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Day 1 - Monday, September 17, 2018

08 - 30—09 - 00 Arrive at meeting location

09 - 00—09 - 15 Introductions and administrative announcements
09 - 15—09 - 45 Short review of previous meeting and upcoming agenda
09 +45—12 : 00 Share assignment results on safety objective and risk classes

12 :00—13 + 30 Lunch

13:30—16: 30 Continue discussion on safety objective and risk classes

16 : 30—17 + 00 Summary of day 1

Day 2 - Tuesday, September 18, 2018

08 : 30—09 : 00 Arrive at meeting location

09 :00—12 00 Begin discussion on electric propulsion, detect and void, cyber
security, and automation - including standards that each member is
considering current and identification of gaps in the standards today

122 00—13 * 30 Lunch

13:30—16:00 Continue technology discussion

16 - 00—16 : 30 Preparation for industry day discussion (questions)

16 - 30—17 : 00 Summary of day 2




Day 3 - Wednesday, September 19, 2019

08 - 30—09 - 00 Arrive at meeting location

09 - 00—12 : 00 Continue from TC aircraft to unmanned discussion

12 - 00—13 = 30 Lunch

13 2 30—14 : 30 Presentation and follow on discussion of FAA FAST activities
14+ 30—16 : 30 Test case run through (using a real world example)

16 : 30—17 : 00 Summary of day 3

Day 4 - Thursday, September 20, 2018

08 : 30—09 : 00 Arrive at meeting location

09 - 00—12 : 00 Continue test case run through

12 :00—13 * 30 Lunch

13:30—14 : 30 Review of items discussion and agreement on position paper towards
JARUS

14+ 30—15: 00 Proposal for next meeting (location, date and participation)

15 :00—16 : 00 Summary of meeting




2 e EE
23‘13%%ﬁ%¢t

AR SR B F A A E (FAA) RIS BE R i1 0% Ho-Joon Lim %
EBFEFRE  BA g B - HIE - FThO - BN - AEPERE - PEIREER
HESIIAGE KA AR TIE/ A& - IEEE RS A el
e > A 10 Bk 13 A8t -

ARG e B S B A G [ I SR TR > M A
RAK M fe bbb 7o em > HNEMESSEE > LRARGHTHmB
TR T

FIIR ARG Seai A E R B 2R T58 2 sk 2 - MR EE SRR 2
e - SR ZE R (FAA) [ ER E (RRARES T LIF/ NHETHI B IR — L
HEER AT ST AR - E s B PR R AAH SR ANC-13 St CiR s - Wific & BT
R RN H A S iR e S e B s

B S B S AT SRR [ T < SR T N0 H S S BT
&~ o~ s E b e AT K Y e R Bt 2 7 B T T -

HI8E BRAUE 5 = b 4% (Risk Classes ) BAHRH T ERE(ERRAS - Wit
TAFE/NHRCE S > DIRIREF T E A H AR EVTOL Z (K ~ o ~ EJalbs
T H HIARAE -

Bl ST AT S I 9T 2 3R o [EIFEER AT

(—) A REY JARUS RPAS 1309 & FAA AC 23.1309 Z & A@IE] 1) ©



Classification of failure conditions
Hazardous CatastrophiclICaIastrophic Hazardous
Allowable qualitative probability
JARUS — RPAS 1309 FAA — AC for Unmanned aircraft
Classes of RPAS|Complexity| Extremely | Extremely Extremely | Extremely |Complexity Classes of
Level Remote | Improbable |} Improbable Remote Level Airplanes
<10* 10 No UAS Risk Class 1
complexity Olbto6lb
NA <10° o level.  [as Risk Class 2
6lbto551b
RPAS-23 Class | I <10°% <10°% e . UAS Risk Class 3
(SRE < 6,000 Ibs) m 0% P <10 10 55 b to 1,320 Ib
RPAS-23 Class |l I <108 <107 UAS Risk Class 4
(MRE, STE or AN . 1NS 1,320 Ib to 3,000 Ib
<10 10
MTE I <107 <1078
under 6,000 Ibs)
RPAS-23 I <107 <10°% UAS Risk Class 5
Class Il 3,000 Ib to 12,500
(SRE, MRE, STE B . <10 107 Ib
or MTE > 6,000 I <10 <10
Ibs)
RPAS-23 Class NA Refer to AC 23.1309-E <109 < 10® UAS Risk Class 6
v Above 12,500 Ib
RPAS-25 NA Refer to AMC 25.1309 Refer to AMC 25.1309 Part 25
RPAS-29 NA Refer to AMC 29.1309 Refer to AMC 29.1309 Part 29
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Probability of AEC
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Failure RC
Above 12,500 Ib
o !
1x10 > 50,000,000t Ib and up 6
P Between 3,000 Ib to 12,500 b -
= 6,000,000 to < 49,999,999 ft Ib
15107 Between 1,320 Ib to 3,000 Ib n
= 800,000 to = 5,999,999 Ib
1%100 Between 55Ibto 1,320 Ib 3
= 25,000 to = 799,999t Ib
15105 Between 5.9 Ibto 55 Ib 2
=530to = 24,999 ft Ib
Below 5.9 b
-4
iy 5110<529 ft Ib U
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Probability of AEC
Catastrophic 12 | 1 10 9 8 7 6 5 4 3 2 1
Failure RC
. Above 12 500 Ib
(10 > 50,000,000 1t Ib and up @
1x10® Between 3,000 Ib to 12,500 Ib 5
= 6,000,000 to = 49,999,999 ft Ib
1x107 Between 1,320 |b to 3,000 Ib 4 -
= 800,000 to = 5,999,999 ft Ib g
=
1x105 Between 55 Ibto 1,320 Ib 3 B
= 25,000 to < 799,000 ft Ib
Between 5.9 |b to 55 Ib
-5
1x10 > 530 to < 24,099 ft Ib z
Below 5.9 b
-4
1x10 51 to =529 ft Ib 1
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Operations withinan Airport Environment

below 500 ft AGL

perations wWithin Class G airspace

labove 500 ft AGL within Mode C

JeilTMZ
Operations withinan Airport Environment

labove 500 ft AGL
F Non-Airport Environment above 500 ft

F Non-Airport Environment below 500 ft

Operations in Class G airspace above

labove 500 ft AGL over Urban population
Gl

below 500 ft AGL over Urban population
500 ft AGL over Rural population

Operations in airspace above FL600
Operations within Class G airspace
below 500 ft AGL over Rural population
Operations withinClass G airspace
Operations within Class G airspace

below 500 ft AGL within Mode C

Operations in atypical airspace
LeilTMZ

Probability of AEC
Catastrophic 2 1|10 9|8 | 7|6 |5 ]|4]|3]|2]n1
Failure RC
Above 12,500 Ib
B :
e > 50,000,000 ft Ib and up g
P Between 3,000 b to 12,500 Ib s
> 6,000,000 to < 49,999,999 ft Ib
P Between 1,320 b to 3,000 Ib 4
> 800,000 to < 5,999,999 ft Ib
1x109 Between 55 Ib to 1,320 Ib 3
= 25,000 to < 799,999 ft Ib
Between 5.9 |b to 55 Ib
5
1x10 > 530 to < 24,999 ft Ib 2
1% 10 < Below 59 1b 1

5110 =529 ft Ib
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Two Dimensional View of Initial Risk/Oversight

