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A Study on the Efficent STAR of Incheon Airport based on Trajectory:

Focusing on Non-Peak Time Hours
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ABSTRACT

Recently, the aviation industry has experienced a significant surge in air traffic, and Incheon
Airport is no exception. The Trombone STAR procedure, introduced in June 2021, needs to be
managed efficiently to cope with the increased air traffic. This study aims to analyze the
current STAR procedures at Incheon Airport, identify existing issues, and propose improve-
ments to enhance efficiency. The study compares flight trajectories and fuel consumption
based on real flight data from Korean Air B747 aircraft. The results suggest that optimized
STAR procedures can contribute to better fuel management, reduced flight time, and decreased

carbon emissions.
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ository/publications/economic-reports/global-out
look-for-air-transport-june-2024-report/
AAZF 5AE] (AALE BA) https://www.airport.
kr/co/ko/cpr/statisticCategoryOf TimeSeries.do
3) AIM F3AHEETE]-RKSI AIP 01JUL2021 https://
aim.koca.go.kr/eaipPub/Package/2021-07-01/html
/index-en-GB.html

2

~



% 24

e

S Vol. 32, No. 3, Sep. 2024

22 Point Merge 4| 17% BXaT, TAFS =
QlE WZ|(point merge)thH] Al AXHTrombone) F
48% TAAL 1Y 31 AT A2 JAEITHAS
Aeka3, 2020.6.22.).

J3u F3E 5H/693 "AHFE A2 &
FH| F2AE 2 Ao =, s A3 5
2 3ol AA FFAF Lo HIFFRI(B737, B747,
B777)& AHESto] o|fojom, AA| H|Y FFZ 5
A FATHEHI3], 2021).

AR AHFFoNA 2F== Trombone EAolA]
= B2 WAEel EdY Aol ==t AEEQ
vectoring WHOE A3 FI71E F=oks A=
Holx Slrth olof & 4= IHBFY Trombone
HAA7F duht 8gFo R AMGEDL QIEAIE RANSH
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1.1 A7 89l H ¢

A7) W= AHFTE STAR Bajolx, AZHAY
= 20239 6€~20249 6¥ NHTY FIok= oSt
FF B7473571E 7I0R siGith ARRMd= 7't
Peak Time 9IFE HlolH F&s5i2 silovh, =)
3719 AZFf A|FCZ peak timeT}F non peak
time?] ¥4 HE 1122 st
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2.1 E&E(Trombone), ZIEMX|(Point Mer-
ge), 20|Ct HE{(RADAR Vector) Hlw 24

I3 19 (a), b= ZJAEHAEAR o7 F7
7t ool A-H(MA ZRIE)e] EAFA o ShRoles
She AR ARsohd AlAHoR A ARFE
HarPls 284S Eole Aotk 19 19 (o=
EQE dAEA, EfE B¢ 11 ARE HAsto]

4) ICAO Fuel Savings Estimation Tool(IFSET)
5) AAHPA] ALE AR AlFole HHFY H(hitps://
www.openairlines.com/pilot-engagement-app/)
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Fig. 1. The point merge procedures at
Dublin runway 28L (a), STARs at
Stockholm=-Arlanda runway 01L/01R (b) and
trombone procedures at Vienna runway 16 (c)
(Sources: Irish AIP, Swedish AIP and Austrian AlP)
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Table 2.

LR 208262 208204 416466 35202000 35199081 TOASZOT4 1566632 1538200 IN04EI2

231 g8 24 4H

thetdg B747719) 2023.6~2024.6 7I1ZFE<t &
A Aw B4 WH2 Flight Radar249] ADS-B &4
A=E Fig. 29 Z0| Google Eartho] £43t & Z+
Entry Point@2 UW©o|(Table 1) Entry Point:E
Runway TouchdownZlA]9] Flight Track¥} Az,
AlZrE FE519T

AIPAYS] A=} AA| Flight Track®} v|ws}o], 3
o, EEWA, T-AF, P-value & ALl A2E

oI

o] AA2E vIEreZ AA Flight Track® Haate
Z HIPTA] A7, A= HF A5 AESSHRT

Z} Entry Pointd F @4 A7 4= Table 3
I 2

Table 3. Entry pointd T2 &

33L/34L 15R/16R i

OLMEN 42 31 73
GUKDO 72 28 100
KARBU 32 16 48
REBIT 71 23 94
o 217 98 315

Fig. 2. B747 ADS-B flight track At=

232 g8 4 B4 M=

PR B, BFEWEAL T-HF, P-valuegh2
Table 20 A|A|=]o] Ut} oA A HA E2 AIPA
STAR °|&3t A& HASIL, T g2 AA Fli-
ght Track®] #& 9Ju|sich

