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Discussion on Establishing UAM Operating Concept

from the Pilot’s Perspective

Hi-seok Yoon', Keun-young Lee’, Kyu-wang Kim"

ABSTRACT

Aviation industry is moving towards the third innovative era of AAM with electric power and
Al after the JET-powered era following the Wright brothers™ first flights. Research on UAM,
eVTOL development, certification, and operations is competitively progressing, primarily in
aviation-leading countries, aiming to resolve urban traffic saturation and foster the future
aviation industries. This study introduces the concept of the pilot's role transition in
operational safety as Al autonomous flight advances, comparing K-UAM operational concept
with research from FAA, NASA, and EASA. It is to identify and propose solutions for challenges
from the pilot's perspective in developing UAM and its safe operation system. To succeed in
Advanced Air Mobility National Project, we suggest the collaboration among industry,
academia, and institutions, along with the cooperation between civilians, governments, military,
and the need for Urban Air Mobility integrated policies.
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1903 }olEFA|= FLYER 1Z7]9] 129+ 7}
&4 AXE FHolL 3F 59 dHEIHE
US8211393A)F 283 v Aloj=2 Hx9] &Y H
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AVIATION®] sf={cielo] AIR MOBILITYZ Zs}
3] 713 Q)= Fig. 19] 3RPaAI} Zo] BAd)EY
A N2He] HEY R g A2HE 439 ghg Al
2 AFA 5ol o3t HPAolZ vy
(AAM)9] AltiE 4 Sl

FAAE 20224 59 99 eVTOL 915 A= &y
158 PART 21.17(2)°d E8AFSE 21.170=

Ay RS, SEEE ESUB DI

ook

BN

1903

Light Br/ Q1A NASA eVTOL
7)4): Flyer1 HE178 JOBY TiltRoter, V—22
5 gEAA Jetald DEP(E447]54)
Ao]: PILOT+ PILOT + PILOT X = Al Flying

Mechanical Cable HYD+FBW+FMC Remote+Autonomous

Fig. 1. AVIATION evolve to AIR MOBILITY 1)

2 B8-YZE(powered-lift) @215 (type  certifi-
cate)Z WAFT AZolt}. eVTOLS B[7]2} Pe]FE
7} oid M2 FHQ] 7]Alo]7] iEol 2FALY] &
I 71A19] P ek Wl R 78S HAsH
o= Aot 202249 6¥ AHTEIEHEASAS
NPA(notice of proposed amendment, Y|l
A UAM QI5= 913t =2 7] 718 A5t
o, 7|4 B34S VIOL-capable aircraft & 37§ o}t
o] FHIAE 2= TT7I= AYFrh

FAA7}F 22 3 4 Q5 78S Hstal 38
Sl Hlolls tha AlZto] A=jZAIRE 7[ed o= o
tl= eVIOL AFgAIRE HEC] A A EE Al
A oA EERAE UE AL vHHIAL AoF
TARIT eVIOL S5 AHE 27171 fste] 2%
3 RJISHARE $EY A= oifdrh

7|4l EoF /e Vectored Thrust(tilt-rotor)®:
A% A=t JOBY Aviation®] FAA 4159 394
AR 71ed o= 7MY 9hA Wrtal 9low, UAM 4
BiA 24gol= FEgk iAol )t} 1Y Table 19
A2} o] 2023 BHE7] E019b4= AAM AE A5
oA 7l& Y dolzrt AdFes 42 Multi-
copter, Lift & Cruise ¥41& A3t Velocopteret
Fhang?] okdlo] Faizitt. S ED)l 2of 72
g g &-8o] A woy, §&Z =% 1A HiE
2] /gt A-go] AlF5it Fo] B2 sto|BYt=
HiE 2jel BHARLE W7 He Hlog 22 7|
A3t FAE ool o]Xo] Wil 4 ARAXE
Agt slolBP|E ¥ G842 FoU 83k %
ojx]aL Sl

= UAM T 7|& 52 Table 29} Zo| Hiv|
<= o] oF 2~399] AXE HojFa glot 7|4 - F

1) HYD(Hydraulic), FBW(Fly By Wire), FMC(Flight
Management Computer), Autonomous(A-).
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Table 1. ARl (AAM reality index) update 2)

(stocl(ZEt'I:/{:ker) ARI | Funding($M) Use case Vehicle type Operation Vehicle EIS*™*
Volocopter . . Multicopter . VoloCity 2024
(Germany) 831 $761.0 Alr taxi Lift + Cruise Piloted VoloRegion | 2026

. Tourism, EMS* Multicopter EH216-S _

Ehang(China) 8.01 $160.4 firefighting Lift + Cruise Autonomous VT-30 2023

Joby Aviation . . Vectored .

