of its centrifuge for a COE CST sponsored novel study on G-
tolerance of subjects with chronic diseases.  

SOLSTAR SPACE CORPORATION (SOLSTAR) 
Solstar Communications focuses on test of satellite communications systems on-board suborbital 
platforms to provide low-cost data communications for research payloads, payload operators, and space 
vehicle operators, and government agencies such as the FAA and NASA. The satellite systems to be 
tested include, but are not limited to, Iridium, Globalstar, and Inmost. 

SIMPSON COLLEGE (SIM) 
Simpson College had a strong background in interdisciplinary modeling, with the college routinely 
producing nearly one-third of the world's top MCM/ICM teams every year. This strong modeling heritage 
has been recently combined with significant FAA AST regularity expertise, meaning Simpson College is 
now able to create, test, and support unique policy or regulatory solutions through the COE CST. These 
solutions - like the Draper-Santos airspace projection, the Class X airspace concept, and the risk-based 
population database being built and supported at Simpson College - enable the creation of performance-
based regulations that facilitate industry growth while protecting public property and safety.  

UNIVERSITY OF NEBRASKA LINCOLN (UNL) 
The University of Nebraska, emphasizing collaboration between space law and policy, focuses on how 
the liability regime will achieve the appropriate balance between the risks and benefits of allowing lay 
persons to travel to space, and what elements of the liability regime are best addressed at both the 
national and international levels. In addition the research will look at how to avoid over/under-regulating 
so as to retain profitability and viability, and how regulation should evolve as the industry matures. 

COE CST ASSOCIATE MEMBERS 

Associate Members are much more loosely associated with the COE CST, but their contributions can be 
very significant. During the sixth year of operation, the COE CST was proud to have the following 
institutions as Affiliate Members: NASA Ames Research Center, the MITRE Corporation, and the German 
Space Agency, DLR. 

Map of COE CST Member and Affiliate University Geographic Distribution 
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AWARDS AND RECOGNITION 

During the past five years, many of the principal investigators and students from COE CST member 
universities have received promotions, awards, and recognition for the work they do. The FAA would like 
to recognize and congratulate all the recognized recipients for their great achievements in the sixth year 
of operation. 

RACHEL TOMPA RECEIVES DOT RAISE AWARD1

Secretary of Transportation Anthony R. Foxx honored Rachael Tompa, a Ph.D. student at Stanford 
University, with the Recognizing Aviation and Aerospace Innovation in Science and Engineering (RAISE) 
award at the 26th Annual Outstanding Student of the Year ceremony in Washington, D.C. on January 7 
hosted by the Council of University 
Transportation Centers (CUTC) at 
TRB. The annual award encourages 
college students to think creatively 
and develop innovative solutions to 
aviation challenges.  

Tompa’s work with the FAA Center of 
Excellence for Commercial Space 
Transportation focuses on safely 
integrating commercial space 
vehicles into the National Airspace 
System. She has explored a method 
to minimize airspace closures and 
civilian aircraft rerouting that are 
typically implemented to maintain 
safety during commercial space 
launch operations. 

186-SU SPACE ENVIRONMENT 

MODELING AND PREDICTION

 S. Close promoted to Associate Professor with tenure. 
 A. Li - Outstanding Paper Award for Young Scientists from the Committee on Space Research  

304-MU LEGAL ISSUES OF CROSS-BORDER SUB-ORBITAL FLIGHTS

 Dr. Nicholas M. Matte Prize 
 Joseph A. Bombardier Scholarship 
 The Eilene M. Galloway Award 
 The Milton “Skip” Smith Award 
 The Robert E. Morrow, QC Fellowship Award 

311- ROBUST AND LOW-COST LED ABSORPTION SENSOR

 Subith Vasu received 2016 Reach for the Stars award. 

MITRE SAFETY OF LAUNCH AND REENTRY OPERATIONS IN THE NATIONAL AIR SPACE

 Best paper of track: Dr. Wang, G., Tao, Z., Masek, T., and Schwartz, J. L., “A Monte Carlo Simulation 
Tool for Evaluating Space Launch and Re-entry Operations,” Integrated Communications Navigation 
and Surveillance (ICNS) Conference. Herndon, VA, 2016. 

COE CST RESEARCH RESULTS – “SUCCESS STORIES” 

The following are examples of research results that were presented at the Sixth Annual Technical 
Meeting (ATM6) held in Las Cruces, NM on October 11, 2016. 

1 Verbatim text taken from the “MyFAA FocusFAA” news feed on January 10, 2017. 

Left to right: former Secretary of Transportation,
Norman Mineta, Ms. Rachel Tompa (holding the RAISE
trophy), and Di Reimold, FAA AST Director of Strategic
Operations.
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TASK 193-CU: YOUNG PROFESSIONAL INDUSTRY VIABILITY WORKSHOPS
In fulfillment of all three of the FAA Center of Excellence for Commercial Space Transportation (COE 
CST) goals, research, training, and outreach, PhD student Brad Cheetham has conducted nine Emerging 
Space Industry Leader's (ESIL) workshops since 2011. With a primary research focus of industry viability, 
ESIL workshops use a game-theory based framework to investigate key commercial space industry 
segments, encourage and enhance participation by young professionals and students, and disseminate 
the information at conferences and in publications. 

The workshops are typically conducted over 1-2 days, including 6-8 hours of learning, and conducting 
research based on the game theory PARTS analysis with the help of subject matter experts. The final 
products typically include presentations and papers. Past workshops have focused on relevant topics, 
such as microgravity research, commercial remote sensing, small satellite launchers, and spaceflight 
training. The workshops include extensive industry involvement in presentations and sponsorship. To 
date, over 100 participants have attended ESIL workshops. In 2016, two ESIL workshops were 
conducted, in the topic areas of cis-lunar resource utilization and space traffic management.  

Participants of the ESIL-09 workshop on space traffic management. 

The ESIL workshop format is continually being refined and improved. ESIL-10 is currently in the 
conceptual planning stages and seeking industry partners and sponsors. For more information about past 
ESIL workshops, with links to workshop presentations and reports, visit www.ESIL.space on the web.  

TASK 308-UTMB: SCREENING SPACEFLIGHT PARTICIPANTS FOR SUBORBITAL SCIENCE
As part of the FAA Center of Excellence for Commercial Space Transportation (COE CST), researchers 
at the University of Texas Medical Branch (UTMB) have been studying whether people with common 
physical ailments and diseases (including back and neck injuries, heart problems, diabetes, asthma, 
implanted devices such as pace makers, etc.) can 
fly into space.  

Space doctors are finding that the most significant 
barrier to flying ordinary people may not be their 
physical ailments but something that is much less 
understood: anxiety. After "spinning" more than 
150 average individuals in a centrifuge that 
simulates suborbital space travel, UTMB 
researchers found that anxiousness could have 
the biggest impact on their ability to fly, resulting 
in a negative experience, or endangering the flight 
itself.   
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Ideally, space flight candidates who may experience a panic attack would be identified before they invest 
a lot of time and money on tickets and training. At present, there are currently no known effective 
methods to predict who will react negatively to the space flight experience.  

The most recent set of studies addressed this issue, comparing different training techniques and trying to 
identify different predictive indicators of an individual's likelihood of experiencing high anxiety during 
space flight. A new set of centrifuge trials were conducted between November 2015 and June 2016, 
"spinning" another set of subjects through simulated suborbital space flight experiences, bringing the total 
to over 300. Preliminary results of this research indicate that of the 157 subjects recruited, ten opted out 
of one or more centrifuge runs due to "poor tolerance" generally related to anxiety, motion sickness, or 
both. The most successful training techniques that improved the subject's comfort included high-fidelity 
simulations and repetitive exposure. Regarding the prediction of an individual's anxiety, few reliable 
factors were identified. 

TASK 320-CU: SIMPLY PRESENTING SPACEFLIGHT SAFETY
As part of the FAA Center of Excellence for Commercial Space Transportation (COE CST), researchers 
from the University of Colorado Boulder (CU) have been developing a framework for assessing and 
communicating the risk associated with spaceflight to 
possible spaceflight participants.  

Commercial space travel, as with any mode of 
transportation, inherently introduces some degree of risk to 
the onboard occupants and the uninvolved public. Risks 
arise from the potential for vehicle failures, environmental 
hazard interactions, or human errors. Outcomes range from 
discomfort or incomplete objectives, up to health impacts 
and loss of life. The potential for onboard illness or injury 
unrelated to vehicle failure can also be considered as a risk. 
Risks that cannot be mitigated must be characterized and 
effectively communicated to crewmembers and spaceflight 
participants. The process of identifying, quantifying and 
mitigating risk is typically accomplished using various 
techniques in systems engineering design, through 
operational protocols, and is generally vehicle-specific. CU researchers have proposed a more general 
framework with three categories: “Good Day, Not so Good Day, and Bad Day.” Ways of comparing risks 
of spaceflight have been developed with the finding that spaceflight is approximately as dangerous as 
climbing Mt. Everest! Ultimately, the output of this research is to facilitate the ability of commercial launch 
operators and the FAA to fulfill their responsibilities related to informed consent.

TASK 329-NMT: FAST TRACKING TELESCOPE PHOTO TESTS
Researchers at New Mexico Institute of Mining and Technology (NMT) are 
developing ways to use a very powerful telescope that can move very fast 
to take pictures of commercial rocket as they take off and return. These 
photos can be used to assist investigators if there is an accident or 
incident with the rocket. 

As part of the FAA Center of Excellence for Commercial Space 
Transportation (COE CST), astronomers from the NMT, using the 
Magdalena Ridge Observatory (a fast-tracking telescope with a 2.4-meter 
mirror produced as a backup for the Hubble Telescope) are developing 
methods to help monitor the launch and reentry operations of spacecraft. 
In the case of an "off-nominal event" (more commonly referred to as an 
"accident"), this activity could provide useful information.  

The goals of this task were to develop software to perform fully 
autonomous, closed-loop tracking using observational data collected via both the acquisition telescope 
and the 2.4-meter telescope imaging camera. As a pilot program, this task took eight half-nights of 
observational tracking data of weather balloons (or similar) as targets.  
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An undergraduate student in mechanical engineering at NMT spent the summer of 2016 developing a 
Python program to grab target positional information and then interface with and point the telescope to 
acquire the target. The software was successfully tested in September 2016. Additional software was 
developed to open-loop track the target and was tested successfully on two additional targets.  

Most recently, a high-altitude balloon was imaged at a distance of 400 km and 3º above horizon. Future 
work includes testing and perfecting the closed-loop auto-tracking using night-time, lighted targets, and 
an attempt will be made to increase the resolution of the imagery with a fast-framing CCD camera and 
selected image reconstruction post-processing. 

COE CST RESEARCH TASKS 

The research conducted within FAA AST is broken into four major research themes: 

 Space Traffic Management & Spaceport Operations 
 Space Transportation Vehicles
 Human Spaceflight
 Space Transportation Industry Viability 

The goals associated with each of the four areas of CST research include: 

 Safe Integration of Air & Space Traffic Management, to effectively answer those topics related to the 
development and optimization of technical and regulatory provisions and processes used to oversee, 
coordinate, regulate, and promote safe and responsible space all activities between space and Earth 
(including access to, operations in and return from space to Earth) to avoid physical and/or 
electromagnetic interference.  

 Improved vehicle safety and risk management, including knowledge of all safety-critical components 
and systems of the space vehicles and their operations, so as to better identify potential hazards and 
to better identify, apply and verify hazard controls. 

 Ensure human safety of those onboard during space vehicle operation and those involved with 
spaceport operations. 

 Increase industry viability, including economic, legal, legislative, regulatory, and market analysis & 
modeling. 

Each of these major research themes is divided into programs and these are further divided into projects 
and tasks. Further subdivisions of these research areas are provided in the Commercial Space 
Transportation Research Road Map document, available on the web at www.coe-cst.org.  

The following pages include a list of the individual COE CST research tasks conducted during the sixth 
year of operation followed by summary (quad) charts for each task. 
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The presentation order of the summary charts follows the list of tasks given in the table below.

All FAA FY16 COE CST R&D Tasks (as of 31 Dec 2016)

Task # Task Title
Principal

Investigator(s)
Technical
Monitor Status

SPACE TRAFFIC MANAGEMENT AND SPACEPORT OPERATIONS RESEARCH TASKS 

186-CU Space Environment Modeling and Prediction Fuller-Rowell Shelton-Mur IP-F

186-SU Space Environment Modeling and Prediction Close Shelton-Mur IP-UF 

187-CU Space Situational Awareness Scheeres Earle IP-F

329-NMT Tracking and Monitoring Suborbital Space Vehicles Ryan / Shirer Demidovich IP-F

331-SU Advanced 4D Special Use Airspace Research Alonso Smiley IP-F

332-SIM Defining Class X Air Space Draper Wilde AFF

MITRE Safety of Launch and Reentry Operations in the NAS Tao Wilde ASSOC

SPACE TRANSPORTATION VEHICLE RESEARCH TASKS 

241-FSU High Temperature, Optical Sapphire Pressure Sensors Oates Demidovich NCE 

253-UCF Ultra High Temperature Composites Kapat, Gou Demidovich NCE 

299-NMT Nitrous Oxide Composite Tank Testing Lim / Zagrai Tran IP-F

306-ERAU ADS-B Research and Demonstration Stansbury Demidovich AFF

307-SOL Commercial Satellite Communications for Spacecraft Barnett Demidovich AFF

311-UCF Robust and Low-Cost LED Absorption Sensor Vasu / Kapat Demidovich IP-F

323-NMT Structural Health Monitoring Framework Zagrai Demidovich IP-F

325-FSU Optical Measurements of Rocket Nozzle Thrust and Noise Kumar Demidovich IP-F

HUMAN SPACEFLIGHT RESEARCH TASKS 

308-UTMB Suborbital SFP Anxiety Assessment Vanderploeg Lampazzi IP-F

309-UTMB Suborbital Pilot Training Assessment Vanderploeg Lampazzi IP-F

310-UTMB Increasing Cabin Survivability in Commercial Spacecraft Vanderploeg Lampazzi IP-F

320-CU Comm’l Spaceflight Risk Assessment and Communication Klaus Lampazzi IP-F

333-FIT Onboard Context-Sensitive Info System Boy Lampazzi IP-UF 

SPACE TRANSPORTATION INDUSTRY VIABILITY RESEARCH TASKS 

193-CU Emerging Space Industry Leader Workshops Scheeres Davidian IP-F

304-MU Legal Issues of Cross-Border Sub-Orbital Flights Jakhu Sloan AFF

Note: Among the 22 COE CST tasks active in Year 6, 13 are in process and funded (IP-F), 2 are in process with 
a no cost extension (NCE), and 2 are in process but unfunded (IP-UF). 5 tasks are being performed by an 
Associate (ASSOC) or Affiliate Member (AFF). 

Abbreviations:   
CU–University of Colorado Boulder, ERAU–Embry-Riddle Aeronautical University, FIT–Florida Tech,  
FSU–Florida State University, MU–McGill University, NMSU–New Mexico State University,  
NMT–New Mexico Tech, SIM–Simpson College, SOL-Solstar Space, SU–Stanford University,  
UCF–University of Central Florida, UF–University of Florida, UTMB–University of Texas Medical Branch. 
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COE CST STUDENTS, PARTNERS, PUBLICATIONS, AND PRESENTATIONS 

COE CST YEAR 6 STUDENT DEMOGRAPHIC CHARTS

COE CST YEAR 6 STUDENTS
The following is a list and demographic information of the 28 COE CST students working on research 
tasks during the year of operation.  

 Anderson, Mary (323-NMT) 
 Carroll, Josh (299-NMT) 
 Colvin, Thomas (331-SU) 
 Finnegan, Mackenzie (322-SIM) 
 Flores, Meliton (299-NMT) 
 Garcia, Antonio (299-NMT) 
 Harris, Chris (253-UCF) 
 Hernandez-Juarez-Madera, Diana (186-SU) 
 Joslyn, Nick (322-SIM) 
 Kerkonian, Aram (304-MU) 
 Kiss, De Vere (333-FIT) 
 Mehta, Yash (333-FIT) 
 Negrea, Catalin (186-CU) 
 Ocampo, Robert, (320-CU)

 Parupalli, Akshita (311-UCF) 
 Pavela, James (308, 310-UTMB) 
 Rodriguez-Jimenez, Wilfredo (308, 310-UTMB) 
 Shirer, Jacob (329-NMT) 
 Smith, Kristina (322-SIM) 
 Suresh, Rahul (308, 309-UTMB) 
 Sweeney, Steven (299-NMT) 
 Thurmond, Kyle (311-UCF) 
 Trujillo, Blaine (323-NMT) 
 Urso, Justin (311-UCF) 
 Vemula, Rohit (325-FSU) 
 Villar, Michael (311-UCF) 
 Woerner, Peter (241-FSU) 
 Yang, Hongjiang (253-UCF) 

Abbreviations: CU University of Colorado Boulder, ERAU Embry Riddle Aeronautical University, FIT Florida
Tech, FSU Florida State University, MU McGill University, NMSU New Mexico State University, NMT New
Mexico Tech, SU Stanford University, UCF University of Central Florida, UF University of Florida, UTMB
University of Texas Medical Branch at Galveston

COE CST YEAR 6 RESEARCH AND INDUSTRY PARTNERS
The following is a list of the 11 COE CST research and industry organization partners that have 
contributed to the year 6 COE CST research tasks. 

 Aerospace Engineering Sciences, UC Boulder 
 Center for Advanced Turbomachinery and Energy 

Research (CATER), UCF 
 Environmental Modeling Center, Camp Springs, MD  
 FAA Technical Center 
 Florida Center for Advanced Aero-Propulsion 

 Oak Ridge National Laboratory 
 Montclair State University 
 NASA Marshall Space Flight Center 
 NOAA Space Weather Prediction Center 
 St. Peter’s University 
 University of Western Ontario 
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COE CST YEAR 6 INDUSTRY PARTNERS
The following is a list of the 11 COE CST industry partners that have contributed to the year 6 COE CST 
research tasks. 

 Advanced Space 
 Blue Origin 
 Lockheed-Martin 
 National AeroSpace Training  and Research 

Center (NASTAR) 
 Secure World Foundation 

 Sierra Nevada Corporation Space Systems 
 Solstar Communications 
 Space Florida 
 SpaceX 
 United Launch  Alliance 
 Virgin Galactic 

COE CST YEAR 6 PUBLICATIONS
The following is a list of the 19 publications and presentations completed during COE CST Year 6.  

186 SU Space Environment Modeling and Prediction
Li, A., & Close, S. (2016). Neutral density estimation 

derived from meteoroid measurements using high-
power, large-aperture radar. Journal of 
Geophysical Research: Atmospheres, 121(13), 
8023–8037. 

241 FSU High Temperature, Optical Sapphire
Pressure Sensors
Singh, H. B., Oates, W. S., Kumar, R., Mills, D. A., & 

Sheplak, M. (2016). Experimental investigation of 
laser machining of sapphire for high temperature 
pressure transducers. 

Woerner, P., Blood, D., Mills, D. A., Sheplak, M., & 
Oates, W. S. (2016). Modeling development and 
Bayesian uncertainty analysis of laser ablation in 
sapphire. 

Woerner, P. (2016). Ultrafast laser machining of 
dielectrics: A sharp interface model. 

Woerner, P., Oates, W. S., Sheplak, M., Blood, D., & 
Mills, D. A. (2016). Laser ablation of dielectrics for 
development of high temperature sapphire Based 
pressure transducers. 

253 UCF Ultra High Temperature Composites
Cai, Y. Z., Chen, L. Q., Yang, H. Y., Gou, J., Cheng, 

L. F., Yin, X. W., & Yin, H. F. (2016). Mechanical 
and electrical properties of carbon nanotube 
buckypaper reinforced silicon carbide 
nanocomposites. Ceramics International, 42, 
4984–4992. 

Liu, Z., Gao, Y. B., Liang, F., Wu, B. X., Gou, J., 
Detrois, M., … Wang, X. W. (2016). Fabrication of 
carbon nanotube - chromium carbide composite 
through laser sintering. Lasers in Manufacturing 
and Materials Processing, 3. 

Skovron, J., Zhuge, J., Gou, J., & Gordon, A. (2016). 
Effect of nanopaper coating on flexural properties 
of a fire-treated glass fiber-reinforced polyester 
composite. Journal of Composite Materials. 
http://doi.org/10.1177/002199831663 

308 UTMB Suborbital Space Flight Participant
Anxiety Assessment
Mulcahy, R. A., Blue, R. S., Vardiman, J. L., 

Castleberry, T. L., & Vanderploeg, J. M. (2016). 
Screening and mitigation of layperson anxiety in 
aerospace environments. Aerospace Medical 
Human Performance, 87(10), 1–8. 

310 UTMB Increasing Cabin Survivability in
Commercial Spacecraft
 Garbino, A., Nusbaum, D. M., Buckland, D. M., 

Menon, A. S., Clark, J. B., & Antonsen, E. L. 
(2016). Emergency medical considerations in a 
space-suited patient. Aerospace Medical Human 
Performance. 

Menon, A. S., Jourdan, D., Nusbaum, D. M., Garbino, 
A., Buckland, D. M., Norton, S., … Antonsen, E. L. 
(2016). Crew recovery and contingency planning 
for a manned stratospheric balloon flight - the 
StratEx program, 1–8. 

311 UCF Robust and Low Cost LED Absorption Sensor
Thurmond, K., Loparo, Z., Partridge, W. P. J., & Vasu, 

S. S. (2016). A light-emitting-diode (LED) based 
absorption sensor for simultaneous detection of 
carbon monoxide and carbon dioxide. Applied 
Spectroscopy, 70(6), 962–971. 

320 CU Commercial Spaceflight Risk Assessment and
Communication
Ocampo, R. P. (2016). Defining, characterizing, and 

establishing “safe enough” risk thresholds for 
human space flight. PhD Dissertation, University 
of Colorado, Boulder. 

Ocampo, R. P., & Klaus, D. M. (2016). A quantitative 
framework for defining “how safe is safe enough?” 
in crewed spacecraft. New Space, 4(2), 75–82. 
http://doi.org/10.1089/space.2015.0040 

Ocampo, R. P., & Klaus, D. M. (2016). Comparing the 
Relative Risk of Spaceflight to Terrestrial Modes 
of Transportation and Adventure Sport Activities. 
New Space, 4(3), 190–197. JOUR. 
http://doi.org/10.1089/space.2016.0012 

323 NMT Structural Health Monitoring Framework
Anderson, M., Daniel J. D, Zagrai, A. N., & Westphal, 

J. D. (2016). Electro-mechanical impedance 
measurements in an imitated low Earth orbit 
radiation environment. In Proceedings of the 
ASME 2016 International Mechanical Engineering 
Congress and Exposition. Phoenix, AZ. 

325 FSU Optical Measurements of Rocket Nozzle
Thrust and Noise
Kumar, R. (2016). Measurement of rocket nozzle 

thrust and noise using optical methods. 
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MITRE Safety of Launch and Reentry Ops in the NAS
Tao, Z., Wang, G., Williams, A. G., Semanek, J. L., & 

Schwartz, J. L. (2016). Assessing factors that 
affect the safety of space launch and re-entry 
operations in the national airspace system. 

Tao, Z., Wilde, P. D., Schwartz, J. L., Semanek, J. L., 
Wang, G., & Williams, A. G. (2016). Exploring 

necessary altitude awareness and response times 
for air traffic control during space launch and re-
entry operations. 

Wang, G., Tao, Z., Masek, T., & Schwartz, J. L. 
(2016). A Monte Carlo simulation tool for 
evaluating space launch and re-entry operations. 

COE CST YEAR 6 PRESENTATIONS
The following is a list of the 14 presentations completed during COE CST Year 6.  

186 SU Space Environment Modeling and Prediction
A. Li and S. Close, “Mean density estimation derived 

from satellite constellations”, American 
Geophysical Union conference, December 2015. 

253 UCF Ultra High Temperature Composites
M. Mohagheghi, H. Zawati, T. Pinol. J. Gou, C. Yu, J. 

Kapat, “Use of 1-D Finite Enthalpy Method for a 
High-Temperature Recuperator Made of Polymer 
Derived Ceramic Composite for a Supercritical 
Carbon Dioxide Power System,” Proceedings of 
5th International. 

C. Harris, J. Kapat, J. Gou, “Ultra-High Temperature 
Thermal Protection Systems,” 5th Annual 
Technical Meeting of FAA COE CST, Arlington, 
VA, October 26-28, 2015. 

304 MU Legal Issues of Cross Border Sub Orbital
Flights
Manfred Lachs Moot Court Competition (North 

American Regional Round , World Finals). 

307 SSC Commercial Satellite Communications for
Spacecraft
“Texts to Space” documentary Published on Aug 31, 

2016 on YouTube, https://www.youtube.com/ 
watch?v=RwQsYKPfYo8.  

308 UTMB Suborbital Space Flight Participant
Anxiety Assessment
Mulcahy RA, Blue RS, Vardiman J, Castleberry T, 

Vanderploeg J. Screening and Mitigation of 
Anxiety in Unique Environments. Presented at the 
Aerospace Medical Association Annual Scientific 
Meeting, Atlantic City, NJ, May 2016. 

311 UCF Robust and Low Cost LED Absorption Sensor
K. Thurmond, J. Urso, M. Villar, W.P. Partridge Jr., 

S.S. Vasu, “A Light-Emitting-Diode (LED) Non-
Dispersive Absorption Sensor for Early Fire and 
Hazardous Gases Detection”, presented at the 
ESS/CI Spring Technical Meeting, Princeton, NJ, 
3/2016, paper #1. 

M. Villar, J. Urso, W.P. Partridge Jr., J. Kapat, S. S. 
Vasu, “Progress in Development and Testing of a 
LED-Based Fire and Hazard Detection Sensor for 
Space Vehicles”, National Space & Missile 
Materials Symposium (NSMMS) Commercial and 
Government Responsive Access to Space 
Technology Exchange (CRASTE). 

J. Urso, M. Villar, K. Thurmond, Z. Loparo, W.P. 
Partridge Jr., J. Kapat, S. S. Vasu, “Robust 
Sensors for Spacecraft Fire Detection”, Center of 
Excellence for Commercial Space Transportation 

Annual Technical Meeting (ATM 5), Washington, 
D.C., 10/2015. 

320 CU Commercial Spaceflight Risk Assessment and
Communication
NSBRI Workshop on Piloting Spacecraft: Guidance 

and Control of Human Vehicles, ‘Functional 
Integration of humans in piloted spacecraft’, 
Houston, TX, Sept 2016. 

Rocky Mountain Chapter of the American Vacuum 
Society (RMCAVS) Annual Symposium - Space: 
The Final Vacuum Frontier (invited) ‘Protecting 
Human Life in the Vacuum of Space: Challenges 
and Solutions’, Westminster, CO, Sept. 2016. 

323 NMT Structural Health Monitoring Framework
Zagrai, A., Anderson, M., Daniel, J.D., Henneke, D., 

and Westpfahl, D.J. (2016) “Investigation of 
radiation effects on smart structures for 
commercial space vehicles,” invited presentation 
at Institute of Nuclear Materials Management 
(INMM) student meeting, University of New 
Mexico, October 21, 2016. 

Zagrai, A., and Demidovich, N. (2016) “Structural 
health monitoring potential of commercial space 
vehicles,” invited talk at Commercial and 
Government Responsive Access to Space 
Technology Exchange (CRASTE), June 20-23, 
2016, Westminster, Colorado. 

Zagrai, A., Trujillo, B. and Demidovich, N. (2016) 
“Acoustic emission during thermal fatigue of 
aluminum alloy,” presentation at Commercial and 
Government Responsive Access to Space 
Technology Exchange (CRASTE), June 20-23, 
2016, Westminster, Colorado. 

Anderson, M., Zagrai, A., Daniel, J.D. (2016) 
“Potential use of piezoelectric sensors for 
structural health monitoring in radioactive 
environments”, presentation for the workshop 
organized by Institute of Nuclear Materials 
Management Technical Exchange, Taos, New 
Mexico, May 19, 2016. 

MITRE Safety of Launch and Reentry Operations in
the National Air Space
Air Traffic Controllers Association Annual Conference 

and Exposition, Nov 2015. 
Commercial and Government Responsive Access to 

Space Technology Exchange, Jun 2016 

.
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LETTER FROM THE EXECUTIVE DIRECTOR 

This seventh Executive Summary of the work undertaken and the products produced by the Center of 
Excellence for Commercial Space Transportation highlights the breadth and depth of the work being 
accomplished at the now ten core universities, along with other agencies, many affiliate members, and an 
expanding group spaceflight companies across the country. The work summarized here demonstrates the 
research, education, and training necessary to support, safeguard, and promote the growing commercial 
space flight industry. It takes a team effort, visionary leadership, and an attitude of not accepting “no” for 
the answer when facing the challenges of ensuring safe access to space.  Our goal is to make saying 
“yes” the correct and safest answer we can.   

Through the guidance of the FAA Office of Commercial Space Transportation we have assembled a 
robust team of academia, industry, and government participants – all working together to push the edges 
of knowledge, science, and engineering to make the future brighter and safer for commercial space flight. 

An exciting component of the information presented within is the growing number of students who are 
directly participating in the work of the COE.  It is these individuals who will become the life-blood of 
workers, scientists, and engineers in the future.  By engaging students at each of our universities in the 
research supporting commercial spaceflight, the Center of Excellence for Commercial Space 
Transportation will meet its mission of enabling safe access to space.  We are also benefiting from an 
expanding number of companies and universities who have joined us as Affiliate Members, adding their 
research and expertise to solving the challenges of commercial space flight.  

THANK YOU to the FAA Office of Commercial Space Transportation for your vision, direction, and 
support over the past seven years to enable these advances in commercial spaceflight. 

James M. Vanderploeg, MD 
Executive Director, COE CST 

Representing the FAA AST COE 
CST at the 2017 Next Generation 
Suborbital Researchers 
Conference (18-20 December, in 
Broomfield, CO) was (L to R): Dr. 
Jim Vanderploeg (UTMB), Nick 
Demidovich and Dr. George Nield 
(FAA AST), Eric Stallmer (CSF), 
and Dr. Tristan Fiedler (FIT). 
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PREFACE 

The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is pleased 
to release this FAA Center of Excellence for Commercial Space Transportation (COE CST) Year 7 
Annual Report Executive Summary. 

The COE CST is now a collection of ten incredible universities (as will be described in more detail later in 
this document) supplemented by affiliate and associate members, and complemented by numerous 
private organizations and research institutions. Of course, within each of these entities are the people that 
make the COE CST what it is; the principal investigators, the students, the financial officers, the 
contractors, the business women (and men), the executives, the administrators, and the government 
researchers. It is the collective effort of these individuals that makes the research possible, provides 
matching cash and in-kind contributions, posts the extensive technical and financial data for government-
required reports, and fundamentally makes the overall system function efficiently through their individual 
actions. 

The first years of operation were focused on building the various types of relationships (e.g., research, 
administrative, financial, personal, etc.) among the many individuals at each of the original nine 
universities and government offices. Although the budget of the center may be relatively small, the 
complexity of the relationship network makes the smooth operation of this center more challenging than 
what may be encountered at other COEs with more universities and larger budgets. Despite this 
complexity, the COE CST has successfully emerged as a fully functional, cohesive unit. 

Year 6 began the second half of the ten-year program. During this phase of the organization, emphasis is 
placed on raising the COE CST profile with industry to better understand the needs of the evolving 
commercial space marketplace, and to be better understood by the major marketplace actors. 

Dr. George Nield, Associate Administrator of FAA AST, and Dr. Patricia Watts, National Program Director 
of the FAA COEs, are two individuals without whose support the COE CST could not function today. They 
are recognized as driving forces for the past successes of the COE CST and will be the source of any 
future accomplishments as well. The COE CST is very grateful for their support. 

Each of these individuals, representing the dozens of participating organizations and institutions, cannot 
be given enough words of thanks or acts of appreciation in recognition for their contributions of time, 
effort, and treasure. Thank you ALL.

For more information about the content of this report, please visit the COE CST web site at  
www.coe-cst.org. Please address any questions or corrections to Mr. Ken Davidian, 202-267-7214, 
ken.davidian@faa.gov.  

- January 25, 2018 

INTRODUCTION

This executive summary accompanies a more detailed, three-volume annual report of the FAA COE CST. 
The annual report volumes will be available on the COE CST web site: 

 Volume 1 provides a full description of the FAA COE CST including its research, structure, member 
universities, funding, and research tasks.  

 Volume 2 is a comprehensive set of presentation charts of each research task as presented at the 
Seventh Annual Technical Meeting in October 2017.  

 Volume 3 is a comprehensive set of notes and links to recordings from all FAA COE CST 
teleconferences and face-to-face meetings. 
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The Executive Summary begins with overviews of the FAA Office of Commercial Space Transportation 
(the sponsoring organization), the FAA COE Program and the COE CST. The COE CST became 
operational on August 18, 2010, with nine members. It has subsequently added an additional core 
university, as well as numerous Affiliate and Associate organizations, representing both academia and 
industry. 

Brief introductions and general descriptions are provided for each of the COE CST Member Universities, 
the Affiliate Members, and the FAA Technical Monitors for the COE CST research tasks. 

Next, this document describes the overall scope of COE CST research areas, and lists each of the 
research tasks initiated, conducted and concluded by the COE CST during the seventh year of operation. 
Finally, the report provides summary information of each task in the form of quad charts. 

The Executive Summary concludes with a listing of the COE CST students, the partnering institutions 
from industry, the research organizations, and the technical publications delivered during the year. 

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION 

Despite its relatively small size, the FAA Office of Commercial Space Transportation (AST) has an 
important set of responsibilities as described in their mission and defined in the Code of Federal 
Regulations, Title 51 US Code Subtitle V, Ch. 509. The two main goals of AST are: 

 Regulate the commercial space transportation industry, only to the extent necessary, to ensure 
compliance with international obligations of the United States and to protect the public health and 
safety, safety of property, and national security and foreign policy interest of the United States. 

