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Center of Excellence (COE)

 COEs are “entities with substantive ties to universities which
advance the state of transportation knowledge within a
particular aviation area.”

* The Federal Aviation Administration’s Center of Excellence
for Unmanned Aerial Systems

= ASSURE: The Alliance for System Safety of UAS Through
Research Excellence

= Announced May 2015
* $5 million to the UAS COE in FY15 & FY16

« Two funding vehicles
= Grants (mandatory 1-to-1 cost share or “match”)

= |ndefinite delivery/Indefinite quantity (IDIQ) Contracts (cost share
negotiable)

E———
The FAA's Center of Excellence for UAS Res

X ASS U RE

Alliance for System Safety of UAS thro



ASSURE University Team

) g

B J,
The FAA's Center of Excellence for UAS Researc CORE‘;E:‘“':
UNIVERSITY of ALABAMA in HUNTSVILLE
Alaska
UNIVERSITY of ALASKA in FAIRBANKS
& Arizona
Alliance for System Safety of UAS through Research Excellence 8 —; <= eoove - EMBRY AERONAUTICAL UNIVERSITY-PRESCOTT
.......... 7 (& California
3 UNIVERSITY of CALIFORNIA DAVIS
Florida
EMBRY RIDDLE AERONAUTICAL UNIVERSITY
Kansas
KANSAS STATE UNIVERSITY
UNIVERSITY of KANSAS
1 WICHITA STATE UNIVERSITY
- ; Montana
- uDrexe MONTANA STATE UNIVERSITY
UNIVERSIT New Mexico
@) National UAS ooz p— NEW MEXICO STATE UNIVERSITY
— North Carolina
North Dakota
UNIVERSITY OF NORTH DAKOTA
Oregon
OREGON STATE UNIVERSITY
Ohio
THE OHIO STATE UNIVERSITY
Pennsylvania
DREXEL UNIVERSITY

AFFILIATE TEAM
Alabama

AUBURN UNIVERSITY
TUSKEGEE UNIVERSITY
Indiana

INDIANA STATE UNIVERSITY
Louisiana

LA TECH UNIVERSITY

Ohio

UNLY¥ l’l.l.i ¥ ¥ SINCLAIR COMMUNITY COLLEGE

Canada
m m CONCORDIA UNIVERSITY

. g United Kingdom
e UNIVERSITY of SOUTHAMPTON

UCDAVIS

UNIVERSITY OF CALIFORNIA

| KANSAS STATE

UNIVERSITY

A

THE UNIVERSITY OF
ALABAMA IN HUNTSVILLE

LOUISIANA TECH
UNIVERSITY.

L | TUSKEGEE

T " EMBRY-RIDDLE

Aeronautical University

The FAA's Center of Excellence for UAS Research
X ASSURE . ASSUREuas 013

Alliance for System Safety of UAS through Research Excellence



External Advisory Board

E
& 3

l‘ & !
B
D

>

P

*x

ALABAM
Paccs AAS Corpr™
A~ Aegis’Technologies
Alabama Chapter of the
Aerospace State Association
‘ Avion
Dynetics
% Griffon Aerospace

Gl wournsumca |Al North America Co.

CANADA
= Ecole detechnologie
superieure (ETS)
= Kongsberg Gallium
Marinvent
:_;.! Transport Canada
 » &lmﬂed Systems

fues  TOrch Technologies ,’;& §:?,,;m —
ALASKA =, rancisco De Quito
ACUAS! PPUTRC (The Pan Pacific ‘l:ll'l'gE‘LD K:\NGDOM
UAS Test Range Complex) I coten-ten: Li:nited enz Assoc.,

