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Abstract

Although the global air traffic volume has decreased due to COVID—19, the
future air traffic volume is expected to increase as the number of aircraft
operated increases and next—generation air transportation such as drones and
UAM are commercialized. Accordingly, research on efficient and systematic
next—generation air traffic management is being actively conducted. In
particular, various studies on air traffic management are being conducted using
Automatic Dependent Surveillance—Broadcast (ADS—B) trajectories.

This paper analyzes the ADS—B trajectories to calculate the amount of
aircraft passing by time in each airspace belonging to the Incheon FIR. To this
end, the airspace coordinates of TMA and Sector described in the Aeronautical
Information Publication (AIP) were analyzed in this paper, and an airspace
coordinate correction algorithm was developed to remove the airspace
coordinate discrepancy area. After that, the throughput for each airspace was
calculated based on the ADS—B trajectories of about 1 million aircraft that flew
within the Incheon FIR for one year in 2019.

In addition, this paper developed on algorithm for estimating the radar
vectoring instructions of controllers through ADS—B trajectories analysis. For
this end, the flight plan estimation algorithm developed by Inha University was
used.

Finally, this paper analyzed the traffic congestion of airspaces and routes in
Korea through result of airspace throughput and estimation of controller’ s
radar vectoring instructions. The traffic congestion analysis results presented in
this paper are expected to be useful when constructing a data—based air traffic

management system.
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X 2.7 et Sector] A9 5% ¥ nEF 9 &ld At
Sector Max Number of Aircraft Time
Gwangju East 26 05:50 ~ 06:00
Pohang Area 18 10:20 ~ 10:30

East—Sea 12 10:50 ~ 11:00
Gangneung 14 10:50 ~ 11:00
Incheon South 25 15:20 ~ 15:30
Incheon North 18 15:50 ~ 16:00
Jeju Area 35 15:50 ~ 16:00
Gunsan East 17 16:40 ~ 16:50
South Area 11 18:00 ~ 18:10
Gunsan West 17 19:30 ~ 19:40
Daegu Area 14 20:20 ~ 20:30
Gwangju West 20 20:50 ~ 21:00

£ 2.8 tevs TMAY 491 5% 39 &% ¥ &l Al
TMA Max Number of Aircraft Time
Sacheon 9 05:40 ~ 05:50
Gimhae 15 09:10 ~ 09:20
Seoul 43 10:50 ~ 11:00
Jeju 20 14:20 ~ 14:30
Gwangju 14 16:40 ~ 16:50
Osan 9 18:10 ~ 18:20
Daegu 11 20:10 ~ 20:20
Haemi Pohang Gunsan Yecheon Wonju Gangneung

Max Number of Aircraft Passed Airspace is 4 or less.
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® Reduced Track Points -

—&— Track Poinis
——— Estimated Flight plan : $ID :RNAV BULT! 1X

——— Estimated Flight plan : STAR :RNAV DOTOL 2P

~———— Estimated Flight plan - ILS JILS/LOC Approach to RWYOT from YUMIN

Estimaled Flight plan : EN-roule =

Callsign AARBOS7- 154643676 4-airline-0 2460

Dep - Arr RK5S(32L)- RKPCIO7)
i 5D RMAVBULTI1X
EM-route -
C L L | L " STAR RMAYDOTOL ZP
A2 128 128 127 128 i ILS/LOC Approach to RWYOT from
Longitude, deg = YUMIN
——

Estimated Flight plan : SID :Departure Roule - RWY 36L fo TOPAX

~————— Estimated Flight plan : STAR :RNAV MAKET 2P
- Estimated Flight plan : ILS LSLOC Approach 1o RWYO7 from YUMIN
Estimated Flight plan < EN-route

Callsign | KAL1011-1546486762-airline-0396-0

Dep - Arr RKPK{36L) - RKPC{D7)
i 51D Departure Route-RWY 36Lto TOPAX
EM-route AEBE/YETI
L s ! STAR RMAW MAKET 2P

126.5 127 12;.5 1
Longitude, deg

ILS/LOC Approach to RWYD7 from

YUMIN
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3 Dynamic Density
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4.2 Dynamic Density

4.2.1 Dynamic Density

1

A}

<

Dynamic Density (DD)+= &9

(1)

DD = W, XN+ WyoX NH+ W3 X NA+ W, X NS

W Weight
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¥ 4.1 Dynamic Density 2} &%2W 715X

Function Name Definition (Subjecvvtisi(ag}gatings)
N Traffic Density 1.00
NH Number of aircraft with Heading Change 2.40
NA Number of Aircraft with Altitude Change 2.94
NS Number of Aircraft with Speed Change 2.45

4.2.2 Human—in—The—Loop (HiTL) A]&#°]A
NASAJA A¢tst Dynamic Density®] 2 @52 7k53 %59 4% vi=9 ¢4
A EAE G Adolrle T 7tEAE T8 s 99 EREE A
#3lA = WA Dynamic Density] 7} &-&o] wE 7kz3] ghel digh H5o] sl
o mEpA B AT A etdigtne ] 8¢ Human—in—The—Loop (HiTL) 3%
A A gl RS FE AAA TR AFE A3 NASAAA Ake
Dynamic Density?] 2t &5 7k #he vl 45
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Ab2wolA 2 AU e s T 47 134 A AlEHIAE SRS AlE
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Ak % Callsign | Heading | Speed | Altitude |Direct To | Terminate
2021-08-19 11:08 | 30 | AAR151 100 5000 | DANAN 0
2021-08-19 11:08 | 50 | JNA602 70 2600
2021-08-19 11:09 | 75 | UAS0203 5000 | DANAN

I:l : CWP Monitor Boundary e
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¥ 4.3 ISA Workload 37} A%

. Spare .
Level | Workload Heading Canasity Description
1 Underutilized Very Much Little or Nothing to do. Rather boring
More time than necessary to complete the
2 Relaxed ople tasks. Time passes slowly.
The controller has enough work to keep
3 Comfortable SHme him/her stimulated. All tasks are under control.
Certain non—essential tasks are postponed.
. . Could not work at this level very long.
4 High Very little Controller is working “at the limit”
Time passes quickly.
5 Excossive None Some tasks not completed. The controller is
overloaded and does not feel in control.
¥ 4.4 Controller ISA Workload 7% oA
Time (min) 2’ 4’ 6’ 8’ 10’ 12’ 14’
Workload 1 1 3 3 4 3 5
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Dynamic Density
Sector

Average Max

Jeju Area 19.6069 30
Gunsan West 15.3103 34
Incheon North 13.8483 32
Gwangju East 11.9172 20
Incheon South 10.2207 24
Gwangju West 8.2759 16
Gunsan East 7.1034 14
Pohang Area 6.9862 15

Daegu Area 4.1724 9

South Area 3.7034 7
Gangneung Area 3.5931 12

East—sea 2.6 8
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7.2 Y9l TMA Dynamic Density A& 23}

Dynamic Density
TMA
Average Max
Seoul 23.1586 40
Gwangju 11.2621 33
Jeju 7.8483 16
Gimhae 4.9517 11
Daegu 3.7586 21
Sacheon 1.8552 6
Osan 1.069 4
Jungwon 0.3517 2
Yecheon 0.1655 5
Pohang 0.1241 2
Haemi 0.0552 1
Wonju 0.0138 1
Gunsan 0.0138 1
Gangneung 0 0
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