(USA) 8.0)| $22513 Air taxi thrust Piloted S4 2025
Beta Technologies Cargo, regional Conventional . CX300 2025
(USA) 801| $796.0 v taxi Lift + Cruise | Dloted 1 aiT250 | 2026

air taxi

Archer(USA) 7901 $1,096.3 Air taxi Vectored thrust Piloted Midnight 2025

SMG Consulting, Nov. 2023.

Source :

Table 2. Domestic UAM technology level and gap
compared to top technology countries

R g I
(%) (%) USA
b = 66 -3.0
e Y
P aed | 65 | 28
€72 Q1% - A1 FW7t 65 -2.5
29 - 7= | UAMEIwEHE 59.2 | -3.6
62.1) UAMCNSi 649 | -3.1

o]z 3L =

oy | semem | M | 22
HA7|& A1y 64.7 -1.8
(63.3) HeSAEAZL | 589 | -26

Source : K-UAM Technology Road Map.
(Table IV-19, Fig IV-15) pl176.
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2) *EMS(Emergency Medical Services),
**EIS(Entry Into Service)

NASA(National Aeronautics and Space Admini-
stration), EASA(Furopean Aviation Safety Agen-
cy), ICAO(International Civil Aviation Organi-
zation) BT 49| A=A AHu|7F GElE]7] Ao
A 2T AAlstaL ek JFo] WA AuE |
&2 UAM 33717} 45719 521 35 AN
ARIUATM)LZ Hol7r] Ao & AR = 71%
9] A2} Hgo|tt.

HAZZAHZIY = A719F 28332 FAA
9} NASAZ} Aotz Wk Aolsh, ofF] 7id 74
27t FAH o= <t Eof it} 7142 ZHolA] Fast
Follow Up A2 £& Azolu}, 35 a1 Hd &
HollA= =A14 71 2 S8t Fd FETL o]
Foid AdHiollA a8l Z-&sfof & Zlolth
2 dFolAs UAM 29 MWl 5 AAE 234 =
I BYRIAER O & FASIY], vyt 22 FART
olf+E EAISISI

2.2.1 K-UAM 2&71iEM 1.0

K-UAM @A & AW2|eod= Table 33
o] 43719l 203095 AARSTALEHY dAx
SIS =YstaL, 942F 715 vAEAel &
St 2FJANY) H52 ASsiaL 3o

Table 3. K-UAM operating step scenario

P& | 27120254 ~) /387120309 ~) | 435712035 ~)
71728 | On Board

Remote =% |Autonomous =)
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Table 4. K-UAM technology road map

FE | 27120259 ~)| 871203008 ~) | /857120359 ~)

g On Board Off Board Autonomous
T @& ED) | (EExD) -l

E3H 3 AT E(KUAM) 7[EZ259 Table
4oIRE & o o] ZFALE tAlste] YExES 4
Al AZAS B6]1 9t olE HIReE SR
AT ATAME FAte] Ehel FH Adolk=
UAM #-gH19 2 53/ 583} I3 39 7|&E2A
bRt T A7 U g 52 9F B[
Alol7} "o, o]5 $J5f $5/9A s 2F AR
A9 37 T4BAY 71€ R EI(KETI Issue Re-
port 2022. 12) Eof Ut

o] o= UAM YZ2Z vy Fo| +5/5s
AAR S AT 9u|7t Z3tEo] Qlck

2.2.2 FAA UAM ConOps v 1.0

I8y K-UAM F3l ¥ ¢¥E<Ql FAA UAM
ConOps v 1.0914& K-UAM Z3%7]9 sigsh=
ConOps 1.0 Operations @Al ti5to] Chapter 3.
Evolution of UAM OperationolA thea} Zo]
PIC(pilot in command, A%7]1%) onboard(E%)<
A AAlsta qlow, Xpad} A T 71739
AT} YAol52 HFHe=w Holar itk
1. Initial UAM Operations : onboard
2. ConOps 1.0 Operations : onboard

3. Mature State Operations : Remote

{Location of the PIC) the physical location of
the PIC. UAM operations will evolve from a PIC
onboard the UAM aircraft to remote UAM PICs.

