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In the existing air traffic management (ATM) system, various types of safety alert features are provided based on trajectory data to ensure the
safety of aircraft operations, along with aircraft position and detailed flight information. The urban air traffic management (UATM) system for
urban air mobility (UAM) should also provide safety alert features to ensure the safety of UAM operations. Considering the operational
environment of UAM, it is necessary that the safety alert features provided at least match or exceed those available in the existing ATM system.
This study aims to present the safety alert features of the new UATM system that differ from those provided by the existing ATM system before
introduction and commercialization of UAM. The study was conducted focusing on the safety alert features that should be provided in the event
of a deviation from the UAM's path, and the establishment of the safety alert features was carried out in two parts: approach path monitor
(APM), which is applied during the approach phase, and route adherence monitoring (RAM), which is applied during the cruise phase.
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APM lower slope
After PinS 13.5%

www.koni.or.kr



J. Adv. Navig. Technol. 28(2): 163-171, Apr. 2024

24 4 3lom 3 x 9 PinSe| A x|l wel F4
2+l A o] APM Ao & vk} o] AREd 5 QiT
Lgth s py; = Lgth g iy Lgth 4 pi s Q)

Lgthyp, ¢ = ((CA—(Lgth , . . > 0.145>1852))/0.065)/1852 (2)

o]7]A,
Lgth  pyr: APM] &4 o]
Lgthpp, s PinS ol ko] (+, Lgthyp, s = 0)
Lgth 4 pi, st PInS ©]3- 2+ o) (&, 0 < Igth, p,, o < 1.6)
CA: UAMS] =81

UAM 32 913 WE]XE(vertiport)ol]i= FATO (final
approach and takeoff) ©|'g A WAYsH= 45 Adstr] 913t
SA (safety area)”| A2 A} 34 1ol APME] WHE-2 SA
o] whRoll A APMe] H o WHE7k4] A E Tk APME] o &
& RAMO] F3} FUalAl AAT 4= 1.2 PinSe] A4 91|
of whe} APM 34 W& T3 3 o] ATk

=&

Dy pay = (Width y pyp g, — Widtheg,)/2)/ (Lgth i, 5> 1852) (3)

1714,
D,y APME] 317 BEA-S
Width 4 prsaee - APME] ST 2
Widthg,: SAS] &

# ATAAE APME TEHNY) AT A S
23} o]l ke ol the}

APRUBound  p,,(x,y,2) = “

(0, Width g, <0.5,0)+t(1,D, p,0.155)

BPRU Bound ; p,,(,y,2) = ®)

APRU Bound, py (z = Lgth ; ) +5(1,0,0.065)

APRLBound ; py/(z,y,2) = (6)

(0, Widthg, < 0.5,0)+t(1,D, ,,0.135)

BPRLBound, ,,(x,y,2) = (M

APRLBound, 1,,,(x = Lgth ; 1y, ¢) +5(1,0,0.065)

APLU Bound. , (z,y,2) = ®

(0,— Width gy %0.5,0)+(1,— D,y p,0.155)

BPLUBound,; p,,(z,y,2) = O

APLUBound,, ,(x = Lgth , ;. &)+ 5(1,0,0.065)
http://dx.doi.org/10.12673/jant.2024.28.2.163

166

APLL Bound, , ,(z.y.2) = (10)
(0,— Widthg, <0.5,0)+¢(1,— D, 1,,0.135)
BPLLBound 4 py,(,y,2) = an

APLLBound 4 p,,(x = Lgth 4 1., ¢) +5(1,0,0.065)

7],
APRUBound,, ,,; APM®] -3 GHA|(PinS ©]F -3
BPRU Bound, ,,: APM2] 934 SHA|(PinS ©] 4 7-7h)
ALRU Bound. , ,; APM2] $-81 SHA|(PinS ©]5 1-7H)
BLRU Bound,, ,,;, APM®] $-31 8HA|(PinS ©] 71 771
APLUBound,, ,; APM®] 3% gHA|(PinS o] 7-3h)

