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University of North Dakota, Determining Appropriate Levels of Automation, FITS SRM Automation Management Research, '
Charles L. Robertson, May 25, 2010, https://www.faa.gov/training_testing/training/fits/research/media/Det App Lvl Atm.pdf
SAE International, Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor Vehicles, |
https://www.sae.org/standards/content/j3016_202104/

ASTM International, TR1 - Autonomy Design and Operations in Aviation: Terminology and Requirements Framework, "

https://standards.globalspec.com/std/14480544/TR 1
ASTM International, TR2 — Developmental Pillars of Increased Autonomy for Aircraft Systems,
https://standards.globalspec.com/std/14480549/TR2
ASTM International, TR3: Regulatory Barriers to Autonomy in Aviation, https://www.astm.org/tr3-eb.html



https://www.sae.org/standards/content/j3016_202104/
https://standards.globalspec.com/std/14480544/TR1
https://standards.globalspec.com/std/14480549/TR2

A38-WP/224 -3-

TE/76
iEdlal) -
Cun (e Alady 5egiy Aads Ayl dima alge 2y ey Ohaball sase 2l V) Jurdall Gasy V-y

Holeall 8 L) sl el gaang (slea@) vie) Sl lal) 2 e G s 4K ae Fedialy cadisl

0o Agasall il Claslgi€s alattiuls Ty 4 Lageady (Ve jeol halall dass V1 il Y-
Gpeslly Jeily (o) 3 Jsadll RIS anis b axs O Agasall il 3 il V) Jdll aals o5 e
LS ellyy dlagjal) plalaall Cauasg sl e e bb asag ) daladl aae ) 508 Ay @lld (Ghrag ¢ alaxiosall
Yoy olaill & i) (e Gt e (R (V) i) 0 Gladall sty Al pal) CadlSally bl (e Moy 4]
o ile aglin (<8l Galad) dady conblall e yan s lial 3 55500 Jalsall o3a aelis s . 5Lk (e
Aallaes (Aol anait e Clggunally Al Cilading 8 (pdiny () Galadl ) cABley) (553 (alad) (i) Tge Slale
) sl s A bl Sliee (55 g - sl ldal) 8 bl (5 Jiind) (3 Axigiall sendl angl
s g Al SR (a5 L (e (55D a e S gy pon) B lliny Al b ]

ST pplaiaal) Galagall pyllall Aol

llh calils Laj it s 0o Agagall clillall Cliaglyi€iy V) dandil) cilisios a5 oF cun b Y-
Bl (5yd Dbl bl Gl il coyshin Y bl alas e lhil) dady @il ) 3539 Al LY) Laad 4slss
Gl g p Al pleally cilileally clilal)l @il by Jeatl) 138 ) dlanin) i QA L gasly 5l
ale] cpny By Alully eY) o Baliall (Ko iy halall gl aglsl a8 leaad (S S ¢Jiional

skial) agiall 38 e el LgduSiy CilisSall (amns b ail

A s Ciged clagll Skl e Gl U algally Ciligganally Sl (& uSl sl ) kil ey
Aol lars Slela) s 1 alell 3 Tls e 98 WS) patlill mie Jaf e bl 50USE Al bl e
Slilae s ¢ =gyl Llailly sataall () Jiiall alail 8 gidl) alasiel) g bl .(DOC 9868) ¢t/ — usall
Aol 5l e Ve A iy 5eliSl (e gy (5ine () Aalay Jial) 55bk 05S Cages e ilal) Julalud
Jalsally  HLall Slasly cdllally eglly ¢(alail) Jlaas Cagyks s — golshall ciVla (& Llanial) Gl 4 La) clilealls
(I3 g el ) Gaeetil) e o) (el Ciblge (s (e Anetl ST UKD 238 raad Chiga LA ydid)
Jsd acay COKEA Gigan e Akl (lacal duadY) anla iy Cigw sadall Ghalall e ddjpeall LliaY) ol

il glgi€all pngl oaaina

O g G pagall sa bl algag sl Bpiall dagdall ) s da )l cilae¥) asly o-¥
Dbl aey ol Jaedal) 4503 akas ddacdgy ) Bylall clS 13 L Alelaally Jhall 3lan) ddalisg Al A ggeall 4] i
LY Baamall (halall SLaSH uan ) @IS (535 b o(Adal) & i ans Y (6l) il s ol s 8 1S)Las
ClShiadly Gl s Al clsang o) il e e Al aliadl Ldla (5) 35Ul Adlu e Adgpendly (3le
Ayl e 2 Agase Bilh Joxd Lavie (JEall dans leg Slanil) s (8 Dlggunally cclblodl ming o Ga¥) e
95l Al e Jggenas "Bl 3sd sl (i Slba llin Jase Jab ¢ ydlaa (s CalA) (50 ey Jainil) 45l