Kinetic Energy (mass & velocity)
Low to High Performance

Al

LOWER SORA SAIL

HIGHER SORA Sl

Low to High Risk Exposure to Other Aircraft & People

5 FEUEERRELETR

5. HAC (R 55 B5Q2S ARV AN - B EIH5IEAE RS SRR -

Atz H HATIERE R FATAETER] » A ERAERIE 55 B (SR R)RYRGHRtE -

I » BAE TARUS AUREAE 2 TERERY - [ 6 FeRiifrad s ARy R EIE

Failure (/h) Accident rate
Equipmen1 Communication system {communication disabled) 10~-2
failure Propulsion system (maifunction of mator driver) 1002 31002
Power system (malfunction of voltage monitoring 10~-2 -
Fide (MTBF=336 h)
Control system | Acceleration & angular valooity 1046 i
=ensor malfunction Reliability 97.028533
Software malfunciicn 108
- 2x10%-1
Environment Gust 1002
Geomagnetism distortion 1082 Reliability 83.876562
Electromagnetic interference 10~-4
Human error Setting ermror 10%1
Misoperation 102
Avoidance of Recognize sircraft approaching st high speed. 108-2
harm possibility that people can not avoid
Fassibility of touching propeller guard 1087

6 HAGEE ANEE(FEEGITE

6. 2B : HATEME 150 A AMROHAGS TC & -
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Airspace Encounter Categories
of CAA (CT)

ARC4 ARC2
High risk area Low Risk Area
(RED) (Blue)

Altitude(ft)

>400

ARC1
Safe area
(arsai}—""

400

ARC3 ‘
Medium Risk _ 3
Area(Brown)

200(60M)
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PP_A?QDTDFFH *

E B ER T2 5 R A etz 4> /NeH (Future Aircraft Safety Team, FAST)IEAE &
e B N\ B B [ 7 BRI T 22 H
EL(Urban Air Mobility, UAM) » B8] /K SRS TIEIRS t, 7] DL TR B R THYHEHE

FREFAZESE 23 WA 2T - DAER

EXE
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EEERIRRIATRED

F New Type Design

Designation of Applicable Regulations

21.17(a)
Category
Class Normal Transport
Airplane
Part 25
Rotorcraft - @ q. m
Part 27 Part 29
M d free ball Part 31
anned free balloon

If Design utilizes Certified
engines/propellers

Augments Regulations that do
I not address novel/unusual
design features

+ I Special Conditions

Required to support non-

21.17(b)

Special Class

Airship

fE 24 0 L H.

(IS

BB

*
Means of Compllance I prescriptive Regulations

Glider S 1 AC2L.17-2A
Airplane "& AC21.17-3
- =ik
Other A -‘E; e,
— S y
Nonconventional A ‘*’

(UAS, Powered-lift, etc.)

Utilize 14 CFR Parts 23,25, 27,
29, 31, 33, and 35 as appropriate

+ I Other accepted Airworthiness Criteria

Q Regulatory Certification Basis Q

& 8 SEEUMFEFIATZE /AL 21.17(a) 2k (b)ELE
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B S FRIRS HEEA A R R R BEE AR - P (s T3RAEAE - B
tH IR AT R 2 AR AT BIHIIR IR S AR ARAY TCDS A FY | e S AL B
HE - EIMOTAESERSUE SR IR 2 IR -

i) N A S

AOIRE R BN 2R 21.17T0) B AT ARIRIRITHY - 4£ FAST &3
Z1% > FEHREAER 23 B KR 27 EHIRE - KRSy B DAEAEBH Y SR AR (s
LU e 22K -

FERE (EMIEZE B > SSE] FAA RTRERRHHSE 23 BRI MIER 2117 (R VAR ERES 1S -
ARy VTOL &M —HIFRESG A -

eHang A “TRIT/SEH" HRFEEE A SRk YIRS U1 The s - 71
TTHRA ATREEHSE 2117T0)RIRUE > EHUAR TEEEE SN - B2 H
fieg 7 f2 {77 -

AEFEIUEA NER DB R B e BB RHIEN - A ABHE
EARRIHB LB G TR ATRAN A - B TS E SRR
ST EE JOEHEAL -

S8 Project Wing

2 Project Wing EHEMEI525] o s S8ALREIEHIPEH] - HAISYA 150 &k
FETPAEMER » R RETE L 50 (HEZENYEEED) -

BRI Project Wing)

Project Wing Ffr{s FIAY i AFSEE &4 5.5 AT > B REH R 1.2 AT »

BN ERMUETE 2014 F[EE T Project Wing HYHIERNES 18 - T B AF R Bk 2s ik iy &
B A TR EE > NGB i EMS S R iag o LS B R B A
A RIIFEEE T8 (NEST)FIH H 22 8 7% (Ground Wing Operations) ©
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HRITAREA 4,200 {EfTHE > B 2018 4F 5 H AARIEA 17,000 {EMLTE -

Project Wing {PL3F & 51 A Risk Class 2 f1 Air Encounter Class 9 AYEEAEIEZ 42 -
BEARBITESISEE A T — 2 N\ EEE > (HERITEEN EE I 58
1B B EHE R S BT T

55 3 REE4SE FAST 7y ZHVEN R B & Bl —0 T S5E] FAA i A AU
RT3 - B SERII N2 A 14 SRR - BB EE— %
Fi AR T A B MR A« 594N R U AR (B L ) v
I 7 R AR s i e A i

SRR ET SRt

TAENER SRR AR RS A - B0 E Sl FR AL Gk - &=
0~ ALEERIRA > ZAEEER SORA o FE 2 (EAY e b 18 H AT Ak P B

S St

SFAFC

S5 FAA HATIEENT T = s R AT TR RV A - A H
Al FAA ELH P Ry il R B (ol sy ez S A =Bt -

ASTM HRATRA VIR 2 2o FTR HARRE P Ey e 5Elt: - B FAA FAER
R E S AT

TAR/NHAGRTE T S BRI BT FER R - BLFE R E e AP A T TSR e
UAS TCDS BANEFE > WY MR GHE T3

11~ AR R E R

Fr— RETEmER AN EATT -
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(—) BN CASA i RPAS A ZELTA 20 68 A\ 7> &5 RPAS S IEMEENIE H IR
ik B ICAO RPAS PANEL ~ JARSUS Z5[ER[& 4E A A2 45 - 20 APAC
UCWG &858 By CASA 55— &8 -

(D) s RKalE st MY 75 5 ¢
1. FAA H1JARSUS # Risk Classification(RC)
2. 2Bz Level of Rigor and Oversight Mapping
3. UAS %851% » DL STC US> Al ReME

4. HEHHEAM L EIHEE) - AL - MRt Le RENEREEE R

\\

(=) Ellfe DGCA Hy—firi@Efited Bk — i ted AF R B 2IIEE% -

(70) 57— % BEE RAUR T - SR AR CAR 385 12 5 1 B4

(F)BHA F4- 9 B > FEaZEE] ASTM F38 L TR s aranslsn it AR -
C2 Link 255578 - - 81 RTCACS 228 Hydi A e PR o

FREEmEBIAN BT

(—)E1 ASTM F38 FJ&EH1 RTCA SC 228 iy FAA AT Er s » A
MR T HERE - ASTM F38 J7 F/NEU 4 A A AF(RZS A S AT ~ A
ZRE 5 RTCA SC288 HIJE ¥ = = B R T4 A MY C2LINK B DAA fEE4E -