BPLU Bound,, ,,; APM2] 21}
APLLBound,; p,;: APM®] &3l
BPLL Bound. ,,;: APMS] 2314
et 0<t<Igth,p,q

s:{s | Lgthy, s < s < Lgth o

v
=
~
=
=
w2
©

3-2 RAM

1)

g gag|

ol

Y EY

Ho

7] ATM A7 A] RAM-2
3 A28 el 4 o
S YES T RS Wk 1o 07 9, B

EE CFIT 913 $7H= o]od
739- RAMZ o] Q1X] 5 A}d

e
o
>
b
>

3le] oek AL S FA] Harsledof
UATM A Al A1 2] RAMS 53 9
& o] E MAY A] o] APALS ALH

Ll

52 41014 UAME] 2]

of AHE 4 QS A

ehwrew Helaklet. 7154 4e] Age Erfz RAM Al
TE 918 e WA WARA RAM €9 L0527
ek

2) T U 3 Il ©el MY
A

95% 4 A8%o] SHAZA] EPU (estimated position

uncertainty)] 715 E U2 normal operating areas 753}l
A 7 ol Al A Ve AEE HAsH] Slg
g TEEle] HEH o2 UAM 3% W% (half

recovery areas
area width) 2] A A SFSI T

= [e)
EE ks



X —— — — Recovery Flight Path

\ = ~
H N
/7 h
N\
/ \
Recovery / \
Area \ Half
\ Area
/ Width
/ \
o :
Normal VoS
Operating ‘;Ll‘;:;b
Area » N2
————————— ) P = = = - -
() Nominal Track
a8 1. UAM 3|3 ZEHE

Fig. 1. Plan view of UAM corridor.

UAM £3-2 918 3130] W% Ak theat e

1/24W = NOA + RA (12)
714,
1/2AW: UAM 3)&}o] HhZ
NOA: Normal Operating Area®] <%
RA: Recovery Area®] %
o] 9= UAM 3] %9 Wh =5 3k} 37 Qb 37]
= (TLS; target level of safety)& &3l HHE HEE AH&s)

A=) =
—r‘:__lL_E

7] 9)5}e] o€ o 2 UAMY Fellw 7] &
$1%! H7} (collision risk assessment)E A] 33} Th UAME] ©]
Gzt w3 vlo|E 7} FAlstel] whel g7 9] ozt HaE o]
HE 283190 = 918 Hrlel 283171 915t ;qu el
4 (kernel density estimation)=- &3} ]2z}
L85 ARSIt UAMY ollE 1he] S=913837
SHTLS« &3719F GollE 1] &5 918 H7tolA
2 AREEE A2 1.0x 107 T o2 AAE FE 9
S At A3} o]e WAY A] ©F 754 m o]/d<] 3] 1t

Yol A AAE TLSE =330t

=) 7}

A=)
Fyo] 3}

oﬂE

) fﬁ o m
o

ok o,
N

Frequency

DD 2 4 B U |U 12- ‘.\4 ‘1‘5 “‘!B 20 22 24 2‘6 28 JU‘ 32 34
Deviation Angle [°]

a8 2. ol st slAEI

Fig. 2. Histogram for deviation angle.

167

CAESUS(UAM) 28s fgt el da 7|5 75

0.1

0.09

Probability Density
o o o o o o o
o o © o © o ©°
S 8 R & 8 2 &

o
o

25 30 35 40 45 50 55 60 65 70 75 80 85 90
Deviation Angle [°]

olgkzlol et HEUTES
Probability density function for deviation angle.

0 \
0 5 10 15 20

a8 3.
Fig. 3.

10

10 N

8

Collision Risk Probability

10°
10
1O~1D L

101 |

1072
0

100 200 300 400 500 600 900 1000

Half Area Width [m]
T8 4. BHEo| ot = 9™ &8

Fig. 4. Collision risk probability for half area width.