National Research Council of the National Academies, Autonomy Research for Civil Aviation: Towards a New Era of Flight, *

https://nap.nationalacademies.org/catalog/18815/autonomy-research-for-civil-aviation-toward-a-new-era-of
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ICAO Cir 328, AN/190, Unmanned Aircraft Systems (UAS), www.icao.int/meetings/uas/documents/circular%20328 en.pdf °
ICAO International SARPs, Annex 1 — Personnel Licensing, Section 1.1. Definitions. page 24. *
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PROPOSED CLASSIFICATION FOR AIRCRAFT AUTOMATION

Level 0 — Manual Operation: The crew is responsible for all functions including
controlling the aircraft, evaluating and responding to the aircraft and airspace
environments, communicating with external systems, and managing the aircraft when
failures present themselves.

Level 1 — Assisted Operation: Systems which have been automated up to this level
are used to support the crew in performing the specified function.

Level 2 — Task Reduction: As technology and confidence in performing tasks within
a specific Operational Design Domain (ODD) are gained, automation increases to the
level where a system may take over a specific task or function to help the crew focus
on more mission-critical tasks.

Level 3 — Supervised Automation: By expanding the capability of the automated
systems to handle not only aircraft functions, but monitoring and responding to changes
in the environment, the crew moves from actively managing the function to monitoring
the safety and effectivity of the operational outcomes.

Level 4 — High Automation: Once the technology has demonstrated the ability to
perform entire tasks or functions effectively and have a robust capability to respond to
their environment, the crew may trust one or more flight systems to perform their
function autonomously (i.e., without human supervision).

Level 5 — Full Autonomy: At the far end of the spectrum is a fully autonomous
function. At this level of automation there is not only no human involvement in the
function, and likely no human awareness of dynamic operational parameters affecting
the functions ODD.

Trusted Autonomy: As autonomy increases, the human needs to build trust in the
machine and the machine needs to build trust in the human. The deployment of trusted
autonomous systems results from the optimized balance of human and machine tasks
with a focus on integrity metrics defined to support safe and efficient airspace
operations. Trusted autonomy can be considered a pathway to progressively remove
the inherent limitations of full autonomy as known today.
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APPLICABLE ICAO DEFINITIONS

Annex 1: Personnel Licensing

Pilot (to). To manipulate the flight controls of an aircraft during flight time.

Pilot flying (PF). The pilot whose primary task is to control and manage the flight path. The
secondary tasks of the PF are to perform non-flight path related actions (radio communications,
aircraft systems, other operational activities, etc.) and to monitor other crew members.

Pilot-in-command. The pilot designated by the operator, or in the case of general aviation, the
owner, as being in command and charged with the safe conduct of a flight.

Pilot-in-command under supervision. Co-pilot performing, under the supervision of the pilot-in-
command, the duties and functions of a pilot-in-command, in accordance with a method of
supervision acceptable to the Licensing Authority.

Pilot monitoring (PM). The pilot whose primary task is to monitor the flight path and its
management by the PF. The secondary tasks of the PM are to perform non—flight path related
actions (radio communications, aircraft systems, other operational activities, etc.) and to monitor
other crew members.

Annex 6: Operation of Aircraft, Part 1

Flight Operations Officer/Flight Dispatcher. A person designated by the operator to engage in
the control and supervision of flight operations, whether licensed or not, suitably qualified in
accordance with Annex 1, who supports, briefs and/or assists the pilot-in-command in the safe
conduct of the flight.

ICAO Cir 328, AN/190, Unmanned Aircraft Systems (UAS)

Autonomous aircraft. An unmanned aircraft that does not allow pilot intervention in the
management of the flight.