 Encourage, facilitate, and promote commercial space launches and re-entries by the private sector. 

FAA CENTER OF EXCELLENCE PROGRAM 

The FAA Air Transportation Centers of Excellence (COE) program was established by the Omnibus 
Budget Reconciliation Act of 1990, PL 101-508, Title IX, Aviation Safety and Capacity Expansion Act. 

COEs are intended to be multi-year, multi-disciplinary partnerships of academia, industry, and 
government to combine world-class resources that will address current and future challenges for the 
aviation and aerospace communities, including commercial space transportation. The main goals of every 
COE include research, training and education, technology transfer and outreach.  

The absolute uniqueness of the program partnerships is the mandatory one-to-one matching requirement 
for every federal dollar granted to a COE university to establish, operate and conduct research. The 
matching requirement can be satisfied through direct or in-kind contributions from any non-federal funding 
source, including industry, universities, or state and local government organizations. COE efforts which 
are jointly supported provide the U.S. citizens a return on their tax dollars. To date, the COE members 
have generated more than $300M in matching contributions to offset the research costs incurred by the 
government organizations. 

In addition to the COE CST, there are currently 4 active FAA COEs, including: 

The Center of Excellence for Technical Training and Human Performance (TTHP) (on the web at 
coetthp.org), was established in 2016. The core focus of the COE for TTHP includes curriculum 
architecture, content management and delivery, simulation and part task training, human factors, 
analytics, safety, and program management. Core members include Auburn University, Drexel 
University, Embry-Riddle Aeronautical University (technical co-lead), Inter American University, 

505



COE CST YEAR 7 ANNUAL REPORT

4 www.coe cst.org

Oklahoma State University, Purdue University, Tennessee State University, the Ohio State University, 
the University of Akron, the University of Oklahoma (technical co-lead), Tulsa Community College, 
University of Nebraska-Omaha, University North Dakota, University of Wisconsin – Madison, Western 
Michigan University, and Wichita State University (administrative lead). 

The Center of Excellence for Unmanned Aircraft Systems (UAS), aka the “Alliance for System 
Safety of UAS through Research Excellence” (ASSURE, on the web at www.assureuas.org), was
established in 2015. The core focus of the COE UAS includes air traffic integration, airworthiness, 
control and communication, detect and avoid, human factors, and low altitude operations safety. Core 
members include Mississippi State University (Lead), Drexel University, Embry-Riddle Aeronautical 
University, Kansas State University, Montana State University, New Mexico State University, North 
Carolina State University, Oregon State University, University of Alabama – Huntsville, University of 
Alaska – Fairbanks, University of California Davis, University of Kansas, University of North Dakota, 
The Ohio State University, Wichita State University, and Auburn University. 
The Center of Excellence for Alternative Jet Fuels and Environment (AJFE), also known as the 
“Aviation Sustainability Center, (ASCENT, on the web at ascent.aero), was established in 2013. The 
core focus areas of ASCENT include alternative jet fuels: feedstock development, processing and 
conversion, regional supply and refining infrastructure, environmental benefits analysis, aircraft 
component deterioration and wear, fuel performance testing, environment: aircraft noise and impacts, 
aviation emissions and impacts, aircraft technology assessment, environmentally and energy efficient 
gate-to-gate aircraft operations, and aviation modeling and analysis. Core members include 
Washington State University (Lead), Massachusetts Institute of Technology (Co-lead), Boston 
University, Georgia Institute of Technology, Missouri University of Science & Technology, Oregon State 
University, Pennsylvania State University, Purdue University, Stanford University, University of Dayton, 
University of Hawaii, University of Illinois – Champagne Urbana, University of North Carolina – Chapel 
Hill, University of Pennsylvania, University of Tennessee, and the University of Washington. 
The Center of Excellence for General Aviation, aka the “Partnership to Enhance General Aviation 
Safety, Accessibility and Sustainability” (PEGASAS, on the web at www.pegasas.aero), and 
established in 2012. Major areas of focus include the enhancement of general aviation safety, 
accessibility, and sustainability by partnering the FAA with a national network of world-class 
researchers, educators, and industry leaders. Core members include Purdue University (lead), Florida 
Institute of Technology, Georgia Institute of Technology, Iowa State University, the Ohio State 
University, and Texas A&M University. 
The Joint Center for Advanced Materials, (JAMS), in operation since 2003, works closely with 
industry and government agencies on safety and certification initiatives that are related to existing and 
near- and long-term applications of composites and other advanced materials and manufacturing 
processes to aircraft applications, including large transport commercial aircraft, general aviation and 
unmanned aircraft system products. The overall goal is to ensure safe and reliable use of these 
materials in aircraft applications. Lead universities are Wichita State University and the University of 
Washington supported by University of Utah, Oregon State University, Florida International University, 
and University of California, San Diego. 

Other COEs established by the FAA, who have completed their ten-year agreements and phased out of 
operation, include:

 The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996.
 The Center of Excellence for Airport Technology (CEAT), established 1995.
 The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2008. 
 The Airworthy Assurance COE (AACE) operated from 1997 to 2007.
 The COE for General Aviation Research (CGAR), in operation from 2001 to 2013.
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 The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), in operation 
from 2003 to 2014.

 The Airliner Cabin Environment and Intermodal Research (ACERite) Center, in operation from 2004 to 
2014.

FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION 

Below is a quick look at the major highlights and special mentions of COE CST year seven. The basic 
metrics of COE CST performance has also been updated to reflect the most recent events and activities. 

COE CST YEAR 7 HIGHLIGHTS

The following are the major milestones for the FAA COE CST during its seventh year: 

The seventh Annual Administrative Meeting (AAM7) was held in Washington, DC, in conjunction 
with the FAA AST Annual Conference, on February 6-7, 2017. During this meeting, administrative 
topics were discussed, including the COE CST statement of purpose, the addition and removal of core 
members, the definition of “students” (discussed in more detail later in this document), the definition of 
“self-sufficiency” after the tenth year of operation, the reelection of the Executive Director (Dr. 
Vanderploeg was unanimously reelected for a second two-year term), upgrades to the Orion 
Management Information System (OMIS) database, implementation of new Department of 
Transportation policies (e.g., the data management plan, reporting of results, etc.), and plans for the 
upcoming Annual Technical Meeting.

The seventh Annual Technical Meeting (ATM7) was held in Las Cruces, New Mexico, in conjunction 
with the International Symposium for Personal & Commercial Spaceflight, on October 10, 2017. During 
this meeting, four panels highlighted the activity in each of the four research areas, and provided an 
opportunity for interaction with all meeting attendees (photo of all ATM7 attendees on inside back 
cover). All technical presentations of COE CST research tasks presented or discussed at the ATM7 can 
be downloaded from the COE CST web site, www.coe-cst.org.

Attendees at the COE CST Seventh Annual Administrative Meeting 

AAM7 Attendees - left to right, front row: Ms. Carol Gregorek (Orion America Technologies), Dr. 
Patricia Hynes (NMSU Lead PI), Dr. Patricia Watts (FAA COE Program Director), Ms. Karen Shelton-
Mur (FAA AST Research Area 1 Lead), Dr. Guy Boy (FIT PI), Mr. Nick Demidovich (FAA AST 
Research Area 2 Lead), Dr. Tristan Fiedler (FIT, COE CST Collaboration Coordinator). Left to right, 
back row: Ms. Evelina Bern (FAA AST Deputy Program Manager), Mr. Fred Bowen (Orion America 
Technologies), Dr. Andrei Zagrai (NMT Lead PI), Mr. Ken Davidian (FAA AST COE CST Program 
Manager), Dr. Rajan Kumar (FSU Lead PI), Dr. Jim Vanderploeg (UTMB Lead PI, COE CST Executive 
Director), Dr. Tarah Castleberry (UTMB PI), Dr. David Klaus (CU Lead PI), Mr. Brad Cheetham (CU 
PhD Student and ESIL Workshop Leader), Dr. Juan Alonso (Stanford Lead PI). 
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 The New Space journal completed its fifth year featuring a wide range of 
topics pertaining to non-governmental aspects of space activities. The Editor 
in Chief of New Space is Scott Hubbard, former director of Stanford’s 
participation in the COE CST prior to his retirement in 2015. Under Professor 
Hubbard’s leadership, New Space became the “official journal of the COE 
CST,” and the first issue in 2018 (volume 6, issue 1) will be dedicated to 
publications of COE CST research. 

COE CST YEAR 7 METRICS

Every year, COE CST performance is tracked through the measurement of 
basic metrics, including the number of active research tasks (a function of the 
level of funding available from the FAA AST), the number of principal investigators (an indicator of COE 
CST’s research diversity), the number of students (an indicator of COE CST’s impact), the number of 
publications (an indicator of the degree of COE CST knowledge creation). The number of unfunded tasks, 
research partners, industry partners, affiliate members, and associate members, are all a function of how 
well member universities are partnering with non-member research organizations. Finally, the amount of 
funding is provided for each fiscal year. 

In year 7 of COE CST operation, 21 principal investigators (PIs) conducted 14 research tasks, resulting in 
36 technical publications. After presentation of the research task summary charts (aka “quad charts”), this 
Executive Summary includes a list of all tasks, and provides a complete list of students, industry, research 
organizations, and publications. 

Over these first seven fiscal years, the average annual administrative costs were just under 15% of the 
total budget. On the basis of six operating years (since year 2 is a combination of two fiscal years), the 
average is under 18%. The observed uneven distribution of administrative costs over the course of seven 
years stems from the timing of actual payments (e.g., paying for three bi-annual meetings from a single 
fiscal year’s budget, instead of two). 

All information presented in this report is accurate as of the date of publication (late January, 2018). Any 
corrections identified after this date will be included in the COE CST Annual Report Volume 1 and on the 
COE CST web site. 

COE CST Metrics
Year 1 
(FY10)

Year 2 
(FY11-12)

Year 3 
(FY13)

Year 4 
(FY14)

Year 5 
(FY15)

Year 6 
(FY16)

Year 7 
(FY17)

Active Tasks 34 24 28 28 36 22 14 
Unfunded Tasks 34 22 22 11 6 5 2 
Principal Investigators 27 28 29 25 31 22 21 
Students 31 37 55 47 61 28 23 
Publications 0 38 28 22 29 19 36 
Research Partners - 17 20 27 27 11 14 
Industry Partners - 29 44 55 57 11 27 
Affiliate Members 0 1 6 6 6 6 8
Associate Members - - - 3 6 3 3 
Funding Profile $2M $2.4M $1.1M $1.1M $1M $1M $1.4M 
Administrative Overhead 13.6% 20.0% 9.9% 27.0% 19.7% 16.4% 15.1% 
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FAA AST TECHNICAL MONITORS

FAA AST Technical Monitors (TMs) are the links between FAA’s research requirements and the work 
being performed by COE CST member universities. Below is a listing of the FAA COE CST TMs who 
contributed to the research efforts of the COE CST in year 7: 

 Ms. Evelina Bern, COE CST Deputy Program Manager, Office of the Chief Engineer 
 Mr. Ken Davidian, COE CST Program Manager, Office of the Chief Engineer 
 Mr. Nickolas Demidovich, Office of the Chief Engineer 
 Mr. Steph Earle, Office of Special Projects 
 Mr. Henry Lampazzi, Licensing & Evaluation Division 
 Ms. Karen Shelton-Mur, Office of the Chief Engineer 
 Mr. John Sloan, Office of Strategic Planning 
 Mr. Gunther Smiley, Space Transportation Development Division 
 Ms. Yvonne Tran, Regulations & Analysis Division  
 Dr. Paul Wilde, Deputy Chief Engineer 

COE CST MEMBER ORGANIZATIONS 

The COE CST member organizations include three categories of organizations: member universities, 
affiliate member organizations, and associate member organizations. Member universities in 2017 include 
the newly added Baylor College of Medicine (BCM), Florida Institute of Technology (FIT, or Florida Tech), 
Florida State University (FSU), New Mexico Institute of Mining and Technology (NMT, or New Mexico 
Tech), New Mexico State University (NMSU), Stanford University (SU), University of Central Florida 
(UCF), University of Colorado at Boulder (CU), University of Florida (UF) and University of Texas Medical 
Branch at Galveston (UTMB). 

MEMBER UNIVERSITIES 

The COE CST member universities provide a comprehensive distribution of geographical coverage 
representing the entire Commercial Space Transportation industry, including the top four civil space 
states (California, Colorado, Texas and Florida) and New Mexico, the state leading the suborbital industry 
as well as having a significant level of military space activity. As a single entity, the COE CST member 
universities bring complementary strengths together for the benefit of the overall COE. FAA finds that 
each team member provides highly respected and accomplished experiences that directly address the 
research and study needs of the commercial space industry. Combined, the universities bring a large 
number of government, industry, and academic organizations into the COE CST network as research 
partners. 

FLORIDA INSTITUTE OF TECHNOLOGY (FLORIDA TECH)

Florida Institute of Technology performs doctoral research and undergraduate and 
graduate education through its six academic colleges and schools with emphases on 
aviation, aeronautics, science, technology, engineering and mathematics. Research at 
Florida Tech focuses on mechanical and aerospace engineering, software and hardware 
resilient systems, biomedical engineering, space resource utilization, corrosion and space-
related engineering, cloud physics and space weather, space traffic management and launch operations, 
vehicle and payload analysis and design, thermal systems, propulsion, and commercial space industry 
viability. Florida Tech serves as the primary COE CST liaison to industry for research partnership, and 
affiliate membership to the government, the private sector as well as academia. Historically known as FIT, 
Florida Tech’s preeminent research centers and institutes include the Buzz Aldrin Space Institute, the 
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FAA Center of Excellence for General Aviation Research (PEGASAS), the FAA Center of Excellence for 
Commercial Space Transportation (COE CST), the School of Human-Centered Design, Innovation & Arts, 
the Harris Institute for Assured Information, and more. 

FLORIDA STATE UNIVERSITY (FSU)

 FSU brings a range expertise and unique infrastructure and unparalleled testing 
facilities in many areas relevant to the COE CST. These include but are not limited to: 
cryogenics, thermal management, vehicle aerodynamics and controls, sensors, 
actuators, system health monitoring and high-performance simulations including multi-
physics mechanics and flow surface interactions. We have substantial expertise in 
simulating, experimentally and numerically, the Vehicle Launch Environment and the associated 
challenges in aeroacoustics and aero-structures. 

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT)

NMT is a science, math and engineering university that has more 
than a dozen research divisions that work with private industry, 
government agencies and other universities. The research divisions 
include the Petroleum Research and Recovery Center, the Institute for Complex Additive Systems 
Analysis, the Energetic Materials Research Testing Center, the world’s largest lending library of 
seismology equipment, the Magdalena Ridge Observatory, the National Center for Genome Resources, 
the National Cave and Karst Research Institute, and the Langmuir Laboratory for Atmospheric Research. 

NEW MEXICO STATE UNIVERSITY (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and aerospace research in 
areas of suborbital investigations from the time of Robert Goddard and Werner von 
Braun to the current era of commercial sub-orbital space transportation with Spaceport 
America and its operators, Virgin Galactic. SpaceX and UP Aerospace. New Mexico 
Space Grant Consortium, the 21st Century Aerospace Space Group and related 
aerospace research focuses on annual access to space for student and faculty 
experiments, unmanned aerial vehicles, and cube-satellite development. 

STANFORD UNIVERSITY (SU) 

SU brings a 50-year history of aerospace research excellence and a broad scope of 
expertise to the COE CST, including the optimization and autonomous operation of 
complex systems, strategic research planning, organizational integration and 
distributed administration experience. 

UNIVERSITY OF CENTRAL FLORIDA (UCF) 

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and 
the Center for Advanced Turbines & Energy Research (CATER), offers its 
experience and expertise in thermal protection system, propulsion system 
components, cryogenic systems and materials, composites, sensors and actuators, 
and guidance and control. 
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UNIVERSITY OF COLORADO AT BOULDER (CU) 

CU offers the COE CST their experience in spacecraft life support systems and habitat 
design, spaceflight risk assessment, human factors engineering analysis, payload 
experiment integration, and expertise in space environment and orbital mechanics. 

UNIVERSITY OF FLORIDA (UF)

UF has been performing aeronautical and aerospace research since 1941, with 
current emphasis in the Department of Mechanical and Aerospace Engineering on 
research in space systems, MEMS, computational sciences, structural dynamics, 
controls, gas dynamics, and propulsion. 

UNIVERSITY OF TEXAS MEDICAL BRANCH (UTMB) 

UTMB has a long history of medical support and human spaceflight 
physiological research with NASA. UTMB doctors have been involved in the 
commercial orbital and suborbital spaceflight industry, supporting space flight 
participant visits to the ISS, and preparing passengers and crew for suborbital 
space flights. 

A NEW MEMBER UNIVERSITY - THE BAYLOR COLLEGE OF MEDICINE (BCM) 

The Baylor College of Medicine (BCM) is home to the Center for Space Medicine 
(CSM). The CSM is the only academic department/center in space medicine at any university or medical 
school.  Established in 2008, it has over 70 members and 15 interdisciplinary faculty members. It offers a 
unique and popular four-year Space Medicine Track and awarded (with Neuroscience) its first Ph.D. in 
space medicine in 2015. BCM CSM was awarded a $246M NASA cooperative agreement in 2016 to lead 
a 12-year Translational Research Institute in collaboration with Caltech and MIT. BCM CSM is recognized 
as the leading academic space medicine research and education program in the world. Expansion plans 
for BCM CSM include a new Initiative called the Aerospace Medicine (ASM) program within the CSM. The 
CSM-ASM program will include membership in the FAA COE CST, new aerospace medicine clinical 
activities, enhanced educational activities, and expanded research programs. The result will be an 
unprecedented cutting-edge international center of excellence, combining research, education and clinical 
practice in aviation and space medicine. BCM CSM will be the go-to place in the world where space and 
medicine come together. 

Affiliate & Associate Members 

With a limited budget and ever-tightening budget pressures on all federal agencies, the COE CST 
sponsoring organization, FAA AST, cannot provide funding to all the research universities and 
organizations that deserve it. In recognition of all the meaningful work being done outside the COE CST 
membership, two different mechanisms were developed to encourage membership in the COE CST 
without incurring any additional budget obligations. The two different mechanisms that encourage a 
growing membership roster are called Affiliate and Associate membership. Each of these is described 
below, and a list of past, current, and potential members are listed as well. 

Affiliate Member Organizations 

To become a COE CST Affiliate Member, an organization must (a) be conducting research that is self-
funded, or is funded by some organization other than FAA AST, that fits within the commercial space 
transportation road map framework (discussed below), and that can be openly disclosed at COE CST 
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public meetings, such as the Annual Technical Meeting (ATM), (b) partner with one of the current COE 
CST member universities who will act as the Affiliate’s ‘host,’ and (c) voluntarily pay for all costs 
associated with attendance at the ATM. In exchange for these commitments, the COE CST will (a) 
welcome the organization as an Affiliate Member, (b) provide the Affiliate Member with “podium time” at 
the ATM, equal to that provided to any full COE CST member. The strategy of Affiliate Membership is to 
gain benefits derived from being part of the overall COE CST research network. As the network grows, so 
do the possible benefits that can be gained.  

To date, there have been a number of COE CST Affiliate Members. Some joined in the early years of 
COE CST operation, and have been inactive in recent years, some have been active since the program 
began, and some are just now “knocking on our door,” ready to become members in the near future. 
Below is a brief description or simple listing of these Affiliate Member organizations. 

Other organizations are, have been, or soon will be, affiliate members of the COE CST, are listed below. 
Executive Summaries have featured brief descriptions of these organizations in the past, or will do so in 
the future. These organizations include: 

 Embry-Riddle Aeronautical University 
 McGill University 
 National Aerospace Training and Research 
(NASTAR) Center 

 Ohio State University 

 Simpson College  
 Solstar Space Company 
 University of Nebraska at Lincoln 
 University of Northern Florida 
 University of Texas at Austin 

Associate Member Organizations 

Associate Members are much more loosely associated with the COE CST, but their contributions can be 
very significant. During the seventh year of operation, the COE CST was proud to have the following 
institutions as Affiliate Members: NASA Ames Research Center, the MITRE Corporation, and the German 
Aerospace Center (Deutsches Zentrum für Luft- und Raumfahrt; DLR). 

Map of COE CST Member and Affiliate University Geographic Distribution 
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AWARDS AND RECOGNITION 

During the past year, two women working on COE CST tasks, Dr. Sigrid Close of Stanford University, and 
Mary Anderson, a PhD student at New Mexico Tech, received achievement awards. We’re proud of their 
accomplishments, we’re delighted that they’ve been working on projects related to the commercial space 
transportation industry, and we’re excited to highlight them here. Congratulations to Dr. Close and Ms. 
Anderson! Dr. Dan Scheeres and his student, of the University of Colorado Boulder, also were honored 
last year. We are very proud of their accomplishments as well! 

SIGRID CLOSE RECEIVES SPACE PHYSICS AND AERONOMY AWARD

The American Geophysical Union (AGU) awarded Dr. Sigrid Close of Stanford 
University the 2017 Space Physics and Aeronomy Richard Carrington (SPARC) 
Education and Public Outreach Award at a December meeting of the AGU. The 
award celebrates Dr. Close’s contribution to “significant and outstanding impact 
on students’ and the public’s understanding of our science through their 
education and/or outreach activities.” 

MARY ANDERSON RECEIVES TWO PRESTIGIOUS SCHOLARSHIPS

Mary Anderson is a doctoral candidate in the Mechanical 
Engineering Department at New Mexico Tech and a member 
of the Laboratory of Intelligent System and Structures (LISS) 
research team working with Dr. Andrei Zagrai.  Her research 
comprises electromechanical impedance evaluation of space 
structures on orbit and the modeling of effects of space 
environment on the system and structure.  Before entering 
grad school, Ms. Anderson completed an internship at the 
Ames Research Center at NASA.  In her time as a graduate 
student, Ms. Anderson has received the New Mexico Space 

Grant fellowship for 4 semesters totaling $20,000 in research funding.  In 2017, she was awarded the 
Lonnie and Maria Elena Abernathy Endowment for Native Americans in Engineering for $2500 from the 
Society of Women Engineers and the Elisabeth M. and Winchell M. Parsons Scholarship for $3000 from 
the American Society of Mechanical Engineers. 

CU PROFESSOR AND STUDENT HONORED

Distinguished Professor Daniel Scheeres was elected to the National Academy of Engineering (NAE) for 
his pioneering research on the motion of bodies in strongly-perturbed environments. Election to the NAE 
is among the highest professional distinctions accorded to an engineer. Under his mentorship, Scheeres’ 
student, Chandrakanth Venigalla, Aerospace PhD student, was awarded a National Space Technology 
Research Fellowship. 

UCF PROFESSOR HONORED

Dr. Subith Vasu received the 2017 Dilip R. Ballal Early Career Engineer Award from the ASME 
International Gas Turbine Institute, honoring outstanding accomplishments during the first seven years of 
a young professor’s career. In addition to his many accomplishments, Dr. Vasu was the subject of a 2016 
documentary, Combustion Man, produced by the Organization for the Prohibition of Chemical Weapons. 
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COE CST RESEARCH AREAS, GOALS, AND TASKS 

COE CST activity is defined by a framework defining different academic areas for every research task. 
Generally speaking, the four research areas encompass four distinct research domains: operational 
activities, the physical and engineering sciences, the biological and medical sciences, and the social 
sciences. A Space Transportation Research Road Map, last updated in 2015 and available on the web at 
www. coe-cst.org, was created to provide a detailed framework within each of these discipline areas. After 
each brief introduction to the four research areas, this section identifies the goals associated with each 
research area, and then lists the research tasks that were conducted during the seventh year of COE 
CST operation. 

COE CST RESEARCH AREAS

As mentioned above, the research conducted 
within FAA AST is broken into four major 
disciplines. Each discipline is identified by a 
distinct research theme and color: Space 
Traffic Management & Spaceport Operations 
(red), Space Transportation Vehicles 
Technologies (blue), Human Spaceflight 
(green), and Space Transportation Industry 
Viability (orange). Each of these research 
areas is divided into programs, and these are 
further divided into projects, themes, and 
tasks. The number of tasks conducted in each 
program can vary from year to year, and 
research is not necessarily conducted in all 
programs every year. Some research programs may have 
some number of tasks every year, and other programs may 
have never had a research task funded over the entire life 
of the COE CST. The priorities of FAA AST are evaluated 
every year to make the final funding decisions.  

Each research area has multiple goals, and these have 
been revisited during the past year. In FY17, research goals have been identified for each research area 
that correspond to each of the two AST mission goals (i.e., public safety, or industry promotion).  

The COE CST held its seventh Annual Technical Meeting in conjunction with the International 
Symposium for Personal and Commercial Spaceflight (ISPCs) in Las Cruces, NM, in October 2017. 
COE CST research task banners were on display for all ISPCS attendees to review. 
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COE CST RESEARCH GOALS

The goals of the four commercial space transportation research areas are listed below in tabular form. 
The color scheme introduced above is adopted for the table of research goals, but with a subtle 
distinction: The darker shade of each color is associated with the public safety research goals, and the 
lighter shade of each color is associated with the promotional research goals. 

Research Goals Applicable to  
AST’s Public Safety Mission

Research Goals Applicable to  
AST’s Industry Promotion Mission 

Research Area 1. Space Traffic Management & Spaceport Operations 

• Improved analytical and computational 
methods to evaluate safety of uninvolved 
public and property. 

• Situational awareness and understanding 
of risk posed by resident space objects. 

• Safe and equitable sharing of the NAS by air and 
space transportation operators, with minimal 
disruption caused by commercial space traffic 
(outbound and inbound). 

• Improved spaceport interoperability and 
development of necessary spaceport industry 
infrastructure resources. 

Research Area 2. Space Transportation Vehicles Technologies 

• Improve vehicle safety and risk analyses 
and management, including knowledge of 
all safety-critical components and systems 
of the space vehicles and their operations. 

• Improve the manufacturability, assembly, and 
operational efficiencies of space transportation 
vehicles, systems, and subsystems. 

Research Area 3. Human Spaceflight 

• Identification and reduction of avoidable 
risks of human spaceflight. 

• Facilitate the continuous improvement of the 
operational safety of human-carrying vehicles 
(during both launch and reentry) and spaceports. 

Research Area 4. Space Transportation Industry Viability 

• Develop improved criteria for evaluating 
public safety, such as performance based 
requirements for the protection of public 
property and critical assets. 

• Encourage the growth of evolving space industry 
sectors through relevant economic, legal, legislative, 
regulatory, and market analyses & modeling. 

• Support effective policy decision-making in the 
accomplishment of the dual regulatory and 
promotional missions of FAA AST.  

• Provide a better understanding of the relationship of 
governmental policy, innovation adoption, and 
industry growth. 

COE CST YEAR 7 RESEARCH TASKS

COE CST research tasks conducted in FY17 in each of the four research areas are listed below and 
shown in the quad charts that follow. Most of the tasks were funded by the FAA AST to COE CST 
member universities, but also listed are research tasks conducted during this period by COE CST Affiliate 
and Associate members. (NB: Research tasks are frequently referred to by their task number, because 
the titles listed below and the titles given on the summary quad charts may not match exactly. Also, some 
tasks do not have an associated summary quad, and these are denoted with an asterisk.) 

Research Area 1. Space Traffic Management and Spaceport Operations 

 186-SU, Space Environment Modeling Prediction, Drs. Sigrid Close & Nicolas Lee 
 187-CU, Space Situational Awareness, Dr. Dan Scheeres 
 319-UF, Space Vehicle Fragmentation Characterization, Dr. Norm Fitz-Coy 
 331-SU, Advanced 4D Special Use Airspace Research, Dr. Mykel Kochenderfer 
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 360-MITRE (Associate), Integrated Aerospace Traffic Management Concepts, Mr. Amal Srivastava 
 375-DLR (Associate), Interoperable Air and Space Traffic Management, Mr. Sven Kaltenhäuser 

Research Area 2. Space Transportation Vehicle Technologies 

 253-UCF, Composite Thermal Protection System Materials, Drs. Jan Gou & Jay Kapat 
 299-NMT, Nitrous Oxide Composite Tank Testing, Drs. Bin Lim & Andrei Zagrai 
 311-UCF, Robust and Low-Cost LED Absorption Sensor, Dr. Subith Vasu 
 323-NMT, Structural Health Monitoring Framework, Dr. Andrei Zagrai 
 325-FSU, Optical Measurements of Rocket Nozzle Thrust and Noise, Drs. Rajan Kumar, Farrukh Alvi, 
& Jonas Gustavsson 

 359-NMSU/UNF (Affiliate), Relaying Data from LEO to GEO Satellites, Dr. Brian Kopp (no quad chart) 

Research Area 3. Human Spaceflight  

 308-UTMB, Suborbital SFP Anxiety Assessment, Drs. James Vanderploeg, Rebecca Blue, Tarah 
Castleberry, Charles Mathers, and Johene Vardman 

 309-UTMB, Suborbital Pilot Training Assessment, Drs. James Vanderploeg & Tarah Castleberry 
 310-UTMB, Increasing Cabin Survivability in Commercial Spacecraft, Drs. Charles Mathers, James 
Vanderploeg, Tarah Castleberry, Rebecca Blue, & Leigh Speicher 

 320-CU, Commercial Spaceflight Risk Assessment and Communication, Dr. David Klaus 

Research Area 4. Industry Viability 

 193-CU, Emerging Space Industry Leaders Workshops, Mr. Brad Cheetham 
 304-FIT/MU (Affiliate), Legal Issues of Cross-Border Suborbital Flights, Dr. Ram Jakhu (no quad chart) 

Some attendees from the COE CST seventh Annual Technical Meeting, accompanied by the Virgin 
Galactic (VG) Medical Advisory Board, were provided an up-close-and-personal tour of the New 
Mexico Spaceport America, led by Mike Moses. Posing in front of a mock-up of the VG SpaceShipTwo, 
from left to right is Bill Lash, Mike Moses, Dr. Donghyeon Ryu, Nick Demidovich, Sven Kaltenhäuser, 
Ken Davidian (kneeling), Karen Shelton-Mur, Evelina Bern, Dr. Olga Stelmakh, Dr. Juergen Drescher, 
Dr. Richard Jennings, Dr. Jonathan Clark, Dr. Smith Johnston, Dr. Henry Lupa, Dr. Jeff Davis, Dr. Jan 
Stepanek, Dr. Kevin Fong, and Dr. Jim Vanderploeg. 
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COE CST STUDENTS, PARTNERS, PUBLICATIONS, AND PRESENTATIONS 

COE CST YEAR 7 STUDENTS AND DEMOGRAPHIC CHARTS

The following is a list and demographic information of the 24 COE CST students (both funded and 
unfunded), working on research tasks during year 7 of operation.  

Abbreviations: CU-University of Colorado Boulder, ERAU-Embry Riddle Aeronautical University, FIT-Florida Tech, 
FSU-Florida State University, MU-McGill University, NMSU-New Mexico State University, NMT-New Mexico Tech, 
SU-Stanford University, UCF-University of Central Florida, UF-University of Florida, UTMB-University of Texas 
Medical Branch at Galveston 

Each year, certain demographic data is collected on all COE CST students (by law). A summary of these 
data for gender, university, and degree representation, is shown below as simple pie charts. 

COE CST GENERAL AND PRIMARY PARTNERS

The following is a list of the general partner organizations that have contributed to the COE CST over the 
seven-year history: 

 Anderson, Mary (323-NMT) 
 Consoliver, Jakob (241-FSU) 
 Francis, Marcus (253-UCF) 
 Garbino, Alejandro (310-UTMB) 
 Hernandez Juarez Madera, 
Diana (186-SU) 

 Hunter, David (323-NMT) 
 Kerkonian, Aram (304-AFF) 
 Kleespies, Joe (319-UF) 

 Limonta, Lorenzo (186-SU) 
 Loparo, Zachary (311-UCF) 
 Ninnemann, Erik (311-UCF) 
 Ortega, Luis (299-NMT) 
 Parupalli, Akshita (311-UCF) 
 Pavela, James (309-UTMB) 
 Pellegrino, Marielle (187-CU) 
 Rodriguez-Jimenez, Wilfredo 
(309-UTMB) 

 Rood, Chris (299-NMT) 
 Song, Haonan (253-UCF) 
 Suresh, Rahul (308-UTMB) 
 Tompa, Rachael (331-SU) 
 Urso, Justin (311-UCF) 
 Vemula, Rohit (325-FSU) 
 Venigalla, Chandrakanth 
(187-CU) 

 Villar, Michael (311-UCF) 

 Ball Aerospace 
 CSSI Inc. 
 Dynetics, Inc. 
 Jacobs Technology Inc. 
 Lockheed Martin Space Systems Company 
 National Aeronautics and Space Administration 
 Pennsylvania State University 

 Qinetiq 
 Sierra Nevada Space 
 Space Works Enterprises 
 Spaceport America Consultants 
 Spaceworks 
 The Tauri Group 
 Webster University 
 XCOR Aerospace, Inc. 
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The following is a list of the primary partner organizations that have contributed to the COE CST over the 
seven-year history: 

 American Institute of Aeronautics and 
Astronautics 

 Orbital ATK 
 Bachner Consultants, Inc. 
 Ball Aerospace 
 CEAVCO 
 Cimmaron Software Services Inc. 
 Digital Solutions 
 Futron 
 Lockheed Martin Space Systems Company 
 Marketing Consultant 
 NASTAR Center 
 National Space Grant Foundation 
 New Mexico Spaceport Authority 

 NMSU Space Development Foundation  
 Orbital Sciences Corporation 
 Orion America Technologies 
 Pennsylvania State University 
 SATWEST 
 Scitor Corporation 
 Secor Strategies 
 Space Florida 
 Space News 
 Space Systems/Loral 
 Spaceport Sweden 
 The Boeing Company 
 United Launch Alliance 
 Wyle Integrated Science & Engineering Group 

COE CST YEAR 7 PUBLICATIONS

The following is a list of the 36 publications and presentations completed during COE CST Year 7.  