Flight Track Agl= AIP®} H|1Slo] Rwy 33/34:
-48.2NM, Rwy 15/16: -31.1NM, B -39.7NM 7|
H|Y5IHLE ol AIP Track NMQ] 67%0] 3idstH, Al
Ho 2= HA&EE 250kts7 & 9% 30%0] SRl of
£ o] HigiollA] AIP TrackS wEA] H=ri= 9
H|2 sjad 4= k. BEHAE A 5.5NMoA
10.6NM=, tiFE2] glo] vlwA tlofel9] F4lol H&:

Table 4. AIPA STAR(#HZ|), flight trackQ Lo, &
ZMmxt, T-AS, P-value

Track| Mean Standard

distance | deviation |T-statistic| P-value
STAR (NM) (NM)
OLMEN2E 58.2 7.1 -39.71 |2.39E-34
(101.7NM)
OLMEN2H . . -14.65 |3.27E-15
(120.7NM) 872 >3 !
GUKDO2H 105.8 10.6 -30.75 [1.95E-18
(167.4NM)
GUKDO2E
(102.6NM) 69.2 6.6 -43.21 |1.00E-52
KARBU2H . . -34.82 |9.17E-16
(154NM) 93 67 :
KARBUZE 74.0 6.8 -24.65 |2.20E-22
(106NM)
REBIT2H
(101.5NM) 62.5 9.5 -20.17 |4.02E-16
REBIT2A . . -27.45 |3.33E-39
(89.2NM) 73.7 8.6 27
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2.3.4 Average Flight Path A=

Zt EntryE FHARE ERFolL, BHAE AFET
H(interpolation path) Ho}é]_i TS APH
7o 2 A= TracksS HFOE2 FARE STAR 2t

£ 7]&9] STAR waypointE &-&3slo] T334t &
A2 Goole Eartholl 712 STAR Trackg A0
2 BASGY, AgErEoR Ak AA Tracke
Bk WMo g HAISIYE 489 STAR dAk=
AA| Track Boad FARE 25 AFE Hight
Simulator Xplane(th$&s B747 F371et 5Lt
AIRAC AH8)9] FMSet NDE &85t HAISHITH

1’4’0 2 AT} 871 AT AAPEE 919 AFT AL
P2 —'H'—7] 0}521‘:}

2.3.4.1 OLMEN 2E

OLMEN2EE 33L A4 341 H<d40] Fig.
49} o] o2 Hejxo] FIgith FHAS HE
OLMENZE &] gt Ha#]elct. OLMEN 2E9] &

Fig. 4. OLMEN2E(Z), Avg. flight track(X)
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24 A= 102.6NM, Average Flight Track Dis- Fig. 62] OLMEN2H Average Flight TrackS vl
tance= 69.2NMo]t}. O Fig. 73 o] 4% STAR BAE FHotqTt
Fig. 49] OLMEN2E Average Flight Track< H}t
PO Fig. 58 Zo] £799 STAREAE Aottt 2.3.4.3 GUKDO 2E
GUKDO 2E9] Average Flight Track< Fig. 81 &
2.3.4.2 OLMEN 2H o, FxMA} Agl= 102.6NM, Average Flight Track
OLMEN 2H9] Average Flight Track=> Fig. 63 Z& Distance:= 69.2NMo]ck.
om, FaHd A2k 120.7NM, Average Flight Track Fig. 89] GUKDO 2E Average Flight Trackg H}
Distancet= 87.1NMo|th B10 & Fig 99} o] 24w STAR AX1= 1351t

2.3.4.4 GUKDO 2H

GUKDO 2H9] Average Flight Track< Fig. 10
I 7o, AxA} AglE 167.4NM, Average Flight
Track Distance= 105.8NMe°]t}.

Fig. 108] GUKDO 2H Average Flight Track=
HIRO & Fig. 113 Zo] 4% STAR HAE +&st
k.

2.3.4.5 KARBU 2E
KARBU 2E9] Average Flight Tracke Fig. 129}

P i

Fig. 6. OLMEN2H(Z)), Avg. flight track(X) Fig. 8. GUKDO 2E(Zl), Avg. flight track(X)
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Zor AXA} A== 106NM, Average Flight Track
Distance 74.1NMo]t}.

Fig. 129] KARBU 2E Average Flight Track&
v O 2 Fig. 133} o] 4% STAR EXE s}
art.

2.3.4.6 KARBU 2H

KARBU 2H9] Average Flight Track< Fig. 149
Zron] HXA; A2l 154NM, Average Flight Track
Distance= 95.3NMo[tt.

Fig. 14°] KARBU 2H Average Flight Track<
HIEO 2 Fig. 152} Zo] 4% STAREAE &5}
k.

Fig. 12. KARBU 2E(2)), Avg. flight track(X) Fig. 15. KARBU 2H(M)-modified
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2.3.4.7 REBIT 2A

REBIT 2A9] Average Flight Track Fig. 16¥}
Zow, HxM} A= 89.2NM, Average Flight
Track Distances 73.7NMo|t}.