/%471 dAPRIA K-UAMZ} FAA UAMS| Zpol=
Remote or Pilot¥} Pilot and RemoteZ EH5}7
TRk @A =W AeHE 7]eo] AEs oib] oF
65% FEUol= Etokal, tigtil= UAM HAAES
Assto] gt A4 R 57 Qb tigk Ect
HAZRFALHT PARFATIDY 27| Y-S A
FE ok AA H[F) 2FolM= AERETE A
g 3717} ol&AES= THY AAA 71EE AL

ol
Rl

= 2-8HoA Auto Limitation®Th ZFAP}
835 o= 9l Limitation?] M¢7 @& |t} A
| ot T=gt 7dhe AASte{oF At I=jn
FAA UAM ConOps V1.0°14+= PILOT 7RY o
2 UAM A53t 9AE Fig. 20 o3 o] £

o 3 9ck
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o

{Evolution of the Aircraft automation level)
1. Human Within the Loop (HWTL) 3
ZZAP} onboard$t AJEfolA] Automation sys-
teme A3 ZARRITE
2. Human on the Loop (HOTL)
ZZAP} onboarddt AEjolA] Automation sys-
tem A5 50y, A H=Fog fUYT
T UEeE AAES AR
3. Human Over the Loop (HOVTL)
ZZEAP} offboard Z RemoteSt AME|OA 53]
0F system AISI}’F Automation system
o] Z2FAF Foj7t sty RS T JHUsH
Skt 2ZAR= Automation systeme] 3JE3F 4=
e A9 A A4 28 DAl Yl

2.2.3 FAA UAM ConOps v 2.0 7%

20234 4€ 714% FAA UAM ConOps V2.00114]
PIC(pilot in command, A371%H2] AT} Hx]o]
52 AT R operation TAE ZFAS] AT}t F
42 #H3o] glov, 4A7Ide 23AF "HoEolA
e RPIC (one remote PIC) Al 28-S AA|g|E
T A&710) 012t UAM Ass) 712 o] g
o] @AIZHOo&Z RPICs(remote PICs)/remote oper-
ators= S F&A7|Zth= dE d9sta Qick

onboard

—_

Initial UAM Operations

2. Midterm Operations :
Primarily onboar aircraft but complemented
by the introduction of RPIC operations (with
one RPIC per operation)

3. Mature State Operations :

Remote piloting is more widely available and

as frequent as PIC operations.

3) HITL(Human in the Loop) : Al A|AE]Z} H]PH|
Qro] QIzto] A% mEuiste] -8ok= g A&
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Source: FAA UAM ConOps v1.0

Fig. 2. Evolution of the UAM operational environment

{Location of the PIC) The physical location
of the PIC. UAM operations may evolve from a
PIC onboard the UAM aircraft to RPICs / re-
mote operators via the advent of additional air-

craft automation technologies.

K-UAM 1.0 2AE & 7NdolM= 447 &
o] Remote or PilotO @yt AFEHo] loEg F35
K-UAM 2.0 717 Aloli= Hdgt 2H& H|PO & Hoj
7171 Z74A] Pilot & Remote 2-8°f tigt 7y &=
I Aol dgsict. ol 7ol AYE|ojof UAM
g TP A TY 29 AALt o] A= A
Ad 5= Sk

2.2.4 NASA, UAM XtS3st ZIH0] [ME ZZALQ|
QIxlet ozt Bt

12 =

NASA 9% &= “Public Trust and Acceptance
for Remotely Operated Urban Air Mobility
Transportation”o|4%= (Level of PIC Distance)&
okt Zo] st 9t} Level BAZE HoHdE
ZEAE 9A1E Automation Levelo] &715t0] 2%
A9l 57| 2Ao] FolEal, A= 2FARs BXEL
2 g37|125E Ee=A "t &, Pilot Operator
do= vHo] 7k, Ugol= System Manager®
Wt} o]Zlo] UAM 7N} A3t X8 oA =

FAPF S g wstold,

Level 1 - Onboard Pilot

Level 2 - Remote Control Pilot

Level 3 - Dedicated Remote Operator
Level 4 - Remote Operator

Level 5 - System Manager

2.2.5 EASA, Al MZE UM A

EASAE Aviation©llA] Air Mobility= HR-AIA 77|
gk F 7id= 718 AAHIE Aloll i o]EA| Aviation
of FEAIAH Humant FHsto] QEAgt H|ggAolE &
I ATl S8 TSk A Artificial Intelli-
gence Roadmap< Wa4stH, 2A15-2 Human-cen-
tric approach to Al in aviation °|g}al B¢t 18]
11 20199 EASA Al/ML(machine learning) L& 1%
S A]EfeIH, Al roadmaps A7gskal Table 58t 0]
Al9] Aviation Z8-Z 3HAZ BRI

Level 1 Human(Pilot)2 =&} QAA|HES ZFHAIA
9t F5S PRI

Level 2 Human¥ ©< ol @3 Y3t

Level 3 Al 419 ot 352 sitht QA Hu-
man°] 7f¥ska, ©]¥°] Human Error7}

sk Qbag Sle) AlE SR

=

o
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Table 5. Classification of Al application EASA

Level 1 Al 1A © Human augmentation
assistance to | 1B : Human cognitive assistance in
human decisionmaking and action selection
2A : Human and Al-based system
Level 2 Al cooperation
human-Al
teami 2B : Human and Al-based system
eaming )
collaboration
3A : The Al-based system performs
decisions and actions that are
Level 3 Al overridable by the human.
advanced 3B : The Al-based system performs
automation non-overridable decisions and
actions (e.g. to support safety
upon loss of human oversight).