186-SU 
Marshall, R., P. Brown and S. Close, Plasma 

distributions in meteor head echoes and 
implications for radar cross section interpretation.  
Planetary and Space Science, 143, p. 203-208, 
2017 

253-UCF 
B. Wu, J. Gou, “Fabrication of Carbon Nanotube - 

Nonoxide Structural Ceramic Nanocomposites 
through Laser Sintering,” U.S. Provisional Patent, 
Publication No. US20160016855 A1, Publication 
date: January 21, 2016. 

J. Kapat, J. Gou, N. R. Nagaiah, J. Schmitt, “Power 
Generation System Using Closed or Semi-Closed 
Brayton Cycle Recuperator,” World Intellectual 
Property Organization (WIPO) Provisional Patent, 
Publication No. WO/2016/161052, Publication date: 
October 6, 2016. 

J. Skovron, J., Zhuge, J., Gou, J., A. Gordon, “Effect 
of Nanopaper Coating on Flexural Properties of a 
Fire-Treated Glass Fiber-Reinforced Polyester 
Composite,” Journal of Composite Materials, doi: 
10.1177/0021998316630584, (2016) 

Y.Z. Cai, L.Q. Chen, H.Y. Yang, J. Gou, L.F. Cheng, 
X.W. Yin, H.F. Yin, “Mechanical and Electrical 
Properties of Carbon Nanotube Buckypaper 
Reinforced Silicon Carbide Nanocomposites,” 
Ceramics International, Vol. 42, pp. 4984-4992, 
(2016) 

Z. Liu, Y.B. Gao, F. Liang, B.X. Wu, J. Gou, M. 
Detrois, S. Tin, M. Yin, P. Nash, X.D. Tang, X.W. 
Wang, “Fabrication of Carbon Nanotube - 
Chromium Carbide Composite through Laser 
Sintering,” Lasers in Manufacturing and Materials 
Processing, Vol. 3, pp. 1-8, (2016) 

308-UTMB 
Blue RS, Bonato F, Seaton K, Bubka A, Vardiman JL, 

Mathers CH, et al. The Effects of Training on 
Anxiety and Task Performance in Simulated 

Suborbital Spaceflight. Aerosp Med Hum Perform 
2017; 88(7): 641-650.” 

Suresh R, Blue RS, Mathers CH, Castleberry TL, 
Vanderploeg JM. Dysrhythmias in Laypersons 
during Centrifuge-Simulated Suborbital Spaceflight. 
Aerosp Med Hum Perform 2017; 88(11)1-8. 

Suresh R, Blue RS, Mathers CH, Castleberry TL, 
Vanderploeg JM. Sustained Accelerated 
Idioventricular Rhythm in a Centrifuge-Simulated 
Suborbital Spaceflight. Aerosp Med Hum Perform 
2017; 88(8): 1-5.  

310-UTMB 
Speicher LL, Blue RS, Vanderploeg JM. Vehicle 

Restraint Considerations for Commercial 
Spaceflight. Submitted, in review, Aerospace 
Medicine and Human Performance. 

311-UCF 
Anthony Carmine Terracciano, Kyle Thurmond, 

Michael Villar, Justin Urso, Erik Ninnemann, 
Akshita Parupalli, Zachary Loparo, Subith S. Vasu, 
“Hazardous Gas Detection Sensor Using 
Broadband LED Based Absorption Spectroscopy 
for Space Applications, In preparation for 
submission to New Space.” 

Kyle Thurmond, Zachary Loparo, William P. Partridge 
Jr., Subith S. Vasu, “A Light-Emitting-Diode (LED) 
Based Absorption Sensor for Simultaneous 
Detection of Carbon Monoxide and Carbon 
Dioxide”, Applied Spectroscopy, 2016, 70(6), 962-
971. 

319-UF 
Kleespies, Joe, and Norman Fitz-Coy. “DebriSat, Big 

Data, and How It Relates to Small Satellites.” 
Proceedings of the 31st Annual AIAA/USU 
Conference on Small Satellites, 2017. 

Kleespies, Joseph, and Norman Fitz-Coy. “An Update 
on DebriSat’s Debris Categorization System.” 
Proceedings of the 67th International Astronautical 
Congress, 2016. 
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Kleespies, Joseph, and Norman Fitz-Coy. “Big 
impacts and big data: Addressing the challenges of 
managing DebriSat’s characterization data.” IEEE 
Aerospace Conference, 2016. 

Kleespies, Joseph, and Norman Fitz-Coy. “DebriSat’s 
Debris Categorization System: A Database-Based 
Solution to the Big Data Challenges Impacting the 
Future Regulation of Orbital Debris” Proceedings of 
the 7th European Conference on Space Debris, 
2017. 

Kleespies, Joseph, and Norman Fitz-Coy. 
“Performance Analysis of the DebriSat Debris 
Categorization System (DCS) Database Engine” 
Proceedings of the 68th International Astronautical 
Congress, 2017.” 

Rivero, M., et al. “Characterization of Debris from the 
DebriSat Hypervelocity Test.” Proceedings of the 
66th International Astronautical Congress, 2015. 

320-CU
Klaus, DM (2017) Functional Integration of Humans 

and Spacecraft through Physics, Physiology, Safety 
and Operability. IEEE Aerospace Proceedings, 
paper no. 2346 (8.0505) 

Ocampo, R (2016) Defining, Characterizing and 
Establishing ‘Safe Enough’ Risk Thresholds for 
Human Space Flight, Doctoral Dissertation, 
University of Colorado 

Ocampo, R and Klaus, D (2016a) A Quantitative 
Framework for Defining “How Safe is Safe 
Enough?” in Crewed Spacecraft. New Space, 4(2): 
75-82 

Ocampo, R and Klaus, D (2017a) Challenges in 
Determining ‘Safe Enough’ in Human Space Flight. 
International Association for the Advancement of 
Space Safety (IAASS) Proceedings, Paper 153, 9th 
IAASS Conference, Toulouse, France, Oct 2017 

Ocampo, R and Klaus, D (2017b) Adapting Pre-
Hospital Emergency Medical Protocols for 
Commercial Space Flight [in review]  

Ocampo, R and Klaus, D (2017c) A Risk vs. Usage 
Perspective on Human Space Flight Safety. [in 
revision] 

Ocampo, RP and Klaus, DM (2016b) Comparing the 
Relative Risk of Space Flight to Terrestrial Modes 
of Transportation and Adventure Sport Activities. 
New Space, 4(3): 190-197 

323-NMT 
Anderson, M., Daniel, J.D., Zagrai, A., and Westpfahl, 

D.J. (2016) “Electro-Mechanical Impedance 
Measurements in an Imitated Low Earth Orbit 
Radiation Environment,” Proceedings of the ASME 
2016 International Mechanical Engineering 
Congress and Exposition, paper IMECE2016-
66855, November 11-17, 2016, Phoenix, Arizona. 

Anderson, M., Zagrai, A., Daniel, J.D., Westpfahl, 
D.J., Henneke, D., (2017) “Influence of Gamma 
Radiation on Piezoelectric Active Elements of 
Space Systems,” Proceedings of 11th International 
Workshop on Structural Health Monitoring, 12-14 
September 2017, Stanford University, California. 

Anderson, M., Zagrai, A., Daniel, J.D., Westpfahl, 
D.J., Henneke, D., (2018) “Investigating Effect of 
Space Radiation Environment on Piezoelectric 
Sensors: Cobalt-60 Irradiation Experiment,” ASME 
Journal of Nondestructive Evaluation, Diagnostics 
and Prognostics of Engineering Systems, Feb. 
2018, Vol. 1, pp. 011007-011007-11. Published 
online Aug. 2017. 

Hunter, D., Zagrai, A., Kessler, S. (2017) “Adaption of 
Electromechanical SHM for Space-based 
Platforms,” presentation at SPIE’s 24th Annual 
International Symposium on Smart Structures and 
Materials + Nondestructive Evaluation and Health 
Monitoring, 26-29 March 2017, Portland, Oregon, 
presentation 10170-39. 

Zagrai, A., Hunter, D., Anderson, M., Daniel, J.D., 
Westpfahl, D.J., Henneke, D., Kessler, S., 
Demidovich, N. (2017) “Electro-mechanical 
Impedance Structural Diagnostics and Piezoelectric 
Sensor Fatigue in Space Environment,” 
presentation at Commercial and Government 
Responsive Access to Space Technology 
Exchange (CRASTE), June 26-29, 2017, Indian 
Wells, California. 

325-FSU
Rajan Kumar, “Measurement of rocket nozzle thrust 

and noise using optical methods”, National Space & 
Missile Materials Symposium (NSMMS) & 
Commercial and Government Responsive Access 
to Space Technology Exchange (CRASTE), 19-23 
June, 2016. 

375-DLR 
Drescher, Jürgen, Morlang, Frank, Hampe, Jens, 

Kaltenhäuser, Sven, Jakobi, Jörn, Schmitt, Dirk-
Roger (2016) Commercial Space Transportation 
and Air Traffic Insertion - SESAR Requirements 
and the European Perspective. In: Proc. 32nd 
Space Symposium, Technical Track, Colorado 
Springs, Colorado, USA. Space Foundation, 
Colorado Springs, CO, USA 

Kaltenhäuser Sven et al. (2017) Facilitating 
Sustainable Commercial Space Transportation 
Through an Efficient Integration into Air Traffic 
Management, New Space Journal, August 2017, 
ahead of print.  

Kaltenhäuser, Sven (2017) A concept for improved 
integration of Space Vehicle Operation into ATM. 
33rd Space Symposium, 3.-6. April 2017, Colorado 
Springs, CO, USA 

Luchkova, Tanja und Kaltenhäuser, Sven und 
Morlang, Frank (2016) Air Traffic Impact Analysis 
Design for a Suborbital Point-to-Point Passenger 
Transport Concept. 3rd Annual Space Traffic 
Management Conference, 16.-18. Nov. 2016, 
Daytona Beach, FL, USA. 

Morlang, Frank et al.(2017) Why a future commercial 
spacecraft must be able to SWIM, Journal of Space 
Safety Engineering, Volume 4 , p. 5-8 
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COE CST YEAR 7 PRESENTATIONS

The following is a list of the 22 presentations completed during COE CST Year 7.  

186-SU 
NASA, November 2016 
SCPNT Symposium, November 2016 
Stanford Founding Grant Society, April 2017 

253-UCF 
C. Harris, J. Kapat, J. Gou, “Task 253: Ultra-High 

Temperature Thermal Protection Systems,” 5th 
Annual Technical Meeting of FAA COE CST, 
Arlington, VA, October 26-28, 2015 

M. Francis, H.N. Song, J. Kapat, J. Gou, “Task 253: 
Ultra-High Temperature Thermal Protection 
Systems,” 7th Annual Technical Meeting of FAA 
COE CST, Las Cruces, NM, October 10, 2017” 

M. Mohagheghi, H. Zawati, T. Pinol. J. Gou, C. Yu, J. 
Kapat, “Use of 1-D Finite Enthalpy Method for a 
High-Temperature Recuperator Made of Polymer 
Derived Ceramic Composite for a Supercritical 
Carbon Dioxide Power System,” Proceedings of 5th 
International Symposium – Supercritical CO2 
Power Cycles, San Antonio, TX, March 28-31, 2016 

308-UTMB 
Aerospace Medical Association Annual Scientific 

Meeting, Denver, CO, May 2017. 
Centrifuge-Simulated Suborbital Spaceflight: The 

Role of Training and the Impact of Anxiety 
Effects of Training on Anxiety and Task Performance 

in Simulated Suborbital Spaceflight. 
Identification of Subject Anxiety and Risk of Non-

Completion during Simulated Suborbital 
Spaceflight.  

Incidence and Significance of Bradycardia during 
Centrifuge-Simulated Suborbital Spaceflight.  

Motion Sickness Symptoms, Training Benefits, and 
Adaptation during Simulated Commercial 
Spaceflight.  

Sustained Accelerated Idioventricular Rhythm in 
Centrifuge-Simulated Suborbital Spaceflight. 

310-UTMB 
Speicher LL, Blue RS, Vanderploeg JM. Vehicle 

Restraint Considerations for Commerical 
Spaceflight. Anticipated, Aerospace Medical 
Association Annual Scientific Meeting, May 2018. 

311-UCF 
A. Terracciano, M. Villar, J. Urso, A. Parupalli, W.P. 

Partridge Jr., J. Kapat, S. S. Vasu, “High Altitude 
Balloon Flight Test Demonstration of LED Based 
Hazardous Gas Sensor in Harsh Environments for 
Space Applications”, National Space & Missile 
Materials Symposium (NSMMS) Commercial and 
Government Responsive Access to Space 

Technology Exchange (CRASTE), Indian Wells, CA 
, 06/2017. 

A. Terracciano, M. Villar, J. Urso, A. Parupalli, W.P. 
Partridge Jr., J. Kapat, S. S. Vasu, “High-Altitude 
Balloon Flight Demonstration of LED-Based NDIR 
Multi-Gas Sensor for Space Applications”, Center of 
Excellence for Commercial Space Transportation 
Annual Technical Meeting(ATM8), Las Cruces, NM, 
10/2017. 

J. Urso, M. Villar, K. Thurmond, Z. Loparo, W.P. 
Partridge Jr., J. Kapat, S. S. Vasu, “Robust Sensors 
for Spacecraft Fire, Detection”, Center of 
Excellence for Commercial Space Transportation 
Annual Technical Meeting (ATM 5), Washington, 
D.C., 10/2015. 

K. Thurmond, J. Urso, M. Villar, W.P. Partridge Jr., 
S.S. Vasu, “A Light-Emitting-Diode (LED) Non-
Dispersive Absorption Sensor for Early Fire and 
Hazardous Gases Detection”, ESS/CI Spring 
Technical meeting, Princeton, NJ, 3/2016, paper 
#1B02. 

M. Villar, J. Urso, W.P. Partridge Jr., J. Kapat, S. S. 
Vasu, “Progress in Development and Testing of a 
LED-Based Fire and Hazard Detection Sensor for 
Space Vehicles”, National Space & Missile 
Materials Symposium (NSMMS) Commercial and 
Government Responsive Access to Space 
Technology Exchange (CRASTE), West Minister, 
CO, 06/2016. 

320-CU
Conference on World Affairs (invited), Panelist, The 

2nd Space Renaissance, Macky Auditorium, 
University of Colorado, Boulder, April 2017 

FAA COE CST, Sixth Annual Technical Meeting, Task 
320: Commercial Spaceflight Risk Assessment and 
Communication, Las Cruces, NM, October 2016 

IEEE Aerospace Conference, Functional Integration
of Humans and Spacecraft through Physics, 
Physiology, Safety and Operability, Big Sky, MT, 
March 2017  

NSBRI Workshop on Piloting Spacecraft: Guidance 
and Control of Human Vehicles, (invited, presented 
via WebEx) ‘Functional Integration of humans in 
piloted spacecraft’, Houston, TX, Sept 2016 

375-DLR 
Kaltenhäuser, Sven und Morlang, Frank und 

Luchkova, Tanja und Hampe, Jens und Schmitt, 
Dirk-Roger (2016) Evolving Air Traffic Management 
towards an efficient integration of hypersonic air 
transportation. 2nd Symposium on Hypersonic 
Flight, 30. Jun. - 01. Jul. 2016, Rome, Italy.

528



EXECUTIVE SUMMARY

25

529



530



December 31, 2018
www.coe-cst.org

Federal Aviation Administration 

Center of Excellence for 

Commercial Space Transportation 

Year 8 Annual Report

Executive Summary

531



532



EXECUTIVE SUMMARY

i

Table of Contents 

LETTER FROM THE EXECUTIVE DIRECTOR ................................................................................ 1
PREFACE .................................................................................................................................. 2
INTRODUCTION ....................................................................................................................... 2
OVERVIEWS............................................................................................................................. 3
FAA Office of Commercial Space Transportation........................................................................ 3
FAA Center of Excellence Program.............................................................................................. 3
FAA Center of Excellence for Commercial Space Transportation............................................... 5

COE CST MEMBER ORGANIZATIONS ........................................................................................ 6
Member Universities................................................................................................................... 7
Affiliate & Associate Members.................................................................................................... 9

AWARDS AND RECOGNITION ................................................................................................ 14
COE CST RESEARCH AREAS, GOALS, AND TASKS .................................................................... 15
COE CST STUDENTS, PARTNERS, PUBLICATIONS, AND PRESENTATIONS................................. 31
APPENDIX. PUBLIC LAW 101 508 TITLE IX SUBTITLE C SECTION 9209 ..................................... 35

533



COE CST YEAR 8 ANNUAL REPORT

534



EXECUTIVE SUMMARY

1

LETTER FROM THE EXECUTIVE DIRECTOR 

As the Center of Excellence for Commercial Space Transportation (COE CST) 
moves into its 9th year of operation, our research portfolio continues to expand 
and mature across the 10 core member university consortium along with some 
two dozen affiliates, associates, subcontractors, and other interested parties 
actively participating in the pursuits. The accomplishments and advances 
described in this 8th Annual Executive Summary report serve to illustrate the 
variety of multidisciplinary topics being addressed by the COE CST.  

2018 produced a number of significant spaceflight milestones, with over 100 
orbital launches occurring globally during the year. SpaceX continues to not only 
routinely launch rockets at a record cadence, but to progressively perfect 

returning the boosters intact as well.  Especially notable was the first launch of the Falcon Heavy in 
February with its rather unique payload of ‘Starman’ in a Tesla Roadster, which is now traveling on a 
heliocentric orbit slightly beyond that of Mars.  Meanwhile, NASA’s OSIRIS-REx spacecraft is orbiting the 
Bennu asteroid, with a planned sample return in 2023.  And NASA’s InSIght lander successfully touched 
down on Mars, where it is sending back key scientific data pertaining to the interior structure and 
composition of the Red Planet. On that same mission, NASA also sent the first CubeSats into deep 
space, with the twin satellites called Mars Cube One, or MarCO, trailing InSight to serve as data relays 
during the Lander’s entry and descent.  Closer to home, Virgin Galactic's VSS Unity took two veteran 
pilots from the Mojave Air & Space Port up beyond the 50-mile mark defined by the US government as 
the edge of space, further advancing the onset of commercial space tourism.  Blue Origin also 
successfully carried a suite of commercial payloads on a suborbital trajectory to an altitude of over 100 
km, the internationally recognized border of space, aboard the New Shepard, including the test dummy 
‘Mannequin Skywalker’ which conducted astronaut telemetry and science studies. 

Providing a reminder that spaceflight does not come without risk, however, the Soyuz rocket intended to 
send the Expedition 57 crew to ISS in October failed to reach orbit when a booster anomaly occurred 
during ascent, but the abort system did its job to safely put the crew on a ballistic entry profile back to 
Earth. Less than two months later, Soyuz returned to flight, delivering the Expedition 58 crew to ISS as 
planned. While hazards cannot be designed out, risk mitigation strategies can be implemented to reduce 
the potential for catastrophic failures, which is a focus of our COE CST research. Along those lines, 
NASA and the US Air Force are conducting tests of astronaut survival systems for the Orion module, 
which will carry humans to the moon or Mars in the coming years.  And finally, NASA’s Commercial Crew 
Program has test flights of Boeing’s CST-100 Starliner and SpaceX’s Crew Dragon on the calendar for 
2019, with astronauts being assigned for these missions this past August.  

An exciting year in spaceflight indeed, with the collective successes drawing on contributions from 
government, industry and academia to meet the shared goals of deep space exploration, ISS crew 
transport, and space tourism.  It is a privilege to participate in these endeavors through the COE CST in 
support of the FAA Office of Commercial Space Transportation, along with our government and industry 
partners. We look forward to continuing to help blaze the trail to space for all of humanity. 

David Klaus, PhD 
Professor, Aerospace Engineering Sciences 
Executive Director, COE CST 
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PREFACE 

The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is pleased 
to release this FAA Center of Excellence for Commercial Space Transportation (COE CST) Year Eight 
Annual Report Executive Summary. 

The COE CST is now a collection of ten incredible universities, supplemented by affiliate and associate 
members, and complemented by numerous private organizations and research institutions. Of course, 
within each of these entities are the people that make the COE CST what it is; the principal investigators, 
the students, the financial officers, the contractors, the business women (and men), the executives, the 
administrators, and the government researchers. It is the collective effort of these individuals that makes 
the research possible, provides matching cash and in-kind contributions, posts the extensive technical 
and financial data for government-required reports, and fundamentally makes the overall system function 
efficiently through their individual actions. 

The first years of operation (2010-2015) were focused on building the various types of relationships (e.g., 
research, administrative, financial, personal, etc.) between the many individuals at each of the original 
nine universities and government offices. Although the budget of the center may be relatively small, the 
complexity of the relationship network makes the smooth operation of this center a challenge. Despite this 
complexity, the COE CST has successfully emerged as a fully functional, cohesive unit. Year six began 
the second half of the ten-year program (2016-2020). During this phase of the organization, the COE CST 
placed a major emphasis on raising its profile with industry members, to better understand the needs of 
the evolving commercial space marketplace, and to be better understood by the major marketplace 
actors. 

The success of the COE CST would not have been possible, however, without the leadership of certain 
important individuals. Specifically, Dr. George Nield, Associate Administrator of FAA AST (until his 
retirement in March 2018), and Dr. Patricia Watts, National Program Director of the FAA COEs, are two 
individuals without whose support the COE CST could not function today. The COE CST recognizes them 
as driving forces for any success the COE CST has attained.  

All the COE CST individuals, representing the dozens of participating organizations and institutions, 
cannot be given enough words of thanks or acts of appreciation in recognition for their contributions of 
time, effort, and treasure.

For more information about the content of this report, please visit the COE CST web site at  
www.coe-cst.org. Please address any questions or corrections to Dr. Ken Davidian, 202-267-7214, 
ken.davidian@faa.gov.  

- December 31, 2018 

INTRODUCTION

This executive summary accompanies a more detailed annual report of the FAA COE CST. The annual 
report volume will be available on the COE CST web site, www.coe-cst.org. The full report provides a 
description of the FAA COE CST including its research, structure, member universities, funding, and 
research tasks, a comprehensive set of presentation charts of each research task, and a comprehensive 
set of notes and links to recordings from all FAA COE CST teleconferences and face-to-face meetings. 

The Executive Summary begins with overviews of the FAA Office of Commercial Space Transportation 
(the sponsoring organization), the FAA COE Program and the COE CST. The COE CST became 
operational on August 18, 2010, with nine members. It has subsequently added an additional core 
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university, as well as numerous Affiliate and Associate organizations, representing both academia and 
industry. 

Brief introductions and general descriptions are provided for each of the COE CST Member Universities, 
the Affiliate Members, and the FAA Technical Monitors for the COE CST research tasks. 

Next, this document describes the overall scope of COE CST research areas, and lists each of the 
research tasks initiated, conducted and concluded by the COE CST during the eighth year of operation. 
Finally, the report provides summary information about each task in the form of quad charts. 

The Executive Summary concludes with a listing of the COE CST students, the partnering institutions 
from industry, the research organizations, and the technical publications delivered during the year. 

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION 

Despite its relatively small size, the FAA Office of Commercial Space Transportation (AST) has an 
important set of responsibilities as described in their mission and defined in the Code of Federal 
Regulations, Title 51 US Code Subtitle V, Ch. 509. The two main goals of AST are: 

 Regulate the commercial space transportation industry, only to the extent necessary, to ensure 
compliance with international obligations of the United States and to protect the public health and 
safety, safety of property, and national security and foreign policy interest of the United States. 

 Encourage, facilitate, and promote commercial space launches and re-entries by the private sector. 

FAA CENTER OF EXCELLENCE PROGRAM 

The FAA Air Transportation Centers of Excellence (COE) program was established by the Omnibus 
Budget Reconciliation Act of 1990, PL 101-508, Title IX, Aviation Safety and Capacity Expansion Act. The 
text of this legislation is provided on the inside back cover of this report. 

COEs are intended to be multi-year, multi-disciplinary partnerships of academia, industry, and 
government to combine world-class resources that will address current and future challenges for the 
aviation and aerospace communities, including commercial space transportation. The main goals of every 
COE include research, training & education, and technology transfer & outreach.  

The absolute uniqueness of the program partnerships is the mandatory one-to-one matching requirement 
for every federal dollar granted to a COE university to establish, operate and conduct research. The 
matching requirement can be satisfied through direct or in-kind contributions from any non-federal funding 
source, including industry, universities, or state and local government organizations. COE efforts which 
are jointly supported provide the U.S. citizens a return on their tax dollars. To date, the COE members 
have generated more than $312M in matching contributions to offset the research costs incurred by the 
government organizations. 

In addition to the COE CST, there are currently five more active FAA COEs, including: 

The Center of Excellence for Technical Training and Human Performance (TTHP) (on the web 
at coetthp.org), was established in 2016. The core focus of the COE for TTHP includes curriculum 
architecture, content management and delivery, simulation and part task training, human factors, 
analytics, safety, and program management. Core members include Auburn University, Drexel 
University, Embry-Riddle Aeronautical University (technical co-lead), Inter American University, 
Oklahoma State University, Purdue University, Tennessee State University, the Ohio State 
University, the University of Akron, the University of Oklahoma (technical co-lead), Tulsa Community 
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College, University of Nebraska-Omaha, University North Dakota, University of Wisconsin – 
Madison, Western Michigan University, and Wichita State University (administrative lead). 

The Center of Excellence for Unmanned Aircraft Systems (UAS), aka the “Alliance for System 
Safety of UAS through Research Excellence” (ASSURE, on the web at www.assureuas.org), was
established in 2015. The core focus of the COE UAS includes air traffic integration, airworthiness, 
control and communication, detect and avoid, human factors, and low altitude operations safety. 
Core members include Mississippi State University (Lead), Drexel University, Embry-Riddle 
Aeronautical University, Kansas State University, Montana State University, New Mexico State 
University, North Carolina State University, Oregon State University, University of Alabama – 
Huntsville, University of Alaska – Fairbanks, University of California Davis, University of Kansas, 
University of North Dakota, The Ohio State University, Wichita State University, and Auburn 
University. 
The Center of Excellence for Alternative Jet Fuels and Environment (AJFE), also known as the 
“Aviation Sustainability Center, (ASCENT, on the web at ascent.aero), was established in 2013. The 
core focus areas of ASCENT include alternative jet fuels: feedstock development, processing and 
conversion, regional supply and refining infrastructure, environmental benefits analysis, aircraft 
component deterioration and wear, fuel performance testing, environment: aircraft noise and 
impacts, aviation emissions and impacts, aircraft technology assessment, environmentally and 
energy efficient gate-to-gate aircraft operations, and aviation modeling and analysis. Core members 
include Washington State University (Lead), Massachusetts Institute of Technology (Co-lead), 
Boston University, Georgia Institute of Technology, Missouri University of Science & Technology, 
Oregon State University, Pennsylvania State University, Purdue University, Stanford University, 
University of Dayton, University of Hawaii, University of Illinois – Champagne Urbana, University of 
North Carolina – Chapel Hill, University of Pennsylvania, University of Tennessee, and the University 
of Washington. 
The Center of Excellence for General Aviation, aka the “Partnership to Enhance General Aviation 
Safety, Accessibility and Sustainability” (PEGASAS, on the web at www.pegasas.aero), and 
established in 2012. Major areas of focus include the enhancement of general aviation safety, 
accessibility, and sustainability by partnering the FAA with a national network of world-class 
researchers, educators, and industry leaders. Core members include Purdue University (lead), 
Florida Institute of Technology, Georgia Institute of Technology, Iowa State University, the Ohio 
State University, and Texas A&M University. 
The Joint Center for Advanced Materials, (JAMS), in operation since 2003, works closely with 
industry and government agencies on safety and certification initiatives that are related to existing 
and near- and long-term applications of composites and other advanced materials and 
manufacturing processes to aircraft applications, including large transport commercial aircraft, 
general aviation and unmanned aircraft system products. The overall goal is to ensure safe and 
reliable use of these materials in aircraft applications. Lead universities are Wichita State University 
and the University of Washington supported by University of Utah, Oregon State University, Florida 
International University, and University of California, San Diego. 

Other COEs established by the FAA, who have completed their ten-year agreements and phased out of 
operation, include:

 The Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996.
 The Center of Excellence for Airport Technology (CEAT), established 1995.
 The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2008. 
 The Airworthy Assurance COE (AACE) operated from 1997 to 2007.
 The COE for General Aviation Research (CGAR), in operation from 2001 to 2013.
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 The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), in 
operation from 2003 to 2014.

 The Airliner Cabin Environment and Intermodal Research (ACERite) Center, in operation from 2004 
to 2014.

FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION 

Below is a quick look at the major highlights and special mentions of COE CST year eight. The basic 
metrics of COE CST performance has also been updated to reflect the most recent events and activities. 

COE CST YEAR 8 HIGHLIGHTS

The following are the major milestones for the FAA COE CST during its eighth year: 

The Eighth Annual Administrative Meeting (AAM8) was held in Washington, DC, on February 5, 
2018. During this meeting, many administrative topics were discussed. Most notably, Dr. Jim 
Vanderploeg (from the University of Texas Medical Branch at Galveston) stepped down as the COE 
CST Executive Director, and a vote was taken that replaced him with Dr. Dave Klaus (from the 
University of Colorado Boulder).
New Space (the official journal of the COE CST) completed its sixth 
year, featuring a wide range of topics pertaining to non-governmental 
aspects of space activities. New Space volume 6, issue 1 consisted 
entirely of COE CST research publications (cover shown in figure 
right). 
Research Area Workshops – A new initiative for 2018 was the 
execution of separate workshops that focused on each of the four 
research areas. During the 2018 calendar year, these meetings were 
conducted for research area 1 (Space Traffic Management & 
Spaceport Operations), 2 (Space Transportation Vehicles 
Technologies), and 3 (Human Spaceflight). Despite extensive 
planning, the workshop for research area 4 will be held during the 
2019 calendar year due to unavoidable scheduling conflicts. 

COE CST YEAR 8 METRICS

Every year, COE CST performance is tracked through the measurement of basic metrics, including the 
number of active research tasks (a function of the level of funding available from the FAA AST), the 
number of principal investigators (an indicator of COE CST’s research diversity), the number of students 
(an indicator of COE CST’s impact), the number of publications (an indicator of the degree of COE CST 
knowledge creation). The number of unfunded tasks, research partners, industry partners, affiliate 
members, and associate members, are all a function of how well member universities are partnering with 
non-member research organizations. Finally, the amount of funding is provided for each fiscal year. 

In year 8 of COE CST operation, 22 principal investigators (PIs) and 38 students conducted 27 research 
tasks, resulting in 34 technical publications (and patents not reported in previous COE CST Executive 
Summaries). This Executive Summary presents summary charts (aka “quad charts”) for each research 
task, and then provides a complete list of students and the publications resulting from this work. 

Due to changes in the funding concurrence processes, no awards of research funding appropriated in 
fiscal year 2018 (FY18) were made. The table below, therefore, shows only the total funding through  
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FY17. Two rows of information included in previous years, Research Partners and Industry Partners, 
were omitted this year, due to an increasingly uncertainty of how to categorize specific organizations in 
one category or the other. Over these first eight fiscal years, the average annual administrative costs 
were just under 15% of the total budget. On the basis of six operating years (since year 2 is a 
combination of two fiscal years), the average is under 18%. The observed uneven distribution of 
administrative costs over the course of eight years stems from the timing of actual payments (e.g., paying 
for three bi-annual meetings from a single fiscal year’s budget, instead of two). 

All information presented in this report is accurate as of the date of publication (February, 2019). Any 
corrections identified after this date will be included in the comprehensive COE CST Annual Report and 
on the COE CST web site. 

FAA AST TECHNICAL MONITORS

FAA AST Technical Monitors (TMs) are the links between FAA’s research requirements and the work 
being performed by COE CST member universities. Below is a listing of the FAA COE CST TMs who 
contributed to the research efforts of the COE CST in year 8: 

 Dr. Ken Davidian, Program Manager1

 Mr. Nickolas Demidovich1

 Mr. Steph Earle1

 Mr. Henry Lampazzi2

 Ms. Karen Shelton-Mur1

 Mr. John Sloan3

 Mr. Gunther Smiley4

 Dr. Paul Wilde1

COE CST MEMBER ORGANIZATIONS 

The COE CST member organizations include three categories of organizations: member universities, 
affiliate member organizations, and associate member organizations. Member universities in 2018 include 
the Baylor College of Medicine (BCM), Florida Institute of Technology (FIT, or Florida Tech), Florida State 
University (FSU), New Mexico Institute of Mining and Technology (NMT, or New Mexico Tech), New 
Mexico State University (NMSU), Stanford University (SU), University of Central Florida (UCF), University 
of Colorado at Boulder (CU), University of Florida (UF), and the University of Texas Medical Branch at 
Galveston (UTMB). 