Fig. 169] REBIT 2A Average Flight Tracks v}
O = Fig. 173 o] +4€ STAR EAE 733513
}.

2.3.4.8 REBIT 2H

REBIT 2H9] Average Flight Track< Fig. 183}
Zow AxAF A= 101.5NM, Average Flight
Track Distancex= 62.6NMo]t}.

Fig. 18. REBIT 2H(&l), Avg. flight track(X)

Fig. 189] REBIT 2H Average Flight TrackS HFE-
o Fig. 199} o] 445 STAR EAE FdsIYch
9] 871 H EALE E9tel EH Table 59+ At

2.3.5 Nzt d= 2E 24

ZF STARE A7t 7 B4 AJEE Table 63 2o
o, ARFEoF WFE 102 31%, AREF B
1480lbse]t}. @& FEE IFSET(,600lbs)3h My-
fuelCoach(1,480Ibs)E Hlilslo] o HpHog At
#o| A=H MyfuelCoach 7|02 APHIHEE A
&3sto] At viEstA ALk SISl olE v o=
s 7] 2R dRolA] 1,4801bsE @ 25t
Al Fckal 7gohd,

-tiskelE B7479) 2024.06¥%F & B9 3l

4563] 71

589 714 12499 3221(2024.063A)

-JET A 1Gal = 6.7lbs

-Gzt AmH] A oF 302,1852 ¢

~olzk elmu] A7kl oF 3,626,221 oIk,

Fig. 19. REBIT2H(M)-modified

Table 5. Entry pointd &EZ STAR 72|, BF flight
track 72|, ™= STAR Hg|

e
Eackdy ﬂéﬁriﬁzk STXRofiﬂ
OLMENZE | 1026 69.22 70.5
OLMENZH| 1207 87.1 89.8
GUKDOZE| 1026 69.22 8.9
GUKDOZH| 1674 105.77 116.1
KARBUZE | 106 74.1 74.4
KARBUZH | 154 953 110.1
REBIT2A | 89.2 73.7 71.9
REBIT2H | 1015 62.57 65.6
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Table 6. 2t STARE HX} CHH| flight track, AlZH &

SHEZ HuH

ag |2 et | w747 S

o time (Ibs)
OLMEN2E §(5)14Z 152'425 1,600
OLMEN2H| 5207 o 1,250
GUKDO2E ;8:21'5 1639:'320 1,248
soon] 55 | 55|
KARBUZ2E 216(:)368 1784:306 1,200
KARBUZH 315%7 i 2,200
REBIT2A | O 1775:'275 580
REBIT2H §(4)152 1652:'262 1,460

o] 242 tgigEel B747 wl 71%0] def
3 Aol wok A A%, A gAe] AgHchy
Aze] Ag @it Sojskg Ao oyt

Q1A Inbound H|3 A] STAR ZAE FMSo| 474
Sl FMSQ] AIZHZIW Airshow®} A-&=0] 5Zof|7|
AlAEl= AlZDIE AA] 25 A7 Atole] tiEk 5~10
£ Ar9] Apo|7t WA¥stal, A7l= 30-50NM9] A}o]
£ Hol:= A7t ¥t} o= &7 SFHAA oyA
e 9 AIZE BEE oA s, 44 SEAT 54
Al

[t

9 4ug Agd 44 3] AAg Eof
oh AAA SHoAE B4 dmsk SR <l
7 8 ojitsteks WiE 71S 2o ok

SEHL GANPE 7ML 9 NARAE A4 ¢
TREALY 75 A LEFHIARAYS,
2021.8). ©] Ago] w=w, gko TBOFA e
Q) Aoz W A GARE HY = A
4D AMHEIE, A%, 1%, AHE B9 2719 9
Ag AW clEsha welg ool olo] ureh
QAT F AT A Jue] HAshE Az
Sug "art oot

d

Lo | )

oo i

olN

TS FHE AT 2o =9 Point Merge 24}
© 23 85 Y o /AT A4 94 ol SHell
Al Trombone ZAtHETH B 112 4453 HTHHen-
rik Hardell, 2024). 14339] A4&s2 gt &
Ao STAR ZA7} Trombone ZA2 HAHE =],
o] Aol Axte] aikE thA] hH
A Qe AAE Aledd 2avt &

t}. o= oA Ao Wl ojiksheka TAE 93t 8
gt SAZE 2 Aol

=

3.2 7t 1A}

2 7= e B747 d57100 e
7[Rte= 51317 wizel, BE 3571 715 % A
deiM e FARE A5 AT a7t A
2, JHEF o9l tE F8 FJoIA= STAR 2=}
o a8dS vl SAte =N Hr dulsld Avs
L=

b

Hlole] Yel= 1 22, I3 WEF ek §87] 4
% 59 HoRl WAS I ST A7) o Ba
Sfck. ]2 o) Bk Yot ELHS STAR 23 3
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