Source: Artificial Intelligence Roadmap v2.0.

Human & AI9] AFk: HE Bolo] AeHPS
WA717] Heire 7 EQA AE F9] tekst
HEEE THofof vt 2R Aviation Al 271
7 Aol B2 Hd 371 Automation AJAF
Zhzslar, ohefsk SgolA 28 Aol B2 oflojet
ZZARRL 31H9Q] 2FALY] AES Farsiof gitt.
T A2 AE 4ol A7t " W g
9lo] Mk 24x} HZ AJAEIADAS) QL ETFY
A AAY XS FF7Ee 2% I 8
A F shH= ZHF AlA AS QFet B A&
d 59 AZEo] AAL oFoltt. IBER S
Remote®t Al A&H|8Y A UAM AtLE £o17] 9
SiAte 2l AviationolAl ZFARE HiAIRE A& Al
Mobility=9] X2hS T% 4153] sfof girt.

o o

S

2.2.6 UAM TS it Z3AL 4

o

A AA F8 eVIOL ARAL HIFALS Amsle
£2F, /A&, A& YA 83 IA Foll 4%
I AFE 285t eVIOL ARAR= QF E]Ick

Remote Control& F& AREdH= HIE=22
GPSet sste] 32, &9, Y, A 5 I &
ofoflA E3}E]o] AT, AReH]FPC] Qo] HSH
717 = 4 Jfdegs |9 HUERE J&
2 A3totA] gt E3E Remote Control& AHgoH=
FERAIONN AT BESS Foto] FA o
Pt A AR $30] Thett AL A S A
& A7 FAE YR sla FTslE Anke} 735

H FostE FAR GPSE ol8st] g F<l
7] Remote Control®] 7Fs3+ Zloltt,

UAM 434719 Automation System2] A1Z|AJ¥}
QFA/do] FES] HAFEA g2 HHE ZFTAE 71U
oA wiAIEE Aol AT AAXTAIAREL AR
FTAF =Y ALY AIEAEE =Y S Qlth ST H]
PrAS AR = 2FAR= =414 UAM B8
FET 71e3 bxAdo] SEEo] AgH|Po R Hol
7171 A7R= REEA] 7ol g55te] Automation
system B4 &5 A5l BRA| H=H0g )
YL 5= U=F AAES FAlsoF St

2.2.7 K-UAM 7|22EY ZE

7

>~

K-UAM 7|&=2E9 Figll-794e 472 9
71 84EA Table 69 TARAIEAIAT T} S
ER2GES AAs itk SIS A AR
571 7 47]& 840X UAMIE Aato] gl
I73 7le=Ed oy XoA o4 7 kA &
H 71&2 UAM B Yokt AlARE A6t Qick
I} siQoflA 7iEtE Airframe Parachute= @A
7HA| AR 1749 P29 AYFT| AF=E A The
st t=9] Rotor®E ZFsE= UAMOIA 2AAE
A|A”T Parachutes= FAT S7 171 P Asf
8471 4 4 Sltk

A T4l9] thefgk B T4 UAM 59 A
AA v Yok ARE BA7] feike 2HEF
A, FEAIE, ARXEE, FH ANEY T 7Y
5= Igfof "t 7ed Ad Vet EER
Azt 28A| BT Ao ¢ wE 4= Ut

HE|ZES] AMAoA= t49] Rotorg A2
eVTOL 35717} A En) S5 FHst 339
A EAo] glemg 9 7|7 et A& v|g] X
oo olF 9 HT 2AF DA FRAH 59

@ ok g

i)

-
S

ol

=

ot

I~

N ol

P

Table 6. Core technology elements related to UAM
manufacturing and operating system

Aol | SAZABALY, BEsjRERE 5

Qrd (Ballistic Recovery Parachute) 4

Source: K-UAM Technology Road Map Figll-7.