1 FAA AST Office of Advanced Programs and Innovation 
2 FAA AST Licensing & Evaluation Division 
3 FAA AST Office of Strategic Operations 
4 FAA AST Space Transportation Development Division 

COE CST Metrics
Year 1 
(FY10)

Year 2 
(FY11-12)

Year 3 
(FY13)

Year 4 
(FY14)

Year 5 
(FY15)

Year 6 
(FY16)

Year 7 
(FY17)

Year 8 
(FY18)

Active Tasks 34 24 28 28 36 22 14 27 
Unfunded Tasks 34 22 22 11 6 5 2 5 
Principal Investigators 27 28 29 25 31 22 21 22 
Students 31 37 55 47 61 28 23 38 
Publications 0 38 28 22 29 19 36 34 
Affiliate Members 0 1 6 6 6 6 8 10 
Associate Members - - - 3 6 3 3 8 
Funding Profile $2M $2.4M $1.1M $1.1M $1M $1M $1.4M NA 
Administrative
Overhead 13.6% 20.0% 9.9% 27.0% 19.7% 16.4% 15.1% NA 
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MEMBER UNIVERSITIES 

The COE CST member universities provide a comprehensive distribution of geographical coverage 
representing the entire Commercial Space Transportation industry, including the top four civil space 
states (California, Colorado, Texas, and Florida) and New Mexico, the state leading the suborbital 
industry as well as having a significant level of military space activity. As a single entity, the COE CST 
member universities bring complementary strengths together for the benefit of the overall COE. FAA finds 
that each team member provides highly respected and accomplished experiences that directly address 
the research and study needs of the commercial space industry. Combined, the universities bring a large 
number of government, industry, and academic organizations into the COE CST network as research 
partners. 

THE BAYLOR COLLEGE OF MEDICINE (BCM) 

The Baylor College of Medicine (BCM) is home to the Center for Space Medicine 
(CSM). The CSM is the only academic department/center in space medicine at 
any university or medical school. Established in 2008, it has over 70 members and 
15 interdisciplinary faculty members. It offers a unique and popular four-year Space Medicine Track and 
awarded (with Neuroscience) its first Ph.D. in space medicine in 2015. BCM CSM was awarded a $246M 
NASA cooperative agreement in 2016 to lead a 12-year Translational Research Institute in collaboration 
with Caltech and MIT. BCM CSM is recognized as the leading academic space medicine research and 
education program in the world. Expansion plans for BCM CSM include a new Initiative called the 
Aerospace Medicine (ASM) program within the CSM. The CSM-ASM program will include membership in 
the FAA COE CST, new aerospace medicine clinical activities, enhanced educational activities, and 
expanded research programs. The result will be an unprecedented cutting-edge international center of 
excellence, combining research, education and clinical practice in aviation and space medicine. BCM 
CSM will be the go-to place in the world where space and medicine come together. 

FLORIDA INSTITUTE OF TECHNOLOGY (FLORIDA TECH)

Florida Institute of Technology performs doctoral research and undergraduate and 
graduate education through its six academic colleges and schools with emphases on 
aviation, aeronautics, science, technology, engineering and mathematics. Research at 
Florida Tech focuses on mechanical and aerospace engineering, software and hardware 
resilient systems, biomedical engineering, space resource utilization, corrosion and space-
related engineering, cloud physics and space weather, space traffic management and launch operations, 
vehicle and payload analysis and design, thermal systems, propulsion, and commercial space industry 
viability. Florida Tech serves as the primary COE CST liaison to industry for research partnership, and 
affiliate membership to the government, the private sector as well as academia. Historically known as FIT, 
Florida Tech’s preeminent research centers and institutes include the Buzz Aldrin Space Institute, the 
FAA Center of Excellence for General Aviation Research (PEGASAS), the FAA Center of Excellence for 
Commercial Space Transportation (COE CST), the School of Human-Centered Design, Innovation & Arts, 
the Harris Institute for Assured Information, and more. 

FLORIDA STATE UNIVERSITY (FSU)

 FSU brings a range expertise and unique infrastructure and unparalleled testing 
facilities in many areas relevant to the COE CST. These include but are not limited to: 
cryogenics, thermal management, vehicle aerodynamics and controls, sensors, 
actuators, system health monitoring and high-performance simulations including multi-
physics mechanics and flow surface interactions. We have substantial expertise in 
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simulating, experimentally and numerically, the Vehicle Launch Environment and the associated 
challenges in aeroacoustics and aero-structures. 

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT)

NMT is a science, math and engineering university that has more than a 
dozen research divisions that work with private industry, government 
agencies and other universities. The research divisions include the Petroleum Research and Recovery 
Center, the Institute for Complex Additive Systems Analysis, the Energetic Materials Research Testing 
Center, the world’s largest lending library of seismology equipment, the Magdalena Ridge Observatory, 
the National Center for Genome Resources, the National Cave and Karst Research Institute, and the 
Langmuir Laboratory for Atmospheric Research. 

NEW MEXICO STATE UNIVERSITY (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas 
of suborbital investigations from the time of Robert Goddard and Werner von Braun to the 
current era of commercial sub-orbital space transportation with Spaceport America and its 
operators, Virgin Galactic. UP Aerospace, and EXOS Aerospace. New Mexico Space Grant 
Consortium, the 21st Century Aerospace Space Group and related aerospace research 
focuses on annual access to space for student and faculty experiments, unmanned aerial vehicles, and 
cube-satellite development. 

STANFORD UNIVERSITY (SU) 

SU brings a 50-year history of aerospace research excellence and a broad scope of 
expertise to the COE CST, including the optimization and autonomous operation of complex 
systems, strategic research planning, organizational integration and distributed administration 
experience. 

UNIVERSITY OF CENTRAL FLORIDA (UCF) 

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the 
Center for Advanced Turbines & Energy Research (CATER), offers its experience and 
expertise in thermal protection system, propulsion system components, cryogenic systems 
and materials, composites, sensors and actuators, and guidance and control. 

UNIVERSITY OF COLORADO AT BOULDER (CU BOULDER)

CU offers the COE CST their experience in spacecraft life support systems and habitat design, 
spaceflight risk assessment, human factors engineering analysis, payload experiment 
integration, and expertise in space environment and orbital mechanics. 

UNIVERSITY OF FLORIDA (UF)

UF has been performing aeronautical and aerospace research since 1941, with current 
emphasis in the Department of Mechanical and Aerospace Engineering on research in space 
systems, MEMS, computational sciences, structural dynamics, controls, gas dynamics, and 
propulsion. 

UNIVERSITY OF TEXAS MEDICAL BRANCH (UTMB) 

UTMB has a long history of medical support and human spaceflight physiological 
research with NASA. UTMB doctors have been involved in the commercial orbital 
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and suborbital spaceflight industry, supporting space flight participant visits to the ISS, and preparing 
passengers and crew for suborbital space flights. 

Two universities are currently working with COE CST member universities as “subcontractor 
researchers.” These universities are listed and described below. 

UNIVERSITY OF SOUTHERN CALIFORNIA (SUBCONTRACTED TO FLORIDA TECH)

The University of Southern California, Lloyd Grief Center for Entrepreneurial Studies, within the 
Marshall School of Business, offers a wide range of courses in entrepreneurship designed for 
students who want to start or own a high-growth business, join an emerging business or 
participate in an entrepreneurial venture in a mature corporation (intrapreneurship). Students can develop 
an entrepreneurial mindset, gain confidence that they can be successful entrepreneurs, learn about the 
entrepreneurial process and enhance their conceptual and practical skills to pursue new business 
opportunities. Wide exposure is given to all types of entrepreneurs and industries. The highly experiential 
courses span the entrepreneurial process from opportunity discovery to venture initiation, growth and exit, 
and are designed to teach relevant frameworks and theory as well as to develop an entrepreneurial 
mindset and skills through hands-on application. The Greif Center also offers co-curricular programs such 
as venture competitions, speaker events and a new venture incubator, and it actively provides contact 
with and support for its alumni. More information can be found on the web at the following URL: 
www.marshall.usc.edu/departments/lloyd-greif-center-entrepreneurial-studies 

UNIVERSITY OF TEXAS AT AUSTIN (SUBCONTRACTED TO NMSU)

The Cockrell School of Engineering at The University of Texas at Austin is a top-ranked 
epicenter of engineering education, and knowledge creation and distribution. Comprised of 
renowned educators, researchers and thought leaders, the Cockrell School addresses the 
grand challenges of the world, drives economic progress and improves quality of life. The 
Cockrell School educates future engineering leaders who think creatively, work collaboratively, and push 
technological boundaries; develops innovative solutions through groundbreaking research; and improves 
lives throughout the world by leveraging the school’s entrepreneurial ecosystem and partnerships with 
industry to translate research into practice. More information can be found on the web at the following 
URL: http://www.engr.utexas.edu/about 

Affiliate & Associate Members 

With a limited budget and ever-tightening budget pressures on all federal agencies, the COE CST 
sponsoring organization, FAA AST, cannot provide funding to all the research universities and 
organizations that deserve it. In recognition of all the meaningful work being done outside the COE CST 
membership, two different mechanisms were developed to encourage membership in the COE CST 
without incurring any additional budget obligations. The two different mechanisms that encourage a 
growing membership roster are called Affiliate and Associate membership. Each of these is described 
below. 

AFFILIATE MEMBER ORGANIZATIONS 

To become a COE CST Affiliate Member, an organization must (a) be conducting research that is self-
funded, or is funded by some organization other than FAA AST, that fits within the commercial space 
transportation road map framework (discussed below), and that can be openly disclosed at COE CST 
public meetings, such as the Annual Technical Meeting (ATM), (b) partner with one of the current COE 
CST member universities who will act as the Affiliate’s ‘host,’ and (c) voluntarily pay for all costs 
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associated with attendance at the ATM. In exchange for these commitments, the COE CST will (a) 
welcome the organization as an Affiliate Member, (b) provide the Affiliate Member with “podium time” at 
the ATM, equal to that provided to any full COE CST member. The strategy of Affiliate Membership is to 
gain benefits derived from being part of the overall COE CST research network. As the network grows, so 
do the possible benefits that can be gained.  

To date, there have been a number of COE CST Affiliate Members. Some joined in the early years of 
COE CST operation, and have been inactive in recent years, some have been active since the program 
began, and some are just now “knocking on our door,” ready to become members in the near future. 
Below is a brief description of these Affiliate Member organizations. 

CARMINATI LAW PLLC (AFFILIATED WITH CU BOULDER)

Carminati Law, PLLC, is a Denver-based law firm whose practice includes space law. Its head, Dr. Maria-
Vittoria Carminati, is head of the American Bar Association’s space law committee. She obtained her JD 
from the University of Houston, and her LLM in space, cyber, and telecommunications law from the 
University of Nebraska-Lincoln. More information can be found on the web at the following URL: 
legaltalknetwork.com/guests/dr-maria-vittoria-carminati 

EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (AFFILIATED WITH NMSU) 

Embry–Riddle Aeronautical University (ERAU) is a private university offering associate through 
doctoral degrees in arts and sciences, aviation, business, engineering, computer programming, 
cyber security and security and intelligence. It is the largest, fully accredited university system specializing 
in aviation and aerospace, with main campuses in Daytona Beach, Florida and Prescott, Arizona. More 
information can be found on the web at the following URL: erau.edu 

MCGILL UNIVERSITY (AFFILIATED WITH FLORIDA TECH)

McGill University’s Institute of Air and Space Law (IASL) is the world’s premier 
academic setting for teaching and research in the dual disciplines of international 
air law and space law. Having celebrated its 65th year of continuous existence in 2016, the Institute is 
now on course to consolidate and enhance its record of achievement in the five years leading to its 70th 
anniversary in 2021, the same year that McGill University itself will turn 200. More information can be 
found on the web at the following URL: www.mcgill.ca/iasl/ 

ETC NASTAR (AFFILIATED WITH UTMB) 

Environmental Tectonics Corporation’s (ETC) National Aerospace Training and 
Research (NASTAR) Center (est. 2007) is the premier commercial air and space 
training, research, and educational facility. It combines state-of-the-art flight 
simulation with physiology-based courseware to optimize human performance in extreme environments. 
ETC’s NASTAR Center is unique in that it serves as the only non-government (commercial use) facility for 
the application of acceleration and G force exposure in the world and specializes in replicating high-
performance flight environments and characteristics of aerial vehicles. This exclusive capability is ideal for 
safely modeling nominal and off-nominal (emergency) trajectories and evaluating human performance for 
military, commercial aviation, and spaceflight clients. The NASTAR Center actively collaborates with 
numerous agencies including NASA, FAA, JAA, etc. to promote safety in flight.. More information can be 
found on the web at the following URLs: www.etcusa.com and www.nastarcenter.com 
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IMMORTAL DATA (AFFILIATED WITH NEW MEXICO TECH)

Immortal Data is targeting the aerospace field, where ruggedness, reliability and high data rates for bulk 
data are more important than fancy GUIs. They are designing the central nervous system of a ship or 
engines under test or in harsh, real world environments containing huge volumes of high rate data. 
Accomplishing this means that, for the most part, they do not sell software on its own; they sell it as a pre-
installed hardware/software appliance, preferably as part of a systems solution. More information can be 
found on the web at the following URL: www.immortaldata.net 

OHIO STATE UNIVERSITY (AFFILIATED WITH FLORIDA TECH)

The Aerospace Engineering Program at Ohio State offers BS, MS, and PhD degrees in 
Aeronautical and Astronautical Engineering (AAE). The AAE program, which was 
originally founded in 1948, has gained national visibility in the aerospace engineering 
community. The program is designed to prepare students for successful careers in a 
variety of specialty areas associated with the application aeronautical and astronautical engineering. Ohio 
State is centrally located in relation to three major national aerospace powerhouses: NASA Glenn 
Research Center, the Air Force Research Laboratory, and GE Aviation. More information can be found on 
the web at the following URL: mae.osu.edu/aerospace 

BATTELLE CENTER FOR SCIENCE, ENGINEERING, AND PUBLIC POLICY (AFFILIATED 
WITH FLORIDA TECH)

The Battelle Center was established at the John Glenn College of Public Affairs in 
2006 through the generosity of Battelle, the world’s largest non-profit research and 
development organization and long-time neighbor to The Ohio State University. 
Originally the Battelle Center focused on improving education in science, technology, engineering, and 
mathematics disciplines. In 2011, it pivoted toward the challenges of encouraging innovation and 
economic development. In 2016, the partnership between Battelle and the Glenn College was 
strengthened with the inclusion of Ohio State’s College of Engineering in the center. Today, these 
organizations and Ohio State’s Government Affairs Office provide advice and support to the center's 
director. Click here to read more about some of our activities. More information can be found on the web 
at the following URL: 

SOLSTAR (AFFILIATED WITH NMSU) 

Solstar’s vision is to become the space based internet service provider of choice (ISP) 
bringing the Internet of Things to every machine and person in Earth orbit and beyond. 
Solstar’s mission is to build/create the tools necessary to enable 24/7 secure, economical, convenient, 
two-way, internet-based communications with every “thing” in space, to be the ISP of choice in Earth Orbit 
and beyond.  Our tools and services include: Harnessing the power of the very best existing infrastructure 
to facilitate constant communication with space assets such as SmallSats, astronauts, LEO platforms, 
suborbital/orbital spacecraft, and eventually Lunar and Mars exploration; Revolutionizing the way people 
on Earth communicate and interact with their payloads in space; Professionalizing  the way the results of 
space research are communicated  and conducted from space to the ground and back again; Protecting 
valuable space assets through enhanced two-way communication opportunities for troubleshooting, 
diagnosing, and resolving issues; Providing reliable emergency backup communications for people and 
things in space; and Providing 24/7 customer service to payloaders/researchers previously not available 
to the market. 
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SOVARIS AEROSPACE (AFFILIATED WITH CU BOULDER)

Sovaris Aerospace is among those leading the advancement of personalized medicine 
in human spaceflight, with a focus on suborbital, LEO, Lunar, and Mars.  As a clinical 
support organization, Sovaris applies the tools of complex molecular analytics to 
develop personalized countermeasures that are tailored to each individual entering an extreme 
environment.  Our team has refined these methods via deployment with military Special Forces, S.W.A.T., 
wilderness medicine, high altitude ascent, Olympic training environments, and others.  As a clinical 
research organization, the Sovaris team incorporates genomics, epigenomics, transcriptomics, 
proteomics, metabolomics, and microbiomics into the study of humans in space (e.g. NASA Twins Study) 
or space analog conditions, with a goal of developing novel countermeasures for future spaceflight.  More 
information can be found on the web at the following URL:  www.sovarisaerospace.com 

UNIVERSITY OF NORTH FLORIDA (AFFILIATED WITH NMSU) 

Established in 1972, the University of North Florida has grown significantly in size and 
prominence - particularly in recent years. Today, UNF has an annual economic impact of more 
than $1 billion and works closely with community leaders and officials to continue to enhance the 
significant role it plays in the region. The UNF campus, which includes a nature preserve, 
beautiful lakes and nature trails, is located between downtown Jacksonville and the Atlantic Ocean in a 
bustling section of Jacksonville. It includes award-winning buildings filled with state-of-the-art equipment 
that support innovation and excellence. The University is home to six colleges, and routinely ranks high 
for quality and value on national lists published by U.S. News & World Report, Forbes, the Princeton 
Review, Wall Street Journal and more. UNF holds the prestigious Carnegie Classification for Community 
Engagement recognizing our commitment to our community and beyond. More information can be found 
on the web at the following URL: www.unf.edu 

ASSOCIATE MEMBER ORGANIZATIONS 

Associate Members are much more loosely associated with the COE CST, but their contributions can be 
very significant. During the eighth year of operation, the COE CST was proud to have the 
following institutions as Affiliate Members. 

ASTM INTERNATIONAL 

Committed to serving global societal needs, ASTM International positively impacts public 
health and safety, consumer confidence, and overall quality of life. They integrate consensus 
standards, developed with our international membership of volunteer technical experts. Over 12,000 
ASTM standards operate globally. Defined and set by ASTM International, the standards improve the 
lives of millions every day. More information can be found on the web at the following URL: www.astm.org 

COMMERCIAL SPACEFLIGHT FEDERATION

The Commercial Spaceflight Federation (CSF) is the leading voice for the commercial 
spaceflight industry. Founded in 2006, CSF and its 80+ members are laying the foundation for 
a sustainable space economy and democratizing access to space for scientists, students, 
civilians, and businesses. CSF members are responsible for the creation of thousands of high-
tech jobs driven by billions of dollars in investment. Through the promotion of technology 
innovation, CSF is guiding the expansion of Earth’s economic sphere, bolstering U.S. leadership in 
aerospace, and inspiring America’s next generation of engineers and explorers. The mission of the 
Commercial Spaceflight Federation (CSF) is to promote the development of commercial human 
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spaceflight, pursue ever-higher levels of safety, and share best practices and expertise throughout the 
industry. More information can be found on the web at the following URL: www.commercialspaceflight.org 

GERMAN AEROSPACE CENTER (DLR)

The German Aerospace Center (DLR) is the national aeronautics and space research center of 
the Federal Republic of Germany. Its extensive research and development work in aeronautics, 
space, energy, transport, digitalization and security is integrated into national and international 
cooperative ventures. In addition to its own research, as Germany’s space agency, DLR has been given 
responsibility by the federal government for the planning and implementation of the German space 
program. DLR is also the umbrella organization for one of Germany’s largest project management 
agencies. DLR has approximately 8000 employees at 20 locations in Germany. DLR also has offices in 
Brussels, Paris, Tokyo and Washington D.C. More information can be found on the 
web at the following URL: www.dlr.de 

EXOS AEROSPACE SYSTEMS & TECHNOLOGIES

EXOS Aerospace Systems & Technologies, Inc. has taken the skills from more than a decade of practical 
lessons learned, and millions of dollars’ worth of development and flight experience gained by their team, 
and moved into the commercial space race, ahead of the game. Over the past decade, the team at EXOS 
has led the way to some of the most impressive private, commercial, reusable rockets designs and 
concepts in the world today. They have developed, flown and retrieved for re-use, rockets that are 
reliable, reusable, better for the environment and easier on your budget. They have successfully 
designed, built and flown rocket engines used in manned flight. They have fulfilled multiple contracts with 
NASA. Through all of this, the EXOS team has developed and tested over a hundred rocket engines and 
dozens of flying vehicles. EXOS is a leading developer and operator of reusable space vehicles. More 
information can be found on the web at the following URL: exosaero.com 

MIT LINCOLN LABS

MIT Lincoln Laboratory researches and develops a broad array of advanced 
technologies to meet critical national security needs. What sets them apart from many national R&D 
laboratories is their focus on building operational prototypes of the unique systems they design. MIT 
Lincoln Labs have stretched the capabilities of technology ever since the Laboratory's establishment in 
1951 as a federally funded R&D center managed by MIT for the Department of Defense. During the 
1950s development of the nation's first air defense system, their researchers pioneered the use of 
computers for data analysis and transformed the future of computing. Today, they continue to explore 
new applications of technology that can help keep our nation safe and aid in international humanitarian 
efforts. More information can be found on the web at the following URL: www.ll.mit.edu 

THE MITRE CORPORATION

As a not-for-profit organization, MITRE works in the public interest across federal, state 
and local governments, as well as industry and academia. MITRE operates federally funded research and 
development centers, FFRDCs, unique organizations that assist the United States government with 
scientific research and analysis; development and acquisition; and systems engineering and integration. 
MITRE also has an independent research program that explores new and expanded uses of technologies 
to solve our sponsors' problems. More information can be found on the web at the following URL: 
www.mitre.org 
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NASA (HEADQUARTERS AND AMES RESEARCH CENTER)

NASA Headquarters, in Washington, provides overall guidance and direction to the agency, 
under the leadership of the Administrator. Ten field centers and a variety of installations 
around the country conduct the day-to-day work in laboratories, on air fields, in wind 
tunnels, and in control rooms. To implement NASA’s Mission, NASA Headquarters is 
organized into five principal organizations called Mission Directorates: Aeronautics, Human 
Exploration and Operations, Science, Space Technology, and Mission Support. NASA 
Ames Research Center, one of ten NASA field enters, is located in the heart of California's Silicon Valley. 
For more than 75 years, Ames has led NASA in conducting world-class research and development in 
aeronautics, exploration technology and science aligned with the center's core capabilities. More 
information can be found on the web at the following URL: www.nasa.gov and www.nasa.gov/ames 

Below is a map of all the COE CST member universities, affiliate members, and associate members. 

2018 Map of COE CST University, Affiliate, and Associate Membership 

AWARDS AND RECOGNITION 

The FAA is delighted to highlight the accolades given to our researchers as they work on projects related 
to the commercial space transportation industry.  

2018 DARPA YOUNG FACULTY AWARD RECIPIENT: DR. SUBITH VASU5

University of Central Florida Engineering Professor Subith Vasu was recently 
awarded a $1 million DARPA Young Faculty Award to help first responders 
and military personnel do their jobs while keeping them safe.  

The three-year Defense Advanced Research Projects Agency grant will allow 
Vasu to develop a device that may look like a cross between a Star Trek 
phaser and a radar gun used to clock baseballs, based on early sketches. But 
this device would be used to detect deadly toxins that pose a threat to national 
security.  

5 Text quoted from UCF Today news, by Zenaida Gonzalez Kotala, dated Wednesday, June 27, 2018. 
Full text is available on the web at the following URL: https://today.ucf.edu/85621-2/ 
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The intelligent mobile sensor based on THz spectroscopy will be able to detect fentanyl and Carfentanil, 
which are opioids that are 50-10,000 times more potent than heroin. When dispersed in the air, the 
chemicals can kill, even if the exposure is minimal. The sensor would be able to detect similar toxins, 
sometimes released in fires or explosions, which pose threats to first responders. These toxins can also 
be used in chemical warfare. 

COE CST RESEARCH AREAS, GOALS, AND TASKS 

All research activity sponsored by the FAA Office of Commercial Space Transportation is directed by the 
following goal statement: “Operators are fully capable and responsible to safely perform all aspects of 
commercial space transportation.” To achieve this goal, COE CST activity is defined by a framework 
defining different academic areas for every research task. Generally speaking, the four research areas 
encompass four distinct research domains: operational activities, the physical and engineering sciences, 
the biological and medical sciences, and the social sciences. A Commercial Space Transportation 
Research Road Map, last updated in 2015, is available on the web at www.coe-cst.org, and was created 
to provide a detailed framework within each of these discipline areas. This section provides a brief 
introduction to the four research areas, identifies the goals associated with each, and then lists the tasks 
that were conducted in each research area during the eighth year of COE CST operation. 

UPDATED COE CST RESEARCH AREAS

As mentioned above, the research conducted within FAA AST is broken into four major academic 
disciplines. Each discipline is identified by a distinct research theme: Aerospace Access & Operations 
(formerly referred to as “Space Traffic Management & Spaceport Operations,” and formerly designated by 
the color red), Aerospace Vehicles (formerly referred to as “Space Transportation Vehicles Technologies,” 
and colored blue), Human Operations & Spaceflight (formerly referred to as “Human Spaceflight,” and 
colored green), and Industry Innovation (formerly referred to as “Space Transportation Industry Viability,” 
and designated by the color orange). Each of these research areas is divided into programs, and these 
are further divided into projects, topics, and tasks. The number of tasks conducted in each program can 
vary from year to year, and research is not necessarily conducted in all programs every year. Some 
research programs may have some number of tasks every year, and other programs may have never had 

549



COE CST YEAR 8 ANNUAL REPORT

16 www.coe cst.org

a research task funded over the entire life of the COE CST. The priorities of FAA AST are evaluated 
every year to make the final funding decisions.  

Each research area has multiple goals, and these have been revisited during the past year. In FY17, 
research goals have been identified for each research area that correspond to each of the two AST 
mission goals (i.e., public safety, or industry promotion).  

COE CST RESEARCH GOALS

The goals of the four commercial space transportation research areas are listed below in tabular form. 
The color scheme introduced above is adopted for the table of research goals, but with a subtle 
distinction: The darker shade of each color is associated with the public safety research goals, and the 
lighter shade of each color is associated with the promotional research goals. 

Research Goals Applicable to
AST’s Public Safety Mission

Research Goals Applicable to
AST’s Industry Promotion Mission 

Research Area 1. Aerospace Access & Operations 

• Improved analytical and computational 
methods to evaluate safety of uninvolved 
public and property. 

• Situational awareness and understanding 
of risk posed by resident space objects. 

• Safe and equitable sharing of the NAS by air and 
space transportation operators, with minimal 
disruption caused by commercial space traffic 
(outbound and inbound). 

• Improved spaceport interoperability and 
development of necessary spaceport industry 
infrastructure resources. 

Research Area 2. Aerospace Vehicles 

• Improve vehicle safety and risk analyses 
and management, including knowledge of 
all safety-critical components and systems 
of the space vehicles and their operations. 

• Improve the manufacturability, assembly, and 
operational efficiencies of space transportation 
vehicles, systems, and subsystems. 

Research Area 3. Human Operations & Spaceflight 

• Identification and reduction of avoidable 
risks of human spaceflight. 

• Facilitate the continuous improvement of the 
operational safety of human-carrying vehicles 
(during both launch and reentry) and spaceports. 

Research Area 4. Industry Innovation

• Develop improved criteria for evaluating 
public safety, such as performance based 
requirements for the protection of public 
property and critical assets. 

• Encourage the growth of evolving space industry 
sectors through relevant economic, legal, legislative, 
regulatory, and market analyses & modeling. 

• Support effective policy decision-making in the 
accomplishment of the dual regulatory and 
promotional missions of FAA AST.  

• Provide a better understanding of the relationship of 
governmental policy, innovation adoption, and 
industry growth. 
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COE CST YEAR 8 RESEARCH TASKS

COE CST research tasks conducted in fiscal year 2018 in each of the four research areas are listed 
below and shown in the quad charts that follow. Most of the tasks were funded by the FAA AST to COE 
CST member universities, but also listed are research tasks conducted during this period by COE CST 
Affiliate and Associate members. (NB: Research tasks are frequently referred to by their task number, 
because the titles listed below and the titles given on the summary quad charts may not match exactly. 
Also, some tasks do not have an associated summary quad, and these are denoted with an asterisk.) 

Research Area 1. Aerospace Access & Operations 

 186-CU, Mitigating Threats Through Space Environment Modeling & Prediction, Dr. Timothy Fuller-
Rowell 

 186-SU, Space Environment Meteoroid and Orbital Debris Modeling & Prediction, Dr. Sigrid Close 
 331-SU. Advanced 4D Special Use Airspace, Dr. Mykel Kochenderfer 
 354-SU. Research Area 1 Workshop, Dr. Mykel Kochenderfer 
 367-CU. CubeSat Deployment Tracking, Dr. Penina Axelrad 
 371-NMSU-UTA. Ontology-based Space Object Database, Dr. Moriba Jah 
 372-CU, Resident Space Objects, Dr. Dan Scheeres 
 375-DLR (Associate), Interoperable Air and Space Traffic Management, Mr. Sven Kaltenhäuser 
 380-NMSU, Spaceport Operations Online Reference Guide, Dr. Patricia Hynes 

Research Area 2. Aerospace Vehicles 

 241-FSU, High Temperature, Optical Sapphire Pressure Sensors, Dr. Billy Oates 
 253-UCF, Ultra-high Temperature Composites Thermal Protection Systems, Drs. Jan Gou & Jay 

Kapat
 299-NMT, Nitrous Oxide Composite Case Testing, Drs. Bin Lim & Andrei Zagrai 
 307-NMSU/SolStar (Affiliate), Commercial Satellite Communications, Mr. Brian Barnett 
 311-UCF, Advancement of LED-Based Hazardous Gas Sensors for Space Applications, Dr. Subith 

Vasu

 323-NMT, Structural Health Monitoring Framework, Dr. Andrei Zagrai 
 325-FSU, Optical Measurements of Rocket Nozzle Thrust and Noise, Drs. Rajan Kumar, Farrukh 

Alvi, & Jonas Gustavsson 
 359-NMSU/UNF (Affiliate), Relaying Communications from LEO to Earth Using GEO CommSats, Dr. 

Brian Kopp 
 368-UCF, Research Area 2 Workshop, Dr. Subith Vasu 

Research Area 3. Human Operations & Spaceflight  

 308-UTMB, Suborbital SFP Anxiety Assessment, Drs. James Vanderploeg, Rebecca Blue, Tarah 
Castleberry, Charles Mathers, and Johene Vardman 

 309-UTMB, Suborbital Pilot Training Assessment, Drs. James Vanderploeg & Tarah Castleberry 
 310-UTMB, Increasing Cabin Survivability in Commercial Spacecraft, Drs. Charles Mathers, James 

Vanderploeg, Tarah Castleberry, Rebecca Blue, & Leigh Speicher 
 353-CU, Design and Operational Considerations for Occupant Safety, Dr. David Klaus 
 353-FIT, Design & Operational Considerations for Occupant Safety, Dr. Ondrej Doule 
 373-CU, Research Area 3 Workshop, Dr. David Klaus 

Research Area 4. Industry Innovation 

 376-MU-FIT (Affiliate), Legal Issues of Cross-Border Suborbital Flights, Dr. Ram Jakhu 
 378-FIT-USC, Commercial Space Research Center Initiative, Dr. Greg Autry 
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COE CST STUDENTS, PARTNERS, PUBLICATIONS, AND PRESENTATIONS 

COE CST YEAR 8 STUDENTS

The following list gives the names, tasks, schools, and demographic information of the 38 COE CST 
students (both funded and unfunded), working on COE CST research tasks during 2018. The table is 
sorted alphabetically by the student’s last name, first by columns, then by rows.

Anderson, Mary 
(323-NMT) 

Consoliver-Zack, 
Jakob (241-FSU) 

Crisman, Keith  
(353-FIT) 

Francis, Marcus 
(253-UCF) 

Garbino, Alejandro 
(310-UTMB) 

Garza, Isaac  
(380-NMSU) 

Goebler, John  
(367-CU) 

Gu, Shengheng 
(253-UCF) 

Gustavsson, Jonas  
(325-FSU) 

Iyer, Shiva  
(371-NMSU/UTA) 

Kerkonian, Aram  
(304-MU/FIT) 

Khobragade, Nikhil  
(325-FSU) 

Kiss, De Vere
(353-FIT) 

Klay, Niklas 
(375-DLR) 

Lauand, Caio  
(359-NMSU/UNF) 

Limonta, Lorenzo 
(186-SU) 
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Loparo, Zachary  
(311-UCF) 

Mehta, Yash  
(353-FIT) 

Parupalli, Akshita
(311-UCF) 

Pavela, James  
(309-UTMB)  

 Slovenski, Michael 
(371-NMSU/UTA) 

Pellegrino, Marielle 
(372-CU) 

Rodriguez-Jimenez,  
Wilfredo (309-UTMB) 

Strassman, Joseph 
(371-NMSU/UTA) 

Sugar, Glenn 
(186-SU) 

Tompa, Rachael  
(311-SU) 

Urso, Justin  
(311-UCF) 

Vemula, Rohit  
(325-FSU) 

Venigalla, CK  
(372-CU) 

Wolfgang, Jennie 
(371-NMSU/UTA) 

Woolever, Mitch 
(353-CU) 

Students not shown: 
Greaves, Jesse (372-CU), 
Hunter, David (323-NMT), 
Kryusher, Kathleen (371-
NMSU/UTA), McNeely, 
Drew (371-NMSU/UTA), 
Ortega, Luis  (299-NMT), 
Powell, Dyllian (323-
NMT), Rood, Christopher 
(299-NMT)..

Abbreviations:
CU-University of Colorado 
Boulder, DLR-Deutschen 
Zentrums für Luft- und 
Raumfahrt, FIT-Florida 
Tech, FSU-Florida State 
University, MU-McGill 
University, NMSU-New 
Mexico State University, 
NMT-New Mexico Tech, 
SU-Stanford University, 
UCF-University of Central 
Florida, UF-University of 
Florida, UNF-University 
of Northern Florida, UTA-
University of Texas Austin, 
UTMB-University of Texas 
Medical Branch at 
Galveston 

566



EXECUTIVE SUMMARY

33

COE CST YEAR 8 STUDENT DEMOGRAPHICS 

Each year, certain demographic data is collected on all COE CST students (by law). A summary of these 
data for gender and university, is shown in the following pie charts. 