() FRFREY ~ HAR RN AR % B A AR T o -

(=) BT amis AMRIEE e - AT RZEHEEME - fRT2ERE - RELE
A ERRE R NASA A FAA &EaTEH » 40T DL NASA TRL féy & fi A%
H & LR AVE -

(V) 4L PE s R Ts3% B Zephyer $kZ40E A\ Z7 2T EE & -
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FRETEmER N EATT

(—) B2 FAA FAST Future Aircraft System Team S5mAcIT A RAEE I HEHETRAE - &
NZEPREE B 2 M EARE K. FAA A0fal#E TR Part 21.17(b),
Part 23 Amd 64 ZFRFI T 2EAEAE - H & Part 27 (YANE > DUREE G =22
ERMEE -

(—) & Google Wing SHE M2 o LGB REEIPEH] > HERYA 150
EREETPAERER - PHRETELE 50 MR EyREED) -

(=) 2L Google Wing Ry {5l s H o\ b ife fEE BELAH B i AT 5 &

(V) ST A A ORI DS AR ER (NS UM Y Airbus S8 ABIX S BT8R -

ERFTRERAAWT

() e AR & i E I F R T Operational Safety Target and System Safety
Target ; » Mo HEGRBNRE - HIE N EHFEZEWENESE

airworthiness Tl A EE EF °

() RE NREH - RN EIFEE R A TH TSEEHE ~ UAS TCDS #2z0A
7w~ BEOEEEERES

(Z) B AR JCAB ARERK & HEEM A ABSIREH -

(M) e P REFHEHA0DF 3 H - Bk AR -
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ASTM INTERNATIONAL

Helping our world work better

ASTM International Overview

Supporting Safe UAS Integration
Global, Practical and Relevant

Philip M. Kenul

TriVector Services, Inc.
Chairman

F38 Unmanned Aircraft Systems
Philip.Kenul@gmail.com

7y

What is ASTM?

A Proven and Practical System
— Established in 1898

— 150 Committees & 12,500+ Standards

— 32,000 members
— 8,000+ International Members from 149 countries
— 7,100 ASTM standards used in 80 countries

— Process complies with WTO principles: Annex 4 of WTO/TBT Agreement

Industry comes Together

— Experts, individuals, organizations, academia, regulators, trade associations,
consultants and consumers
— Exchange expertise and knowledge
— Participating in a transparent process — open to anyone, anywhere

Industry driven, Global, Market relevant, No project costs

© ASTM International
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ASTM’s Membership Globally Ay

if

CanaDA
UNTED STATES -: i
- P
Offices In: % 5
W. Conshohocken, PA - ez X ==
(USA-HQ) = .

Beijing, China - -
Brussels, Belgium 9§ avmmin
Lima, Peru axaa -

Ottawa, Canada
Washington, DC

ASTM Intemational's Memorandum
of Understanding (MOU) program
supports the principles of the World
Trade Organtzations’ Technical
Barriers to Trade Agreement

ASTM has memoranda of
understanding with 98 National
standards bodles around the globe July 2017

ou

ASTM/M

ASTM Collaboration Area A.EH%’

Collaboration area features include:

1. Acentral location for draft documents
= Add comments, start a new discussion
2. File repository
= Add related files, images, tables, etc.
3. Task group member list
= Easily send email to individuals or entire task group
4. History

= See actions taken over the life of the collaboration area

= Collaboration area can be established as part of the work item registration
process or at a later date

) ASTM Intemational

www.astm.org I 4
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My Collaboration Areas i

ASTM INTERNATIONAL Al v Searcht title, author, A5 Q weour &
Helping our world work better

PRODUCTS & SERVICES | GET INVOLVED | ABOUT | NEWS

— MyCommittees

MyCommimtees Roster Maintenance [
N &G
Dxgmi Lbwy Home Committee C24 on Building Seals and Sealants Bosime ECoonsec M
MyAccount Ballots Minutes Rosters Meetings &  Agendas Comminee Swandards » My Outstanding Batiors [l
e AR Symposia Documents  Tracking > My Nasa Mocnoe B
Join Addmonal Committees P My Work item:
Committee D12 on Soaps and Other Detergents T

Drop Subcommittees W My Collsboration Arees

Ballots Minutes Rosters Meetings &  Agendes Commiee  Standards
Help Symposia Documents  Tracking Launch Colsborstion Aree
AC287 ASTM F9.20 Task Force on
EM36F1805 Winte« Tracton
YTy ——) Committee D31 on Leather AR
Dashboard Ballots Minutes Rosters Meetings &  Agendas Committee  Standerds Terosc2
CoWorkers Symposia Documents  Tracking i

WKS5503 New Stendaro — Standera Test _
Ballots

Committee E17 on Vehicle - Pavement Systems R S

Maetings WKSS156 Revision of EJSOEISOM
Work e Ballots. Minutes Rosters Meetings & Agendas Commitiee Standards ‘Standard Test Method for Measuring the
Spoe Docirverss.  Trackiy [T m——

Standard Practice for Outdoor Weethering

Committee FO6 on Resilient Floor Coverings imetadonsialaannts
Metho tor e Video.
Ballots Minutes Rosters ;ﬂec‘.lrg') & Agendas gamw‘ tlee ?xt«r‘:el:s WKS4609 Revision of F2170 Standard Test
ymposia Documents  Tracking

Method or Deseemining.
WKS576 New Standrd — Standerd
Committee FO9 on Tires ek

WK54431 New Standard — AUGY

© ASTM Intemational

www.astm.org Il 5

Aerospace Sector — Comprehensive Aglb’
Standards Development M

Standards Developing Committees Training and Certification
F37 Light Sport Aircraft NCATT Testing & Certification
= Standards: 35 approved; 4 in development « Aircraft Electronics Technicians (AET)

= FAANOAs = AerolT
F38 Unmanned Aircraft Systems Foreign Object Debris

= Standards: 14 approved; 10 in development * HamLmONS:.,

= New rule recently published; FAA acceptance via AC's

F39 Aircraft Systems LSA Personnel Certificate
= Standards: 6 approved; 9 in development Program

= FAA Notices
F44 General Aviation Aircraft

= Standards: 29 approved; 10 in development
= New rule recently published; FAA acceptance via AC’s

F46 Aerospace Personnel

= Standards: 1 approved, 7 in development

=  Formed December 2014, not for regulatory means
F47 Commercial Spaceflight

- Officially formed October 2016 — E17 on Vehicle-Pavement Systems
« Approved by Board December 2016 — FO7 on Aerospace and Alrcraft

+ Supports COMSTAC recommendations — F34.06 on Aerospace

« Following LSA model

« Standards: 12 in development

& ASTM Intemational 9

+ Training for compliance personnel

— BO7 on Light Metals and Alloys
— D02 on Petroleum Products, Liquid Fuels and Lubricants
— D30.09 on Sandwich Constructions

— EO7 on Nondestructive Testing

-24-



F38 Unmanned Aircraft Systems AEL}%)

Quick facts:

Global Representation
Formed: 2003, memorandum agreement with FAA Argentina

Current Membership: 230+ members (30 regulators) :
: Australia
Standards: 15 approved; 25+ in development
Bahamas
Subcommittees: Canada
F38.01 Airworthiness China
— Hardware oriented France
— Safe design, construction, test, modification, & inspection of the
individual component, aircraft, or system Germany
F38.02 Flight Operations [ta/y

— Procedure oriented

o : ; Korea, Republic of
Safe employment of the system within the aviation environment

among other aircraft & systems Netherlands
F38.03 Personnel New Zealand
- ISndfividuaI, Crevg anhd Organ(;zation (Zriented o Norway
— Safe practices by the individuals and teams responsible for i 7
employing the system United Kingdom
United States

Also Require Infrastructure capable of incc’)\gporat%q this technology
safely in the NAS- ATM,UTM, LAANC

) ASTM Intemational

ASTM UAS Industry
Consensus Standards-Value
Proposition

Industry links the most current research & sets
the requirements for new and novel
technology to support rulemaking

« Enhances knowledge of the regulating authority on a particular
technical subject

= Ensures the standards reflect the most current technology and
research rather than dated information

+ ASTM International as one central point of international participation
from authorities and industry would greatly improve the effectivity
and global applicability of the standards.