700 800

L A= UAM 3|5do] 3174 ko 2 +754m, 2]
o 2 FaE+150me] V]Eo = AAETAL gkl o

RAME THe7] 18 ARHAE Bea) Lol mEaslnh
RAM= UAMS| =8 @& 9lek obd HaL 75 o= =3
Al A2 APl A A Al o] A A7) s o] /b 7
AL 72 AlEsiAl "ok
RUBoundRAM(I, y, z) = (0, 754, CA+150)+ u(1,0,0) (13)
RLBoundy ;,,(z,y, z) = (0, 754, CA—150) + u(1,0,0) (14)
LUBoundy, 4,,(z,y, z) = (0, =754, CA+150) + u(1,0,0)  (15)
LLBoundy, ;,,/(z,y, z) = (0, =754, CA—150) + u(1,0,0)  (16)

o714,
RUBoundy,,,;: RAM2| $-374 317
RLBoundy, ;,,: RAM 2| $-514 g7
LUBoundy, ,,,: RAMS] Zd1 347
LLBoundy, 1,,: RAM®] &3 ¢HA|
ut{u | u = Lgth,p, o

www.koni.or.kr



J. Adv. Navig. Technol. 28(2): 163-171, Apr. 2024

=
A 7sE AR ATE s on A Tl

2 AL
H
N
]
9
Rass
[
o,
K
)
olr
-
i
% o
>
Og{:‘ﬂ
ob
32
ny
fol
i)

o X
o
0,

UATM A A4 ] APMS <t %1 UAMT} 2} - Q1
FollEe] Ats ARl A3 4= QIS A ko R
TASATE 79 2 A 2p oz AojH el A] Fell &}
o] FER o]ojd 4= gl A& o]gho] WhEl= A9 APMS
olet 91%] F AbH A HE PSUCIAl A3t} B Aol A=
7154 14 AV EYE APM 7% AlES 98 9o o
AA HAak2 A APM % Gale]FS thet 2o

APMO] dug]Ee FZE =3} o] (HCH; heliport
crossing height) 2 #F 4 52 UAME ddo = &35tk
7} AA A = 225 Al whe} vy WA 2 8w HE
o2 Qg 225 F37] 18k AAol| st 3 o
2 73 38, sk AAM 1Al 7] S8R AR

o

O

o]g9] 7|0l 1 APM o WAS QX F AL B9
o]3= ittt A P e o= A H inhibit area”} 7]5
o] %™ inhibit area 5ol UAM©] $]2|8}= A9 APMS 25
Ao Ab A aE PSudl Al AlE-et

o

i
=g
w2
c
rir
>
2
o
k]
?

UAM approaching
Heliport Crossing Haight(HCH)

{ Take NoAction

v
Outsids the Inhitit Area

‘ ADD Raised ‘

‘ AHD Raised ‘

Inside the Horizontal Area Above tha Lower Slepe and

Underthe Upper Siope

Inside the Heading Tolerance

Yes Yes Yes
i i i
ALD Disabled ADD Disabled AHE Disabled

J8 5. APM 2% 212|F
Fig. 5. APM operational algorithm.

http://dx.doi.org/10.12673/jant.2024.28.2.163

[ Cruising UAM J

Alert Raised

Inside the Vertical Tolerance
(150 m}

Alart Raisad

v
Take No Action

J8 6. RAM 2% 212|E
Fig. 6. RAM operational algorithm.

