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An Analysis on the Utilization of STAR (Standard Terminal
Arrival Route) and CDO (Continuous Descent Operation)

Flight Ratio in the Domestic Airport
ChoongSub Lee’, JuHwan Lee”, JangHoon Park™, HoJong Baik

ABSTRACT

In response to the recent surge in aviation demand, major airport and aviation authorities
continue to make efforts to formulate arrival procedures that take into account efficient
aircraft separation, noise and environmental issues related to carbon (CO,) emissions. In order
to ensure efficient traffic control and environmental issues, as a result, a new concept
Trombone, Point Merge, etc. have been introduced and widely used. However, these new
concept incisions are becoming a factor that hinders operational efficiency and stability due to
the restricted domestic airspace such as military airspace and excessive constraints of altitude,
speed, etc. which do not reflect the concept of continuous descent operation and eventually
needs to be modified to make continuous descent operation as feasible as possible. We
herewith analyze and propose the way of improving flight safety and efficiency in the arrival
operation procedure by supplementary modification which consequently contribute to the
aviation industry international competitiveness.

Key Words : STAR(ESAZ|E2FEA}), CDO(FE735HED), TOD(HHAIRIAA), Trombone(EEHE),
Point Merge(ZQIE HX)
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Fig. 1. Instrument approach procedure in optimized CDO procedure
(ICAO CDO Manual Doc 9931, p. A-1-10)
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Fig. 2. Noise reduction effect of descent
approach (Euro Control, Continuous Descent
Approach Implementation Guidance Information,
2008, p.13)
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1) AUZFGT 7] FH(International Civil Aviation Organization).

2) Park and Moon, “Technical trends of continuous descent operations and effects of extended CDO for
Korean domestic airport”, Fall Conference of KSAA, KSAA, 2015, p.74.
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User Manual for the Base of Aircraft Data (BADA) Revision 3.10 -

3.2. TOTAL-ENERGY MODEL

The Total-Energy Model equates the rate of work done by forces acting on the aircraft to the rate of
increase in potential and kinetic energy, that is:

d 1
Thr-D)-Viss = Mgo S+ mVia
( ) Vras 9o 5 ST

(3.2-1)

The symbols are defined below with metric units specified:

Thr - thrust acting parallel to the aircraft velocity vector [Newtons]

D aerodynamic drag [Newtons]

m aircraft mass [kilograms]

h geodetic altitude m]

9 tational acceleration [9.80665 m/s?]
Vias [mis]

d

s

Fig. 3. Total energy model (Euro Control H&
User Manual for the Base of Aircraft
Data(BADA) Rev. 3.10)

Introduction to descent operations &

+ During descent, the A/C continuously loses Energy (kinetic energy + potential energy)
* Descent slope strongly depends on flying objective (maintain speed or deceleration)
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Fig. 4. Zot &37(2 {50 [ME okt ofILfX| tHat
(AIRBUSIit Aircraft Energy management in
descent phase using FMS, 2013, p.5)

Fuel burn impact due to early descent

A320-214- LW = 58T - ISA - No wind
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35000 <——\
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Fuel burn impact due to late descent
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o
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Fig. 5. TOD and fuel consumption (AIRBUSIt,
Aircraft energy management in descent phase
using FMS, 2013, pp.16-17)
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Fig. 6. Correlation between Cl and TOD
(AIRBUSIit, “Flight Operations Support & Line
Assistance: Getting to grips with the COST
INDEX, 1998, p.51)

Steep Descent Ratios Lead to Unstable Approaches

jny T T T
2 10000 T
& AN
< N
1:3x ~
T 8000 LN
ke) 15X
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E 2000 25% steeper: (1250'/3nm) \Z\GK normal at 5 nm from the
g B 50% steeper: (1500'/3nm) OX threshold
D 1000't0 500 Above Threshold S
T 0 I 1 ! 1

20 15 10 5 0
Distance from Threshold (nm)

Fig. 7. Descent rate and stable approach
(FAA Aviation Safety, “Stabilized Approach and
Landing”, 2022, p.2)
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3) AIRBUSiit, ‘Descent Management, Flight Briefing Notes”, 2006, p.3.
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4) Park, B.-M., “A simulation study on point merge system in arrival phase”,

University, 2013. 2.
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Fig. 8. Concept of point merge procedure
(Point Merge Integration of Arrival Flows
Enabling Extensive RNAV Application and
Continuous Descent: Opertional Services and
Environment Definition Ver2.0, EEC, 2010, p.20)

Master Thesis, Korea Aerospace

Tatiana Polishchuk, and Valentin Polishchuk “Traffic synchronization in

terminal airspace to enable continuous descent operations in trombone sequencing and merging
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End of preplanned route and
beginning of radar vectors with
issuance of estimated distance to fly.