Industry Benefits
— Ensure Safety, Reliability & Quality

— Facilitate Free & Fair Global Trade-acceptance
— Spur innovation / drive business growth
— Enable interoperability of products, processes, systems

— Lower research and development costs

— Promote quality and efficiency in supply chains

— Reduce liability and regulatory compliance risks AHIB)
7

ASTM Intemational
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F38 Goal : Industry Standards Achieving Safe Aﬂlb)
& Reliable UAS Operations un’

The Path to Full Integration

Next Steps Expanded Operations : Integration AEID’

not Segregation G
Expanded Operations
| Open Category/Part 107 | R O
WK52089 OOP
Baseline
Standards G
F3196 E/BVLOS

—r—

- o -
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ASTM F38 Published Standards A

F2849-10 Standard Practice for Handling of Unmanned Aircraft Systems at Divert Airfields

F2851-10(2018) Standard Practice for UAS Registration and Marking (Excluding Small
Unmanned Aircraft Systems)

F2908-16 Standard Specification for Aircraft Flight Manual (AFM) for a Small Unmanned
Aircraft System (sUAS)

F2909-14 Standard Practice for Maintenance and Continued Airworthiness of Small
Unmanned Aircraft Systems (sUAS)

F2910-14 Standard Specification for Design and Construction of a Small Unmanned Aircraft

System (sUAS)

F2911-14e1 Standard Practice for Production Acceptance of Small Unmanned Aircraft
System (sUAS)

F3002-14a Standard Specification for Design of the Command and Control System for Small
Unmanned Aircraft Systems (sUAS)

ASTM F38 Published Standards 17

FSL?AOg-)M Standard Specification for Quality Assurance of a Small Unmanned Aircraft System
]

F3005-14a Standard Specification for Batteries for Use in Small Unmanned Aircraft Systems
(sUAS)

F3178-16 Standard Practice for Operational Risk Assessment of Small Unmanned Aircraft

Systems (sUAS)

F3196-17 Standard Practice for Seeking Approval for Extended Visual Line of Sight (EVLOS) or
Beyond Visual Line of Sight (BVLOS) Small Unmanned Aircraft System (sSUAS) Operations

F3201-16 Standard Practice for Ensuring Dependability of Software Used in Unmanned Aircraft

Systems (UAS)

F3266-18 Standard Guide for Training for Remote Pilot in Command of Unmanned Aircraft
Systems (UAS) Endorsement

F3269-17 Standard Practice for Methods to Safely Bound Flight Behavior of Unmanned Aircraft
Systems Containing Complex Functions

F3298-18 Standard Specification for Desian, Construction, and Verification of Fixed-Wing
Unmanned Aircraft Systems (UAS)

-27-



F38 New Standards Under Development ﬂg}!&’

WK65041 Practice for UAS Remote ID and Tracking

WK52089 New Specification for Operation over People

WK56338 Safety of Unmanned Aircraft Systems for Flying Over People
WK59171 SUAS parachutes

WK59317 Vertiport Design

WKB60659 UAS Maintenance Technician Qualification

WK60937 Design of Fuel Cells for Use in Unmanned Aircraft Systems (UAS)

WKB61763 Training for Remote Pilot Instructor (RPI) of Unmanned Aircraft Systems (UAS)
Endorsement

WKB61764 Training for Public Safety Remote Pilot of Unmanned Aircraft Systems (UAS)
Endorsement

WK62416 Terminology Unmanned Aircraft Systems
WK62668 Detect and Avoid Performance Requirements
WKB2669 Detect and Avoid — Test Method

F38 New Standards Under Development Agﬂ%’

WK62670 Large UAS Design and Construction
WKB62730 Practice for UAS Operator Audit Programs
WK62731 Practice for UAS Operator Compliance Audits

WK62733 Training and the Development of Training Manuals for the Unmanned Aircraft
Systems (UAS) Operator

WKB62734 Specification for the Development of Maintenance Manual for Lightweight UAS
WK62741 Training UAS Visual Observers
WK62743 Development of Maintenance Manual for Small UAS

WK62744 General Operations Manual for Professional Operator of Light Unmanned Aircraft
Systems (UAS)

WKB63407 Required Product Information to be Provided with a Small Unmanned Aircraft
System
WK63418 Service provided under UAS Traffic Management (UTM)

TM Inesmionl 212720
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ASTM Aligns Priorities to Industry & CAAs Aglb)

Focus Area - Standards for Detect and Avoid an’
Standards Underway Scope of Work
— WK62668 Specification for DAA — Applicable to smaller (<254 Ibs)
Performance Requirements — UAS BLVOS operations in lower altitudes
— Defines minimum performance (1200AGL)
standards — Protection of manned aircraft-UAS to

manned aircraft encounters

— Defining well-clear and avoidance
distances and/or times

-~ WK62669 Test Method for DAA

— Covering systems and sensors — Regulatory constraints on ATC airspace
and IFR ops

— Required to inform BVLOS standard
practice

Define minimum performance standards & test methods
for DAA systems and sensors applicable to smaller UAS
BLVOS operations in lower altitude airspace.

ASTM Intemational

ASTM Aligns Priorities to Industry and CAA A!my
Focus Areas-Key Standards: BVLOS i’

F3196 Practice for Seeking Approval for Extended/Beyond Visual Line of Sight
Operations (under revision FAA Pathfinder Program + Canadian Best practices)

Applications:

1) Package Delivery- in progress

2) Critical Infrastructure

3) Agriculture

4) Linear Inspection

5) Search and Rescue

6) Disaster Response (Hurricane Preparedness-2019)

WK62344 (Appendix to F3196) Mitigation for Package Delivery sUAS BVLOS

— Defining minimum requirements for safe /efficient use of currently available technology/equipage

— Develop the minimum requirements ensuring compatibility/interoperability between delivery
providers

— Community Objective: Develop a sUAS vs manned aircraft Well Clear definition based on risk
and operational suitability (Leverage lessons learned from large UAS well clear research)

) ASTM Internationa!
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Get Involved Aﬂl}%’

ul

F38 Unmanned Aircraft Systems ASTM Membership
Attend Next Meeting $75 USD per Year

Virginia Tech University A to Standards, Technical D ts.and

13-15 November 2018 Information

— FREE Volume of Standards — All Aircraft Standards in

Subcommittee Structure Volume 15.11

F38.01 Airworthiness The ability to vote on new standards and revisions to

E38.02 Flight Operations existing standards

F38.03 Personnel Training, Qualification and Receive current information on revisions to standards
Certification and new standards that can impact your business on a
daily basis

Networking Opportunities, Leadership Growth and

Supporting ASTM Technical Committees b
Recognition

— E37 - Light Sport Aircraft
— E38 - Unmanned Aircraft Systems
— E39 - Aircraft Systems

Click Here for More

yone, anywhere

— FE44 - General Aviation Aircraft 1 in the world with an
— F46 - Aerospace Personnel H interest in the field

3 . covered, is eligible
— FA47 - Commercial Spaceflight and welcome to join.