T AR olge] Y1S Fest & HHe A X E YT
T o APM2 A1A 220l wet A1 s|A] o 75 dsh
3 A= FAse)

UATM A Ao 48] RAMS 73 Bl =2] ZFelol| A UAM]

3 ol LAY A o AR ARl HAAIE = =S A2
| kdge s il 7154 11 AFkE EUE RAM

=
xg o
Xz 3|5 o]ghe] 7]550] HH RAM2 3|5 o] HhAlS- 91|
3k 3 AP A3LE pSUNA

(e}

2 AT UAMS] 42 o]g 34 A] .75 9k 7
1 )5E FHOR ATE FUYOM F wANA B
S APM % 3 WAl B RAM F 744 HEow
ro] Qb A3 7\ 75 ABsklch BRHS ol A
7% %2 $15o] APM T RAMS] £ 75 AR & 2
7% W91 % A4

24 9 2 5H )% W9E BUR 753 APMa}
RAMS] el Tt ek 719 78 Aebd s w771
AR OO R UAM 32 918 B3 2 4
075 g TES Avlolr] H4) R I JAE APM, 22
A & RAMOY Sl ah. 19 88 B8 QHd A3 )% 3
APME 53 Atolm] 214 Jof e olgt Aurk AFHA 2



=
Fﬂﬂﬁﬂlﬂwoﬂ%‘

R

= 7. APMEIM, “a*ﬁ")ﬂk RAM(ZEAY)
Fig. 7. APM (Wil

O 8. APMEIN: R e / Wk 9|37
Fig. 8. APM (white: safety area / red: danger area).

HLDIUOUTOF APROACHSPACE

a7 9. APMel 41 Vs
Fig. 9. Alert features of APM.

169

g 10. RAMS| 21 7|5
Fig. 10. Alert features of RAM.

v.d B
5-1 AJAKA

& A7 UAM =9 2 783t @ MM A=
UATM AAl A 482 = Sl= ok Aol 755 F=skaat
Sz A o= APH ATk P FaL 7] e AT DAl
fedte] FES FEE e AR old A A FEE A
satolof sf =@ @A BEe] 4= B 42 o by
Al 7 BE Al gste]of gt

UAM®] & ot it Al Algs|ofof 8= ¢Hd A4aL 7]
= THOE A7 sdsslon A WAl &EE=
APM 3 =7 @A o A &-8-5]= RAM F 7HA] FE o= U
o b AL 715 7EE FHsleh adHQl obd da 7]
T 7SS f15te] APM B RAMCl| #9 2 darelgE i
sp3lom -5 ALk S AkEstel 29 B4 Ve RISIE A

=] o]_oﬂ q_

=29 SIF N L 5 - 5 715 09 2
4% Fol] UAM £35] Q95 wael] 918 ekl A
75e e om f-88 AshE A s

716 TESI oM UAMS] A2 ogh B A] A&
o 7S TACE ATE JAATE A GOl A8

He= APM 2 = DH:I]OH A A-LE=RAM F 714 B0
o] Qb A AL 7% F5S asielen -85 AaE A
16}"34

B 7= UAMS] A= o] e A A] Al g ofof 3= ok
daL 7l or sl A2 Akt HolA A7
o} of= - AE Foto] 7 o1#7} 3l

UAM &2 A& BAs7] flste] 4= 01 2HERE o}

www.koni.or.kr



J. Adv. Navig. Technol. 28(2): 163-171, Apr. 2024

ul

|k UAM Ae1e] 23 5 Uawe A9 - 18 depied )
o 24744 arefeks Qb A 7] o] $aslofof S,
452 CAM 0 UAN A ol 21

7<
Aol A3t 4= gl

A 7|k Qb el B ATE 2

=2 T M Rl
staz) g},
7 QN o BEkT UAM 5 3 488} o
Al kA4 A2 UATM Al Aol ik ke Ao 75 755

Fato] 7183

% ol

A3e EEsetker] 283 oo} gt

f rﬁ_
et

Acknowledgments

ATE RS/ ENTHETEX1 S Ao
Eﬁiloi (ﬂhﬂ 3 RS-2022-00143625, RS-2022-00156364).

References

[1] UAM Team Korea, K-UAM Concept of Operations 1.0, Ministry
of Land, Infrastructure and Transport, pp. 10, 14-16, 27, 2021.