Radar vectors l Preplanned route /
A yY
4

e
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M >
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*Ref. ICAO Doc 9931 (2010)

Fig. 9. Concept of trombone vectoriing
(ICAO CDO Manual, Doc 9931, 2011, p.A-1-6)
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Fig. 10. Concept of trombone procedure
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oI5t AT o2 CAT 1 FUAHZY 7% 3.5° o]y,
Cat I ¥ I & A% 3°& AL AsgdAde
R} A4 (DA/H)7F vhbs AFoE Azl
ot 243% (DA/HYE OCA/HE AR AU J1Hct

procedures: An implementation study for Frankfurt airport”, Transportation Research Part C: Emerging

Technologies, 121, 2020, p.3.

0) STEWLEH o+ A274%, "WPLAEALF", 2019, p.1-4-1.
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B2 AR Ao detdes 44" A&Tt
A o] 7hsstes A" 49 W= 3.3 NM
ol 1,000 FTE A& & A== A5kl e, =
el 3% diFE 3.0 NMoll 24 s, #|efste=
A glof A= A2|7F 44| ¢kl B (tailwind)
59 QA Wt BSke 49 A= AP 5 EAk
Boll o o2 B9 7ol Atk

2.2 =L STAR &&=t CDO &3t H|g
2.2.1 BEA7|=2ZEINSTAR) 42

A NH=AT I AF=ATG =85 S
sl EFE 9 2RIE w7 9] AXE 57|
2] 7|5l ZQI=o] RNAV Hh4]9] A&7tshdZd
oF Hagsto] Agskal Sk 1By G4t 3 %
H 3T Y ZAR st 1k 9 £ 59 At
o] ol AA=|o] Qlo] ALAsHTo] A
*dd ) gl 2 IARE WEsk ok
A AR w2 waypointe} F2E 50| A
< ARHo = FMS7} %o A2lE AT FoksHA|
AATSHA =o] Mz ZeHARAI-(TOD)E F4sHA
A&sHA =t 202 H 23] &7 7o)
dojx| 1 A5 ARrt F716HA HaL, AEHQ0 A%}
SHEe] Ado] offR 22 EHof Q& o] &
Azt

i

r-l

222 24 A=

AFE= Fig. 113 Zo] Flight Radar24 &A=
ggato] AAITAITIYL] EFEA 71 =2FEAAHSTAR)
F8E BA3 § dsdsiddel AdEAS A
SHACE QA=A FS AIP FAo| 2% AL7)sHd
LAXHCDO)2] &GA17H23:00-04:00 KST) the] &
8 A4 e st ARaARYe) 2ol
HZ(point merge) FAFe] LS EA5IAL A%7
SHIHCDO)Y) A 7Hs A ATssct

1o

o2

223 24 Y

ZEE A4S flote] WA JUAFATZL #HEA
71=2FE2HSTAR)9] entry point(KARBU, GUKDO,
OLMEN, REBIT)Z, AZZAEFS Entry Point
(DOTOL, MAKET, TAMNA, SOSDO, TOLISE &
A1e] A4 ALt A A9l 27 AE H|wsH]

fightid chcaftidreg  equip calbign fight shdfomschd o redjo resened | quphotiatiude heading latude Ionginde radarid speed  squank
286408 14509 b L] LELCI N e

|
H TBRIENES B OB SN KN TRO TAD [EZE T T AT T
2684 UDHLINB BTV CEHLBRDE 1o [ TS NN B 5K 4
i MOBE MR OB KN TR0 TO 1560 AT U HTEC T T
B4 AR POSR LB KN KN [ ) TR BN B &