Abbreviations:
CU-University of Colorado Boulder 
DLR-Deutschen Zentrums für Luft- 

und Raumfahrt 
FIT-Florida Tech  
FSU-Florida State University 
MU-McGill University 
NMSU-New Mexico State University 
NMT-New Mexico Tech 
SU-Stanford University 
UCF-University of Central Florida 
UF-University of Florida 
UNF-University of Northern Florida 
UTA-University of Texas Austin 
UTMB-University of Texas Medical 

Branch at Galveston 

COE CST YEAR 8 PUBLICATIONS

The following is a list of the 34 publications and patents completed during COE CST Year 8, or not 
reported in previous COE CST Annual Report Executive Summaries.  

186-SU 
Limonta, L., Close, S., and Marshall, R.A. (2018). A 

technique for inferring lower thermospheric neutral 
density from meteoroid ablation, Planetary and 
Space science, in review. 

Limonta, L., Sugar, G., Close, S., and Marshall, R.A. 
(2018), Cross calibration of meteoroid's mass 
parameters from optical and radar measurements 
, Journal of Geophysical Research: Space 
Physics, in review. 

Sugar, G., Oppenheim, M., Dimant, Y., & Close, S. 
(2018). Formation of Plasma Around a Small 
Meteoroid: Simulation and Theory. 

220-NMSU 
Bachner, H., & Hynes, P. (2018). The Development of 

a Framework to Capture a Body of Knowledge for 
Commercial Spaceport Operations. New Space, 
6(1), 20–27. 
http://doi.org/10.1089/space.2017.0012 

253-UCF 
Cai, Y. Z., Chen, L. Q., Yang, H. Y., Gou, J., Detrois, 

M., Tin, S., … Wang, X. W. (2016). Mechanical 
and electrical properties of carbon nanotube 
buckypaper reinforced silicon carbide 
nanocomposites. Lasers in Manufacturing and 
Materials Processing, 42, 4984–4992. 

Jian, X., Jiang, M., Zhou, Z., Zeng, Q., Lu, J., Wang, 
D., … Gou, J. (2012). Gas-Induced Formation of 
Cu Nanoparticle as Catalyst for High-Purity 
Straight and Helical Carbon Nano fi bers. 

American Chemical Society Nano Letters, 6(10), 
8611–8619. 

Kapat, J. S., Jihua, G. O. U., Nagaiah, N., & Schmitt, 
J. (2016). Power generation system using closed 
or semi-closed brayton cycle recuperator. U.S.: 
World Intellectual Property Organization. 

Liu, Z., Gao, Y.B., Liang, F., Wu, B.X., Gou, J., 
Detrois, M., Tin, S. , Yin, M., Nash, P., Tang, X.D., 
and Wang, X.W. (2016). “Fabrication of Carbon 
Nanotube - Chromium Carbide Composite through 
Laser Sintering,” Lasers in Manufacturing and 
Materials Processing, Vol. 3, pp. 1-8. 

Skovron, J., Zhuge, J., Gordon, A. P., Kapat, J., & 
Gou, J. (2012). Effect of Nano Paper Coating on 
Flexural Properties of a Fire Treated Glass Fiber
Reinforced Polyester Composite. In Supplemental 
Proceedings: Volume 1: Materials Processing and 
Interfaces (Vol. 1, pp. 313–320). John Wiley & 
Sons. 

Skovron, J., Zhuge, J., Gou, J., and Gordon, A. 
(2016). “Effect of Nanopaper Coating on Flexural 
Properties of a Fire-Treated Glass Fiber-
Reinforced Polyester Composite,” Journal of 
Composite Materials, doi: 
10.1177/0021998316630584. 

Wu, B., & Gou, J. (2016). Fabrication of carbon 
nanotube-nonoxide structural ceramic 
nanocomposites through laser sintering. U.S.Liu, 
Z., Gao, Y. B., Liang, F., Wu, B. X., Gou, J., 
Detrois, M., … Wang, X. W. (2016). Fabrication of 
carbon nanotube - chromium carbide composite 
through laser sintering. Lasers in Manufacturing 
and Materials Processing, 3, 1–8. 
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305-FIT 
Benjamin, S. (2018). Exploration to Exploitation: An 

Industry Analysis of Suborbital Space Tourism. 
New Space, 6(1), 87–98. 
http://doi.org/10.1089/space.2017.0041 

308-UTMB & 309-UTMB 
Blue, R. S., Bonato, F., Seaton, K., Bubka, A., 

Vardiman, J. L., & Mathers, C. H. (2017). The 
Effects of Training on Anxiety and Task 
Performance in Simulated Suborbital Spaceflight. 
Aerospace Medical Human Performance, 88(7), 
641–650. 

Suresh, R., Blue, R. S., Mathers, C. H., Castleberry, 
T. L., & Vanderploeg, J. M. (2017). Dysrhythmias 
in Laypersons During Centrifuge-Simulated 
Suborbital Spaceflight. Aerospace Medicine and 
Human Performance, 88(11), 1008–1015. 

Suresh, R., Blue, R. S., Mathers, C., Castleberry, T. 
L., & Vanderploeg, J. M. (2017). Sustained 
Accelerated Idioventricular Rhythm in a 
Centrifuge-Simulated Suborbital Spaceflight. 
Aerospace Medicine and Human Performance, 
88(8), 789–793. 

311-UCF 
Terracciano, A. C., Thurmond, K., Villar, M., Urso, J., 

Ninnemann, E., Parupalli, A., … Vasu, S. S. 
(2018). Hazardous Gas Detection Sensor Using 
Broadband Light-Emitting Diode-Based 
Absorption Spectroscopy for Space Applications. 
New Space, 6(1), 12–15. 
http://doi.org/10.1089/space.2017.0044 

323-NMT 
Hunter, D., & Zagrai, A. (2017). Electro-Mechanical 

Impedance Assessment of a Bolted Circular Plate 
Element of a Space Structure. In ASME 2017 
International Mechanical Engineering Congress 
and Exposition (p. V009T17A004-V009T17A004). 
American Society of Mechanical Engineers. 

Hunter, D., Zagrai, A. N., & Demidovich, N. (2018). 
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APPENDIX. PUBLIC LAW 101-508 TITLE IX SUBTITLE C SECTION 9209 

SEC. 9209. AVIATION RESEARCH AND CENTERS OF EXCELLENCE. 
(a) IN GENERAL- Section 312 of the Federal Aviation Act of 1958 (49 App. U.S.C. 1353) is amended by adding at the end the 
following new subsection: 
`(i) AVIATION RESEARCH AND CENTERS OF EXCELLENCE- 
`(1) GENERAL AUTHORITY- The Administrator may make grants to one or more colleges or universities to establish and 
operate several regional centers of air transportation excellence, whose locations shall be geographically equitable. 
`(2) RESPONSIBILITIES- The responsibilities of each regional center of air transportation excellence established under this 
subsection shall include, but not be limited to, the conduct of research concerning airspace and airport planning and design, 
airport capacity enhancement techniques, human performance in the air transportation environment, aviation safety and 
security, the supply of trained air transportation personnel including pilots and mechanics, and other aviation issues pertinent to 
developing and maintaining a safe and efficient air transportation system, and the interpretation, publication, and dissemination
of the results of such research. In conducting such research, each center may contract with nonprofit research organizations and
other appropriate persons. 
`(3) APPLICATION- Any college or university interested in receiving a grant under this subsection shall submit to the 
Administrator an application in such form and containing such information as the Administrator may require by regulation. 
`(4) SELECTION CRITERIA- The Administrator shall select recipients of grants under this subsection on the basis of the 
following criteria: 
`(A) The extent to which the needs of the State in which the applicant is located are representative of the needs of the region for 
improved air transportation services and facilities. 
`(B) The demonstrated research and extension resources available to the applicant for carrying out this subsection. 
`(C) The capability of the applicant to provide leadership in making national and regional contributions to the solution of both
long-range and immediate air transportation problems. 
`(D) The extent to which the applicant has an established air transportation program. 
`(E) The demonstrated ability of the applicant to disseminate results of air transportation research and educational programs 
through a statewide or regionwide continuing education program. 
`(F) The projects which the applicant proposes to carry out under the grant. 
`(5) MAINTENANCE OF EFFORT- No grant may be made under this subsection in any fiscal year unless the recipient of such 
grant enters into such agreements with the Administrator as the Administrator may require to ensure that such recipient will 
maintain its aggregate expenditures from all other sources for establishing and operating a regional center of air transportation
excellence and related research activities at or above the average level of such expenditures in its 2 fiscal years preceding the
date of enactment of this subsection. 
`(6) FEDERAL SHARE- The Federal share of a grant under this subsection shall be 50 percent of the costs of establishing and 
operating the regional center of air transportation excellence and related research activities carried out by the grant recipient. 
`(7) ALLOCATION OF FUNDS- Funds made available to carry out this subsection shall be allocated by the Administrator in a 
geographically equitable manner.'. 
(b) RESEARCH ADVISORY COMMITTEE- 
(1) Section 312(f)(2) of the Federal Aviation Act of 1958 (49 App. U.S.C. 1353(f)(2)) is amended by adding at the end the 
following new sentence: `In addition, the committee shall review the research and training to be carried out by the regional 
centers of air transportation excellence established under subsection (h).'. 
(2) Section 312(f)(3) of the Federal Aviation Act of 1958 (49 App. U.S.C. 1353(f)(3)) is amended-- 
(A) by striking `20' and inserting `30'; and 
(B) by striking the last sentence and inserting the following: `The Administrator in appointing the members of the committee shall
ensure that the research centers of air transportation excellence, universities, corporations, associations, consumers, and other 
Government agencies are represented.'. 
(c) RESEARCH AUTHORITY OF ADMINISTRATOR- Section 312(c) of the Federal Aviation Act of 1958 (49 App. U.S.C. 
1353(c)) is amended by inserting after the third sentence the following: `The Administrator shall undertake or supervise research 
programs concerning airspace and airport planning and design, airport capacity enhancement techniques, human performance 
in the air transportation environment, aviation safety and security, the supply of trained air transportation personnel including
pilots and mechanics, and other aviation issues pertinent to developing and maintaining a safe and efficient air transportation
system.'. 
(d) CONFORMING AMENDMENT- That portion of the table of contents contained in the first section of the Federal Aviation 
Act of 1958 relating to section 312 of that Act is amended by adding at the end the following: 
`(i) Aviation research and centers of excellence.'. 
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LETTER FROM THE EXECUTIVE DIRECTOR 

As with everything else in 2020, the COVID-19 pandemic significantly 
impacted our COE CST. Just after the final round of FAA funding was 
released in February and the PIs started to ramp up their various research 
tasks, the pandemic closures began forcing schools to transition to remote 
operations, with most in-person activities essentially ceasing by early 
spring. Lacking direct interaction with students and colleagues made it 
challenging to initiate new projects, but as the year went on and we 
adjusted to the circumstances, we all adapted to life on Zoom and things 
started to get back on track. 

Administratively, we continued our normal weekly meetings this year 
where we worked to get pending task closures off the books, focused on 
updating our associate and affiliate member status and contact 
information, revised the bylaws and prepared for the regular monthly 
executive telecons, as well as made plans for the annual admin and 
technical meetings. 

Our 10th annual admin meeting (AAM 10) was held, virtually, on July 15, which, in addition to the usual 
matters of business, included discussion of forward directions for the post-COE CST era as the Center 
begins to wind down. To facilitate potential new opportunities, a template was established that serves as 
a ‘past-present-future’ roadmap to graphically illustrate prior and current tasks in each of the research 
areas and couple this foundation to anticipated future FAA needs. The annual technical meeting (ATM 
10) was held, again virtually, on October 28. Skirting around a possible government shutdown and ice 
storm-induced Zoom outages, we managed to pull off a successful online technical meeting supported by 
Rigil Corp. The format of making pre-recorded presentations by all PIs available online for viewing ahead 
of time, followed by a panelist Q/A discussion webinar worked well, and included recorded intros by the 
students that looped during the breaks. More than 100 individuals representing academia, government 
and industry – from coast-to-coast, across the Atlantic, and in the southern hemisphere – were in 
attendance throughout the day-long event. 

Although there has been some discussion of extending the COE due to COVID, the existing cooperative 
agreements all end on August 19, 2022, and research tasks are currently being targeted for completion 
between December 2021 and May 2022 to allow time for required closeout paperwork to be processed. In 
any event, we look forward to hosting ATM 11 in late 2021 or early 2022, hopefully with handshakes and 
hugs again, as a grand finale celebrating a decade of research aimed at paving the way for future 
commercial space transportation. And here’s to 2021, may the pandemic be receding in the rear-view 
mirror! 

David Klaus, PhD 
Professor, Aerospace Engineering Sciences 
University of Colorado Boulder 
Executive Director, COE CST 
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PREFACE

The Federal Aviation Administration (FAA) Office of Commercial Space Transportation (AST) is pleased 
to release this FAA Center of Excellence for Commercial Space Transportation (COE CST) Year 10 
Annual Report Executive Summary. 

In 2017, the number of COE CST member universities grew to ten. Supplemented by private 
organizations and individuals as research affiliates, associates and contributors, the total number of 
organizations participating in the COE CST exceeds 60 in number. The collective effort of these 
organizations and individuals, including the principal investigators (PIs), students, financial officers, 
contractors, business women (and men), executives, and administrators, makes the COE CST research 
possible. They provide matching cash and in-kind contributions, post the extensive technical and financial 
data for government-required reports, and fundamentally make the overall system function efficiently. 

During the first half of the planned ten-year lifetime of the COE CST, operations focused on building the 
many required relationships (e.g., research, administrative, financial, personal, etc.) between university 
and government organizations and individuals. Even during the years when the budget of the Center was 
relatively small, the number of these relationships created a complex network that was as challenging to 
manage as are COEs more participating organizations and larger budgets. Despite this complexity, the 
COE CST has successfully emerged as a fully functional, cohesive unit. 

Year 6 began the second half of the ten-year program. Starting in 2016, the FAA emphasized raising the 
COE CST profile with industry, to better familiarize universities with needs of the evolving commercial 
space marketplace, and to be better understood by the major marketplace actors. The Center began 
flourishing as the next two years progressed, but then 2018 ushered in tumultuous times for all COEs. 
Increased administrative oversight on the award of grant funding, combined with leadership changes in 
and above the COE Program Office, interrupted the cadence of COE CST funding and research. The 
repercussions and delays caused by these changes were felt throughout the COE CST membership and 
management. The required COE CST Annual Technical Meetings for years 8 and 9 were both cancelled 
for funding reasons. Only recently, with the start of 2020, has the sense of stability and operational 
normalcy returned to our Center, and principal investigators (PIs) and government officials directly 
involved are all glad to get back to work.  

During Year 10, the COE CST entered its final phase of operation. Due to the delays described above, 
the Center period of performance was extended through August 2022 to ensure the universities’ ability to 
spend the final round of grant funding that was awarded in February 2020, then the global pandemic hit. 
Government and university processes were interrupted as the entire workforce shifted to telework of 
some sort, delaying the funding as it made its way through the individual systems and to the PIs. This 
resulted in students not being hired in time for the summer, and some tasks didn’t begin until the fall 
semester. At the time of this writing, FAA Headquarters is contemplating extending the period of 
performance of all COEs by 6-12 months to provide universities more time to do their research, 
accumulate the required matching funds, etc. This means the period of performance of the COE CST 
may be extended, but we just don’t know that yet for sure. 

In the meanwhile, amidst all this uncertainty, I want to thank all the COE CST individuals, representing 
the dozens of participating organizations and institutions, for their patience and continuing support of this 
research consortium. I cannot thank them enough for their contributions of time and effort. For more 
information about the content of this report, please visit the COE CST web site (www.coe-cst.org). Please 
address any questions or corrections to Dr. Ken Davidian (202-267-7214, ken.davidian@faa.gov) or Dr. 
Karl Garman (202-267-0614, karl.e.garman@faa.gov). 

Ken Davidian 
Director of Research, FAA Office of Commercial Space Transportation 
Program Manager, FAA Center of Excellence for Commercial Space Transportation 
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INTRODUCTION 

This executive summary accompanies a more detailed annual report of the FAA COE CST. The annual 
report volume will be available on the COE CST web site, www.coe-cst.org. The full report provides a 
description of the FAA COE CST including its research, structure, member universities, funding, and 
research tasks, a comprehensive set of presentation charts of each research task, and a comprehensive 
set of notes and links to recordings from all FAA COE CST teleconferences and face-to-face meetings. 

The Executive Summary begins with overviews of the FAA Office of Commercial Space Transportation 
(the sponsoring organization), the FAA COE Program and the COE CST. The COE CST became 
operational on August 18, 2010, with nine members. It has subsequently added an additional core 
university, as well as numerous Affiliate and Associate organizations, representing both academia and 
industry. Brief introductions and general descriptions are provided for each of the COE CST Member 
Universities, the Affiliate Members, and the FAA Technical Monitors for the COE CST research tasks. 
Next, this document describes the overall scope of COE CST research areas, and lists each of the 
research tasks initiated, conducted and concluded by the COE CST during the tenth year of operation. 
The report provides summary information about each task in the form of quad charts. The Executive 
Summary concludes with a listing of the COE CST students, the partnering institutions from industry, the 
research organizations, and the technical publications delivered during the year. 

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION 

The FAA Office of Commercial Space Transportation (AST) has an important set of responsibilities as 
described in their mission and defined in the Code of Federal Regulations, Title 51 US Code Subtitle V, 
Ch. 509. AST’s was established to: 

 Regulate the U.S. commercial space transportation industry, to ensure compliance with international 
obligations of the United States, and to protect the public health and safety, safety of property, and 
national security and foreign policy interests of the United States; 

 Encourage, facilitate, and promote commercial space launches and reentries by the private sector; 
 Recommend appropriate changes in Federal statutes, treaties, regulations, policies, plans, and 

procedures; and 
 Facilitate the strengthening and expansion of the United States space transportation infrastructure. 

FAA CENTER OF EXCELLENCE PROGRAM 

The FAA Air Transportation Centers of Excellence (COE) program was established by the Omnibus 
Budget Reconciliation Act of 1990, PL 101-508, Title IX, Aviation Safety and Capacity Expansion Act. The 
text of this legislation is provided on the inside back cover of this report. 

COEs are intended to be multi-year, multi-disciplinary partnerships of academia, industry, and 
government to combine world-class resources that will address current and future challenges for the 
aviation and aerospace communities, including commercial space transportation. The main goals of every 
COE include research, training & education, and technology transfer & outreach.  

The absolute uniqueness of the program partnerships is the mandatory one-to-one matching requirement 
for every federal dollar granted to a COE university to establish, operate and conduct research. The 
matching requirement can be satisfied through direct or in-kind contributions from any non-federal funding 
source, including industry, universities, or state and local government organizations. COE efforts which 
are jointly supported provide the U.S. citizens a return on their tax dollars. To date, the COE members 
have generated more than $312M in matching contributions to offset the research costs incurred by the 
government organizations. 
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In addition to the COE CST, there are currently five more active FAA COEs, including: 

The Center of Excellence for Technical Training and Human 
Performance (TTHP) (on the web at coetthp.org), was established 
in 2016. The core focus of the COE for TTHP includes curriculum 
architecture, content management and delivery, simulation and part 
task training, human factors, analytics, safety, and program management. Core members include 
Auburn University, Drexel University, Embry-Riddle Aeronautical University (technical co-lead), Inter 
American University, Oklahoma State University, Purdue University, Tennessee State University, the 
Ohio State University, the University of Akron, the University of Oklahoma (technical co-lead), Tulsa 
Community College, University of Nebraska-Omaha, University North Dakota, University of 
Wisconsin – Madison, Western Michigan University, and Wichita State University (administrative 
lead). 
The Center of Excellence for Unmanned Aircraft Systems (UAS), 
aka the “Alliance for System Safety of UAS through Research 
Excellence” (ASSURE, on the web at www.assureuas.org), was
established in 2015. The core focus of the COE UAS includes air traffic integration, airworthiness, 
control and communication, detect and avoid, human factors, and low altitude operations safety. 
Core members include Mississippi State University (Lead), Drexel University, Embry-Riddle 
Aeronautical University, Kansas State University, Montana State University, New Mexico State 
University, North Carolina State University, Oregon State University, University of Alabama – 
Huntsville, University of Alaska – Fairbanks, University of California Davis, University of Kansas, 
University of North Dakota, The Ohio State University, Wichita State University, and Auburn 
University. 
The Center of Excellence for Alternative Jet Fuels and Environment (AJFE), also 
known as the “Aviation Sustainability Center, (ASCENT, on the web at ascent.aero), 
was established in 2013. The core focus areas of ASCENT include alternative jet 
fuels: feedstock development, processing and conversion, regional supply and 
refining infrastructure, environmental benefits analysis, aircraft component deterioration and wear, 
fuel performance testing, environment: aircraft noise and impacts, aviation emissions and impacts, 
aircraft technology assessment, environmentally and energy efficient gate-to-gate aircraft operations, 
and aviation modeling and analysis. Core members include Washington State University (Lead), 
Massachusetts Institute of Technology (Co-lead), Boston University, Georgia Institute of Technology, 
Missouri University of Science & Technology, Oregon State University, Pennsylvania State 
University, Purdue University, Stanford University, University of Dayton, University of Hawaii, 
University of Illinois – Champagne Urbana, University of North Carolina – Chapel Hill, University of 
Pennsylvania, University of Tennessee, and the University of Washington. 
The Center of Excellence for General Aviation, aka the “Partnership to Enhance 
General Aviation Safety, Accessibility and Sustainability” (PEGASAS, on the web at 
www.pegasas.aero), and established in 2012. Major areas of focus include the 
enhancement of general aviation safety, accessibility, and sustainability by 
partnering the FAA with a national network of world-class researchers, educators, and industry 
leaders. Core members include Purdue University (lead), Florida Institute of Technology, Georgia 
Institute of Technology, Iowa State University, the Ohio State University, and Texas A&M University. 
The Joint Center for Advanced Materials (JAMS), in operation since 2003, works 
closely with industry and government agencies on safety and certification initiatives 
that are related to existing and near- and long-term applications of composites and 
other advanced materials and manufacturing processes to aircraft applications, 
including large transport commercial aircraft, general aviation and unmanned aircraft system 
products. The overall goal is to ensure safe and reliable use of these materials in aircraft 
applications. Lead universities are Wichita State University and the University of Washington 
supported by University of Utah, Oregon State University, Florida International University, and 
University of California, San Diego. 

Other COEs established by the FAA, who have completed their ten-year agreements and phased out of 
operation, include:
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 Joint Center for Computational Modeling of Aircraft Structures, 1992 to 1996. 
 The Center of Excellence for Airport Technology (CEAT), established 1995. 
 The National COE for Aviation Operations Research (NEXTOR), operated from 1996 to 2008.  
 The Airworthy Assurance COE (AACE) operated from 1997 to 2007. 
 The COE for General Aviation Research (CGAR), in operation from 2001 to 2013. 
 The Partnership for Aircraft Noise & Aviation Emissions Mitigation Research (PARTNER), in 

operation from 2003 to 2014. 
 The Airliner Cabin Environment and Intermodal Research (ACERite) Center, in operation from 2004 

to 2014.

FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION 

Below is a quick look at the major highlights and special mentions of COE CST year 10. The basic 
metrics of COE CST performance has also been updated to reflect the most recent events and activities. 

COE CST YEAR 10 HIGHLIGHTS

The following are the major milestones for the FAA COE CST during its tenth year: 

The Tenth Annual Administrative Meeting (AAM10) was held virtually on July 15, 2020. 
Administrative agenda items included a review of the COE by-laws and management plan, the status 
of quarterly reporting and close-out activities for all research tasks, planning for the upcoming Annual 
Technical Meeting (ATM10), and a discussion of post-COOE CST operations. Technical planning 
discussions focused on the AST research road map, a strategic planning exercise that encompasses 
the research area typology, the research goals corresponding to AST’s safety and promotional 
missions, identification of the major milestones for each research project, and the relationships 
between the milestones across the entire map.
The Tenth Annual Technical Meeting (ATM10) was conducted 
virtually as a half-day event on Wednesday, October 28. Videos of 
full presentations (10-15 minutes) and executive summaries (1-2 
minutes) were available for viewing prior to the event, and panels 
were held for each research area on the day of the event. The 
videos are still available for viewing from the COE CST web site, or 
on the COE CST YouTube channel. 
Process Research Workshop – Dr. Andy Aldrin (FIT) conducted 
a workshop on December 10, 2020, focusing on the data collection 
methods of research tasks 380-NMSU, 395-FIT, and 402-FIT. 
Management scholars from outside the space community were 
invited to provide insights and answer questions about process 
research concepts and data collection. 
New Space (the official journal of the COE CST) completed its 
eighth year, featuring a wide range of topics pertaining to non-
governmental aspects of space activities. New Space volume 8, 
issue 2 included a special section of COE CST research 
publications, one of which was featured on the cover (shown right). 

COE CST YEAR 10 METRICS

Every year, COE CST performance is tracked through the measurement of basic metrics, including the 
number of active research tasks (a function of the level of funding available from the FAA AST), the 
number of principal investigators (an indicator of COE CST’s research diversity), the number of students 
(an indicator of COE CST’s impact), the number of publications (an indicator of the degree of COE CST 
knowledge creation). The number of unfunded tasks, research partners, industry partners, affiliate 
members, and associate members, are all a function of how well member universities are partnering with 
non-member research organizations. Finally, the amount of funding is provided for each fiscal year. 
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Year 10 of COE CST operation accounted for 22 principal investigators (PIs) and 34 students conducted 
20 research tasks, resulting in 16 technical publications. This Executive Summary presents summary 
charts (aka “quad charts”) for each research task, and provides a complete list of students and the 
resulting publications. 

COE CST Year 1 2 3 4 5 6 7 8 9-10
Fiscal Year(s) 10 11-12 13 14 15 16 17 18 19
Active Tasks 34 24 28 28 36 22 14 27 20 
Unfunded Tasks 34 22 22 11 6 5 2 5 14 
Principal Investigators 27 28 29 25 31 22 21 22 22 
Students 31 37 55 47 61 28 23 38 34 
Publications 0 38 28 22 29 19 36 23 16 
Affiliate Members 0 1 6 6 6 6 8 10 14 
Associate Members - - - 3 6 3 3 8 8 
Funding Profile ($M) 2.0 2.4 1.1 1.1 1.0 1.0 1.4 1.6 2.1 

Since the beginning of the Center, the annual administrative costs average just under 18% of the total 
budget. The annual administrative costs (expressed as a percentage of total budget) were removed from 
the table because of the extreme variation year-on-year, stemming from the timing of actual 
administrative funding allocations as opposed to the even distribution of administrative expenses (e.g., 
paying for three bi-annual meetings from a single fiscal year’s budget, instead of two, or the absence of 
funding in a given year).1

FAA AST TECHNICAL MONITORS 

FAA AST Technical Monitors (TMs) are the links between FAA’s research requirements and the work 
being performed by COE CST member universities. Below is a listing of the FAA COE CST TMs who 
contributed to the research efforts of the COE CST in Year 10: 

 Dr. Ken Davidian 
 Mr. Nickolas Demidovich 

 Mr. Steph Earle  
 Dr. Karl Garman 

 Mr. Henry Lampazzi 
 Dr. Paul Wilde 

COE CST MEMBER ORGANIZATIONS 

COE CST member organizations include four categories of organizations: Core Members, Collaborating 
Members, Affiliate Members, and Associate Members. Core Member universities include the Baylor 
College of Medicine (BCM), Florida Institute of Technology (Florida Tech), Florida State University (FSU), 
New Mexico Institute of Mining and Technology (NMT, or New Mexico Tech), New Mexico State 
University (NMSU), Stanford University (SU), University of Central Florida (UCF), University of Colorado 
at Boulder (CU), University of Florida (UF), and the University of Texas Medical Branch at Galveston 
(UTMB). Collaborating Members are those universities conducting research under sub-grant to a Core 
Member university. 

CORE AND COLLABORATING MEMBERS 

COE CST member universities provide a comprehensive distribution of geographical coverage 
representing the entire commercial space transportation industry, including the top four civil space states 
(California, Colorado, Texas, and Florida) and New Mexico, the state leading the suborbital industry as 
well as having a significant level of military space activity. As a single entity, the COE CST bring 

1 All information presented in this report is accurate as of the date of publication (December, 2020). Any 
corrections identified after this date will be updated in the digital version of this report, available on the 
COE CST web site. 
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complementary strengths together for the benefit of the overall COE. FAA finds that each team member 
provides highly respected and accomplished experiences that directly address the research and study 
needs of the commercial space industry. Combined, the universities bring a large number of 
organizations (government, industry, and academic) into the COE CST network as research partners. 

BAYLOR COLLEGE OF MEDICINE (BCM)

Baylor College of Medicine (BCM) is a health sciences university and home to the Center for 
Space Medicine (CSM). At the forefront of space biomedical research, education and 
aerospace medicine, BCM CSM is the lead institution for the NASA-supported Translational 
Research Institute for Space Health. Major subcontractors are Caltech and MIT. CSM offers 
a unique and popular four-year Space Medicine Pathway for medical students and supports 
graduate and postgraduate training opportunities in space medicine. The mission, programs and faculty 
of CSM align well with the FAA COE CST. More information can be found on the web at www.bcm.edu. 

FLORIDA INSTITUTE OF TECHNOLOGY (FLORIDA TECH)

Florida Institute of Technology performs doctoral research and undergraduate and graduate 
education through its six academic colleges and schools with emphases on aviation, 
aeronautics, science, technology, engineering and mathematics. Research at Florida Tech 
focuses on mechanical and aerospace engineering, software and hardware resilient systems, 
biomedical engineering, space resource utilization, corrosion and space-related 
engineering, cloud physics and space weather, space traffic management and launch operations, vehicle 
and payload analysis and design, thermal systems, propulsion, and commercial space industry viability. 
Florida Tech serves as the primary COE CST liaison to industry for research partnership, and affiliate 
membership to the government, the private sector as well as academia. Historically known as FIT, Florida 
Tech’s preeminent research centers and institutes include the Buzz Aldrin Space Institute, the FAA 
Center of Excellence for General Aviation Research (PEGASAS), the COE CST, the School of Human-
Centered Design, Innovation & Arts, the Harris Institute for Assured Information, and more. More 
information can be found on the web at www.fit.edu.

FLORIDA STATE UNIVERSITY (FSU)

 FSU brings a range expertise and unique infrastructure and unparalleled testing facilities in 
many areas relevant to the COE CST. These include but are not limited to: cryogenics, 
thermal management, vehicle aerodynamics and controls, sensors, actuators, system health 
monitoring and high-performance simulations including multi-physics mechanics and flow 
surface interactions. We have substantial expertise in simulating, experimentally and 
numerically, the Vehicle Launch Environment and the associated challenges in aeroacoustics 
and aero-structures. More information can be found on the web at www.fsu.edu. 

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT) 

NMT is a science, math and engineering university that has more than a 
dozen research divisions that work with private industry, government 
agencies and other universities. The research divisions include the 
Petroleum Research and Recovery Center, the Institute for Complex Additive Systems Analysis, the 
Energetic Materials Research Testing Center, the world’s largest lending library of seismology equipment, 
the Magdalena Ridge Observatory, the National Center for Genome Resources, the National Cave and 
Karst Research Institute, and the Langmuir Laboratory for Atmospheric Research. More information can 
be found on the web at www.nmt.edu. 
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NEW MEXICO STATE UNIVERSITY (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and aerospace research in areas 
of suborbital investigations from the time of Robert Goddard and Werner von Braun to the 
current era of commercial sub-orbital space transportation with Spaceport America and its 
operators, Virgin Galactic. SpaceX and UP Aerospace. New Mexico Space Grant Consortium, 
the 21st Century Aerospace Space Group and related aerospace research focuses on annual 
access to space for student and faculty experiments, unmanned aerial vehicles, and cube-
satellite development. More information can be found on the web at www.nmsu.edu. 

STANFORD UNIVERSITY (SU) 

SU brings a 50-year history of aerospace research excellence and a broad scope of 
expertise to the COE CST, including the optimization and autonomous operation of complex 
systems, strategic research planning, organizational integration and distributed 
administration experience. More information can be found on the web at www.stanford.edu. 

UNIVERSITY OF CENTRAL FLORIDA (UCF) 

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) and the 
Center for Advanced Turbines & Energy Research (CATER), offers its experience and 
expertise in thermal protection system, propulsion system components, cryogenic systems 
and materials, composites, sensors and actuators, and guidance and control. More information 
can be found on the web at www.ucf.edu. 

UNIVERSITY OF COLORADO AT BOULDER (CU BOULDER)

CU offers the COE CST their experience in spacecraft life support systems and habitat design, 
spaceflight risk assessment, human factors engineering analysis, payload experiment 
integration, and expertise in space environment and orbital mechanics. More information can be 
found on the web at www.colorado.edu. 

UNIVERSITY OF FLORIDA (UF) 

UF has been performing aeronautical and aerospace research since 1941, with current emphasis 
in the Department of Mechanical and Aerospace Engineering on research in space systems, 
MEMS, computational sciences, structural dynamics, controls, gas dynamics, and propulsion. 
More information can be found on the web at www.ufl.edu. 

UNIVERSITY OF TEXAS MEDICAL BRANCH (UTMB) 

UTMB has a long history of medical support and human spaceflight physiological 
research with NASA. UTMB doctors have been involved in the commercial orbital and 
suborbital spaceflight industry, supporting space flight participant visits to the ISS, and preparing 
passengers and crew for suborbital space flights. More information can be found on the web at 
www.utmb.edu. 

Two universities are currently working with COE CST member universities as “subcontractor 
researchers.” These universities are listed and described below. 