[2] Korea Agency for Infrastructure Technology Advancement,
K-UAM Technology Roadmap, Ministry of Land, Infrastructure
and Transport, pp.10, 33, 2021.

[3] S. Choi, H. Jang and H. Kim, “A study on the determination of

urban air mobility(UAM) corridor width based on EPU

bound,” of the Korean Society for

Aeronautical and Space Sciences 2023 Fall Conference,

Hongcheon: Korea, pp. 557, 558, 2023.

EUROCONTROL, Safety Nets:

effectiveness, pp. 4, 6, 2017.

[5] EUROCONTROL, EUROCONTROL Guidelines for Approach
Path Monitor — Part I, EUROCONTROL-GUID-162, Edition
1.0, pp. 1-27, 2017.

[6] EUROCONTROL, EUROCONTROL Guidelines for Approach
Path Monitor — Part II, EUROCONTROL-GUID-162, Edition
1.0, pp. 1-43,2017.

in  Proceeding

[4] A guide for ensuring

http://dx.doi.org/10.12673/jant.2024.28.2.163

170

[7] EUROCONTROL, EUROCONTROL Guidelines for Approach
Path Monitor — Part I, EUROCONTROL-GUID-162, Edition
1.0, pp. 1-46, 2017.

EUROCONTROL, EUROCONTROL Guidelines for Area
Proximity Waming — Part I, EUROCONTROL-GUID-161,
Edition 1.0, pp. 1-26, 2017.

EUROCONTROL, EUROCONTROL Guidelines for Area
Proximity Warning — Part II, EUROCONTROL-GUID-161,
Edition 1.0, pp. 1-42, 2017.

[10] EUROCONTROL, EUROCONTROL Guidelines for Area
Proximity Warning — Part I, EUROCONTROL-GUID-161,
Edition 1.0, pp. 1-56, 2017.

[11] EUROCONTROL, EUROCONTROL Guidelines for Minimum
Safe Altitude Warning — Part [, EUROCONTROL-GUID-160,
Edition 1.0, pp. 1-27, 2017.

[12] EUROCONTROL, EUROCONTROL Guidelines for Minimum
Safe Altitude Warning — Part 11, EUROCONTROL-GUID-160,
Edition 1.0, pp. 1-27, 2017.

[13] EUROCONTROL, EUROCONTROL Guidelines for Mininum Safe
Altitude Warning — Part 11, Edition 1.0, EUROCONTROL-GUID-160,
Edition 1.0, pp. 1-27, 2017.

[14] EUROCONTROL, EUROCONTROL Guidelines for Short Term
Conflict Alert — Part I, EUROCONTROL-GUID-159, Edition
1.0, pp. 1-28, 2017.

[15] EUROCONTROL, EUROCONTROL Guidelines for Short Term
Conflict Alert — Part II, EUROCONTROL-GUID-159, Edition
1.0, pp. 1-46, 2017

[16] EUROCONTROL, EUROCONTROL Guidelines for Short Term

Conflict Alert — Part IIl, EUROCONTROL-GUID-159, Edition

1.0, pp. 1-96, 2017.

EUROCONTROL, EUROCONTROL  Specification for
Surveillance Data Exchange ASTERIX: Part 17 Category 004
Safety Net Messages, EUROCONTROL-SPEC-0149-17, Edition
1.12, pp. 1-98, 2020.

[18] International Civil Aviation Organization, Construction of Visual
and Instrument Flight Procedures, Doc 8168(PANS-OPS),
Volume II, Seventh Edition, pp. 1-974, 2020.

(8]

(9]

[17]



(Sang-il Choi)

PO

AKX

20234 3¢ -

£ 9™ (Seung-yeon Nam)

X

5

20234 9¥ -

| 2 (Hui-yang Kim)

H #

20004 2@ - 20184 2¢

20184 38 -

SiXf :

S

www.koni.or.kr

171





