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A Study on the Operational Risk Assessment of cargo transport
Korean Urban Air Mobility(K-UAM) trial operation corridor
applying SORA Model
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[Abstract]

UAM is emerging as the biggest issue in the aviation industry and which is attracting a lot of attention not only domestically but also
internationally. In Korea, active research is being conducted centered on the government and industry-university research institutes, such as
the establishment of a future K-UAM concept of operation. Therefore, in this study applies the SORA (Specific Operation Risk
Assessment) model established by the European JARUS (Joint Authorities for Rulemaking on Unmanned Systems) to apply the K-UAM
operation environment and specific corridor for the purpose of cargo transportation that will be operated in the future that the government is
promoting. We intend to suggest policy and technical measures for risk mitigation in the initial operating environment by evaluating the
level of risk and analyzing the results.
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Fig. 1. European EASA special conditions for vertical take-off
and landing aircraft and electric propulsion systems
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Configuration Performance

- Type : eVTOL(Unmanned)
- Dimension :2.7 m
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iy, - Weight(MTOW) : 220 kg
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A= S 549 S vdshks vigAe A E 5 M3A XHE 27 H¥
7)(Dimension)*l| e} 3 42] SORA F&loj A A A1EFaL 9= A Table 5. Population status by region in Seoul city
AFo) &) = AbEgh = 1) 8|7} X AF 2= A] SHER= Kinetic Region Population Area(kr’) | Population Density
Total 9,736,027 605.24 16,086
Energy("v‘ €] OﬂL—] ]) %):% }\0 EH H] o]—O:] _r]?ﬂ 7}‘ % %}:‘% 7] Jongno—Gu 153.789 23.91 6.431
Fo 7 A S53-S A4S Kinetic Energy?t-a ol Jung-Gu 131,787 9.96 13,231
22 (1)S AL A=), Yongsan-Gu 237,285 21.87 10,852
g4 (1= H8ate] Akt Seongdong-Gu 292,672 16.86 17,359
Gwangjin-Gu 352,627 17.06 20,666
Dongdaemun-Gu 352,006 14.22 24,762
9 Jungnang-Gu 391,885 18.5 21,188
KE=05xmxV*(J) (1) Seongbuk-Gu 440,142 24.58 17,909
Gangbuk-Gu 302,563 23.6 12,820
Dobong-Gu 319,373 20.65 15,465
== T i > k)
4714, me T H(ke), V= E 5 (m/s) Nowon-Gu 514,946 35.44 14,530
Eunpyeong-Gu 477,173 29.71 16,061
Seodaemun-Gu 315,659 17.63 17,908
o _ _ L Mapo-Gu 378,686 23.85 15,878
AT e U e A = BAF Yangcheon-Gu 450,487 17.41 25,882
00 8AFe] ) B84 == 90 km/ho]H H o] H-5a- 220 Gangseo-Gu 579.768 4145 13,986
= . Guro-Gu 421,163 20.12 20,933
kgolth. 015 7]E0.% 34 (1)< -85t Kinetic Energygh= Geumcheon-Gu 244,891 13.02 18,808
231 68.7 KJo|t} Yeongdeungpo-Gu 400,908 24.55 16,331
)1‘1'%{ Kinetic Energy O T4 ];\1 %%_% ;q ’BH?'] @E 7] Dongjak-Gu 394,364 16.36 24,113
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TO= FEAIR] 1,084 KJ ‘]]”}"ﬂ o= G oltk Seocho-Gu 416,167 46.98 8.858
Gangnam-Gu 537,800 39.5 13,616
T 4. 2olsimAA XAQEE 2 Songpa-Gu 663,965 33.88 19,599
. Gangdong-Gu 466,472 24.59 18,970
Table 4. Ground risk class for UAS
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Table 6. Factors of calculating K-UAM ground risk class
of Gimpo-Jamsil corridor
Factor Results Remarks
UAS Dimension 2.7m <3m
Flight ConOps BVLOS
Population Over gathering of people
Kinetic Energy 68.7KJ < 1,084 KJ
Final GRC Go to Certified Category
3) Intrinsic ARC 2 Determine final ARC
AEA 3] 5P L= K-UAM -8 B3
G B FEGNl FEEE AURE Mo st

Intrinsic ARCTE H]gF ol A 218379} ¥5 29 &
H| g Aol TFA| 21 Zg] 2k of B9 A ALe] 73] BA 7]
5 7o E K 78 A83ate] At Intrinsic ARC A
2}, FAAL] FAZEA] A A
=35} of ). Final ARC%
_l_x-li }\].Ezs}