UNIVERSITY OF SOUTHERN CALIFORNIA (COLLABORATOR TO FLORIDA TECH)

The University of Southern California, Lloyd Grief Center for Entrepreneurial Studies, within 
the Marshall School of Business, offers a wide range of courses in entrepreneurship 
designed for students who want to start or own a high-growth business, join an emerging business or 
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participate in an entrepreneurial venture in a mature corporation (intrapreneurship). Students can develop 
an entrepreneurial mindset, gain confidence that they can be successful entrepreneurs, learn about the 
entrepreneurial process and enhance their conceptual and practical skills to pursue new business 
opportunities. Wide exposure is given to all types of entrepreneurs and industries. The highly experiential 
courses span the entrepreneurial process from opportunity discovery to venture initiation, growth and exit, 
and are designed to teach relevant frameworks and theory as well as to develop an entrepreneurial 
mindset and skills through hands-on application. The Greif Center also offers co-curricular programs such 
as venture competitions, speaker events and a new venture incubator, and it actively provides contact 
with and support for its alumni. More information can be found on the web at 
www.marshall.usc.edu/departments/lloyd-greif-center-entrepreneurial-studies. 

UNIVERSITY OF TEXAS AT AUSTIN (UT AUSTIN, COLLABORATOR TO NMSU) 

The Cockrell School of Engineering at The University of Texas at Austin is a top-ranked 
epicenter of engineering education, and knowledge creation and distribution. Comprised of 
renowned educators, researchers and thought leaders, the Cockrell School addresses the 
grand challenges of the world, drives economic progress and improves quality of life. The Cockrell 
School educates future engineering leaders who think creatively, work collaboratively, and push 
technological boundaries; develops innovative solutions through groundbreaking research; and improves 
lives throughout the world by leveraging the school’s entrepreneurial ecosystem and partnerships with 
industry to translate research into practice. More information can be found on the web at 
www.engr.utexas.edu/about. 

Affiliate & Associate Members 

With a limited budget and ever-tightening budget pressures on all federal agencies, the COE CST 
sponsoring organization, FAA AST, cannot provide funding to all the research universities and 
organizations that deserve it. In recognition of all the meaningful work being done outside the COE CST 
membership, two different categories of membership were developed to encourage additional members 
into the COE CST without incurring any additional budget obligations. The two different categories are 
called Affiliate and Associate Memberships. Each of these is described below. 

AFFILIATE MEMBERS 

To become a COE CST Affiliate Member, an organization must (a) be conducting research that is self-
funded, or is funded by some non-government organization, that fits within the commercial space 
transportation road map framework (discussed below), and that can be openly disclosed at COE CST 
public meetings, such as the Annual Technical Meeting (ATM), (b) partner with one of the current COE 
CST member universities who will act as the Affiliate’s ‘host,’ and (c) voluntarily pay for all costs 
associated with attendance at the ATM. In exchange for these commitments, the COE CST will (a) 
welcome the organization as an Affiliate Member, (b) provide the Affiliate Member with “podium time” at 
the ATM, equal to that provided to any full COE CST member. The strategy of Affiliate Membership is to 
gain benefits derived from being part of the overall COE CST research network. As the network grows, so 
do the possible benefits that can be gained. Florida Tech serves as the primary COE CST liaison to 
industry for research partnerships, and Associate and Affiliate memberships with government, the private 
sector, and academia. 

To date, there have been a number of COE CST Affiliate Members. Some joined in the early years of 
COE CST operation, provided and completed their research, and have been inactive in recent years. 
Some have been active since the program began, and some are just now “knocking on our door,” ready 
to become members in the near future. Below is a brief description of these Affiliate Member 
organizations. 
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CARMINATI LAW PLLC (HOSTED BY CU BOULDER)

Carminati Law, PLLC, is a Denver-based law firm whose practice includes space law. Its head, Dr. Maria-
Vittoria Carminati, is head of the American Bar Association’s space law committee. She obtained her JD 
from the University of Houston, and her LLM in space, cyber, and telecommunications law from the 
University of Nebraska-Lincoln. More information can be found on the web at 
legaltalknetwork.com/guests/dr-maria-vittoria-carminati. 

DANISH AEROSPACE COMPANY (HOSTED BY BCM)

Danish Aerospace Company (DAC) is a high-tech company 
operating in the area of advanced medical instrumentation and 
other engineering fields primarily within space applications. Their 
products are based on many years of specialized research and development. These consist of 
developing, integrating, and applying new as well as established medical technologies to the challenges 
of functioning and remaining reliable in space. These products and services bring the potential of space 
research and experience from space operations down to Earth for the benefit of all Mankind. More 
information can be found on the web at danishaerospace.com/en. 

EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (ERAU, HOSTED BY NMSU) 

Embry–Riddle Aeronautical University (ERAU) is a private university offering associate through 
doctoral degrees in arts and sciences, aviation, business, engineering, computer programming, 
cyber security and security and intelligence. It is the largest, fully accredited university system 
specializing in aviation and aerospace, with main campuses in Daytona Beach, Florida and Prescott, 
Arizona. More information can be found on the web at erau.edu. 

ETC NASTAR (HOSTED BY UTMB) 

Environmental Tectonics Corporation’s (ETC) National Aerospace Training and 
Research (NASTAR) Center (est. 2007) is the premier commercial air and space 
training, research, and educational facility. It combines state-of-the-art flight simulation 
with physiology-based courseware to optimize human performance in extreme environments. ETC’s 
NASTAR Center is unique in that it serves as the only non-government (commercial use) facility for the 
application of acceleration and G force exposure in the world and specializes in replicating high-
performance flight environments and characteristics of aerial vehicles. This exclusive capability is ideal for 
safely modeling nominal and off-nominal (emergency) trajectories and evaluating human performance for 
military, commercial aviation, and spaceflight clients. The NASTAR Center actively collaborates with 
numerous agencies including NASA, FAA, JAA, etc. to promote safety in flight. More information can be 
found on the web at www.etcusa.com and www.nastarcenter.com. 

EXOS AEROSPACE SYSTEMS & TECHNOLOGIES (HOSTED BY NMSU) 

EXOS Aerospace Systems & Technologies, Inc. has taken the skills from more 
than a decade of practical lessons learned, and millions of dollars’ worth of 
development and flight experience gained by their team, and moved into the 
commercial space race, ahead of the game. Over the past decade, the team at EXOS has led the way to 
some of the most impressive private, commercial, reusable rockets designs and concepts in the world 
today. They have developed, flown and retrieved for re-use, rockets that are reliable, reusable, better for 
the environment and easier on your budget. They have successfully designed, built and flown rocket 
engines used in manned flight. They have fulfilled multiple contracts with NASA. Through all of this, the 
EXOS team has developed and tested over a hundred rocket engines and dozens of flying vehicles. 
EXOS is a leading developer and operator of reusable space vehicles. More information can be found on 
the web at exosaero.com. 
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IMMORTAL DATA (HOSTED BY NEW MEXICO TECH)

Immortal Data is targeting the aerospace field, where ruggedness, reliability and high data 
rates for bulk data are more important than fancy GUIs. They are designing the central nervous 
system of a ship or engines under test or in harsh, real world environments containing huge 
volumes of high rate data. Accomplishing this means that, for the most part, they do not sell 
software on its own; they sell it as a pre-installed hardware/software appliance, preferably as 
part of a systems solution. More information can be found on the web at www.immortaldata.net. 

MCGILL UNIVERSITY (HOSTED BY FLORIDA TECH)

McGill University’s Institute of Air and Space Law (IASL) is the world’s premier 
academic setting for teaching and research in the dual disciplines of international 
air law and space law. Having celebrated its 65th year of continuous existence in 2016, the Institute is 
now on course to consolidate and enhance its record of achievement in the five years leading to its 70th 
anniversary in 2021, the same year that McGill University itself will turn 200. More information can be 
found on the web at www.mcgill.ca/iasl/. 

THE OHIO STATE UNIVERSITY - BATTELLE CENTER FOR SCIENCE,
ENGINEERING, AND PUBLIC POLICY (HOSTED BY FLORIDA TECH)

The Battelle Center was established at the John Glenn College of Public Affairs in 
2006 through the generosity of Battelle, the world’s largest non-profit research and 
development organization and long-time neighbor to The Ohio State University. 
Originally the Battelle Center focused on improving education in science, technology, 
engineering, and mathematics disciplines. In 2011, it pivoted toward the challenges of 
encouraging innovation and economic development. In 2016, the partnership between Battelle and the 
Glenn College was strengthened with the inclusion of Ohio State’s College of Engineering in the center. 
Today, these organizations and Ohio State’s Government Affairs Office provide advice and support to the 
center’s director. More information can be found on the web at: www.battellecenter.org. 

PRINCETON SATELLITE SYSTEMS (HOSTED BY NMT) 

Princeton Satellite Systems, Inc. is a small company developing advanced technology for the 
aerospace and energy sectors. Their agility and focus enable them to rapidly develop 
innovative solutions to a wide range of aerospace and energy problems. Their commercial 
hardware and software products enable their customers to pursue the same types of 
demanding, state-of-the-art applications. Their core values include a dedication to learning and an 
emphasis on innovation. More information can be found on the web at www.psatellite.com.

PROJECT POSSUM (HOSTED BY FLORIDA TECH)

Project PoSSUM (Polar Suborbital Science in the Upper Mesosphere) is a 501(c)(3) astronautics 
research and education program studying our upper-atmosphere and its role in our changing 
global climate. More information can be found on the web at projectpossum.org. 

SOLSTAR (HOSTED BY NMSU) 

Solstar is the leading commercial satellite communications company pioneering technology to 
create a ‘Space Wide Web’.  Our space communicators and commercial internet/phone service 
connect space researchers with convenient, real-time interaction with their WiFi-enabled payloads 
and flight participants on-board spacecraft during flight. More information can be found on the web 
at www.solstarspace.com. 
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SOVARIS AEROSPACE (HOSTED BY CU BOULDER)

Sovaris Aerospace is among those leading the advancement of personalized 
medicine in human spaceflight, with a focus on suborbital, LEO, Lunar, and Mars. 
As a clinical support organization, Sovaris applies the tools of complex molecular 
analytics to develop personalized countermeasures that are tailored to each 
individual entering any spaceflight environment. Our team has refined these 
methods via deployment with NASA, military Special Forces, S.W.A.T., wilderness medicine, high altitude 
ascent, Olympic training environments, and others. As a clinical research organization, the Sovaris team 
incorporates genomics, epigenomics, transcriptomics, proteomics, metabolomics, and microbiomics into 
the study of humans in space. This includes pharmacogenomics applied to improving the safety of drugs 
used in space. For instance, Sovaris has been active in translating the NASA Twins Study data into active 
countermeasures for astronauts and flight surgeons. Sovaris has also been active in advancing a 
systems engineering approach to personalized medicine focused on the developing suborbital and Lunar 
missions. More information can be found on the web at www.sovarisaerospace.com. 

UNIVERSITY OF NORTH FLORIDA (HOSTED BY NMSU)

Established in 1972, the University of North Florida has grown significantly in size and 
prominence - particularly in recent years. Today, UNF has an annual economic impact of more 
than $1 billion and works closely with community leaders and officials to continue to enhance 
the significant role it plays in the region. The UNF campus, which includes a nature preserve, 
beautiful lakes and nature trails, is located between downtown Jacksonville and the Atlantic 
Ocean in a bustling section of Jacksonville. It includes award-winning buildings filled with state-
of-the-art equipment that support innovation and excellence. The University is home to six 
colleges, and routinely ranks high for quality and value on national lists published by U.S. News & World 
Report, Forbes, the Princeton Review, Wall Street Journal and more. UNF holds the prestigious Carnegie 
Classification for Community Engagement recognizing our commitment to our community and beyond. 
More information can be found on the web at www.unf.edu. 

UNIVERSITY OF TEXAS PERMIAN BASIN (UTPB, PENDING)

As a regional, comprehensive institution, The University of Texas Permian 
Basin serves a diverse community of students from the region, the state, 
and beyond. Through excellence in student-centered teaching, learning, 
research, and public service, the University cultivates engaged citizens and 
impacts lives while advancing the technology and public interests of West Texas. The University aspires 
to be a vibrant, student-focused center of excellence for learning, culture, and economic development — 
preparing students for leadership and success in a complex and changing world. More information can be 
found on the web at www.utpb.edu. 

ASSOCIATE MEMBERS 

Associate Members are much more loosely associated with the COE CST, but their contributions can be 
very significant. During the eighth year of operation, the COE CST was proud to have the following 
institutions as Associate Members. 

ASTM INTERNATIONAL

Committed to serving global societal needs, ASTM International positively impacts public 
health and safety, consumer confidence, and overall quality of life. They integrate 
consensus standards, developed with our international membership of volunteer 
technical experts. Over 12,000 ASTM standards operate globally. Defined and set by 
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ASTM International, the standards improve the lives of millions every day. More information can be found 
on the web at www.astm.org. 

COMMERCIAL SPACEFLIGHT FEDERATION 

The Commercial Spaceflight Federation (CSF) is the leading voice for the commercial 
spaceflight industry. Founded in 2006, CSF and its 80+ members are laying the 
foundation for a sustainable space economy and democratizing access to space for 
scientists, students, civilians, and businesses. CSF members are responsible for the 
creation of thousands of high-tech jobs driven by billions of dollars in investment. 
Through the promotion of technology innovation, CSF is guiding the expansion of Earth’s 
economic sphere, bolstering U.S. leadership in aerospace, and inspiring America’s next generation of 
engineers and explorers. The mission of the Commercial Spaceflight Federation (CSF) is to promote the 
development of commercial human spaceflight, pursue ever-higher levels of safety, and share best 
practices and expertise throughout the industry. More information can be found on the web at 
www.commercialspaceflight.org. 

EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (ERAU)

Embry–Riddle Aeronautical University (ERAU) is a private university offering associate through 
doctoral degrees in arts and sciences, aviation, business, engineering, computer programming, 
cyber security and security and intelligence. It is the largest, fully accredited university system 
specializing in aviation and aerospace, with main campuses in Daytona Beach, Florida and Prescott, 
Arizona. More information can be found on the web at erau.edu. 

GERMAN AEROSPACE CENTER (DLR)

The German Aerospace Center (DLR) is the national aeronautics and space research 
center of the Federal Republic of Germany. Its extensive research and development work in 
aeronautics, space, energy, transport, digitalization and security is integrated into national 
and international cooperative ventures. In addition to its own research, as Germany’s space agency, DLR 
has been given responsibility by the federal government for the planning and implementation of the 
German space program. DLR is also the umbrella organization for one of Germany’s largest project 
management agencies. DLR has approximately 8000 employees at 20 locations in Germany. DLR also 
has offices in Brussels, Paris, Tokyo and Washington D.C. More information can be found on the web at 
www.dlr.de. 

INTERFLIGHT GLOBAL (IFG)

InterFlight Global (IFG) solves complex business problems. They relish a challenge. They 
help their clients define, structure, produce, execute and profit from effective strategic, 
feasibility, business, marketing and financial plans. IFG’s input and services result in their 
clients’ enterprises, whether public, private or hybrid, to grow profitably and add significant 
equity growth and market value gains. More information can be found on the web at 
www.interflightglobal.com. 

MITRE CORPORATION 

As a not-for-profit organization, MITRE works in the public interest across federal, 
state and local governments, as well as industry and academia. MITRE operates 
federally funded research and development centers, FFRDCs, unique organizations that assist the United 
States government with scientific research and analysis; development and acquisition; and systems 
engineering and integration. MITRE also has an independent research program that explores new and 
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expanded uses of technologies to solve our sponsors’ problems. More information can be found on the 
web at www.mitre.org. 

NASA AMES RESEARCH CENTER 

NASA Ames Research Center, one of ten NASA field enters, is located in the heart of 
California’s Silicon Valley. For more than 75 years, Ames has led NASA in conducting 
world-class research and development in aeronautics, exploration technology and 
science aligned with the center’s core capabilities. More information can be found on 
the web at www.nasa.gov and www.nasa.gov/ames. 

Map of COE CST Members, Subcontractor Universities, and Affiliate and Associate Members.  

Other Supporting Organizations 
The following organizations supported the COE CST Member Universities over the lifetime of the center:

• AIAA
• ATK
• Bachner Consultants, Inc.
• Ball Aerospace
• Bryce Space and Technology
(formerly The Tauri Group)

• CEAVCO
• Cimmaron Software Services
Inc.

• CSSI Inc.
• Digital Solutions
• Dynetics, Inc.
• Futron
• Jacobs Technology Inc.

• Lockheed Martin Space
Systems Company

• National Space Grant
Foundation

• New Mexico Spaceport
Authority

• NMSU Space Development
Foundation

• Orbital Sciences Corporation
• Orion America Technologies
• Pennsylvania State University
• Qinetiq
• SATWEST
• Scitor Corporation
• Secor Strategies

• Simpson College
• Space Florida
• Space News
• Space Systems/Loral
• Space Works Enterprises
• Spaceport America
Consultants

• Spaceport Sweden
• Spaceworks
• The Boeing Company
• United Launch Alliance
• Webster University
• Wyle Integrated Science and
Engineering Group

• XCOR Aerospace, Inc.
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COE CST RESEARCH AREAS AND TASKS 

All research activity sponsored by the FAA Office of Commercial Space Transportation is directed by the 
following goal statement: “Operators are fully capable and responsible to safely perform all aspects of 
commercial space transportation.” To achieve this goal, COE CST activity is defined by a framework 
defining different academic areas for every research task. Generally speaking, the four research areas 
encompass four distinct research domains: operational activities, the physical and engineering sciences, 
the biological and medical sciences, and the social sciences. A Commercial Space Transportation 
Research Road Map, last updated in 2015, is available on the web at www.coe-cst.org, and was created 
to provide a detailed framework within each of these discipline areas. This section provides a brief 
introduction to the four research areas, identifies the goals associated with each, and then lists the tasks 
that were conducted in each research area during the eighth year of COE CST operation. 

COE CST RESEARCH AREAS

As mentioned above, the research conducted within FAA AST is broken into four major disciplines. Each 
discipline is identified by a distinct research theme: Aerospace Access & Operations, Aerospace 
Vehicles, Human Operations & Spaceflight, and Industry Innovation). Each of these research areas is 
divided into programs, and these are further divided into projects, topics, and tasks. The number of tasks 
conducted in a given program can vary from year to year, and research is not necessarily conducted in all 
programs every year. Some research projects may have some number of tasks every year, and other 
projects may have never had a research task funded over the entire life of the COE CST. FAA AST 
priorities are considered prior to making funding decisions.  

COE CST RESEARCH GOALS

Each research area has multiple goals, and these have been revisited recently. In FY17, research goals 
have been identified for each research area that correspond to each of the two AST mission goals (i.e., 
public safety, or industry promotion).  
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1. AEROSPACE ACCESS & OPERATIONS

Public Safety Goals: (1) Improved analytical and computational methods to evaluate safety of 
uninvolved public and property. (2) Situational awareness and understanding of risk posed by 
resident space objects. 
Industry Promotion Goals: (1) Safe and equitable sharing of the NAS by air and space 
transportation operators, with minimal disruption caused by commercial space traffic (outbound and 
inbound). (2)  Improved spaceport interoperability and development of necessary spaceport industry 
infrastructure resources. 

2. AEROSPACE VEHICLES

Public Safety Goal: Improve vehicle safety and risk analyses and management, including 
knowledge of all safety-critical components and systems of the space vehicles and their operations. 
Industry Promotion Goal: Improve the manufacturability, assembly, and operational efficiencies of 
space transportation vehicles, systems, and subsystems. 

3. HUMAN OPERATIONS & SPACEFLIGHT

Public Safety Goal: Identification and reduction of avoidable risks of human spaceflight. 
Industry Promotion Goal: Facilitate the continuous improvement of the operational safety of 
human-carrying vehicles (during both launch and reentry) and spaceports. 

4. INDUSTRY INNOVATION

Public Safety Goal: Develop improved criteria for evaluating public safety, such as performance-
based requirements for the protection of public property and critical assets. 

 Industry Promotion Goals: (1) Encourage the growth of evolving space industry sectors through 
relevant economic, legal, legislative, regulatory, and market analyses & modeling. (2) Support 
effective policy decision-making in the accomplishment of the dual regulatory and promotional 
missions of FAA AST. (3) Provide a better understanding of the relationship of governmental policy, 
innovation adoption, and industry growth. 

Process Research Workshop Brings Leading Management Scholars to COE CST 

Below is a screenshot of participants at the December 10, 2020 process research methods workshop. 
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YEAR 10 RESEARCH TASKS

As has been the case in every Annual Report Executive Summary since 2010, COE CST research tasks 
are listed below in all four research areas, active during the current calendar year (in this case, 2020), 
conducted by member universities, Affiliate, and Associate members. Unlike previous reports, however, 
this list includes three research tasks that were conducted by AST via contract, and not through the COE 
CST. AST has contracted out research tasks in situations where the purpose is to help AST fulfill its 
safety mission, and when the needs are urgent, requiring firm deadlines and schedules of deliverables. 
These are contractual conditions that do not apply to research grants of any kind. The inclusion of 
contractor research for the first time is AST’s attempt to provide a more comprehensive picture of the 
research conducted.  

Details of each research task are shown in quad charts that follow. Please note that research tasks are 
frequently referred to by their task number, because the titles listed below and the titles given on the 
summary quad charts may differ slightly. Three administrative tasks, active in 2020, are not listed below. 

1. Aerospace Access & Operations 
• 186 SU. Space Environment Meteoroid and Orbital Debris Modeling & Prediction, Dr. Sigrid Close
• 367 CU. CubeSat Cluster Deployment Tracking, Dr. Penina Axelrad
• 371 UTA. Ontology based Space Object Database, Dr. Moriba Jah (Hosted by NMSU)
• 372 CU. Resident Space Objects, Dr. Dan Scheeres
• 375 DLR. Interoperable Air and Space Traffic Management, Mr. Sven Kaltehäuser (Associate Member)
• 397 FIT.Measurements of Thunderstorm Electrical Parameters, Dr. Amitabh Nag
• 399 UCF. Efficient Computation of Space Object Probability of Collision, Dr. Tarek Elgohary

2. Aerospace Vehicles 
• 241 FSU. High Temperature, Optical Sapphire Pressure Sensors, Dr. Billy Oates
• 253 UCF. Ultra high Temperature Composites Thermal Protection Systems, Drs. Jan Gou & Jay Kapat
• 311 UCF. Advancement of LED Based Hazardous Gas Sensors for Space Applications, Dr. Subith Vasu
• 323 NMT. Structural Health Monitoring Framework, Dr. Andei Zagrai, Mr. Dale Amon
• 325 FSU. Optical Measurements of Rocket Nozzle Thrust and Noise, Drs. Rajan Kumar, Farrukh Alvi,
Jonas Gustavsson, Michael Sheehan

• 377 NMT. Nitrous Oxide Composite Case Testing, Drs. Bin Lim & Andrei Zagrai
• 406 ARCTOS. Aircraft Vulnerability Testing and Modeling, Mr. Ryan Schnalzer (AST Contractor)
• 407 ARCTOS. Conditional Risk Investigation, Dr. Wije Wathugala (AST Contractor)
• 410 ARCTOS. Improved Population Clustering Follow up, Dr. Wije Wathugala (AST Contractor)

3. Human Operations & Spaceflight 
• 396 CU.Mapping Life Support System Functions and Technologies, Dr. David Klaus
• 398 FIT. Human Input Systems, Dr. Tom Eskridge
• 400 UTMB. Support of Commercial Space Occupational Medicine Health Standards, Dr. Ed Powers

4. Industry Innovation 
• 358 FIT.Workshops on Industry Viability and Research, Dr. Andy Aldrin
• 378 USC. Commercial Space Research Center Initiative, Dr. Greg Autry (Hosted by FIT)
• 380 NMSU. Spaceport Operations Online Reference Guide, Dr. Patricia Hynes
• 395 FIT. Emerging Industry Dynamics: Small Satellite Launch Vehicle, Dr. Andy Aldrin
402 FIT. Emerging Industry Dynamics: Satellite Constellations, Dr. Andy Aldrin (combined with quad
chart for 395 FIT)
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COE CST STUDENTS, PUBLICATIONS, PATENTS AND AWARDS 

In total, there were 43 students and 16 publications generated by the COE CST in 2020. Below is a listing 
of each 2020 COE CST task, the name(s) of the student(s) supporting each task, and any recent 
publications, patents, and awards associated with the task.

186-SU. Space Environment Meteoroid and 
Orbital Debris Modeling & Prediction 

Students
• Lorenzo Limonta • Glenn Sugar

2019 2020 Publications
• Sugar, G. (2019), “Meteoroid Mass from Head
Echoes Using Particle in cell and Finite
difference Time domain Simulations”, PhD.
Thesis, Stanford University,
purl.stanford.edu/nz604gp3764.

• Sugar, G., M. M. Oppenheim, Y. S. Dimant and
S. Close (2019), “Formation of plasma around
a small meteoroid: Electrostatic simulations”,
JGR Space Physics, Vol. 124(5), pp. 3810–
3826,
https://doi.org/10.1029/2018JA026434.

• Limonta, L., Close, S., and Marshall, R.A.
(2020), A technique for inferring lower
thermospheric neutral density from
meteoroid ablation, Planetary and Space
Science, Vol. 180, 104735,
https://doi.org/10.1016/j.pss.2019.104735.

241-FSU. High Temperature, Optical 
Sapphire Pressure Sensors 

Students
• Jakob Consoliver Zack

2019 2020 Publications
• Bal Singh, H., Consoliver
Zack, J., Oates, W. S.,
"High Temperature
Mechanical
Characterization of Laser
Machined Sapphire for
High Temperature
Pressure Sensor Applications," New Space, v.
7 (1), 2019.

• Consoliver Zack, J., Rebar, D., Siegrist, T.,
Oates W. S., "Bayesian Uncertainty Analysis of
the Residual Stress in Laser Machined
Sapphire", in preparation, 2020.

253-UCF. Ultra-high Temperature 
Composites Thermal Protection Systems 

Students
• Derek Saltzman • Haonan Song

• Shengheng Gu 2019 2020
Publications
• S.S. Gu, J. Kapat, J.
Gou, “Additive
Manufacturing of
Silicon Oxycarbide
Ceramic
Structures,” CAMX
2020, Orlando, FL,
September 21 24,
2020.

Patents
• J. Kapat, J. Gou, N. Nagaiah, J. Schmitt, Power
generation system using closed or semi
closed Brayton cycle recuperator, U.S. Patent,
Publication No. US10,598,093 B2, Issue date:
03/24/2020

• J. Kapat, J. Gou, N. Nagaiah, J. Schmitt, Power
generation system using closed or semi
closed Brayton cycle recuperator, European
Patent, Publication No. EP3 277 939 B1, Issue
date: 05/06/2020

311-UCF. Advancement of LED-Based 
Hazardous Gas Sensors for Space 
Applications 

Students
• Carmine Terracciano
• Akshita Parupalli
• Zachary Loparo
• Justin Urso

2019 2020 Publications
• Akshita Parupalli, Anthony Carmine
Terracciano, Zachary Loparo, Justin Urso, S.S.
Vasu, “Multi Species Single LED Gas Sensor
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for Space Habitats and Vehicles”, New Space,
8(2), 2020.

323-NMT. Structural Health Monitoring 
Framework 

Students
• No students due to COVID 19 and visa
complications

2019 2020 Publications
• Zagrai, A., Campisi, M., Anderson, M., Hunter,
D., Sanchez, J.A., Demidovich, N., Kessler, S.,
(2019) “Structural Diagnostics, Prognostics
and Health Management for Future Space
Vehicles: Development, Implementation and
Testing,” Proceedings of 2019 IEEE Aerospace
Conference, Big Sky, MT, USA, March 2 9,
2019, pp. 1 11. doi:
10.1109/AERO.2019.8741659.

• Zagrai, A., Misla, A., Sanchez, J., Powell, D
(2020) “Electro Mechanical Impedance
Method for Structural Health Monitoring of
Space Structures: from Laboratory
Experiments to Measurements during
Spaceflight,” Proceedings of the AIAA
Propulsion and Energy 2020 Forum, paper
AIAA 2020 3529, August 24 28, 2020, Virtual
Event, https://doi.org/10.2514/6.2020 3529.

• Amon, D., (2020) “Design of an Inexpensive
Black Box for Commercial Orbital and
Suborbital Vehicles,” presentation at
Commercial and Government Responsive
Access to Space Technology Exchange
(CRASTE), June 22, 2020, Virtual Conference.

325-FSU. Optical Measurements of Rocket 
Nozzle Thrust and Noise 

Students
• Jonas Gustavsson • Michael Sheehan

• Rohit Vemula • Nikhil Khobragade

• Samuel Lee • Timothy Willms

• Vikas Bhargav • Yogesh Mehta

2019 2020 Publications
• Khobragade, N., Wylie, J., Gustavsson, J. &
Kumar, R. (2019) Control of Flow Separation
in a Rocket Nozzle Using Microjets. New
Space Journal, Vol. 7, No. 1, pp31 42, doi:
10.1089/space.2018.0037.

• Mehta, Y., Bhargav, V. N., and Kumer, R.
(2020) Experimental Characterization and
Control of an Impinging jet Issued from a
Rocket Nozzle. Submitted to New Space
Journal.

367-CU. CubeSat Deployment Tracking 

Students
• Laura Davies • John Gaebler

2019 2020 Publications
• Gaebler, J., P. Axelrad, P. Schumacher,
“CubeSat Cluster Deployment Track Initiation
via a Radar Admissible Region Birth Model,”
Journal of Guidance, Control, and Dynamics,
Vol. 43, No. 10, p. 1927 1934,
doi.org/10.2514/1.G005139, October 2020.

• Gaebler, J. and P. Axelrad, “Identity
Management of Clustered Satellites with a
Generalized Labeled Multi Bernoulli Filter,”
AIAA Journal of Guidance, Control, and
Dynamics, doi.org/10.2514/1.G004725,
Online June 2020.
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Awards
• 2019 Best Student Paper 2nd Prize: Boylston,
A., J.A. Gaebler, and P. Axelrad, “Extracting
CubeSat Relative Motion Using In Situ
Deployment Imagery,” Proc 42nd Annual AAS
Guidance & Control Conference,
Breckenridge, CO, AAS 19 016, Feb 2019.

• Frank J. Redd Student Competition (2019) 2nd

Prize: Aboaf, A., N. Renninger, and L. Lufkin.
2019. “Design of an In Situ Sensor Package to
Track CubeSat Deployments,” Proceedings of
the Small Satellite Conference, FJR Student
Competition (2nd Prize Winner), SSC19 VIII
06,
https://digitalcommons.usu.edu/smallsat/201
9/all2019/141/

371-UTA. Ontology-based Space Object 
Database 

Students
• Daniel Kucharski, Ph.D. (UT/Oden)
• Shiva Iyer (UT/ASE EM)
• Nevan Simone (UT/ASE EM)
• Michael Reinhold (UT/ASE EM)
• Maria Esteva (UT/TACC)
• Weijia Xu, Ph.D. (UT/TACC)

2019 2020 Publications
• Kucharski, D., Kirchner, G., Otsubo, T., Flegel,
S., Kunimori, H., Jah, M., Koidl, F., Bennett, J.,
Steindorfer, M., Wang, P. (2020). Quanta
Photogrammetry of Experimental Geodetic
Satellite for remote detection of
micrometeoroid and orbital debris impacts,
Acta Astronautica,
https://doi.org/10.1016/j.actaastro.2020.04.0
42.

• Le May, S., Carter, B., Gehly, S., Flegel, S., Jah,
M. (2020). Representing and Querying Space
Object Registration Data Using Graph
Databases, Acta Astronautica,
https://doi.org/10.1016/j.actaastro.2020.04.0
56.

• Cai, H., Yang, Y., Gehly, S., He, C., Jah, M.
(2020). Sensor tasking for search and catalog
maintenance of geosynchronous space
objects, Acta Astronautica, Volume
175, October 2020, pp 234 248,
https://doi.org/10.1016/j.actaastro.2020.05.0
63.

• Cai, H., Hussein, I., Jah, M. (2020). Possibilistic
Admissible Region Using Outer Probability
Measure Theory, Acta Astronautica, Volume
177, December 2020, pp 246 257,
https://doi.org/10.1016/j.actaastro.2020.07.0
41.

372-CU. Resident Space Objects 

Students
• Yashica Khatri

2019 2020 Publications
• None

375-DLR. Interoperable Air and Space Traffic 
Management 

Students
• Carmo Kluenkir

2019 2020 Publications
• Kluenker, Carmo (2019),
Integration von
kommerziellen
Raumflügen in das
Luftverkehrsmanagement,
Master Thesis, Technical University of Berlin /
DLR Institute of Flight Guidance.

• Kluenker, Carmo (exp. 2021); Enhanced
Controller Working Position for integrating
Spaceflight into Air Traffic Management, 12th
International Conference on Applied Human
Factors and Ergonomics, AHFE.

377-NMT. Nitrous Oxide Composite Case 
Testing 

Students
• Christopher Rood • Angel Chavira

• Steven Palmer 2019 2020
Publications
Seokbin Lim, et. al., 

2020. ‘Extreme 
Dynamic Tension 
and the Profile of 
Tension Wave’, AIP 
Advances: in review. 

378-USC. Commercial Space Research 
Center Initiative 

Students
• Veronica Perry, USC Marshall
• Kevin Foher, USC Marshall
• Sarah Coutu, Florida Tech

2019 2020 Publications
• Bidushi Bhattacharya, Greg Autry, and
Veronica Perry, 2020. Relativity Space:
Rocketing into the Future of Manufacturing,
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Harvard Business Case Study, SCG575 FDF
ENG.