— E54.09 Response Robots

© ASTM Intemational 21 November 2018 17

ASTM Contact Information AEL}%’

Committe_e O_pera_tions Questions * This material represents the views and
jond s : ; positions of the presenter and not those of
Manager, Technical Committee Operations ASTM Int . Lakidforth tire ASTM
F38 Unmanned Aircraft Systems nternational and/or the entire
T: +1.610.832.9678 F38 Committee

E: mmikolajewski@astm.org

UAS Industry & Technical Questions
Phil Kenul
F38 Chairman
T: +1.301.346.5939
hilip.kenul@gmail.com

Ajay Sehgal
F38 Vice Chair
T: +1.240.298.0570

E: ajay.sehgal@wyle.com

Membership Questions
Jonathan Daniels
Membership Secretary
T: +1.702.586.1160

E: jon.daniels@praxisaerospace.com

& ASTM Intemnational 18
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ASTM INTERNATIONAL

Helping our world work better

Questions/Discussion/
Backup Slides

www.astm.org

L & / @ .., Task Group Objectives:
SUSORDINATION TEamwoORK Develop a short and long term
strategy towards autonomy
...,..o/—\& /\_,,.“ > standards in ASTM
Cross Cutting Task group
Developing terminology,
COLLABORATION
\ "“"/ Technical Committees:
ST F37 - Light Sport Aircraft

meETing
,,,,,,, F38 - Unmanned Aircraft Systems
““”“ reust F39 - Aircraft Systems

F44 - General Aviation Aircraft

Swarms, cargo delivery, leading
eventually to passenger service

-31-



ASTM UAS Roadmap

|
&

Unmanned Aircraft Systems

A comprehensive solution

ASTM International s a globally recognized leader in the development of voluntary consensus standards. Today,
over 12,000 ASTM standards are used around the world to improve product quality, enhance safety, strengthen
market access and trade, and build consumer confidence. We welcome and encourage participation from
around the worid.

Our dar: s driven by the f our members: more
than 30,000 of the world'’s top technical 140 . Working
in an open and transparent process and using ASTM's advanced IT infrastructure, our members create the tools

that support industries and governments.

150 technical g . we serve a brosd range of industries sercspace.
Iinfrastructure, public safety personnel, consumer more. When Inds - lke
nanotechnology, additive manufacturing and robotics — ook 10 3dvance the growth of Cutting-edge

*Available and updated on ASTM website URL FUCHROORES WPADA EXNGRESTION, Weeny F #han Comge ¥ ABTI tnberiticoie

. ) : 5 ; Beyord ASTM ofters and declaration through our subsidiary, the Safety
https://www.astm.org/COMMIT/ASTM%20UAS%20 Equipment Insttuze, a5 well 35 technical training programs and proficiency testing. All our programs

Roadmap-1.pdf complement our standards development activities and provide enterprise solutions for companies, government

agencies, researchers and laboratories woridwide.

ASTM Intemational 21

International Engagement AE‘.IW

Successful Case Study

— ASTM F44.92 Regulatory Liaison

— Global CAA's (ANAC, CAAC, CASA, EASA, FAA, TCCA))

— Discuss Potential Harmonization

— Discuss Standards and Regulation Need

— Unified Communication back to Industry for Standards content

& ASTM Intemational 21 November 2018 22
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ASTM Aligns Priorities to Industry CAAs
Focus Areas-Key Standards-Ops Over People an’

WK52089 Specification for Operations over People

Design/Construction
— Quality assurance requirements

— Testing to verify the target reliability
— Software code control

— Redundant power supply, propulsion systems,
communication and navigation

— Reliability
Risk Mitigation
— Operational Risk Assessment

— Parachute systems, airbags, human injury assessments
frangible design

Operations
— Pilot knowledge required for safe operations

— Route planning, risk minimization for ground and air
hazards

) ASTM Intermaficnal

Y o@o

ASTM Aligns Priorities to Industry and CAAs Aﬂlw
Focus Areas- Key Standards-Ops Over People ur’

7~

(Summer 2018)

WK56338 Test Method for Assessi
Unmanned Aircraft Impacts

ASSURE program for FAA

injury:

and impact

-33-

WK59171 Parachute Recovery Systems for sUAS

ng the Safety of Small

— Based on research and testing conducted by the
— Three methods for evaluating the potential for impact

Method A: analytical method, suitable for lower weight,
slower UAS with low impact energies

Method B: simplified low cost test using instrumented
head-forms and flight test to demonstrate failure modes

Method C: anthropomorphic test dummies to evaluate
full human impacts for higher risk operations



ASTM Aligns Priorities to Industry & CAA Aﬂlb’
Focus Area — Key standards ORA un’

F3178 Operational Risk Assessment (sUAS)
— Will Support AC 21.17b Rewrite as AMOC

- <25kg

— Documents CONOPS

— Identify , Quantify and Qualify operational hazards/harm

— Analyze the outputs of assessment

— Apply mitigations to satisfy safety of flight

— For access to airspace as regulated by respective CAA(s) either for a: vehicle
design (airworthiness), or a vehicle's use (operational approval)

ORAJ/JARUS Specific Operations Risk Assessment (SORA):
— Different pathways — similar results
— SORA - Step by step approach for applicant
— Standard scenarios will simplify process
— ORA - Traditional safety risk management process
— Both systems are acceptable means of compliance and should be used as
appropriate for applicant

ASTM Inlerational

ASTM F38.03 Operator Standards A.EL}%’

WK62744 General Operations Manual for Professional Operator of Light Unmanned
Aircraft Systems (UAS)
— Best practices to support professional entities receiving operator
certification by a CAA, and provide practice for self- or third-party audit
of operators of UAS.

WK62730 UAS Operator Audit Programs
— Minimum requirements, responsibilities, qualifications for entities
conducting internal audits against ASTM standards on Unmanned
Aircraft Systems

WK62731 UAS Operator Compliance Audits
— How to conduct a third party audit program for those who execute
audits to meet the consensus set of minimum requirements and
qualifications.