ARIZONA

KUTTA Kutta Technologies Fed:x  TENNESSEE

"~ Federal Express

- CALIFORNIA VIRGINIA
il rromon S € (gt
4 e e GENEFAl AtOmics 3
National Test - Adacel Systems, Inc. A Aﬁmmw
Pilot School Altavian Altavian R Do
4 SARAInc. —2. CAE £EwWA glectror:;; Warfare Assoc.
" Southwest Innovation << Daytona Beach Intl. ® eneral Dynamics
Gne¥ Cluster A 3 Air{)tort Ausley m:ég;{llfshsz:nlnc ®. NEVADA ® E== Information Technology
@Trimble Trimble *_ Enterprise Florida foa, E\;ﬂéon Corp. ¢ FACI Eraxrs Atgrﬁ‘s ace | \g«ms Harris Corporation
ngineerin | - /
COLORADO E& esus 8 MASgACHUgSETI’S sng=: s,ma o e N x;;y :;;)w Before You Fly
Figsatety Flight Safety m Prioria QAUrora purora Fiight Sciences. (ro: EW JERSEY NORTH DAKOTA ..ucs j d Syst
Services Corp. g PENTAGON P ‘entagon nce, Inc. " L3 Ur y
o Sebring DRAPERED Draper Labs Srsnewa 1SR \ Northern Plains UAS MAG
~==2 Freewave 21 TKDA MINNESOTA NEW MEXIC astSits . Mid- Atlanllc Aviation
&= NoaAuAs S Honeywell Intl, ‘ Air Force Safety Center North Dakota Aeronautics Partnership
A KANSAS Ny SENSURION B New Mexico Dept, Commission ¥ Millennium Eng. &
imecc RT Logic Bombardier MISSISSIPPI ey ._: = of Transponatlon OHIO 7 = Integration Co.
ZUSGS USGS . Kansas Dept.of  @Aurora S -+ NEW YORK EEEE Riverside Research Mosaic
Y p /auy Aurora Flight Sciences 7" E sn m MTSI
=~ Transportation sDoT VS Dept. of Trans., — ck eed QRION- Onon Amenca Tech. 0ZZ<
CONNECTICUT McCauley Propeller ‘——-— Aeronautics Division NUAIR ws:i.v.:- Sepdion
G == Sikorsky Systems Naval Meteorology & ¥ N RTH CAROLINA rg%pn DepL of E3Scitor  Scitor
Spirit Qceanography Ag'rl Ag Techinventures TS Aviation Zwmts  Selex
~  DELAWARE 2 Sp @ Comma \..aen NextGeneration Virtual Data B Sinun
sma__ Simlat Ltd. et T:.XL“;OP? 3;’:‘“’“ Navy Research Labs o Ngx%lgggmmmsmm Operations Support — i iU GO
Stark A 5
WASHINGTON, D.C. @FRASCA 2 Intl. * Thae'Ci,ff:g"Zﬁgy BRTI Rrﬁ(;nsnon Ha_iwkl PENNSYLVANIA A AG  TheAmerican Aviation Inst.
SE= ArchitectureTech Corp. w INDIANA b MONTANA Visian nternationa MY Navmar amazon  WASHINGTON
BCSH coHTechnologies, Inc Nes<seny :"gx*:f‘ Wontana Dept.of oo P k. TEXAS . colinear Atsagon Pk Klr
MDT4 Trans, ion, e are, m Collinear Group
RTCA RTCA RockeSlins Rockwell Collins Asronautics Division e e e Cavolina (222250 | one Star UAS Sors i Corsair

The FAA's Center of Excellence for UAS Research
X ASSURE . ASSUREuas 013

Alliance for System Safety of UAS through Research Excellence



ASSURE Executive Board

»a  Executive Director
wississippl stare Mississippi State University

Vice Executive Board Director

University of Alaska Fairbanks

Airworthiness Training Detect & Avoic
Wichita State Kansas State lntegration Drexel University University of
University University Embry Riddle North Dakota

Mississippi State Aeronautical Univ. State University New Mexico
University - - The Ohio State State University

i ' University Drexe]
UNIVERSITY
T

The FAA's Center of Excellence for UAS Res

X ASS U R E

ce for System Safety of UAS through Research Excellen



Currently Funded Research

Al-Certification Test Case to Validate sUAS Industry
Consensus Standards

A2-Small UAS Detect and Avoid Requirements Necessary for
Limited Beyond Visual Line of Sight (BVLOS) Operations

A3-UAS Airborne Collision Severity Evaluation
A4-UAS Ground Collision Severity Evaluation

A5-UAS Maintenance, Modification, Repair, Inspection,
Training, and Certification Considerations

A6-Survelllance Criticality for Sense and Avoid (SAA)
A7-UAS Human Factors Control Station Design Standards
A8-Unmanned Aircraft Systems (UAS) Noise Certification

——
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A1-Certification Test Case to Validate sUAS
__Industry Consensus Standards

 Need-No specific certification basis has been identified for
SUAS. The ASTM F38 standards may serve as a foundation,
but further research into the suitability of the standards and
existing gaps is required to determine how they will apply.

« Approach-Build upon past research into the validation of the
ASTM F38 standards, and expand to include issues relating
to flight test. The research reviews compliance findings and
explores the application of the F38 standards for flight test
development. A flight test framework based upon the F38
requirements and existing flight test standards and practices
will be developed. Compliance issues will be documented.