380-NMSU. Spaceport Operations Online 
Reference Guide 

Students
• Richard (Chase) Bailey • Miles Stapleton

2019 2020 Publications
• None

395-FIT. Emerging Industries: SmallSat 
Launchers 
402-FIT. Emerging Industries: Satellite 
Constellations 

Students
• Cory Sanicky • Matt Austin

• Stephen Sullivan
• Victor Bautista

2019 2020
Publications
• None

396-CU. mapping Life Support System 
Functions and Technologies 

Students
• Kaitlyn Hauber • Hunter Hatchell

2019 2020 Publications
• None

397-FIT. Measurements of Thunderstorm 
Electrical Parameters 
• Matieu Plaisir 2019 2020

Publications
• None

398-FIT. Human Input Systems 

Students
• Kazuhiko Momose • Anna Wojdecka

2019 2020 Publications
• None

399-UCF. Efficient Computation of Space 
Object Probability of Collision 

Students
• Tahsinul Haque Tasif

2019 2020 Publications
• Tasif, T.H., Elgohary, T.A.:
A high order analytic
continuation technique
for the perturbed two
body problem state
transition matrix,
Advances in Astronautical
Sciences: AAS/AIAA Space Flight Mechanics
Meeting (2019)

• Tasif, T.H., Elgohary, T.A.: An adaptive analytic
continuation technique for the computation
of the higher order state transition tensors for
the perturbed two body problem, AIAA
Scitech 2020 Forum, p. 0958 (2020)

• Tasif, T.H., Elgohary, T.A.: An adaptive analytic
continuation method for computing the
perturbed two body problem state transition
matrix, The Journal of the Astronautical
Sciences (2020), In Press.
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400-UTMB. Support of Commercial Space 
Occupational Medicine Health Standards 

Students
• None

2019 2020 Publications
• None

406-ARCTOS. Aircraft Vulnerability Testing 
and Modeling 

Students
• None

2019 2020 Publications
• None

407-ARCTOS. Conditional Risk Investigation 

Students
• None

2019 2020 Publications
• None

410-ARCTOS. Improved Population 
Clustering Follow-up 

Students
• None

2019 2020 Publications
• None
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LETTER FROM THE EXECUTIVE DIRECTOR 

As the saying goes, all good things must come to an end. So it is that we 
are now winding down the Center of Excellence for Commercial Space 
Transportation (COE CST) after its planned decade-plus span of productive 
research accomplishments and educational activities. But we are going out 
on a high note in 2022, as the past few years have seen unprecedented 
advances in commercial space flight…  

When we got started on this venture back in 2010, the Space Shuttle was 
still in operation, retiring when Atlantis landed for the last time on July 21, 
2011. NASA’s Commercial Program was getting underway as cargo 
resupply launches to the International Space Station (ISS) began with 
Dragon in 2012 and Cygnus in 2013. Development efforts on commercial 
crew-carrying vehicles by a number of different companies were also 
ramping up around this timeframe, and after nearly a decade of relying on 
Soyuz launches, 2020 saw the first NASA astronauts being delivered to the 

ISS onboard SpaceX’s Crew Dragon. Then, just last month, paying customers visited the ISS on the 
Axiom 1 mission flying aboard that same reusable Dragon capsule, coincidentally occurring while our 11th

and final COE CST Annual Technical Meeting (ATM11) was taking place at Florida Tech on April 14. 

The era of suborbital commercial space flight, however, had even earlier roots with the Ansari XPRIZE, 
awarded in 2004, when SpaceShipOne twice exceeded the Kármán line of 100 km in altitude, the 
internationally recognized point where space begins. More recently, following a final test flight in 2018 that 
reached the USAF/NASA/FAA recognized boundary of space at 50 miles (80 km), SpaceShipTwo, the 
VSS Unity, launched a crew along with a third employee in the passenger cabin in 2019, and then on July 
11, 2021, took its first fully crewed flight up to the edge of space. Just over a week later, on July 20, 2021, 
the 52nd anniversary of the Apollo 11 lunar landing and a day short of 10 years since the final Space 
Shuttle landing, Blue Origin’s New Shepard conducted its first crewed flight carrying four passengers 
above the Kármán line, with three additional crewed flights having since been completed to date. 

The COE CST has played a role in advancing industry practice and in helping the FAA extend its 
expertise and emphasis on safety from aviation to space. We had a great run that involved nearly 50 
faculty PIs and some 150 students, with many more having benefited from peripheral interactions, and 
also engaged more than 30 Affiliate and Associate members in related research. A special thanks is 
owed to our FAA colleagues who made it all possible, especially Pat Watts and Ken Davidian, who 
supported the Center from the beginning. It has been a pleasure and an honor to have participated in this 
effort. I look forward to seeing where the future of commercial space transportation goes from here.  

David Klaus, PhD 
Professor, Aerospace Engineering Sciences 
University of Colorado Boulder 
Executive Director, COE CST 
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PREFACE TO THE POSTLOGUE… 

Prefaces found in earlier editions of this Annual Report Executive Summary recount a detailed history of 
the Federal Aviation Administration (FAA) Center of Excellence for Commercial Space Transportation 
(COE CST). Because this is the final COE CST Annual Report Executive Summary, this Preface 
addresses the question “What comes next for the COE CST?” The answer is “It depends.” 

From a structural perspective, the COE CST is a governmental organization built upon multiple 
cooperative agreements that end in the same way it came into existence twelve years ago, on a legal 
basis. Other than administrative activities, the COE CST officially ceases to exist after August 19, 2022. 

From a functional perspective, the COE CST provides a cohort of government, university, and industry 
members the opportunity to assemble, discuss and research many topics of interest to the commercial 
space transportation industry. After the end of the cooperative agreement, this cohort forever shares a 
common past identity and experience as COE CST alumnae. 

From a network perspective, the COE CST is a collection of interconnected organizational nodes and 
linkages. Each node is a network itself, including principal investigators, students, administrative support 
or governmental personnel, and affiliate, associate, or industry members. Each linkage includes 
information exchange (e.g., annual technical and administrative meetings, monthly meetings) and 
collaborative research tasks. With cessation of FAA funding of the COE CST, the network nodes will not 
cease to exist, but the linkages between them weaken, making it a “looser” network, decreasing its sense 
of identity, but increasing its agility to recombine and reform as needed. 

From an evolutionary perspective, the COE CST represents a source of variation in the “variation-
selection-retention” cycle. Organizations commonly aim to improve their products and processes 
(including knowledge, technology and administration) through retention/selection processes, exploiting 
existing knowledge (widely referred to as “best practices”). Research (or “exploration”) provides variation 
by identifying previously unused or unknown products and processes. Cessation of COE CST operations 
diminishes, but does not extinguish, the overall source of evolutionary variation. 

From an institutional perspective, and continuing the tradition of challenging the taken-for-granted logic 
that “space = NASA,” the COE CST challenges the “space research = NASA” assumption by highlighting 
the FAA as the ONLY government research collective uniquely supporting non-governmental space 
sector research goals. Through FAA’s support, COE CST research results supported, and will continue to 
support, the commercial space transportation industry directly and indirectly. 

Essentially, echoes and ripples of the COE CST’s impact will persist for quite some time and in different 
ways after it legally ceases to exist.  

In conclusion, and for the last time as part of the COE CST, I want to thank all the individuals from the 
dozens of participating organizations and institutions for their patience and long-standing support of this 
research consortium. In an ideal world, I would like to thank the 46 principal investigators and 143 
students each by name, but I cannot do that here. I would also like to thank each of the dozens of 
organizations in our corps of Affiliate and Associate members, and all other participating and contributing 
organizations. Again, I appreciate everybody’s contributions of time and effort that helped make the COE 
CST a successful and worthwhile endeavor.  

As always, for more information about the COE CST, please visit the website (www.coe-cst.org).  

Ken Davidian, PhD 
Program Manager 
FAA COE CST 

Karl Garman, PhD 
Deputy Program Manager 
FAA COE CST 
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INTRODUCTION

This executive summary accompanies the FAA COE CST’s more detailed annual report. The annual 
report volume will be available on the COE CST website, www.coe-cst.org. The full report provides a 
description of the FAA COE CST including its research, structure, member universities, funding, and 
research tasks, a comprehensive set of presentation charts of each research task, and a comprehensive 
set of notes and links to recordings from all FAA COE CST teleconferences and face-to-face meetings. 

The Executive Summary begins with overviews of the FAA Office of Commercial Space Transportation 
(the sponsoring organization), the FAA COE Program and the COE CST. The COE CST began operation 
on August 18, 2010, with nine members. It has subsequently added an additional core university, as well 
as numerous Affiliate and Associate organizations, representing both academia and industry. Brief 
introductions and general descriptions are provided for each COE CST Member Universities, the Affiliate 
Members, and the FAA support personnel for all COE CST research tasks. Next, this document describes 
the overall scope of COE CST research areas, and lists each of the research tasks initiated, conducted 
and concluded by the COE CST during the final years of operation. Although the COE CST was 
supposed to cease operations in 2020, the end date was extended to August 2022 to facilitate the orderly 
closeout of tasks during the COVID pandemic. The report provides summary information about each task 
in the form of quad charts and concludes with a listing of the COE CST students, the partnering 
institutions from industry, research organizations, and technical publications delivered during the year. 

OVERVIEWS

FAA OFFICE OF COMMERCIAL SPACE TRANSPORTATION 

The Code of Federal Regulations, Title 51 US Code Subtitle V, Ch. 509 defines the FAA Office of 
Commercial Space Transportation (AST) mission as: 

 Regulate the U.S. commercial space transportation industry, to ensure compliance with international 
obligations of the United States, and to protect the public health and safety, safety of property, and 
national security and foreign policy interests of the United States; 

 Encourage, facilitate, and promote commercial space launches and reentries by the private sector; 
 Recommend appropriate changes in Federal statutes, treaties, regulations, policies, plans, and 

procedures; and 
 Facilitate the strengthening and expansion of the United States space transportation infrastructure. 

FAA CENTER OF EXCELLENCE PROGRAM 

The Omnibus Budget Reconciliation Act, PL 101-508, Title IX, Aviation Safety and Capacity Expansion 
Act established the FAA Air Transportation Centers of Excellence (COE) program in 1990. The text of this 
legislation is provided on the inside back cover of the Year 8 Annual Report Executive Summary. 

COEs are multi-year, multi-disciplinary partnerships of academia, industry, and government partnerships 
created to combine world-class resources to address current and future critical challenges for the aviation 
and aerospace communities, including commercial space transportation. The main goals of every COE 
include focused research, training & education, and technology transfer & outreach.  

The absolute uniqueness of the program partnerships is the mandatory one-to-one matching requirement 
for every federal dollar granted to a COE university to establish, operate and conduct research. Recipient 
universities satisfy the matching requirement through direct or in-kind contributions from any non-federal 
funding source, including industry, universities, or state and local government organizations. Jointly-
supported COE efforts provide the U.S. citizens with a one-to-one return on their tax dollars. To date, the 
COE members have generated more than $450M in matching contributions to offset the research costs 
incurred by the government organizations. 
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The COE CST is one of six active FAA COEs. Previous COE CST Annual Report Executive Summaries 
provide details of the other COEs. 

FAA CENTER OF EXCELLENCE FOR COMMERCIAL SPACE TRANSPORTATION 

Below is a quick look at the major highlights and special mentions of COE CST’s final year. Updates to 
the basic COE CST performance metrics reflect the most recent events and activities.  

A TRIBUTE TO PAT WATTS

The FAA COE CST originated with the watchful guidance and advice of Dr. 
Patricia Watts. Dr. Watts led the FAA COE program from its inception in 1990 
until 2020 when it moved organizationally from the grants organization to the 
acquisitions organization within the FAA. In 2016, Dr. Watts received the Joseph 
F. Carrabino Award, nominated by COE CST member Florida Tech, and given to 
federal employees who significantly contributed to research administration 
through a single project, activity, innovation, or by a lifetime of service. 

COE CST FINAL YEAR HIGHLIGHTS

The following are the major milestones for the FAA COE CST during its last year: 

The Eleventh, and Final, Annual Technical Meeting (ATM11) took place at Florida Tech in 
Melbourne, FL, on 14 April 2022. Since this was the final COE CST ATM, it featured retrospective 
comments from panelists representing each of the four major research areas. The agenda, individual 
technical presentations (in video and presentation chart formats) for all current tasks, and video 
recordings of the ATM11 panels, are all available from the COE CST ATM11 web page. 
George Nield Goes to Space! – In 2010, Dr. George Nield was the Associate Administrator for the 
FAA Office of Commercial Space Transportation and 
oversaw the creation of the COE CST. In 2018, he left 
that position, entered private industry, and became the 
Executive Director of the Global Spaceport Alliance. In 
April 2022, Dr. Nield was aboard the Blue Origin New 
Shepard vehicle for its suborbital flight mission NS-20. 
COE CST members were fortunate to receive remarks 
from Dr. Nield as the ATM11 closing keynote speaker. 
He described his flight in the following way: “Two 
weeks ago I had the incredible opportunity to be 
onboard Blue Origin’s fourth human space flight on 
their New Shepard rocket and of course everybody 
wants to know what was it like and the answer is: It 
was awesome, it was amazing, it was exhilarating, it 
was humbling, it was inspiring. It was all those things 
all put together.” His video address is available on 
the COE CST ATM11 web page.  

COE CST FINAL METRICS

Every year, COE CST performance is tracked through the measurement of basic metrics, including the 
number of active research tasks (a function of the level of funding available from the FAA AST), the 
number of principal investigators (an indicator of COE CST’s research diversity), the number of students 
(an indicator of COE CST’s impact), the number of publications (an indicator of the degree of COE CST 
knowledge creation). The number of unfunded tasks, research partners, industry partners, affiliate 
members, and associate members, are all a function of how well member universities are partnering with 
non-member research organizations. Finally, the amount of funding is provided for each fiscal year. 

• George Nield 

• Patricia Watts 

650



EXECUTIVE SUMMARY

5

Year 11-12 of COE CST operation accounted for 36 principal investigators (PIs) and Co-PIs, and 55 
students conducted 28 research tasks (funded and unfunded), resulting in 40 technical publications and 
presentations. This Executive Summary presents summary charts (aka “quad charts”) for each research 
task, and provides a complete list of students and the resulting publications. 

COE CST Year 1 2 3 4 5 6 7 8 9-10 11-12
Fiscal Year(s) 10 11-12 13 14 15 16 17 18 19 20-21
Active Tasks 34 24 28 28 36 22 14 27 20 22 
Unfunded Tasks 34 22 22 11 6 5 2 5 14 6 
Principal Investigators 27 28 29 25 31 22 21 22 22 36 
Students 31 37 55 47 61 28 23 38 34 55 
Publications 0 38 28 22 29 19 36 23 16 40 
Affiliate Members 0 1 6 6 6 6 8 10 14 16 
Associate Members - - - 3 6 3 3 8 8 8 
Funding Profile ($M) 2.0 2.4 1.1 1.1 1.0 1.0 1.4 1.6 2.1 0.5 

Note: Count of Principal Investigators (PIs) includes PIs and Co-PIs for current period only.  
Count of Publications includes Publications and Presentations for current period only.

FAA SUPPORT PERSONNEL

Personnel across the FAA, past and present, acted as programmatic and technical monitors for AST’s 
research work performed by COE CST member universities. Below is a listing of the FAA COE CST TMs 
who contributed to the research efforts of the COE CST during the final research period: 

• Melchor Antunaño • Wynn Aung • Jennifer Bailey • Laura Bachurski 

• Evelina Bern • Kelvin Coleman • Anna Cushman • Dan Czelusniak 

• Nick Demidovich • Steph Earle • Felistas Githiora • Henry Lampazzi 
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• Jose Leal • Dan Murray • Randy Repcheck • Karen Shelton-Mur 

• John Sloan • Gunter Smiley • Yvonne Tran • Paul Wilde 
Not shown: Nelson del Calvo and Rene Rey. 

CONTRACTOR SUPPORT PERSONNEL  

FAA acquisition lawyers determined AST 
could not administer the COE CST directly 
but could instead issue grants to administer 
the Center. This task fell to Orion America 
Technologies (OAT) a company started by 
Carol Gregorek and Fred Bowen in 1991. 
Bowen designed a Management Information 
System (MIS) for the Airworthy Assurance 
COE to handle the financial and 
administrative reporting histories of over 80 
universities. OAT and the Orion MIS were instrumental to the COE CST’s administrative success. 

COE CST MEMBER ORGANIZATIONS 

COE CST member organizations include four categories of organizations: Core Members, Collaborating 
Members, Affiliate Members, and Associate Members. Core Member universities include the Baylor 
College of Medicine (BCM), Florida Institute of Technology (Florida Tech), Florida State University (FSU), 
New Mexico Institute of Mining and Technology (NMT, or New Mexico Tech), New Mexico State 
University (NMSU), Stanford University (SU), University of Central Florida (UCF), University of Colorado 
at Boulder (CU), University of Florida (UF), and the University of Texas Medical Branch at Galveston 
(UTMB). Collaborating Members are those universities conducting research under sub-grant to a Core 
Member university. 

CORE MEMBERS 

COE CST member universities provide a comprehensive distribution of geographical coverage 
representing the entire commercial space transportation industry, including the top four civil space states 
(California, Colorado, Texas, and Florida) and New Mexico, the state leading the suborbital industry as 
well as having a significant level of military space activity. As a single entity, the COE CST brings 

• Carol Gregorek, CEO • Fred Bowen, CIO 
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& Controls Laboratory, the 
ORION Lab for Orbital 
Robotic Interaction, On-
orbit Servicing & 
Navigation, etc. Find more 
information on the web at 
www.fit.edu. The pictured 
individuals served as COE 
CST principal investigators 
for Florida Tech. 

complementary strengths together to benefit the overall COE. FAA finds that each team member provides 
highly respected and accomplished experiences that directly address the research and study needs of the 
commercial space industry. Combined, the universities bring a large number of organizations 
(government, industry, and academic) into the COE CST network as research partners. 

BAYLOR COLLEGE OF MEDICINE (BCM) 

Baylor College of Medicine (BCM) is a health sciences university 
and home to the Center for Space Medicine (CSM). BCM CSM is 
the lead institution for the NASA-supported Translational
Research Institute for Space Health at the forefront of space 
biomedical research, education and aerospace medicine. Major 
subcontractors are Caltech and MIT. CSM offers a unique and 
popular Space Medicine Pathway for medical students and supports graduate 
and postgraduate training opportunities in space medicine. Find more 
information on the web at www.bcm.edu. Jeff Sutton served as the COE CST 
principal investigator for BCM. 

FLORIDA INSTITUTE OF TECHNOLOGY (FLORIDA TECH)

 Florida Institute of Technology supports doctoral research and undergraduate through 
postdoctoral graduate education in its four academic colleges with emphases on aviation, 
aeronautics, science, technology, engineering, and mathematics. Research at Florida Tech 
focuses on mechanical and aerospace engineering, software and hardware resilient systems, 
biomedical engineering, space resource utilization, corrosion and space-related engineering, cloud 
physics and space weather, space traffic management and launch operations, vehicle and payload 
analysis and design, thermal systems, propulsion, and commercial space industry viability. Florida Tech 
serves as the primary COE CST liaison to industry for research partnership, and affiliate membership to 
the government, the private sector, and academia for affiliate and associate memberships to the COE 
CST. Historically known as FIT, Florida Tech’s preeminent research centers and institutes include the 
Center for Advanced Manufacturing & Innovative Design, the FAA Center of Excellence for General 
Aviation Research, the COE CST, the L3Harris Institute for Assured Information, the Dynamics Systems 

• Andy Aldrin • Scott Benjamin • Guy Boy

• Ondrej Doule • Sam Durrance • Tom Eskridge • Tristan Fiedler 

• Jeff Sutton 
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FLORIDA STATE UNIVERSITY (FSU) 

 FSU brings a range of expertise and unique infrastructure and unparalleled testing facilities in 
many areas relevant to the COE CST. These include but are not limited to: cryogenics, 
thermal management, vehicle aerodynamics and controls, sensors, actuators, system 
health monitoring and high-performance simulations including multi-physics mechanics and 
flow surface interactions. We have substantial expertise in simulating, experimentally and 

numerically, the Vehicle Launch Environment and the associated challenges in aeroacoustics 
and aero-structures. Find more information on the web at www.fsu.edu. The pictured individuals 

served as COE CST principal investigators for FSU.

• Farrukh Alvi • Emmanuel Collins • Rajan Kumar • William “Billy” Oates 

NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY (NMT)

NMT is a science, math and engineering university that has more than a 
dozen research divisions that work with private industry, government 
agencies and other universities. The research divisions include the 
Petroleum Research and Recovery Center, the Institute for Complex 

Additive Systems Analysis, the Energetic Materials Research Testing Center, the world’s largest lending 
library of seismology equipment, the Magdalena Ridge Observatory, the National Center for Genome 
Resources, the National Cave and Karst Research Institute, and the Langmuir Laboratory for 
Atmospheric Research. Find more information on the web at www.nmt.edu. The pictured individuals were 
COE CST principal investigators for NMT. 

• Seokbin Lim • Keith Miller • Warren Ostergren • Van Romero 

• Dan Kirk • Amitabh Nag • Don Platt • Nathaniel Villaire 
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• Eileen Ryan • Dave Westpfahl • Andrei Zagrai

NEW MEXICO STATE UNIVERSITY (NMSU) 

NMSU and its Physical Sciences Laboratory have led space and 
aerospace research in areas of suborbital investigations from the 
time of Robert Goddard and Werner von Braun to the current era 
of commercial suborbital space transportation with Spaceport 
America and its operators, Virgin Galactic, SpaceX and UP 
Aerospace. New Mexico Space Grant Consortium, the 21st 
Century Aerospace Space Group, and a related aerospace research focus on 
annual access to space for student and faculty experiments, uncrewed aerial 
vehicles, and cube-satellite development. Find more information on the web 
at www.nmsu.edu. Pat Hynes served as the COE CST principal investigator 
for NMSU. 

STANFORD UNIVERSITY 

Stanford University brings a 50-year history of aerospace research excellence and a broad 
scope of expertise to the COE CST, including the optimization and autonomous operation of 

complex 
systems, 
strategic 
research 
planning, 
organizational 
integration and 
distributed 
administration 
experience. Find more 
information on the web 
at www.stanford.edu.
The pictured 
individuals served as 
COE CST principal 
investigators for 
Stanford.

•  Juan Alonso • Sigrid Close •  Ward Hanson 

•  Scott Hubbard •  Mykel Kochenderffer • Steve Rock 

• Patricia Hynes 
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UNIVERSITY OF CENTRAL FLORIDA (UCF)

UCF, as partners of Florida Center for Advanced Aero-Propulsion (FCAAP) 
and the Center for Advanced Turbines & Energy Research (CATER), offers its 
experience and expertise in thermal protection systems, propulsion system 
components, cryogenic 
systems and materials, 
composites, sensors 
and actuators, and 
guidance and control. 

Find more information on the web at www.ucf.edu.
The pictured individuals served as COE CST 
principal investigators for UCF. 

UNIVERSITY OF COLORADO AT BOULDER (CU BOULDER)

CU offers the 
COE CST their 
experience in 
spacecraft life 

support systems 
and habitat design, 
spaceflight risk 
assessment, human 
factors engineering 
analysis, payload 
experiment integration, 
and expertise in space 
environment and orbital 
mechanics. Find more 
information on the web at 
www.colorado.edu. The 
pictured individuals 
served as COE CST 
principal investigators for 
UC Boulder. 

• Ali Gordon • Jihua “Jan” Gou • Jay Kapat • Subith Vasu 

• Penina Axelrad • George Born • Brad Cheetham  
(PhD Student)

• Tim Fuller-Rowell • David Klaus • Dan Scheeres 

• Linan An • Tarek Elgohary 
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UNIVERSITY OF FLORIDA (UF) 

UF has been performing aeronautical 
and aerospace research since 1941, 
with current emphasis in the 
Department of Mechanical and 
Aerospace Engineering on research in space 
systems, MEMS, computational sciences, 
structural dynamics, controls, gas dynamics, and 
propulsion. Find more information on the web at 
www.ufl.edu. The pictured individuals served as 
COE CST principal investigators for UF. 

UNIVERSITY OF TEXAS MEDICAL BRANCH (UTMB) 

UTMB has a long 
history of medical 
support and human 
spaceflight physiological 
research with NASA. 
UTMB doctors have 
been involved in the 
commercial orbital and 
suborbital spaceflight 
industry, supporting 
space flight participant 
visits to the ISS, and 
preparing passengers 
and crew for suborbital 
space flights. More 
information can be 
found on the web at 
www.utmb.edu. The 
pictured individuals 
served as COE CST 
principal investigators 
for UTMB. 

• Rebecca Blue • Tarah Castleberry • Richard Jennings

• Charles Mathers •  William Powers • Jim Vanderploeg 

COE CST at the 2017 International Symposium for Commercial and Personal Spaceflight, Las Cruces, NM.

• Norm Fitz-Coy • Mark Sheplak
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COLLABORATING MEMBERS 

Two universities are currently working with COE CST member universities as “subcontractor 
researchers.” These universities are listed and described below. 

UNIVERSITY OF SOUTHERN CALIFORNIA (USC, COLLABORATOR TO FLORIDA TECH)

The University of Southern California, Lloyd Grief Center for 
Entrepreneurial Studies within the Marshall School of Business, 
offers a wide range of courses in entrepreneurship designed for 

students who want to start or own a high-growth business, join an emerging 
business or participate in an entrepreneurial venture in a mature corporation 
(intrapreneurship). Students can develop an entrepreneurial mindset, gain 
confidence that they can be successful entrepreneurs, learn about the 
entrepreneurial process and enhance their conceptual and practical skills to 
pursue new business opportunities. Wide exposure is given to all types of 
entrepreneurs and industries. The highly experiential courses span the 
entrepreneurial process from opportunity discovery to venture initiation, growth and exit, and are 
designed to teach relevant frameworks and theory as well as to develop an entrepreneurial mindset and 
skills through hands-on application. The Greif Center also offers co-curricular programs such as venture 
competitions, speaker events and a new venture incubator, and it actively provides contact with and 
support for its alumni. Find more information on the web at www.marshall.usc.edu/departments/lloyd-
greif-center-entrepreneurial-studies. Greg Autry served as the COE CST principal investigator for USC.

UNIVERSITY OF TEXAS AT AUSTIN (UT AUSTIN, COLLABORATOR TO NMSU) 

The Cockrell School of Engineering at The University of Texas at 
Austin is a top-ranked epicenter of engineering education, and 
knowledge creation and distribution. Comprised of renowned 
educators, researchers, and thought leaders, the Cockrell School 

addresses the world’s grand challenges, drives economic progress, 
and improves quality of life. The Cockrell School educates future 

engineering leaders who think creatively, work collaboratively, and push 
technological boundaries; develops innovative solutions through 
groundbreaking research; and improves lives worldwide by leveraging the 
school’s entrepreneurial ecosystem and partnerships with industry to 
translate research into practice. Find information on the web at 
www.engr.utexas.edu/about. Moriba Jah served as the COE CST principal investigator for UT Austin. 

AFFILIATE MEMBERS 

With a limited budget and ever-tightening budget pressures on all federal agencies, the COE CST 
sponsoring organization, FAA AST, cannot provide funding to all the research universities and 
organizations that deserve it. In recognition of all the meaningful work being done outside the core 
university members, the COE CST includes two different membership categories to encourage additional 
members into the COE CST without incurring any additional budget obligations. The two different 
categories, called Affiliate and Associate Memberships, are described below. 

To become a COE CST Affiliate Member, an organization must (a) be conducting self-funded research, or 
is funded by some non-government organization, that fits within the commercial space transportation road 
map framework (discussed below), and that can be openly disclosed at COE CST public meetings, such 
as the Annual Technical Meeting (ATM), (b) partner with one of the current COE CST member 
universities who will act as the Affiliate’s ‘host,’ and (c) voluntarily pay for all costs associated with 
attendance at the ATM. In exchange for these commitments, the COE CST will (a) welcome the 

• Greg Autry 

• Moriba Jah 
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organization as an Affiliate Member, and (b) provide the Affiliate Member with “podium time” at the ATM, 
equal to that provided to any full COE CST member. The strategy of Affiliate Membership is to gain 
benefits derived from being part of the overall COE CST research network. As the network grows, so do 
the possible benefits that can be gained. Florida Tech serves as the primary COE CST liaison to industry 
for research partnerships, and Associate and Affiliate memberships with government, the private sector, 
and academia. 

To date, there have been a number of COE CST Affiliate Members. Some joined in the early years of 
COE CST operation, provided and completed their research, and have been inactive in recent years. 
Some have been active since the program began, and some are just now “knocking on our door,” ready 
to become members in the near future. Below is a brief description of these Affiliate Member 
organizations. 

CARMINATI LAW PLLC (HOSTED BY CU BOULDER)

Carminati Law, PLLC, is a Denver-based law firm whose practice includes space law. Its head, Dr. Maria-
Vittoria Carminati, is head of the American Bar Association’s space law committee. She obtained her JD 
from the University of Houston, and her LLM in space, cyber, and telecommunications law from the 
University of Nebraska-Lincoln. More information can be found on the web at 
legaltalknetwork.com/guests/dr-maria-vittoria-carminati. 

DANISH AEROSPACE COMPANY (HOSTED BY BCM)

Danish Aerospace Company (DAC) is a high-tech company 
operating in the area of advanced medical instrumentation and 
other engineering fields primarily within space applications. Their 
products are based on many years of specialized research and development. These consist of 
developing, integrating, and applying new and established medical technologies to the challenges of 
functioning and remaining reliable in space. These products and services bring the potential of space 
research and experience from space operations down to Earth for the benefit of all Mankind. More 
information can be found on the web at danishaerospace.com/en. 

EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (ERAU, HOSTED BY NMSU) 

Embry–Riddle Aeronautical University (ERAU) is a private university offering associate through 
doctoral degrees in arts and sciences, aviation, business, engineering, computer programming, 
cyber security, and security and intelligence. It is the largest, fully accredited university system 
specializing in aviation and aerospace, with main campuses in Daytona Beach, Florida and Prescott, 
Arizona. More information can be found on the web at erau.edu. 

ETC NASTAR (HOSTED BY UTMB) 

Environmental Tectonics Corporation’s (ETC) National Aerospace Training and 
Research (NASTAR) Center (est. 2007) is the premier commercial air and space 
training, research, and educational facility. It combines state-of-the-art flight simulation 
with physiology-based courseware to optimize human performance in extreme environments. ETC’s 
NASTAR Center is unique. It serves as the only non-government (commercial use) facility for the 
application of acceleration and G force exposure in the world. It specializes in replicating high-
performance flight environments and characteristics of aerial vehicles. This exclusive capability is ideal for 
safely modeling nominal and off-nominal (emergency) trajectories and evaluating human performance for 
military, commercial aviation, and spaceflight clients. The NASTAR Center actively collaborates with 
numerous agencies including NASA, FAA, JAA, etc. to promote safety in flight. More information can be 
found on the web at www.etcusa.com and www.nastarcenter.com. 
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EXOS AEROSPACE SYSTEMS & TECHNOLOGIES (HOSTED BY NMSU) 

EXOS Aerospace Systems & Technologies, Inc. has taken the skills from more than 
a decade of practical lessons learned, and millions of dollar’s worth of development 
and flight experience gained by their team, and moved into the commercial space 
race, ahead of the game. Over the past decade, the team at EXOS has led the way 
to some of the most impressive private, commercial, reusable rockets designs and 

concepts in the world today. They have developed, flown and retrieved for re-use, rockets that are 
reliable, reusable, better for the environment and easier on your budget. They have successfully 
designed, built and flown rocket engines used in human-crewed flight. They have fulfilled multiple 
contracts with NASA. The EXOS team developed and tested over a hundred rocket engines and dozens 
of flying vehicles. EXOS is a leading developer and operator of reusable space vehicles. More information 
can be found on the web at exosaero.com. 

IMMORTAL DATA (HOSTED BY NEW MEXICO TECH)

Immortal Data is targeting the aerospace field, where ruggedness, reliability and high data 
rates for bulk data are more important than fancy GUIs. They are designing the central 
nervous system of a ship or engines under test or in harsh, real world environments 

containing huge volumes of high rate data. Accomplishing this means that, for the most part, 
they do not sell software on its own; they sell it as a pre-installed hardware/software 

appliance, preferably as part of a systems solution. More information can be found on the 
web at www.immortaldata.net.

INTERNATIONAL INSTITUTE FOR ASTRONAUTICAL SCIENCES (IIAS)

The International Institute for Astronautical Sciences (IIAS) is a citizen-science, 
research, and education institute specializing in operational space science, human 
factors, flight test engineering, aeronomy, and bioastronautics. With students from over 

50 different countries, IIAS offers professional certifications and sponsors educational outreach programs. 
IIAS science and research campaigns produce peer-reviewed scientific publications, deployable space 
technologies, and inspire the next generation of international space professionals. More information on 
IIAS may be found at astronauticsinstitute.org 

MCGILL UNIVERSITY (HOSTED BY FLORIDA TECH)

McGill University’s Institute of Air and Space Law (IASL) is the world’s premier 
academic setting for teaching and research in the dual disciplines of 
international air law and space law. Having celebrated its 65th year of 

continuous existence in 2016, the Institute is now on course to consolidate and enhance its record of 
achievement in the five years leading to its 70th anniversary in 2021, the same year that McGill University 
itself will turn 200. More information can be found on the web at www.mcgill.ca/iasl/. 

THE OHIO STATE UNIVERSITY - BATTELLE CENTER FOR SCIENCE, ENGINEERING, AND
PUBLIC POLICY (HOSTED BY FLORIDA TECH)

The Battelle Center was established at the John Glenn College of Public Affairs in 
2006 through the generosity of Battelle, the world’s largest non-profit research and 
development organization and long-time neighbor to The Ohio State University. 
Originally the Battelle Center focused on improving education in science, technology, 
engineering, and mathematics disciplines. In 2011, it pivoted toward the challenges of 
encouraging innovation and economic development. In 2016, the partnership 
between Battelle and the Glenn College was strengthened with the inclusion of Ohio 
State’s College of Engineering in the center. Today, these organizations and Ohio 
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State’s Government Affairs Office provide advice and support to the center’s director. More information 
can be found on the web at: www.battellecenter.org. 