WK62733 Development of Training Manuals for the UAS Operator

ASTM Intemational
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fiff — ~ RTCA fii%k

Federal Aviation
Administration

Unmanned Aircraft System
(UAS) Standards
Development

RTCA SC-228 Status

Stephen Van Trees, FAA
Presented to APAC UCWG

September 17, 2018

pe and Boundary for Various CNS Solutions

IFR-LIKE

VFR-LIKE

M
Cl

BVLOS RURAL

RURAL
URBAN

Courtesy: NASA

Federal Aviation

UAS Standards Development Administration
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Overview

Special Committee (SC)-228 Leadership
Terms of Reference
Detect and Avoid (DAA) Status

— Architectures Overview
— White Papers

Command and Control (C2 Link) Status

— Architectures Overview
— White Papers

UAS Standards Development @) noCaralAviatoNn

¢/ Administration

SC-228 WG1

Co-Chairs - John Moore, Rockwell Coliins
Paul McDufee, Boeing

Government Authorized Representative - Steve Van Trees, FaA
Secretary - Kristina Carr, FAAANG

Detect and Avoid (DAA) Working Group, WG-1
— Co-Lead — Ted Lester, MITRE
— Co-Lead - Don Walker, Honeywell
— Secretary — Paul Campbell, FAA UAS Integration Office

Total Membership = 479 Members as of May 9, 2017
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Terms of Reference (TOR) Milestones

Original TOR written to support FAA UAS ConOps v2.0
TOR Updated for Phase Two on Sept 22, 2016

DAA c2 DAA cz2

White Papers Dec 2013 July 2017

DAA/C2 MOPS Dec 2016 July 2016  Sept 2020 July 2020

Radar MOPS Dec 2016 Sept 2019
SATCOM MASPS Oct 2017
NETWORK MASPS July 2018

SATCOM MOPS Jan 2019

UAS Standards Development sl

SARP DAA Remain-Well-Clear Definition

™ Alerting: 700 ft vertical

35sec Tmod

DMOD = 4000 ft '

DAA Well-Clear is a temporal and/or spatial boundary around the aircraft
intended to be an electronic means of avoiding conflicting traffic.

* Future phases of work will consider the SARP definition for DAA for small, lower altitude UAS

UAS Standards Development Rederal fviation

Administration
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DAA Maneuver Timeline

Time until CPA

~90 sec ~80 sec ~65 sec ~35 sec 0sec
I.atencv' ATC Interaction Pilot Aircraft Well Clear NMAC
Time Response Time Maneuver Time Threshold
(~10 sec) (~15 sec) (~30 sec) (~35 sec)

UAS Standards Development

Federal Aviation

Administration

Airborne Sensors — Class 1,
DAA Phase 2, Architecture 1

Unmanned Alrcraft

T

Position States
Velocity States

Track

Track 1D
Time of Applicability

Data Association,
State Estimation

*Note: ACAS Xu includes
active surveillance

UAS Standards Development

2,3

Ground Control Station

DAA Display

To Pilot

for Display
and
Ccontrol
Panel

To Pilot

r—From Pilot

ey
UDP — Unmanned Aircraft Data Processor
CDP - Control Station (CS) Data Processor
CDCP ~ €S DAA Control Panel

[ ain oA Functions tctass 1)

—

—————» internal Data Flow

Data Flow from Equipment
Sources

Class 2 s a Class 1 with RA functionality using
aTCASII 7.0

o Class 3 combines Class 1 and RA functionality
under the ACAS Xu Architecture

Notes: **DAA Alerting and Guidance functions can reside
either in the UA or GCS. However, auto-response capability
for the RA portion is only available for UA installations. There
will be some performance differences in the alerting and
guidance functions between Class 2 and 3 installations
because of the added features in ACAS Xu. Each equipment
will have health and status monitoring functions.

Federal Aviation
Administration
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DAA and Radar MOPS Update

+ DO-365, DAA MOPS, and DO-366 Air-to-Air Radar
MOPS, issued May 31, 2017

* FAA Aircraft Certification office indicated that DO-365
and DO-366 will be invoked through:
— TSOc-211and TSO ¢c-212
— AC 20-DAA

* FAA SRM Panel completed to provide approval for
operations in Class D and E Airspace using either Class
1 or Class 2 DAA equipment

UAS Standards Development (GF)) Raministration”

Successful lkhana Flight in LAX airspace.

June 12, 2018

NASA Flies Large Unmanned Aircraft in Public Airspace Without
Chase Plane for First Time

« Flights of large craft like Ikhana, have traditionally required a safety chase
aircraft to follow the unmanned aircraft as it travels through the same
airspace used by commercial aircraft.

« The lkhana flew in accordance with the Federal Aviation Administration’s
(FAA) Technical Standard Order 211 -- Detect and Avoid Systems -- and
Technical Standard Order 212 -- Air-to-Air Radar for Traffic Surveillance.

+ This flight was the first remotely-piloted aircraft to use airborne detect and

avoid technology to meet the intent of the FAA's “see and avoid” rules,
with all test objectives successfully accomplished.

For more information, visit: https://www.nasa.gov/press-release/nasa-flies-large-unmanned-aircraft-
in-public-airspace-without-chase-plane-for-first

Federal Aviation

UAS Standards Development Administration
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White Papers — DAA Phase 2

« Operational Services and Environment Description (OSED)
+ Extended operation in Class D, E, G
« Visual Clearance equivalence
+ Terminal Area
« Transit operations in Class B, C
« International Harmonization
+ Alerting and Guidance
« DAA Well Clear tailoring
« Aircraft Performance analysis of smaller UAS
« Automation of traffic avoidance
+ Architecture
+ System Architecture and Equipment Classes
« Effects of C2 performance including SATCOM
+ Alternative Antenna designs
+ ACAS Xu Implementation
« Sensors
+ Ground Based non-cooperative RADAR
« Electro-Optical and Infrared
« Lower performance airborne RADAR
« Verification and Validation

UAS Standards Development | Al bt

DAA Operational Environments for Phase 1
(Blue) and Phase 2 (Green)

_ Terminal Operations | Transit Operations | Extended Operations
No Yes*

Claso A v

Class B No See Note No
Class C See Note See Note No
Class D o eI e
Class € veo VeS| o ves
Class G, off-airport Yes _ Yes
Class E above A No No No
Oceanic, Class A No Yes* Yes*

Note: Final TOR to PMC: The operational environment for the MOPS in Phase One is the transitioning of a UAS to and from
class A or Special Use Airspace, traversing Class D, E, and G airspace. The operational environment for the MOPS in Phase
Two is extended UAS operations in class D, E, and G airspace, takeoff and landing operations in class C, D. E. and G
airspace, and transit through Class B airspace.

A2\ Federal Aviati
UAS Standards Development ) Administration
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Proposed DAA WG P2 Deliverables
(Maintains intent of TOR while providing more granularity)

" rrodve T oeseipion | ouedue |

Ground-based Primary MOPS for a gm;:nd-bascd non-cooperative radar September 2019
he Phase Two DAA MOPS.
Radar MOPS to support ¢

DAA MOPS, DO-365, Revision to the DAA MOPS that incorporates at September 2019
Rev A least the Ground-based Non-Cooperative Radar

MOPS including architectural considerations and
operational concepts,

Airborme EQ/IR Sensor MOPS for an alternative sensor to detect and September 2020
MOPS track non-cooperative aircraft in support of the

Phase Two DAA MOPS.

Air-to-Air Radar Revision to the Airborne Radar MOPS in support September 2020
MOPS. DO-366. Rev A of the Phase Two DAA MOPS.

DAA MOPS, DO-365, Revision to the DAA MOPS that incorporates at September 2020
Rev B least DO-366A including architectural

considerations and operational concepts and
ACAS XU.
Note: ACAS XU MOPS due Sept. 2020 according to SC-147 TOR, in conjunction with DO-365, Rev B

WG is capitalizing on strong response from airborne sensor developers (EO/IR and Radar) and is planning to
include both as means to enable UA with less available SWAP.