« Benefit-Inform flight test framework requirements for sSUAS
based upon the ASTM F38 standards and existing
regulations

E——
The FAA's Center of Excellence for UAS Res

X AS S U RE



A1 Research Questions

 Are the ASTM F38 standards suitable for use as a
certification basis for small UAS?

* With which ASTM F38 standard requirements Is
compliance difficult or overly burdensome?

* What are the gaps in the ASTM F38 standards with
regards to assuring airworthiness and safe
integration of SUAS into the NAS? Are safety-of-
flight-critical hazards adequately addressed by the
standard requirements?

* |s a flight test program feasible using the ASTM
requirements as a framework?

The FAA's Center of Excellence for UAS Research
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ASTM F38 active standards evaluated

Designation Title

Standard Specification for Aircraft Flight Manual (AFM) for a Small
ASTM F2908-14 Unmanned Aircraft System

Standard Practice for Maintenance and Continued Airworthiness of Small
Unmanned Aircraft Systems

ASTM F2909-14

Standard Specification for Design and Construction of a Small Unmanned
Aircraft System

ASTM F2910-14

Standard Practice for Production Acceptance of Small Unmanned Aircraft
System

ASTM F2911-14e1

Standard Specification for Design of the Command and Control System for
Small Unmanned Aircraft Systems

ASTM F3002-14a

Standard Specification for Batteries for Use in Small Unmanned Aircraft

ASTMF3005-14a gy crems

I
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A2-Small UAS Detect and Avoid Requirements
Necessary for Limited BVLOS Operations

Beyond Visual Line of Sight (BVLOS) Operations

 Need-To expand access for SUAS in limited portions of the
NAS and still achieve a level of safety equivalent to manned
aircraft operating in a similar manner.

« Approach-Define an operational framework and conduct a
comparison of approaches that support development of
standards for sSUAS DAA systems and development of
proposed operating rules, limitations, and guidelines for
SUAS BVLOS operations.

« Benefit-Inform expanded safe operational access for SUAS
by defining various potential operational frameworks that will
allow safe BVLOS operations

B
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A2 Research Questions

« What are the requirements for an airborne or ground based
Detect and Avoid system compatible with sUAS operating in
limited portions of the NAS in order for the sUAS pilot to
comply with 14 CFR 91.113 in a manner that does not
Increase the risk to other aircraft, or persons on the ground,
beyond that currently present in the NAS for similar manned
aircraft operations?

« What are the requirements for a software algorithm(s), if any,
to implement these requirements?

 What are the most feasible airborne or ground-based
sensors that are capable of meeting these requirements and
are compatible with sUAS size, weight, and power (SWaP)
and level-of-certification constraints?

-
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A3-UAS Airborne Collision Severity
—Evaluation

 Need-System safety thresholds for key UAS characteristics
for identifying UAS as acceptably safe in credible encounter
scenarios. Specifically to identify characteristics that relate
to collision with other aircraft in the air.

« Approach-Utilize encounter scenarios with aircraft in the air
to test UAS hazard severity characteristics. The research
needs to recommend key UAS system safety characteristics
for these encounters.

« Benefit-Inform operational approval restrictions for small
UAS based on collision risk to manned aircraft and inform
SUAS design requirements to reduce severity of collisions
with manned aircraft

EE——
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A3 Research Questions

« What are the hazard severity criteria for a UAS mid-air collision
(weight, kinetic energy, etc.)?

 How can the design of a UAS minimize potential damage during a
mid-air collision?

« What is the severity of a UAS collision with a manned aircraft?
« Can we classify a UAS impact similar to a bird strike?
« Will a UAS affect an engine similar to a bird engine ingestion?

« What particular characteristics of a UAS are required to avoid so it
will not be a risk to a manned aircraft?

« Can we categorize the severity of a UAS mid-air collision with an
aircraft based on the UAS and what would those categories look
like?

I
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A4-UAS Ground Collision Severity

_Evaluation

 Need-lIt is necessary to determine hazard severity thresholds
for UAS using safety characteristic factors that affect the
potential severity of UAS in collisions with people and other
aircraft on the ground or aircraft in the air. These severity
thresholds will help determine acceptable corresponding
system failure levels in accordance with the applicable 14
CFR requirements (for example 14 CFR 23.1309 and 14
CFR 25.1309).

« Approach-Utilize encounter scenarios with aircraft in the air
to test UAS hazard severity characteristics. The research
needs to recommend key UAS system safety characteristics
for these encounters.

« Benefit-Inform how UAS might be designed as to minimize
the potential damage done during a collision
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A4 Research Questions

« What are the hazard severity criteria for a UAS collision (weight,
Kinetic energy, etc)?

