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Analysis and Prediction of Aircraft Counts in Korean National Airspace

Using Gaussian Mixture Model

Jin-Hyeok Kang!, Jaeyoung Ryu? and Hak-Tae Lee3
Dept. of Aerospace Engineering, Inha University, Incheon, Republic of Korea

ABSTRACT

For efficient air traffic management, it is essential to understand the traffic characteristics of the
current operation and to be able to predict the traffic volume and capacity. In this paper, the change in
aircraft count in all sectors and terminal maneuvering areas in the Incheon Flight Information Region is
studied using one-year trajectory data. After obtaining the distribution of traffic volume change in one
day, the maximum allowed aircraft was obtained for all airspaces. For further investigation, a machine
learning-based clustering technique, Gaussian Mixture Model was used to cluster the change in aircraft
count for each airspace. The results show that for each airspace, the daily change in aircraft count
follows several patterns. Finally, it was shown that a certain level of prediction can be made to predict
traffic changes and capacity from given traffic data by comparing it with the clusters
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Fig. 1. Airspaces (TMA, Sector) in Incheon FIR
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Table 1. Reference Coordinates for Lambert
Conformal Projection

Reference | Value [ Unit | Reference | Value | Unit
[ 30.0 Prax 38.7
Amin 1240 | deg Amax 133.7 | deg
o 30.0 Ao 128.85
20wl o
= ki \ /e (Wonju) 1
R ' ¥ T24
i = \ /.. ——tlGangneung)
m T43 T23 T ol w  T1E ||
= geju) | Ueju) —— oo DimSEhns]
¥ i

Fig. 2. Results of Airspace Coordinate Preprocessing [8]
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Callsign AAR1D8

Type A3

Origin RKSI
Destination RIAA

Time Lat (deg) | Lon (deg) | Alt(ft) |GSD (Knot) | VRT (fom) | Hdg (deg)

2019-06-02 7:02:22 PM
| 2019-06-02 7:03:39 PM
2019-06-02 7.03:56 PM

3749192 | 12642738 1500 m = a7
3750448
3751596

12641735 2250 179 2338 328
126.40833 28258 182 2091 3z

Fig. 3. ADS-B Trajectory Data Format
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Fig. 4. ADS-B Data Interpolation
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Fig. 5. Result of Passed Airspace Change.
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Fig. 6. Max Number of Aircraft Flying Simultaneously

at Airspace with 10 minutes
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Fig. 7. Result of 2019 Number of Flights Passed
Incheon North Sector

[ Fuambar of Feghta

Maber o Fighs

Ao Pauambsms of Fligiis | |

Yt fFi
'_-._:_=
-
=
==
[
=
3 ey
—
* B
’
T -
4
=
_l_':

Fig. 8. Result of 2019 Number of Flights Passed Jeju TMA
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Fig. 9. Result about the Weight of Aircraft Count
Passed Incheon North Sector in 2019
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Fig. 10. Top 5% Median, and Bottom 5% percentile lines
for Aircraft Count in Incheon North Sector in 2019
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Table 2. Results of Maximum Aircraft Count from the
Top 5% Percentile and Corresponding Time
Period for Sectors

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

Table 3. Results of Maximum Aircraft Count from the
Top 5% Percentile and Corresponding Time
Period for TMAs

TMA Max Number of Aircraft Time
Sacheon 9 05:40 ~ 05:500
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 1 20:10 ~ 20:20

Haemi | Pohang | Gunsan | Yecheon | Wonju |Gangneung
Max Number of Aircraft Passed Airspace is 4 or less.
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Table 5. The Number of Cluster Data
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cluster day day
cluster O 4 25
cluster 1 21 98
cluster 2 30 6
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cluster 6 45 9
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Fig. 14. Jeju Area Sector: Cluster 5
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Fig. 17. Jeju Area Sector Cluster Centroid Set

Figure 143% 159 3¢ AF Sector LBF HolE
+3 %, 54 37 6 #FS JeEhd Holoh AF
Sectore 6 #F & At BE H|&g 9 F
F& Ho|x QJoix, 6 FHo ZFH dolg $7F ot
£ FAo vig) Z23] AY7] el sid 3 dolE
EF noise 22 BHEIT. noiseR £AH 6 +3
S AWEE F 9Y9 dlojgrt ZgE ] S ¥RlE
Aot g R0l &3t 89 10¥, 9¢ 224, 10¥€ 2
2 29 dogE AuEy, 6H FH FAIT A
ozt & AL £ 4+ Utk