Federal Aviation

UAS Standards Development | Administration

SC-228 WG2

Co-Chairs - John Moore, Rockwell Coliins
Paul McDufee, Boeing

Government Authorized Representative - Steve Van Trees, FaA
Secretary - Kristina Carr, FAAANG

Command and Control (C2) Working Group, WG-2
— Co-Lead = Jim Williams, JHW Unmanned Solutions
— Co-Lead - Steve Van Trees, FAA Aircraft Certification
— Secretary — Lee Nguyen, FAA Aircraft Certification

Total Membership = 479 Members as of May 9, 2017

x| Federal Aviation

UAS Standards Development ) Ammetraton
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Phase 1 Architecture — Point-to-Point

Phase 1 MOPS o zi:” Phase 2

MOPS

.

2,:;\7{:
VHF
Satalite \
/ b Notwork \
LOS data link O‘P&@ \
[Non-network) -r q!}p \
Reachback

Control Station

(¥
' o~
o #/ ATC ;
o) @“ . E T/ Terrestrial 1
' 1~

3’/ (( ’) Network
a 2 U
& i N
Local Control & 59/ SR =
Station 8 R e <
/ o
- “_»I.ll‘,l Reguired terrestral L
connecbon — Non-Relay Service
Networked Control Provider
Stabon
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DO-362 C2 Data Link MOPS Update

« DO-362, C2 Data Link MOPS (Terrestrial) was
issued 22 September 2017

* FAA Aircraft Certification office indicated
that DO-362 will be invoked through:
- TS0O-c213
- AC 20-187

Federal Aviation

UAS Standards Development ({17):) Administration
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Phase 2 Architecture - SATCOM

Inter-satellite Handover Inter-satellite Handover
¥ of GSO P
SATCOM e = and 5 /
" ey \ non-Gso & ® 9
Point-to-Point v b 2N
and Network 3 A

7
" < /
Satellite -Terrestrial it badim Hardoves
Handover H
(will include frequency
= o change)
N~ ( (U 1 W= e
Regional Beam

Terrestrial
Point-to-Point
and Network

Satellite Network
Handover

CNPC
Network(s)

e l! . ¥
Networked
Terrestrial and SATCOM L
Control Station L 3 """ -

Networked “Point-to-Point”
SATCOM SATCOM
Control Station Control Station

Federal Aviation
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White Papers — C2 Phase 2

* Phase 2 focused on extensions to point-to-point architecture to
expand beyond Radio Line of Sight operations

+ Develop MASPS level documents to support Top Down safety
analysis driven performance metrics

* Primary Focus is SATCOM architectures
* Ku and Ka bands are in-scope
« Cband is possibility
« Develop performance standards for network of C2 radios
+ Update existing L and C band document with data from on-going
research

+ Evaluate use cases for smaller UAS
+ Dependency on FAA supported operations

Federal Aviation

UAS Standards Development ) Administration
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Proposed C2 WG P2 Deliverables

(Maintains intent of TOR while providing better decomposition)

Deliverable Document FRAC
Completion
C2 Link Systems MASPS December 2018
CNPC Link System MASPS (SATCOM) June 2019
C2 Link System MASPS Rev A December 2019
CNPC Link System MASPS (SATCOM) Rev A March 2020
CNPC Link System MOPS (Terrestrial) DO-362 Rev A June 2020

.

UAS Standards Development @) Adminisiraion

Purpose of the C2 Link MASPS

* Provide guidance recognized by the
FAA for UAS OEM'’s, Avionics '
Manufacturers, and communications
service providers on acceptable
design, test, and operation of C2 Link
Systems used for BVLOS operations
throughout the NAS.

« The Small Airplane Directorate and the
Rotorcraft Directorate are essential to
achieving this goal

« Establishing FAA Accepted levels of
risk during UAS certification is key g iy
aspect of this MASPS

Minimuns
Stan
Supporting Ope

Federal Aviation

UAS Standards Development Administration
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Scope of C2 Link System MASPS

ATC Tower
FAAVHF
Voice @——p fado
Switch Faciity
NAS
Boundary
ATCTRACON Protection
Service
Voice (future)
s A Unmanned Aircraft
A4 Control Station nman ral
. Voke Radio
—-_—— - - - - - - ——
%70 H Vo&e'::dw T it s «
1 pe of ink System MASPS Systems
N = B o
Voie 5 ! €2 Link
switch E=—> g €2 Lok Management sys. | (— i Link System 1 —— UinkRadio 1 % = | Masseumenc
(€2 Data Mux/Demun)s 5 =80 (,;"':,"‘.
and Voice Codec _j+ ¥ i 2 o128 5| " (eyoen
FAAA 3 c ni m 583 3] [Muyoemax
AR ATC Facllity _:g! ¥ HEE Syster ~— UnkRadio2 >33§" peridion |
NAS Voice £ [ 2 unic mge. supportjeo{ © & H A A D
System o= § : Uink e ) e A
(future) s Radio 1
kKl gt I » Link System ..N — N 1 ez unkmge
L7 ¥ Guidance §| Stweort
g Systems
e . - - - - = = = - - - - o Flight
Flight Service o ------- -~ > | ol Guidance
Systems Systems
Flight
i 2 Sormn. Management $1
ystem .
FAA Controller ~--- S (corional) vtems
Ct:nm“. ke (opiorsh Survesince
¥ DAA Systems Systems
., D > Direct Connection
N < ptional) < P Analog Voice

<« VOW (Future)

UAS Standards Development

Analog Voice Radio
Radio Frequency (RF) Link
» Data Bus

Federal Aviation
Administration

Approach to Safety Risk

Define the system — C2 Link SV-2

Define assumptions and bound system
+ Linear Sensing — Power Line Inspection
+ Aerial Survey Work-Media and Incident Reporting

Identify potential hazards
« Based on the operational use
+ Defined in the CONOPS and OSED

. t[’).leria/)ed from “Information exchanges and actions” (described in
e

Identify environment or system state (described in OV-3)

Analyze the system
« |dentify existing controls
« Determine possible effect(s)

Assess the severity of each hazard
Use risk matrix to determine Safety Objective

Identify possible mitigations (document in OPA as
performance requirements)

AS Standards Development

Appendix D
D-19

Table D-7: Initial Risk Matrix

“S_Severity

Minimal Catastrophic

5

Frequent
A

Probable
B

Remote
pa

Extremely
Remote

mely

E
Improbable

High * Risk is high when there is a single point or
Medium common cause failure
Low

Federal Aviation

Administration
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OSA Objective

