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[Abstract]

In order to maintain the safety of the airspace with ever increasing traffic volume, it is necessary to thoroughly analyze the
collision risk with the current data. In this study, collision risk analysis was conducted using Detect and Avoid (DAA) Well-Clear
(DWC) metrics, risk induces developed for the DAA systems of unmanned aerial vehicles. All flights in year 2019 that flew
within the Incheon Flight Information Region (FIR) boundary were analyzed using the recorded Automatic Dependent
Surveillance-Broadcast(ADS-B) data. High risk regions as well as trends by airports and seasons were identified. The results
indicate that the risk is higher around the congested area near Incheon International Airport and Gimpo International Airport.
Seasonally, the risk was highest in August that coincides with the Summer vacation period. The result will be useful for the
baseline data for various aviation safety enhancement activities such as revision of routes and procedures and training of the field

specialists.
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E 1. BelE 3SRy 71FY

Table 1. Lambert conic conformal projection Values.

Standard Standard Origin
DG Parallel 1 Parallel 2 Position
latitude 33° 38° 33°
longitude 125° 127° 126°
E 2. DWC Phase 1 7|&4t
Table 2. DWC Phase 1 Threshold Values.
. . . Loss of
Threshold | Preventive | Corrective Warning Well Clear
7 35 sec 35 sec 35 sec 35 sec
HMD" 4,000 ft 4,000 ft 4,000 ft 4,000 ft
d" 700 ft 450 ft 450 ft 450 ft
Time of Alert 55 sec 55 sec 25 sec 0 sec
I 3. DWC Phase 2 7|=4t
Table 3. DWC Phase 2 Threshold Values.
. . . Loss of
Threshold | Preventive | Corrective | Warning Well Clear
7—* mod - - 0 sec 0 sec
HMD" - - 1,500 ft 1,500 ft
d" - - 450 ft 450 ft
Time of Alert - - 45 sec 0 sec
" DWC-Phase 1 (1. 1. 2019 ~ 12. 31. 2019)
38 i
— " e -
a7 o
. A
36 - ~£_'
g3
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32
LoWCs
N Warning Alerls
Corrective Alerts
30 Preventive Alerls
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Longitude(deg)

a3 1. 20194 2™ FIR Lf DWC Phase 1 257t
2ofit x|

Fig. 1. Locations of DWC Phase 1 alerts inside
Incheon FIR in 2019
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DWC-Phase 2 (1. 1. 2019 ~ 12. 31. 2019)
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Fig. 2. Locations of DWC Phase 2 alerts inside

Incheon FIR in 2019
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Table 4. Initial Approach Fix and Distance for Setting Main Airport Phased Alert Flight Pair
AII'pOrt BOUHdaFY- o I ‘ I -Preventlv;A\ens
I Corrective Alerts
Airport Initial Approach Fix Distance 2000 + Eﬁm”ﬁ,;‘é“
RKSS GUKDO 66 nmi _
= 1500 F
RKSI REBIT 63 nmi £
RKPC MAKET 46 nmi Bt
RKPK KALEK 48 nmi
500 -

RKSS RKSI RKPC REKPK

Fig. 5. Number of ﬂlght pairs with DWC Phase 1
alert near major airports
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Main Airport Phase2 Alert Flight Pair
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Fig. 6. Number of flight pairs with DWC Phase 2
alert near major airports
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Monthly Phase 2 Flight Pair number

[—_Jwaming Alerts |
I oC Alets |

120

100 +

B0 -

60

Alert Flight Pair

40

20

0
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec

38 15. ¥ DWC Phase 2 Z27} 2ofut st57|
Pair <=

Fig. 15. Number of flight pairs with DWC Phase
2 alert by month

Monthly Phase 1 average time

N Preventive Alerls.
200 I Corrective Alerts
w0l [Cwaming Alerts
| oG Alerts |
160
S 140
o
£
o 120 b
E
< 100
g
£ oeof
z
<
60 [
40
g il

Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec

a8 16. &Y Z} pair & B DWC Phase 1 42
2 AIZE (X)

Fig. 16. Average DWC Phase 1 alert time per
pair by month (seconds)

Monthly Phase 2 average time

:IWarningAlem;.
20 B oC Alets | ]

ey n
@ =
=] =1

=
=53

Averagetime (second)

Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec

a8 17. &Y 2 pair & @ DWC Phase 2 Z&
2 AIZE (X)

Fig. 17. Average DWC Phase 2 alert time per
pair by month (seconds)

https://doi.org/10.12673/jant.2021.25.6.476

482

“ =1
QT AREE 2ASIT vld 7158 ADS-B HlolH 7]
Hho] A &4 dlolE & o] gslolem, AF s 1%
7] BA] 3l9] A|2=ES- 918 JlekE DWCE ©]-8-38ke] ALt

= AxZg Ji4%ff} —Zrtﬁ_ﬁ] AT} 7F =9k
o] W] g ol A g7 183 A5 GAZ dake] F 8
it B2 AE FE PRI} Eeken 58 F der)

S 2k 4= 911 o1, Phase 2 ]—i—Pa ‘%}7“!@_ X]i /\]ZJ«] 7
F- 2019 24 7IRbeSr XA oR Sk BEE ol
ATk
271419) 7]&E o]§3le] Q1H FIR UMY S5 918 &
2S5 oA {83’8}32 U% OlE Foke] HA TARAE ] =
7= S8 =L} U A
AR3to] A E A
ot}

No

Acknowledgments

HATE FEWGH HuolE 7|9 gt 7]
7k 2 ZEE -5 (21BDAS-B158275-02) SA7-2] A1)
sho] o] Folx] AT RA, PAFA | A= HY T

A

Lo By

References

[1] Airportal. Aviation Statistics [Internet]. Available:
https://www.airportal.go.kr/knowledge/statsnew/main.jsp
[2] The 1090 Megahertz Riddle [Internet]. Available:

https://mode-s.org/decode/content/ads-b/1-basics.html

[3] H. W. Lee, B. S. Park, and H. T. Lee, “Waypoint Extraction
from Recorded ADS-B Trajectory Data,” in Proceeding of
2016 The Korean Navigation Institute Conference, KONI,
Vol. 20, No. 1, pp. 194-196, 2016.

[4] H. W. Lee, B. S. Park, and H. T. Lee, “Analysis of ads-b
trajectories in the Republic of Korea with daa well clear
metrics,”, in Proceeding of the 37th IEEE/AIAA Digital
Avionics System Conference, London: UK, pp.1-6, Sep.
2018.

[5] H T. Lee, and H. W. Lee, “Risk Analysis of Aircraft
OPerations in Seoul TMA Based on DAA Well Clear Metrics



using Recorded ADS-B Data,” Journal of  Advanced
Navigation Technology, Vol. 24, No 6, pp.527-532. Dec.2020.

[6] H. W. Lee, and H. T. Lee, “Risk Analysis of Flight Procedures
at Incheon International Airport and Gimpo International
Airport,” Journal of Advanced Navigation Technology, Vol.
24, No 6, pp.500-507, Dec. 2020.

= X A (Jae-young Ryu
20204 8¥ : <
2020 98 T i : el Em stEeFFEnL MAtat

HEAEol: S33WE, M&S

elsitystn 83

0] 8 2 (Hyeonwoong Lee)
20164 28 © PISHNST BT AT (ZSHAN
20184 8¢ : Qloirfstn S5 PFSEnt (FEAAY
20184 98 ~ A : lStiEn I FIEI YALDtY
HBAEOL: BBIE, MES

= 8t 4 M (Bae-Seon Park)
20144 2¢ @ Qo stn x5 F3Ent (A
20204 8¥ : ¢lotrfstm Sz PF I e Dt (FEHEIAY
20204 128 7 X @ QlotCEim AHDET ST A HA

s
#EHAZOF: PBIE, MBS

0| & E} (Hak-Tae Lee)

h@ :(D E’@

483

20065 19 ¢ 0| AR EECSD SEBLFI I (B
20134 98 ~ 2017d 8¢ : elsitiStm HBLFEIAI x0
2017 98 ~ A olsitiEtm HE3eFBED 2R
TR BBNE, B37| 3 4

A

20194 9IF FIR 35 55 21T 24

Hr

[7] DO-365: Minimum operational performance standards (mops)
for detect and avoid (data) system, RTCA Special Committee
228,2017

[8] DO-365A: Minimum operational performance standards
(mops) for detect and avoid (data) system, RTCA Special
Committee 228, 202

www.koni.or.kr