W8 WMNEER M AAIR AT KO KN N IS T3 e A B a4
268 USUSHUSS ANI UEM KM DI KN N ISEE 63 T T B M
2686408 4535462 OHLTM TOAT HL K KX 15809 15805 3 709 55 B 4N &
2686408 4535535 OHLWH A3 1AM HEL K N 15809 14850 3 72193 N2 B M 4
26048 TSHBHLAT BTL NS KEM O RA KN N 15008 13850 % 7252 wI B m ]
METHE T8 KT K N LTI e R I T

B OONT 0 AL KH KN SO (@5 % T2 SRR B W 4

BIW B KB AL KN KN IS I % T2 B B M 4

RO AN AC K KX 15809 16350 3 7265 105 B N &

A MMM OIR RA KN N 1560 ) T2 NS B M &

WAG B WX T T ISE SN % TN BMT B M 4

260040 IDNSNEAL BT AT MIB UX RGPV IS0 EN N T2 B 3 4
2600408 UMK TROWR KR DB KN N [T N IR 1 B T
208048 MM FKGHC A3 CIABTD GABTD DS KN N 15809 7800 I ABA e W W ]
2600405 20T NRIAN  THANGT ANET D KN N [T N i 73 R T T T Y
2630409 43041 0KYBA BOMD OCR KGN KN ISEE N BN WIS B W 4
@ TSNBHUS AN UE) K0 DS KN N IS0 66 % T NN B M4
V8 HOBCRIU BT AT AGGT W KN KN IR0 G % T2 I B 86 4
200000 MSEOHREG AN ARMG O T KN N LT VR 2R U I T
26804 HUGW A6 B KR K KN N IS 6@ % B A B M
HO4 BTW IR K W KN N ISEB S % AT ME B BT

HUGS B U5 K6 RA KN N [T T N VR R T

MOD A VS DT KL RS PR IS0 S % B N6 B B 4

2600408 MSTBHAN0 BTW UM KM WD KN KN ISE 3 TS BNB B B 4
2606408 10965031 NSIPA BT ACYIS POSTS L NRTNRT 1560 ) 2N B W
206408 MSUSIHIS BN QWO KR W2 KN N 1560 460 PRVY I T
200408 MM B2 AR OBR DG KN N 1560 45 TME WG B W&
2600408 MSUGIHUTI) B2 AW ORI FE KN KN ) AT W6 B W&

Fig. 11. Flight Radar24 information table

At 71 Ao E A o5 AFHERH A
Ashs BEA7I=2PER R A AZIHTEAY] 2F
HZAA(final approach fix)7HA|9] A& A5l
7120 R ohal, AA FH9| A AP} H|wst
o, o]& WEEE HAJoto] HAle] SREE FAI5IG
L= A=t A 1 R o = g S I R i
o] AA=E dAysidnh. 49] 7ot A Fig. 12,
1337} Zo] ol Yo s HAIE FEa} Zo] 41583
< U3 Step-Down F3} A&ARI 736e] CDOE

Fig. 13. CDO flight GilA|
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1! EURO CONTROL European CCO/CDO Action

Plan 7|&7& A-&5t3th Al 7152 300ft/min ©]

5k9] 75t T Hlgo] 20% ol X&H A= 3

Higog T 9o HLE A&HsHHCDOHIB L
woP‘ﬁr/k

224 24 ZN

UAFATIH AF=AsTe EEA7I=2HE2t
e 9 A&E7EHEH(CDO) LFAA BAo] 71z
QL Azt Azle 44H 449 entry pointZHH
NERTERS] HFHIAH(FAR7IAS] AZ|=Z o}
Table 1-2¢9} Zt}. Table 3-62 4AA| €8=E £4
st A3, Table 1-29] 71& A9} A4 2o &
FAEE vlaste] 7|E div] I off o X§astod
1 ATE HEEE FASH] 7B entry pointe] 3
% BEA|EAEA) FEES RIS

225 QHINSY EEE At 24

QA=A FY} 52 33L/R, 349 AFHZAHIAF)
ENPILS 7|80z _E—ii(trombone) 719S A83t
At Hzxz A 299 20204 10¥9S 71Eo=
37hE7e] A P % T2 AR E&er 249
71%9l Hxpe] A% Azl Table 74 Zro| zkzto)