PRINCETON SATELLITE SYSTEMS (HOSTED BY NMT) 

Princeton Satellite Systems, Inc. is a small company developing advanced technology 
for the aerospace and energy sectors. Their agility and focus enable them to rapidly 
develop innovative solutions to a wide range of aerospace and energy problems. Their 
commercial hardware and software products enable their customers to pursue the same 
types of demanding, state-of-the-art applications. Their core values include a dedication 
to learning and an emphasis on innovation. More information can be found on the web at 
www.psatellite.com. 

PROJECT POSSUM (HOSTED BY FLORIDA TECH)

Project PoSSUM (Polar Suborbital Science in the Upper Mesosphere) is a 501(c)(3) 
astronautics research and education program studying our upper-atmosphere and its role in 
our changing global climate. More information can be found on the web at 
projectpossum.org. 

SOLSTAR (HOSTED BY NMSU) 

Solstar is the leading commercial satellite communications company pioneering technology to 
create a ‘Space Wide Web’. Our space communicators and commercial internet/phone service 
connect space researchers with convenient, real-time interaction with their WiFi-enabled 
payloads and flight participants on-board spacecraft during flight. More information can be found on the 
web at www.solstarspace.com. 

SOVARIS AEROSPACE (HOSTED BY CU BOULDER)

Sovaris Aerospace is among those leading the advancement of personalized 
medicine in human spaceflight, focusing on suborbital, LEO, Lunar, and Mars. 
As a clinical support organization, Sovaris applies the tools of complex 
molecular analytics to develop personalized countermeasures tailored to each 
individual entering any spaceflight environment. Our team has refined these 
methods via deployment with NASA, military Special Forces, S.W.A.T., wilderness medicine, high altitude 
ascent, Olympic training environments, and others. As a clinical research organization, the Sovaris team 
incorporates genomics, epigenomics, transcriptomics, proteomics, metabolomics, and microbiomics into 
the study of humans in space. This includes pharmacogenomics applied to improving the safety of drugs 
used in space. For instance, Sovaris has been active in translating the NASA Twins Study data into active 
countermeasures for astronauts and flight surgeons. Sovaris also advances a systems engineering 
approach to personalized medicine focused on developing suborbital and Lunar missions. More 
information can be found on the web at www.sovarisaerospace.com. 

UNIVERSITY OF NORTH FLORIDA (HOSTED BY NMSU) 

Established in 1972, the University of North Florida has grown significantly in size and 
prominence - particularly in recent years. Today, UNF has an annual economic impact of 
more than $1 billion and works closely with community leaders and officials to enhance the 
significant role it plays in the region. The UNF campus, which includes a nature preserve, 
beautiful lakes and nature trails, is located between downtown Jacksonville and the Atlantic 
Ocean in a bustling section of Jacksonville. It includes award-winning buildings filled with 
state-of-the-art equipment that supports innovation and excellence. The University is home 
to six colleges, and routinely ranks high for quality and value on national lists published by 
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U.S. News & World Report, Forbes, the Princeton Review, Wall Street Journal and more. UNF holds the 
prestigious Carnegie Classification for Community Engagement recognizing our commitment to our 
community and beyond. More information can be found on the web at www.unf.edu. 

UNIVERSITY OF TEXAS PERMIAN BASIN (UTPB)

As a regional, comprehensive institution, The University of Texas 
Permian Basin serves a diverse community of students from the region, 
the state, and beyond. Through excellence in student-centered teaching, 
learning, research, and public service, the University cultivates engaged 
citizens and impacts lives while advancing West Texas’ technology and 

public interests. The University aspires to be a vibrant, student-focused center of excellence for learning, 
culture, and economic development — preparing students for leadership and success in a complex and 
changing world. More information can be found on the web at www.utpb.edu. 

ASSOCIATE MEMBERS 

Associate Members are much more loosely associated with the COE CST, but their contributions can be 
very significant. During the eighth year of operation, the COE CST was proud to have the following 
institutions as Associate Members. 

ASTM INTERNATIONAL

Committed to serving global societal needs, ASTM International positively impacts public 
health and safety, consumer confidence, and overall quality of life. They integrate 
consensus standards, developed with our international membership of volunteer technical 
experts. Over 12,000 ASTM standards operate globally. Defined and set by ASTM 
International, the standards improve the lives of millions every day. More information can be 
found on the web at www.astm.org. 

COMMERCIAL SPACEFLIGHT FEDERATION 

The Commercial Spaceflight Federation (CSF) is the leading voice for the commercial 
spaceflight industry. Founded in 2006, CSF and its 80+ members are laying the foundation 
for a sustainable space economy and democratizing access to space for scientists, 
students, civilians, and businesses. CSF members are responsible for creating thousands 
of high-tech jobs driven by billions of dollars in investment. By promoting technology 
innovation, CSF is guiding the expansion of Earth’s economic sphere, bolstering U.S. 
leadership in aerospace, and inspiring America’s next generation of engineers and 

explorers. The CSF mission is to promote the development of commercial human spaceflight, pursue 
ever-higher levels of safety, and share best practices and expertise throughout the industry. More 
information can be found on the web at www.commercialspaceflight.org. 

EMBRY-RIDDLE AERONAUTICAL UNIVERSITY (ERAU) 

Embry–Riddle Aeronautical University (ERAU) is a private university offering associate through 
doctoral degrees in arts and sciences, aviation, business, engineering, computer programming, 
cyber security and security and intelligence. It is the largest, fully accredited university system 
specializing in aviation and aerospace, with main campuses in Daytona Beach, Florida and 
Prescott, Arizona. More information can be found on the web at erau.edu. 
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GERMAN AEROSPACE CENTER (DLR)

The German Aerospace Center (DLR) is the national aeronautics and space research center of 
the Federal Republic of Germany. Its extensive research and development work in aeronautics, 
space, energy, transport, digitalization and security is integrated into national and international 
cooperative ventures. In addition to its research, as Germany’s space agency, DLR has been 
given responsibility by the federal government to plan and implement the German space 
program. DLR is also the umbrella organization for one of Germany’s largest project management 
agencies. DLR has approximately 8000 employees at 20 locations in Germany. DLR also has offices in 
Brussels, Paris, Tokyo and Washington D.C. More information can be found on the web at www.dlr.de. 

INTERFLIGHT GLOBAL (IFG)

InterFlight Global (IFG) solves complex business problems. They relish a challenge. They help 
their clients define, structure, produce, execute and profit from effective strategic, feasibility, 
business, marketing and financial plans. IFG’s input and services result in their clients’ 
enterprises, whether public, private or hybrid, to grow profitably and add significant equity growth 
and market value gains. More information can be found on the web at www.interflightglobal.com. 

MITRE CORPORATION 

As a not-for-profit organization, MITRE works in the public interest across federal, 
state and local governments, as well as industry and academia. MITRE operates 
federally funded research and development centers, FFRDCs, unique organizations 
that assist the United States government with scientific research and analysis; 
development and acquisition; and systems engineering and integration. MITRE also has an independent 
research program that explores new and expanded uses of technologies to solve our sponsors’ problems. 
More information can be found on the web at www.mitre.org. 

NASA AMES RESEARCH CENTER 

NASA Ames Research Center, one of ten NASA field centers, is located in the heart of 
California’s Silicon Valley. For more than 75 years, Ames has led NASA in conducting 
world-class research and development in aeronautics, exploration technology and science 
aligned with the center’s core capabilities. More information can be found on the web at 
www.nasa.gov and www.nasa.gov/ames. 

ORBITAL BIODESIGN 

Orbital Biodesign is Ea health technology development and consulting 
company weaving together years of expertise in medicine, aviation 
and aerospace/biomedical engineering to support human health both 
on Earth and in space. Orbital Biodesign is currently based in Boulder, CO, with an experienced advisory 
team stretching east to Kentucky and west to Southern California. As an organization that grew 
organically out of a genuine, unmet need to develop creative solutions addressing some of the most 
persistent problems in space health, Orbital Biodesign is closely engaged with its base of stakeholders 
and customers. 
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Top: Map of 2021-2022 COE CST Core and Collaborating Member Universities. 
Bottom: Map of 2021-2022 COE CST Affiliate and Associate Members.  
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OTHER SUPPORTING ORGANIZATIONS 

The following organizations supported the COE CST Member Universities over the lifetime of the center:

• AIAA 
• ATK 
• Bachner Consultants, Inc. 
• Ball Aerospace 
• Bryce Space and Technology 
• CEAVCO 
• Cimmaron Software Services Inc. 
• CSSI Inc. 
• Digital Solutions 
• Dynetics, Inc. 
• Futron 
• Jacobs Technology Inc. 
• Lockheed Martin Space Systems 

Company

• National Space Grant 
Foundation 

• New Mexico Spaceport Authority 
• NMSU Space Development 

Foundation 
• Orbital Sciences Corporation 
• Orion America Technologies 
• Pennsylvania State University 
• Qinetiq 
• SATWEST 
• Scitor Corporation 
• Secor Strategies 
• Simpson College 
• Space Florida 

• Space News 
• Space Systems/Loral 
• Space Works 

Enterprises 
• Spaceport America 

Consultants 
• Spaceport Sweden 
• Spaceworks 
• The Boeing Company 
• United Launch Alliance 
• Webster University 
• Wyle Integrated Science 

and Engineering Group 
• XCOR Aerospace, Inc. 

COE CST RESEARCH AREAS AND TASK QUAD CHARTS 

All research activity sponsored by the FAA Office of Commercial Space Transportation is directed by the 
following goal statement: “Operators are fully capable and responsible to safely perform all aspects of 
commercial space transportation.” COE CST activity is defined by a framework defining different 
academic areas for every research task. Generally speaking, the four research areas encompass four 
distinct research domains: operational activities, the physical and engineering sciences, the biological and 
medical sciences, and the social sciences. A Commercial Space Transportation Research Road Map, last 
updated in 2015, is available on the web at www.coe-cst.org, and was created to provide a detailed 
framework within each of these discipline areas. This section offers a brief introduction to the four 
research areas, identifies the goals associated with each, and then lists the tasks conducted in each 
research area during the eighth year of COE CST operation. 
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COE CST RESEARCH AREAS

As mentioned above, FAA AST categorizes research into four major disciplines, each directly linked to a 
distinct research theme: Aerospace Access & Operations, Aerospace Vehicles, Human Operations & 
Spaceflight, and Industry Innovation). Each research area subdivides into subsequently lower levels of 
programs, projects, topics, and tasks. The number of tasks conducted in a given program can vary from 
year to year, and AST does not conduct research in all programs every year. FAA AST priorities are 
considered before making funding decisions.  

COE CST RESEARCH GOALS

Listed below are the AST research goals for each research area relevant to AST’s two mission goals 
(public safety and industry promotion). Collectively, these goals support the overall AST R&D vision that 
operators safely perform all commercial space transportation operations. 

1. AEROSPACE ACCESS & OPERATIONS – LONG-TERM VISION: QUALIFY, FILE & FLY

Public Safety Goals: (1) Improved analytical and computational methods to evaluate the safety of 
uninvolved public and property. (2) Situational awareness and understanding of the risk posed by 
resident space objects. 
Industry Promotion Goals: (1) Safe and equitable sharing of the NAS by air and space 
transportation operators, with minimal disruption caused by commercial space traffic (outbound and 
inbound). (2) Improved spaceport interoperability and development of necessary spaceport industry 
infrastructure resources. 

2. AEROSPACE VEHICLES – LONG-TERM VISION: STANDARDS-BASED TYPE APPROVAL

Public Safety Goal: Improve vehicle safety and risk analyses and management, including 
knowledge of all safety-critical components and systems of the space vehicles and their operations. 
Industry Promotion Goal: Improve the manufacturability, assembly, and operational efficiencies of 
space transportation vehicles, systems, and subsystems. 

3. HUMAN OPERATIONS & SPACEFLIGHT – LONG-TERM VISION: NO HARMFUL EFFECTS

Public Safety Goal: Identification and reduction of avoidable risks of human spaceflight. 
Industry Promotion Goal: Facilitate the continuous improvement of the operational safety of 
human-carrying vehicles (during both launch and reentry) and spaceports. 

4. INDUSTRY INNOVATION – LONG-TERM VISION: LONG-TERM INDUSTRY GROWTH

Public Safety Goal: Develop improved criteria for evaluating public safety, such as performance-
based requirements protecting public property and critical assets. 
Industry Promotion Goals: (1) Encourage the growth of evolving space industry sectors through 
relevant economic, legal, legislative, regulatory, and market analyses & modeling. (2) Support 
effective policy decision-making in accomplishing of the dual regulatory and promotional missions of 
FAA AST. (3) Provide a better understanding of the relationship of governmental policy, innovation 
adoption, and industry growth. 

COE CST RESEARCH TASKS

COE CST research tasks conducted by member universities, Affiliate, and Associate members and active 
during the final research period (2021-22) are listed below in all four research areas. Quad charts 
presented on the following pages provide details for each research task listed below, excluding active 
administrative tasks. 

1. Aerospace Access & Operations 
• 186-SU. Space Environment Meteoroid and Orbital Debris Modeling & Prediction 
• 367-CU. CubeSat Cluster Deployment Tracking 
• 371-NMSU/UTA. Ontology-based Space Object Database 
• 372-CU. Resident Space Objects 
• 375-DLR. Interoperable Air and Space Traffic Management 
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• 397-FIT. Measurements of Thunderstorm Electrical Parameters 
• 399-UCF. Efficient Computation of Space Object Probability of Collision 
• 430-FIT/POSSUM. Tomographic Imagery of Noctilucent Clouds 

2. Aerospace Vehicles 
• 241-FSU. High Temperature, Optical Sapphire Pressure Sensors 
• 253-UCF. Ultra-high Temperature Composites Thermal Protection Systems 
• 311-UCF. Advancement of LED-Based Hazardous Gas Sensors for Space Applications 
• 323-NMT. Structural Health Monitoring Framework 
• 325-FSU. Optical Measurements of Rocket Nozzle Thrust and Noise 
• 377-NMT. Nitrous Oxide Composite Case Testing 

3. Human Operations & Spaceflight 
• 396-CU. Mapping Life Support System Functions and Technologies 
• 398-FIT. Human Input Systems 
• 400-UTMB. Support of Commercial Space Occupational Medicine Health Standards 
• 431-FIT/IIAS. Bioastronautics Research: Space Suit Test and Evaluation 
• 432-FIT/IIAS. Human Factors Research 

4. Industry Innovation 
• 376-FIT/MU. Legal Issues Concerning Suborbital Flight 
• 380-NMSU. Spaceport Operations Online Reference Guide 
• 395-FIT. Emerging Industry Dynamics: Small Satellite Launch Vehicle 
• 402-FIT. Emerging Industry Dynamics: Satellite Constellations 
• 434-FIT/UTPB. Coopetition In Efficient Spaceport Ecosystem Development 

Florida Tech hosted the COE CST Eleventh Annual Technical Meeting in-person and virtually. In attendance for 
the photo were (left to right): Ken Davidian, Rajan Kumar, Anthony Terracciano, Jan Gou, Dave Klaus, Karl 
Garman, Dale Amon, Andrei Zagrai, Zoom attendees, Laura Davies, Anita Gale, Tom Eskridge, Don Platt, Tristan 
Fiedler, Anna Wojdecka, Djalma Batista, Nick Demidovich, and Oscar Garcia. 

Third Annual Administrative Meeting: (row 1-l to r) Carol Gregorek, 
Emmanuel Collins; (row 2) Pat Hynes, Scott Hubbard, Dave 
Westpfahl, Nat Villaire; (row 3) Brad Cheetham, David Klaus, Tristan 
Fiedler, Warren Ostergren, Jim Vanderploeg, Chuck Mathers; (row 4) 
Norm Fitz-Coy, Fred Bowen, Pat Watts 

Drs. Tarah Castleberry & Rebecca Blue at 
the Seventh Annual Technical Meeting. 
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COE CST RESEARCH TASK QUAD CHARTS 
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COE CST STUDENTS, PUBLICATIONS, PATENTS AND AWARDS 

Below is information about each COE CST task conducted in the COE CST’s final period of performance. 
Each task starts with a colored banner: red for Research Area (RA) 1: Space Access & Operations, blue 
for RA2: Aerospace Vehicles, green for RA3: Human Operations & Spaceflight, and orange for RA4: 
Industry Innovation.

 186-SU. Space Environment Meteoroid and 
Orbital Debris Modeling & Prediction 

Students

• Alan Li • Diana Juarez 

• Lorenzo Limonta • Glenn Sugar

2021 22 Publications
• Sugar, G., M. M. Oppenheim, Y. S. Dimant 

and S. Close, 2019, “Formation of plasma 
around a small meteoroid: Electrostatic 
simulations”, JGR Space Physics, Vol. 124(5), 
pp. 3810–3826, 

• Limonta, L., Close, S., and Marshall, R.A., 
2020, “A technique for inferring lower 
thermospheric neutral density from meteoroid 
ablation”, Planetary and Space Science, Vol. 
180, 104735. 

Collaborating Organizations
• University of Western Ontario 
• NASA Marshall Space Flight Center 

 241-FSU. High Temperature, Optical 
Sapphire Pressure Sensors 

2021 22 Publications
• Consoliver-Zack, 

Siegrit & Oates, 
2022, “A New 
Bayesian
Uncertainty 
Methodology for 
Inferring Strain 
Gradient Residual 
States via Multi-
Axial X-Ray Data in 

Single Crystal Sapphire”, in preparation. 

Collaborating Orgs
• Florida Center for Advanced Aero-Propulsion 
• FAMU-FSU College of Engineering 

253-UCF. Ultra-high Temperature 
Composites Thermal Protection Systems 

Past Student

• Shengheng Gu 

Current Students

• Derek Saltzman 

2021 22 Publications
• Song, Saltzman, 

Kapat & Gou, 2021, 
“Processing and 
characterization of 
Continuous Carbon 
Fiber Reinforced 
Silicon Oxycarbide 
Ceramic Matrix 
Composites,” 
ASME 2021 Intern’l 
Mech Engineering 
Congress and Expo

• Haonan Song  

Recognitions
• Inducted as a Fellow of the International 

Association of Advanced Materials, Jan Gou 

311-UCF. Advancement of LED-Based 
Hazardous Gas Sensors 

Students

• Chelsea Kincaid • Garrett Mastantuono 

Student
• Jakob Consoliver-Zack 
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• Zachary Rogers • Abbey Havel 

• Andrew DeRusha • Hamil Patel 

• Nick Sally • Justin Urso 

Students with Internships
• Giovanni Wancelotti • Farid Abuid 

2021 22 Presentations
• Abbey Havel, Andrew DeRusha, Hamil Patel, 

Chelsea Kincaid, Giovanni Wancelotti , 
Zachary Rogers, Nickolas Demidovich, 
Anthony C. Terracciano, Subith S. Vasu, 
2022, “Gaseous Absorption Detection for 
Space Applications (GADSA): An LED Based 
Early Fire Warning System”, SPIE 2022 
Defense + Commercial Sensing. 

• Hamil Patel, Andrew M. DeRusha, Abbey 
Havel, Giovanni D. Wancelotti , Zachary L. 
Rogers, Chelsea M. Kincaid, Justin J. Urso , 
Nickolas Demidovich, Anthony C. Terracciano, 
and Subith S. Vasu, 2022, “Rapid Indexable 
Positioning System (RIPS) for 3D printed 
aerospace electro optics”, SPIE 2022 Defense 
+ Commercial Sensing. 

• Zachary L. Rogers, Chelsea M. Kincaid, Hamil 
Patel, Andrew M. DeRusha, Abbey Havel, 
Giovanni D. Wancelotti , Garrett T. 
Mastantuono, Justin J. Urso , James Wilson, 
Nickolas Demidovich, Anthony C. Terracciano, 
Subith S. Vasu, 2022, “High efficiency 
thermoelectric optoelectronic component 
temperature regulation”, SPIE 2022 Defense + 
Commercial Sensing. 

• Chelsea Kincaid, Giovanni Wancelotti , Abbey 
Havel, Andrew DeRusha, Hamil Patel, 
Zachary Rogers, Nicholas A. Sally, Nickolas 
Demidovich, Justin Urso , Anthony C. 

Terracciano, Subith S. Vasu, 2022, 
“Embedded systems development for 
spacecraft MIR hazardous gas detector “,SPIE 
2022 Defense + Commercial Sensing. 

• Andrew DeRusha, Hamil Patel, Abbey Havel, 
Giovanni Wancelotti , Zachary Rogers, 
Chelsea Kincaid, Nickolas Demidovich, Justin 
Urso , Anthony C. Terracciano, Subith S. 
Vasu, 2022, “3D Printed Optomechanical 
Positioners for Aerospace Metrological 
Instruments”, SPIE 2022 Defense + 
Commercial Sensing. 

Collaborating Organizations
• Oak Ridge National Laboratory 
• CATER 
• Space Florida 
• Florida Space Institute 

323-NMT. Structural Health Monitoring 
Framework 

Students

• Funmilola Nwokocha • David Hunter 

• Dillon Cvetic-Thomas • Amy Tattershall 

• Dane Robergs • Eli Jackson 

2021 22 Publications and Presentations
• Nwokocha, F., Zagrai, A., Hunter, D., 2022, 

“Multichannel Electromechanical Impedance 
Structural Diagnostics in Plate Specimens,” 
Proceedings of the ASME 2022 International 
Mechanical Engineering Congress and 
Exposition, October 30 – November 3, 2022, 
Columbus, OH, upcoming. 

• Nwokocha, F., Zagrai, A., Amon, D., Hunter, 
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D., and Demidovich, N., 2022, “Suborbital Test 
of the Electro-Mechanical Impedance 
Structural Health Monitoring System,” 
presentation at Commercial and Government 
Responsive Access to Space Technology 
Exchange (CRASTE), 27 - 30 June 2022, 
Madison, WI, upcoming. 

• Nwokocha, F., Hunter, D., Zagrai, A., Amon, 
D., Cvetic-Thomas, D., Weathers, D., 
Tattershall, A., Robergs, D., and Jackson, E., 
2022, “Electro-mechanical Impedance 
Structural Health Monitoring as an Integral 
Component of a Flight Recorder for Space 
Vehicles,” Proceedings of SPIE Smart 
Structures + Nondestructive Evaluation, 6-9 
March 2022, Long Beach, CA. 

• Cvetic-Thomas, D., Tattershall, A., Jackson, 
E., Robergs, D., Nwokocha, F., and Zagrai, A., 
2021, “Mechanical Design and Development 
of a Suborbital Payload for Real-Time Data 
Acquisition and Structural Health Monitoring,” 
Proceedings of the ASME 2021 International 
Mechanical Engineering Congress and 
Exposition, paper IMECE2021-71881, 
November 1-5, 2021, Virtual. 

• Amon, D., Zagrai, A., Nwokocha, F., Hunter, 
D., and Demidovich, N., 2021, “Structural 
Health Monitoring as a Part of Spaceship’s 
Data Acquisition System,” presentation at 
Commercial and Government Responsive 
Access to Space Technology Exchange 
(CRASTE), June 21 - 24, 2021, Virtual. 

• Zagrai, A., 2021, “Structural Health Monitoring 
of Spacecrafts: from Assembly to Deployment 
and Operation,” presentation at the virtual 
International Conference on Condition 
Monitoring, Jharkhand, India, 21–22, January 
2021. 

Collaborating Organizations
• Immortal Data, Inc 

325-FSU. Optical Measurements of Rocket 
Nozzle Thrust and Noise 

2021 22 Publications
• Mehta, Bhargav, and Kumar.,”Control of High 

Temperature Impinging Jet Issued from 
Overexpanded Rocket Nozzle”, Journal of 
Spacecraft and Rockets (to be submitted). 

• Mehta, Y., Bhargav, V., and Kumar, R., 
“Characterization and Control of High 
Temperature Impinging Jet Issued from a 
Mach 4 Rocket Nozzle,” AIAA SCITECH 
Forum, January 2022. 

• Mehta, Y., Natarajan, K., Sellappan P., 
Gustavsson, J., and Kumar, R.,”Effect of 
Nozzle Spacing in Supersonic Twin Impinging 
Jets,” AIAA Journal, Vol 60 No 4 pp 2423- 
2440. 

• Mehta Y., Natarajan K., Gustavsson J., Kumar 
R., 2021 An experimental investigation into the 
effect of nozzle spacing in supersonic twin jets 
AIAA Scitech 2021 Forum. 

• Mehta, Y., Bhargav, V., Natarajan K., and 
Kumar, R., “Experimental Characterization 
and Control of an Impinging Jet Issued from a 
Rocket Nozzle,” New Space, Vol 9 No 3 2021 
pp 187- 201. 

Students

• Jonas Gustavsson • Michael Sheehan 

• Rohit Vemula • Nikhil Khobragade 

• Samuel Lee • Timothy Willms 

• Vikas Bhargav • Yogesh Mehta 

Collaborating Organizations
• Florida Center for Advanced Aero-Propulsion 
• Space Florida 
• SpaceX 
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367-CU. CubeSat Deployment Tracking 

Students

• Laura Davies • Shaylah Mutschler 

2021 22 Publications
• Axelrad, P., 

“Tracking Clustered 
CubeSat 
Deployments,” 
Invited Talk 
Stanford Center for 
Position,
Navigation & Time 
(SCPNT) 
Symposium,
October 27, 2021. 

• John Gaebler 

Awards
• Vantage Senior Project Team (2020) 

Department Award for Best Technical 
Understanding. 

371-UTA. Ontology-based Space Object 
Database 

Students
• Shiva Iyer • Nevan Simone • Kartik Nagpal 

372-CU. Resident Space Objects 

Students

• Yashica Khatri • Jesse Greaves  

2021 22 Publications
• J. A. Greaves and D. J. Scheeres. 2021, 

“Observation and Maneuver Detection for 
Cislunar Vehicles,” Journal of the 
Astronautical Sciences 68: 826 854. 

• Jesse Greaves, D.J. Scheeres, 2021. 
“Relative Estimation in the Cislunar Regime 
using Optical Sensors.” AMOS Conference, 
September 15 17, 2021. To be submitted to 
JGCD. 

• Y. Khatri, D.J. Scheeres, 2021, !Nonlinear 
Semi Analytical Uncertainty Propagation for 
Conjunction Analysis.! IAC Conference, 

October 25 29, 2021. Submitted to Acta 
Astronautica. 

Awards
• 2021, Amelia Earhart Fellowship, Y. Khatri 
• 2022, Tau Beta Pi Fellowship, Y. Khatri 

Collaborating Organizations
• AGI 

375-DLR. Interoperable Air and Space Traffic 
Management 

2021 22
Publications
• Klünker, Carmo 
Sonja und 
Kaltenhäuser, Sven 
und Schmitt, Dirk-
Roger, 2021, 
“Grenzüber-
schreitender 
Austausch von 
Raumfahrzeug-
daten zur sicheren 
und effizienten 
Durchführung von 

Weltraum-aktivitäten.” Deutscher Luft-und 
Raumfahrt Kongress (DLRK), 31 Aug - 02 Sep 
2021, Bremen.  

• Klünker, Carmo Sonja und Neuß, Jolin, 2021, 
“Data Exchange Project (DEP) Eine 
Kooperation des Deutschen Zentrums für Luft- 
und Raumfahrt (DLR) und der Federal 
Aviation Administration (FAA).” Deutscher 
Luft- und Raumfahrt Kongress (DLRK), 31 
Aug - 02 Sep 2021, Bremen.  

• Kaltenhäuser, Sven und Klünker, Carmo 
Sonja, 2021, “Cross-border exchange of 
spacecraft data for the safe and efficient 
execution of space activities.” FAA Quick 
Look, 30 November 2021. 

• Kaltenhaeuser, S., Morlang, F., Schmitt, D.-R., 
2022 (planned), “Interoperable data exchange 
for safe and efficient launch and re-entry 
operations in an international environment”, 
IAC 2022, Paris, upcoming. 

376-MU/FIT. Legal Issues Concerning 
Suborbital Flight 

Student

• Mr. Bayar Goswami 

Student

• Jolin Neuss 
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377-NMT. Composite Case Testing 

Students

• Christopher Rood  • Angel Chavira  
• Matthew Hirsch • Don Ryu

2021 22 Publications and Presentations
• Seokbin (Bin) Lim PhD, Christopher Rood, 

Angel Chavira, Matthew Hirsch, Don Ryu, 
“Extreme Tension Wave Profile in Aluminium”, 
APS March Meeting 2021. 

• Seokbin (Bin) Lim PhD, Christopher Rood, 
Angel Chavira, Don Ryu, “Characteristics of 
Extreme Tension Wave and Necking in 
Al6061”, SEM Annual conference 2021. 

• Seokbin (Bin) Lim PhD, “Explosively Driven 
Fracture & Fragmentation Patterning in 
Cylinder – Extreme Tension Physics: 
Preliminary Study”, NSMMS & CRASTE 2022, 
abstract submitted and accepted. 

380-NMSU. Spaceport Operations Online 
Reference Guide / Spaceport Industry 
Emergence Research 

Students

• Chase Bailey  • Miles Stapleton  

Research Partner
• Mark Greby, PE 

395 & 402-FIT. Emerging Industries: SmallSat 
Launchers & Satellite Constellations 

396-CU. Mapping Life Support System 
Functions and Technologies 

Students

• Kaitlyn Hauber • Hunter Hatchell 

2021 22 Publications and Presentations
• Klaus, D. and Hauber, K., 2022, “Mapping Life 

Support System Functions and Technologies 
to Commercial Spaceflight Applications”. IEEE 
Aerospace Proceedings (978-1-6654-3760-
8/22 paper no. 2531). 

• Klaus, D. “FAA AST Senior Management and 
Staff Briefing, COE CST Research Area 3: 
Human Spaceflight Tasks,” virtual event, 
December 2020. 

• Hauber, K., “Mapping Life Support System 
Functions and Technologies to Commercial 
Spaceflight Applications”. (student poster) 
50th Int’l Conference on Environmental 
Systems (ICES), July 2021. 

• Klaus, D., “Mapping Life Support System 
Functions and Technologies to Commercial 
Spaceflight Applications”. IEEE Aerospace 
Conference, Big Sky, MT, April 2022. 

Awards
• 1st place for “Characterizing Non-invasive 

Biometric Sensors For Use In Task 
Performance Prediction And Operational 
Design”, NASA Human Research Program 
(HRP) Investigators' Workshop Annual 
(Virtual) Meeting, Feb 2022, Kaitlyn Hauber. 

• 2021 CU College of Engineering & Applied 
Science Dean’s Faculty Performance Award, 
Dave Klaus. 

• 2021 CU Aerospace Department 
Distinguished Performance Award, Dave 
Klaus. 

397-FIT. Measurements of Thunderstorm 
Electrical Parameters 

Student

• Mathieu Plaisir 

Collaborating Orgs
• Florida Institute of 

Technology 
• Vaisala Inc.  
• NASA Kennedy 

Space Center 

Students

•  Anna Wojdecka  •  Djalma Batista 
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398-FIT. Human Input Systems 

Students

•  Kazuhiko Momose •  Andrew Biron 

2021 22 Publications
• Momose, K., Weekes, T.R., and Eskridge, 

T.C., 2021, “Human Centered Design for 
Spaceflight Participant Safety and Experience: 
A Case Study of Blue Origin Suborbital Flight”. 
New Space Journal , online 11 Nov 2021. 

399-UCF. Efficient Computation of Space 
Object Probability of Collision 

2021 22 Publications
• Tasif, Tahasinul H.; 

Hippelheuser, 
James; and 
Elgohary, Tarek A., 
“Analytic
Continuation 
Extended Kalman 
Filter Framework 
for Space-Based 
Inertial Orbit 
Estimation via a 
Network of 
Observers”, IAA 
Space Traffic Management Conference, 
January 26 – 27, 2021. 

• Tasif, Tahsinul Haque; and Elgohary, Tarek 
A., “A Computation Process for the Higher 
Order State Transition Tensors of the Gravity 
and Drag Perturbed Two-Body Problem using 
Adaptive Analytic Continuation Technique”, 
The International Conference on 
Computational and Experimental Engineering 
and Sciences (ICCES 2022), January 2022. 

• Tasif, Tahsinul H.; Hippelheuser, James; and 
Elgohary, Tarek A., “An Analytic Continuation 
Extended Kalman Filter Framework for 
Perturbed Orbit Estimation Using a Network of 
Space-Based Observers with Angles-Only 
Measurements”, Astrodynamics (2022). In 
Press. 

400-UTMB. Support of Commercial Space 
Occupational Medicine Health Standards 

Students

• Michael Rhode • William Fernandez 

• John Marshall •  Quinn Dufurrena 

• Karen Ong • Kristy Ray

•  Bashir El-Khoury • Brian Hanshaw 

Collaborating Orgs
• Center for Polar 

Medical Operations 
at UTMB 

• Environmental 
Tectonics Corp 
(ETC) - National 
Aerospace Training 
and Research 
(NASTAR) •  Isaiah Reeves 

2021 22 Presentations
• “Development of Commercial Space 

Occupational Medicine Health Standards” 
Abstract presented at the 2021 Aerospace 
Medical Association Annual Meeting.

Student

• Tahsinul Haque Tasif 
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APPENDIX F. COE CST LIST OF TASKS AND PUBLICATIONS 

This Appendix contains the following documents: 

 Gantt chart and list of publications for the Univerisity of Colorado, Boulder 
 Gantt chart and list of publications for Florida Institute of Technology 
 Gantt chart and list of publications for Florida State University 
 Gantt chart and list of publications for New Mexico State University 
 Gantt chart and list of publications for New Mexico Institute of Mining and Technology 
 Gantt chart and list of publications for Stanford University 
 Gantt chart and list of publications for University of Central Florida 
 Gantt chart and list of publications for University of Florida 
 Gantt chart and list of publications for University of Texas Medical Branch 
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