Figure 163 179 747t M€ TMA® A3 Sector 7
Z39 FAZFE JeEhd Zolth. FAAL noise AYH
stte] RS ALsta n% v F7o] AFE o
By glou F4aHoF ol Hx Ho|F Holx 9]
& IS
326 39 1§Y o5 2

20199 198 11¥71A]9] agHes A" 7h¢
AIQE £ mdg o|gste] 2019¢ 129 & 3HE ¥
F7] AEFE dSsdt AFF =g s FAIS
7FAIQE EF mdle 20199% dole|E o] &3}o] 3
g dxo] F3E dFo] shsditte §A7E EAjg



84 238 - FAL -

olgte 812822 5818||

Fig. 18. Cumulative Errors of Cluster Centroids for the
Aircraft Count of Seoul TMA in 2019.12.15

SHAITE B AN AAIF WHHE HigoR JFE o
Ste Al 7I#22 19 7t ol E o]&35t] MEE
o AMo] 7H5d Zojth 20249 4¥¥9 dj& ndd
& Y AS, 20239 3¥E9 dolERE 20249 3
49| dlo|glE o|8ste] FAlo] 7HsE Aol

20199 129 54 93 @R AFFES T 3Y
o] 7t 39 FAAIT Rt A7 H2 AE A
Astal 3 A7t 71 AL Y FAUE dSA
2 A5t Fig 182 A€ TMAS 20199 12¢€ 15
Y4 aFF dole7t g 399 8/M9 FH9 FAZl
oiste] OAIRE AME 3 aE BoFa it

aFFo] AL GAZHAE FRAERE o7t ZA] go
u, 6A] o]&9] dojel7t ZJE]7] A|FSHH noiseR B
gEIRY 4 0o tig FHAE FA5H Eojud,
Uzl FHETS Aol 2FH AAe A B £ AU
o 34 12 ASEE 4#3EA 7P F2 A UE
7] diFo] 20199 12€ 15¥9 ¥ HeEe #3 1
o FGFEE ¢ & Ak AR FH 19 FAHHAS A
A 2FFE BT AL Fig 199 UEUileH, FA
3 AE E 4+ U

Figure 202 A3 Sector?] 20199 129 154 A%
ZF lolej7t g 399 779 FH9 FA4#ol st
0A1%E AME 75 2AE HAET noise® WHH
3 69 AE, 2] X7t AR AlZko] AdLE
7 AXE AL B £ Utk #F 39 A, &y
Lt o7t AANAT AR noiseE HWHEH FF 6HLU 2
A7 FotAe AL B 4 9lon, Uz #H Fo +
A 00o] dHHor FL AF 7ML Fig 21 AF
SectorollA9] 129 1549 AA nFge] wsiet #3
09 FAIEE AAIF,

B0

Time

Fig. 19. Comparison between the Aircraft Count of
Seoul TMA in 2019.12.15. and the Centroid of
the Cluster with the Smallest Cumulative Error
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Fig. 21. Comparison between the Aircraft Count of Jeju
Area Sector in 2019.12.15. with the Smallest
Cumulative Error
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Table 6. Capacity Prediction: TMA

; Mean / ; Mean [

Day] Cluster | Capacity Standord | Cluster Capacity Sk

(Seoul) pto vairation (eju) ptao vairation
2.50 1.36

m & w e | ? (2.03)
05 5 233 1 1.25
(2.98) (1.89)

5.15 1.39

i o Lso | (2.05)
277 113

BT 61 | 3 8| (.60
243 1.30

20 5 320 | 2 (1.86)
2.96 1.00

i 40 | @ey | 2 (1.43)
291 1.22

o 5 grn | ° (1.74)

Table 7. Capacity Prediction: Sector

Cluster ; Mean [ Cluster ; Mean [

Day| (Incheon Cap:_c:ty Standard (Jeju Cap:ctty Standard

North) pra vairation Area) BT vairation
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(2.68) (3.09)

152 351

- (2.02) (4.06)
10 1.93 3.26
(2.55) (4.12)

R B 2.56

15 1 18 (2.27) 0 37 321)
2.01 3.20

0 (2.73) (4.02)
1.97 2.53

£a (2.55) (3.28)
214 3.53

48 (2.97) (4.38)
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