4) Rocket-launched parachute system: Light air-
craft Cirrus SR20, SF50 A2AHE, &2 47 A&
ZFo|UdeFE, UAME 754 HAE $&.
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%90] dujstolof Tt Eak EEo] A L
17k ol A H wele] Jl shglEdel B4
QJojnteio] B3 4 9tk ol Thuls) Z1Fet T
A BUABT WAV AL BAF NS A
SAA A SRS % S4B Aug Bof
2 % EE BRIE Axg A7 Teistlol

158t =jollA ARIgyr] At AgekE f1gt o
g A=t IR 71ed EAlC AAE AR A
Lol tiFE Avfieiyict. ESF 2004 T=tES
FATYo] FH0] FHof AUet MYl Hepsrt
T AR =F 714 Ao s WAst
APGALIL= ZB188719] 7R QRIE A= A
HE 2P, 1 & HFE ZLolA FUe] FA/ARRE
ARG S5 51} = vl AR RS d
Z(BASA, Bilateral Aviation Safety Agreement)=
A2FFF7EoE Fifstr] sl Al Q158 7]
Mo R AR 33717 =W FE FAIS #
£ H]37] KC-100 o]t} 2023 FAA FARIE7HA|
HASJ oM, v JidHe} =2 AR 55 Q=
Az Zug71o) vl FA g BF s8Hdo] HolA
@A KT-10022 7ixst] 3+ 712 3171 8= 9
T2 ARgSkL Qlth

3.2 MS4E0|2F(eVTIOL) 37| 7L 2l

3717t AARE H|go] o|Fold wi7kA] AH ok
ot A SEAIEE 4S5 (type certification,
TC), AR5 (production certification, PC), &%
Z™(airworthiness certification, AC), 2329 (air
operator certification, AOC), 2%7|&(opera-
tion specification, OPSPEC)°| Qltt. 15 Fof
A= BA5oltt o]f+= Table 73 Zo] =4 7T
Al Fg7] ol gt 79 459 dAT 38
2 ZIAA Hep7| wiEolth

Shrol|A] Au|8Y7] 23 48 ghg719] dklat T
2d2|= Table 89 QAFAYT 2ol 99% Uit

Table 7. Status of type certificate Korea Civil

Aviation
| Ba/md | wER | Aaan
i BEN) | AT
1 KC 100 H]'o‘g7] ozx‘}gﬁﬂ_)
R A | RAEE | 289
2009-09-30 | US¥= | TCA201301 | 2013-03-28

Table 8. Status of type certificates validation import

Airplane [Rotorcraft| Engine | Propeller A

123 31 205 29 408

Source: 2023 Data of aircraft certification system
in KIAST(Korea Institute of Aviation Safety
Technology).

7h 20t ofd &A% T2 Aot LAYt ]l
= 571 AAel Higt 71 dlolEet FEAlklel &
738} Ejof A AL, ¥ Qo] ZAEo] QIA| ¢l
mzolch. I2|1 B 1Y E8EE A AR 2
of=RE XA QMo EEF, FAA 71A LS fRt
AUA] 237 o] HRld. diekrl= A B
A B Al FEEEARRE AY o7 25 9 A
H9EE A 271 e ARelre N 2715

2%, Ay, A2d B AE7L 5 HolNA Be
R
il O

& Cruise ®4]9] Beta Technologies ALIA-250 &
2 584, 4A% UAM 7|4 7ide] 458 4 Stk

i
3] AT Fol FU ASAIAE ke FHoku
Atk =A 2371 APgelA ZH1%719} eVTOL 737
S 7837] YJSjAE G- u] BASA B e} A
T A5 G| Bt AlvY ¥ S80S

3.3 3t=3 = Agility Prime2| ZQX

20209 49 W] T2 NASA, 1] A3 (FAA),
u] FEFDOD)Y} EFsto] Agility Prime(R184 &
) =2 984S JiASIGITE AP EEA A Sl
wjokl FEEE A 5 eVTOL AFGolXE w9l
k8 71%(Dual-Use Techonology)& 917+ AAM AA|
£ AdstH, oA WHltk= Aot} o Bl &
AU7l= ti3E2Q1 UAM @A17F JOBY S} Beta Tech-
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Table 9. Status of Korea military aircraft

F57] BH Rt S Sft Sy
79 - 802 781 - 21 -
slAe] : 717 49 607 46 15

Source: The International Institute for Strategic Studies,

The Military Balance 2023.

nologies °|t}. 3t v] I = 8% thE4 g
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Table 10. UAM-related MOLIT organization

wlele] AR Fg42
el g9
A5kt Caeayaa

Agrag ) garaga
(SAlgRE AT @37k

Source: 2023 MOLIT organization chart.
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