«  Primary objective of the OSA is to ApeeD
establish safety objectives which are
documented as performance Table D-6: Hazardous and Catastrophic Hazards Summary
requirements in the Operations Hanrd e Haxud Desafpiies R
Performance Analysis (OPA) C1-81-UC-A4d | Remote pilot and/or UA are receiving inaccurate C2 | Hazardous | Extremely
o Developed safety objectives for Link System status information. Remote
. ape C1-81-UC1.2 Corrupted data causes the UA to deviate from the Hazardous Extremely
each identified hazard intended Flight Plan. Remote
«  Severity of each hazard was C1-S1-UC3.1a | Remote pilot does not receive the waming alertina | Hazardous | Extremely
Yy
" “ps ly manner. (Controlled airspace). Remote
identified first ) 4
. ) . C1-S1-UC3.1b | Incorrect information is received at the CS. Hazardous Extremely
«  Safety objectives were established Remote
i i C1-S1-UC6.1 Remote pilot does not receive the warning alert in a Hazardous Extremely
ased on the allowable lIKellnoo:
timely manner. (Uncontrolled airspace) Remote
needed to ensure an acceptable — .
= C2-S1-UCl.6a | Remote pilot takes off to an unexpected altitude. Hazardous Extremely
level of safety risk Remote
. Purpose Of the safety objectives iS to C2-81-UC4.6 Incorrect route is activated. Hazardous Extremely
. ' Remote
ensure safety risk is gcceptable. less CI-S1-UC32 | Inadequate or lack of maneuver when one is required | Catastrophic | Extremely
than or equal to medium. (Controlled airspace), Improbable
C1-81-UC6.2 Inadequate or lack of maneuver when one is required | Catastrophic | Extremely
(Uncontrolled airspace). Improbable
C2-S1-UCL.6b | UA does not follow the expected route to the Catastrophic | Extremely
designated departure point (Flyaway) Improbable

Federal Aviation

UAS Standards Development Administration

OPA Approach

. Determine the C2 Link Performance Drivers for use cases that are the most stressing for the C2 Link
—  Which of the five pilot’s tasks will be most demanding for each phase of flight?
—  What Performance Attributes will be assessed (Availability, Continuity, Integrity, Transaction Expiration Time,
Latency)?
. What Use Case can we use to assess the required performance?
. Develop a timeline for the chosen Use Case to determine TET
— DAA="Do over” of Phase 1
—  Voice Comm. = new, consider combining Surveillance with ATC initiated lateral or vertical maneuver to avoid
traffic
. What Operational and Security Hazards can occur?
- Lost C2 Link? p—

- Jamming? e T R—

a
\
\

\

UAS Standards Development 23‘3,3’;'5{‘,2322"
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Approach to Risk and Design Assurance

« Requirements stated in Qualitative At
Terms (e.g. remote) because variation in

Table E-2: Risk Matrix

quantitative values will be established

. . ey . RISK MATRIX
during aircraft certification process (or !
future regulations) Seveiy Misor Majer Huzows | Caasophic

» Risk Matrix included with explanation of kS O N
how it will be used in cert process

. 5 : 5 of U2 Allowable Quantitasive Probabiliry.

+ Risk Class 3 Example tables included in " 30t Py Sy S 2 e Desa AusceLevs
MASPS with appropriate cautions about Rik a1 W 0t W =
making assumptions e il "l o Rl M

H : . . Risk Class 2 - - s

+  This approach is consistent with the FAA | s -2 as siseccoery swe | oo | oo | owo
risk based certification approach as Rk 3 1w’ ' 1’ 0'

: : R ; (=25 0010 599990 ol e . :
defined in the “FAA and Industry Guide 2 - S s O W
to Product Certification” e -5 b | oG | A | me

" 5 3 s o 10
-y A oo | owc | owc | DAB

1 o ¥ 10*
o 099 81 e oty oo | oAc | oas [P

d as a boselime level of safety and should be adjusted durimg the
a spo The actual kintic energy calculation requir icable 10
speed of the UA and any features on the UA used to limtt kinetic energy after power pl

s of establishing the certification
i U willvary with type of Ud.
¢ (e.g. parachute).

UAS Standards Development ZZ?,?{:JS’?,:'ZL?“

Discussion!

EmC2
SiMP)e Compared To

Urmanred AirCrad+
", Integcatio

UAS Standards Development iﬁﬁiﬁlﬁ‘gﬂgﬁn
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frff = ~ AtPE R 2= B

. Case study: future A-B

DISCLAIMER: Fictional operation, figures & images are not

S~ — e =

Air taxi A-B flight

Power: All-electric

Capacity: Designed for two passengers.

Altitude: Operates between 500 ft to 3000 ft above the ground (150 m to 900m}.
MCTOW: 2,700 |b (1,224 kg)

Wingspan: 36 feet (11 m)

Vertical take-off and landing: 12 independent lift fans, which enable VTOL and
transition to forward flight

Range: Approx. 60 miles (100 km}
Speed: Approx. 180 kph (100 knots)
Assumption: Controlled & Uncontrolled airspace

DISCLAIMER: Fictional
operation, numbers and
images are not representative
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Airworthiness Requirements

Apply FAR 21.17(b) style approach
Manufacture in a certificated organisation (CAR Part 148)

Airplane certification levels:
14 CFR 23 (1) Level 1—for airplanes with a maximum seating
_ configuration of 0 to 1 passengers.
(¢) Airplane performance levels:
(1) Low speed—for airplanes with a VNO and VMO

< 250 Knots Calibrated Airspeed (KCAS) and a
MMO < 0.6.

14 CFR 27
Normal Category

Or eVTOL (ASTM WK53964 in development)

|
||

EASA EY013-01 . . )
Policy Statement on SC-RPAS on Remote Pilot Station, C2, flight control,

UAS Certification fllght (but VLA/VLR Oan)

Unique Special
Conditions

g

Airworthiness Gaps /
Special conditions
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ASTM F

38.01 (UAS) Airworthiness

DESIGNATION |

TITLE

F2;

ctice for UAS Registration and Marking (Excluding Small Unmanned Aircraft Systems)
ication for Design and Construction of a Small Unmanned Aircraft System (sUAS)
for Prodi of Small L d Aircraft System (sUAS)
ification for Design of the Command and Control System for Small Unmanned Aircraft Systems

)
ication for Quality Assurance of a Small Unmanned Aircraft System (sUAS)

Practice for Ensuring D | of Used in L d Aircraft Systems (UAS)

F3269

WK16285

Practice for Methods to Safely Bound Flight Behavior of Unmanned Aircraft Systems Containing Complex
<

Specification for Specification for Design and Performance of an Unmanned Aircraft System-Class 1320

WK27055

(550# Gross Weight to 1320# Gross Weight)
Practi in

Design, Construct, and Test of VTOL
gpeCl ication for aperation over peop e

Safety of L d Aircraft Systems for Flying Over People

SUAS parachutes

Acoustic-based Detect and Avoid for SUAS

i |
Design, Construction, and Verification of Fixed-Wing Unmanned Aircraft System (UAS) Standard

in ire

Specification for Large UAS Design and Construction

Specification for Detect and Avoid Performance Requirements

Test Method for Detect and Avoid

EASA PS E.YO13-01

Table of Contents:
1. Introduction
2. UAS Definition
3.  Policy Scope
4.  Policy Objectives
4.  Procedure for UAS type-certification
PR ST P ith 2i-cubgart B
7. Guidance on Special Conditions -
7.1 Emergency Recovery Capability SC-RPAS.FC Fllght control
7.2 Command and Control Link & -
7.3 Level of Autonomy SC-RPAS.RPS Remote pilot station
7.4 Human Machine Interface
7.5  Control Station SC-RPAS.C2 Command & Control
7.6 Due to type of operation .
System Safety Assessment SC-RPAS.Su bpa rtB F |Ight
1 8.1 Certificate of Airworthiness
8.2  Noise certificate
8.3 Permitto fly
8.4  Continuing Airworthiness
8.5 ‘'Detect & Avoid”
8.6 Security
Appendix 1: Methodology for selecting the applicable airworthiness code(s)
Appendix 2: Methodology for tailoring the selected airworthiness code(s)

g
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