L

7. 2398E mok 7|FE

Table 7. Determination of air risk class

ARC Determination
A Almost no probability of encountering a manned
aircraft in the flight area
Possibility of encountering a manned aircraft in
B . .
the flight area is low
C Possibility of encountering a manned aircraft in
the flight area is rich
D Probability of encountering manned aircraft in
the flight area is very high
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Table 8. K-UAM air risk class of Gimpo-Jamsil corridor

Profile & Specification Description
Altitude MSL 150 m
Max Air Speed 90 kmv/h
Probability to encountering other aircraft Low
Detect & Avoid System Installed
Air space controller Always
Final ARC B

4) TMPR(Tactical Mitigation Performance Requirement)
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5) SAIL(Specific Assurance Integrity Level)

K-UAM A88-8 3130 U5 53035 29552 vl
2 Al e AP oL BIAYE o
S 3 6 % ¥ 89 heRd 4% R FEAUE S-S SORA

R eloj A xﬂf\l 3= 3% 90l ti}dshe] aab-S SAIL gto= 2
A3} SAIL 342 Level 1% VIZHA] 67 5502 573}
H AP % ol 78 27 T 79 SORA EES 483}
o FEHEEE U1 4 glom HEe] 71T HAKHGo

to Certified) & whefof gt}

3 99 wpe} XG4 S]] vigh SAIL#S AtEe A3
FeAEEe} FHE AT ET) Level 72 ZHBIEE
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F(0S0; Operation Safety Objective, ©]3} ‘0SO’ E}3tt}) &4
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Table 9. Calculation of Specific Assurance Integrity

Level(SAIL)

GRC ARC A B C D
<2 | Il % Vi
3 Il Il % Vi
4 Il Il % Vi
5 % % % Vi
6 \Y \Y \Y Vi
7 Vi Vi Vi Vi

>7 Go to Certified Category
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Table 10. Safety class of calculation criteria for flight
operation scenario

oIMED AET|E

——od

SAIL
1[0 m v v[w

Flight Operation Scenario

Technical issue with the UAS
Ensure the operator is competent and/or proven L|L

M| M| H| H

UAS manufactured by competent and/or proven
entity
UAS maintained by competent and/or provenentity | O| O | L | M| H| H

O| O] O| L

UAS developed to authority recognized design

O|L| L H|H
standards
UAS '1§ designed considering system safety and ol Ml Ml ula
reliability
(3 link performance is appropriate for operation L| M| H|H|H|H

Inspection of the UAS to ensure consistency tothe ConOps | L | L
Operational procedures are defined, validated and
adhered to

Remote crew trained and current and able to
control the abnormal situation

Safe recovery from technical issue L|L|M|M|H|H

Deterioration of external systems supporting UAS operation

Procedures are in-place to handle the deterioration
of external systems supporting UAS operation

The UAS is designed to manage the deterioration of
extemnal systems supporting UAS operation

External services supporting UAS operations are
adequate to the operation

Human Error

Operational procedures are defined, validated and
adhered to

Remote crew trained and current and able to

L|{L|M|M|H|H
control the abnormal situation
Multi crew coordination L|L|M|M|H|H
Remote crew is fit to operate L|L|M|M|H|H
Automatic protection of the flight envelope from

O|O|L|M|H|H
Human Error
Safe recovery from Human Error Ol 0| L|M H
A Human Factors evaluation has been performed ol Ll m u

and the HMI found appropriate for the mission

Adverse operating conditions

Operational procedures are defined, validated and
adhered to

The remote crew is trained to identify critical

L|L| M| M| M|H
environmental conditions and to avoid them
Environmental conditions for safe operations

L|L| M| M|H|H
defined, measurable and adhered to
AS designed and qualified for ad:
6) lesigned and qualified for adverse olol Ml ulula

environmental conditions
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Fig. 8. Operation risk of K-UAM Gimpo-Jamsil corridor
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Table 11. Method of risk mitigation

Item Category Method of Risk Mitigation

- Laws and regulations related to K-UAM
development and operation enactment promotion

Policies and | - K-UAM vertiport location populated area
Institutions | build by avoiding

- Set up a safe zone for the vertiport neighborhood

- Securing K-UAM safe emergency landing zone

GRC - Design for ground collision when designing

K-UAM

- Until fully autonomous flight operation

Technology | Reinforcement of operation training for
unmanned operation personnel

- Establishment of operation manuals for K-UAM
operators and stakeholders

- K-UAM dedicated corridor setting
- Existing manned aircraft routes for safe
operation of K-UAM readjustment

Policies and
Institutions

- K-UAM and conventional manned aircraft

ARC equipped with monitoring and avoidance

equipment

Technology |- Establishment of K-UAM real-time monitoring
system

- SWIM( System Wide Information Management)
early development and build
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