« What is the severity of a UAS collision with aircraft on the ground?

 What is the severity of a UAS collision with property on the
ground?

« What is the severity of a UAS collision with a person on the
ground?

« What are the characteristics of a UAS where it will not be a risk to
an aircraft or person/property on the ground?

« (Can the severity of a UAS collision with an aircraft or
person/property on the ground be characterized into categories
based on the UAS and what would those categories look like?

« How can UAS be designed as to minimize the potential damage
done during a collision?

The FAA's Center of Excellence for UAS Res
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AS5-UAS Maintenance, Modification, Repair,
Inspection, Training, and Certification Considerations

 Need-To develop standards for UAS maintenance,
modification, repair, inspection, and technician training, and to
identify requirements for approved certification standards for
air vehicle and system maintenance providers and
maintenance technicians.

« Approach-Determine differences in practices and standards
between manned and unmanned aircraft related to
maintenance, repair, record keeping, accident reporting,
training, and technical documentation.

* Benefit-Recommendations for defining standards for
maintenance, records and training for UAV including
certification requirements for service providers and identify
training standards for all Risk Classes of UAS and inform
Integration of these standards into existing training and
certification requirements - —
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A5 Research Questions

 What is the current state of UAS maintenance practices and training and
how does it compare to manned aviation practices?

 What are the elements that comprise UAS maintenance for all types/sizes of
UAS?

 What are the unique elements of UAS maintenance that differ from manned
aircraft maintenance and what is their implication on training and
certification?

* What are the unique considerations for composite material structures of
UAS?

* Isthere a need to delineate between different risk classes of UAS when
determining maintenance and training requirements?

 What are the consequences of maintenance-induced failures in UAS?

« What standards exist, or need to be developed, for determining
requirements and capabilities of entities that modify and/or repair UAS?

——
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AG-Surveillance Criticality for Sense
—and Avoid (SAA)

 Need—-Research must determine the sufficiency of existing
airborne surveillance equipment for manned aircraft (e.g.
transponders and/or ADS-B) for providing separation
provision and collision avoidance functions for UAS.

« Approach-To develop a methodology and toolset for
evaluating SAA technologies using available analysis
processes, simulation environments, and equipment
characterizations.

« Benefit-Inputs to standards (RTCA and ASTM F38) and
ADS-B spectrum management analysis

T
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AG Research Questions

« For a cooperative DAA solution based on ADS-B and/or
transponders, how should the current operational or technical
performance requirements for ADS-B Out and/or
transponders be changed (if at all) for UAS Sense and Avoid
functions?

* Do current surveillance equipment technologies meet the
design assurance criteria to provide UAS Sense and Avoid
functions?

* What is the criteria for evaluating “equivalent level of safety”
of UAS against piloted-aircraft for SAA functions?

I
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A7-UAS Human Factors Control
_Station Design Standards

Need-This research addresses human factors safety concerns that are
unigue to UAS to support development of standards, regulations, and
guidance for civil UAS. This research addresses four synergistic areas:

1.Function Allocation (FA) between UAS Pilot and System Automation,;
2.Control Station Standards and Guidelines;

3.Crewmember Training and Certification; and

4.Visual Observer (VO) Requirements.

Approach-The FA research will inform the control station recommendations
which will in turn inform crew member training and certification
recommendations. Empirical studies will inform the VO requirements

Benefit—Inform control station standards and guidelines; crew member
training and certification; VO requirements

EE———
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A7 Research Questions

 What are the recommended function allocation strategies for UAS
human-machine functions?

 What measures should be used for making strategy tradeoffs?

 What are alternative conceptual approaches for allocation of pre-flight
and enroute contingency planning and management tasks to different
people?

 What are the recommended minimum standards and design guidelines
for UAS control stations?

 What are the function allocation strategies that support those standards
and guidelines?

 What are the recommended crewmember training and certification
requirements, to include pilots and other crewmembers?

 What are the recommended visual observer training and certification
requirements?

I
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AS8-Unmanned Aircraft Systems (UAS)
_Noise Certification

Need—-The primary control over UAS source noise is the noise certification
process, and this requires a detailed analysis of the noise signature radiating

from different systems.

Approach—Conduct acoustic measurements of noise radiating from several
typical UAS'’s, and establish a well-documented archive of acoustical data
that will assist FAA in developing standards, procedures, and regulatory
products related to UAS.

Benefits—Support noise certification requirements

The FAA's Center of Excellence for UAS Res
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