Table 1. Information of STAR (ICN)

B A7t A A=(NM)
KARBU 82.7
33/34 GUKDO 79.1
OLMEN 115.7
REBIT 109
gza Az} NEH 72|(NM)
KARBU 122.3
15/16 GUKDO 127.9
OLMEN 101.1
REBIT 72.8

Table 2. Information of STAR (CJU)

o= A AR Z1=(NM)
DOTOL 107.3
MAKET 124.7
TAMNA 1343
07
TOSAN 122.4
SOSDO 122.7
TOLIS 214.6
o= 2 AR 712(NM)
DOTOL 77.2
MAKET 60.5
TAMNA 110.4
25
TOSAN 107.6
SOSDO 107.9
TOLIS 188.7

entry point2%E N8 A7IFESZAILY)E ol&st
LA 1GLEARY HSHIAHFADZHA AE 7]
F0 = 519t} AA A9 23AZ e} Blwste] B4
A¥R= Table 83 o] A5t COVID-19 Arel
2 QIR 4 A Aol wet Felkt A e 4
sP7lE o9k OLMENS 7[do2 sh= 49 &
|r= =38 RS HoiFolar 11 8] A oA
tirf=e] o] 80%E Wt TEEE HoFt

2.2.6 QIHBHBE CDO 28 £

A=A G Aoty gt AAARI Aot H
o] A&AEE entry point? A AF(BIKSI, CUN,
MAKSA, GONAV)S 7|1"© =& 3d}o] EURO Control
9] AT 7ES Tk oHETHIRE &
A5ttt 2018-19 27 Y &2 A4S 5o
of o} Table 7-12¢9} Zo] A&7 skdol 10% H
Q9] wje- 2 HIEE oo QS WA
+ 9om, 22 SEH|gPo R Qloto] 7 BAVES
gH517] oEfFo] YRS & & Utk

7) Euro Control, “Buropean CCO/CDO Action Plan”, Appendix E, 2020, p.79.
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Table 3. Utilization of STAR (ICN, 2018)

Et2l: tH(%)

) eige e
ENT%;%INT o wiey | 60% oM | 70% oM | 80% ol o olx ki
C0% FIRE | 2o wak | go% mut oo% mgr | 0% o8
3 135 550 288 161 1,137
KARBU 1 (0 39 (11.9%) (48.4%) (25.3%) (14.2%) (100%)
25 088 6,469 4162 2,099 13,743
16 GUKDO 1 .29 (7.2%) (47.1%) (30.3%) (15.3%) (100%)
OLMEN 6 309 7,504 5,777 4,166 17,762
(0.0%) (1.7%) (42.2%) (32.5%) (23.5%) (100%)
REBIT 13 2,585 4,059 1,978 3,924 12,559
0.1%) (20.6%) (32.3%) (15.7%) (31.2%) (100%)
- 1 1,651 1,178 876 3,706
KARBU (0.0%) 0.0%) (44.5%) (31.8%) (23.6%) (100%)
1 19 22,751 10,378 8,930 42,079
33/34 CUKDO 1 0,09 0.0%) (54.1%) (24.7%) (21.2%) (100%)
oy | 44089 5,076 3,076 1,915 1813 55,969
(78.8%) ©.7%) (5.5%) (3.4%) (3.2%) (100%)
s | 1775 11,912 4,069 1,439 1,294 36,469
(48.7%) (32.7%) (11.2%) (3.9%) (3.5%) (100%)
i 61,892 21,025 50,129 27,115 23,263 183,424
(33.7%) (11.5%) (27.3%) (14.8%) (12.7%) (100%)
Table 4. Utilization of STAR (ICN, 2019) IOl CH(%)
g8x
EN"I%—;FPEOINT o mar | 00% ok 70% ol | 80% ol % ol A
00% P11 J00 wwt | sos wiwt | oos wr | 0% ¥
- 127 638 306 134 1,205
KARBU | (0.0m) (10.5%) (52.9%) (25.4%) (25.4%) (100%)
4 820 6,665 4118 1,790 13,397
15/16 CURDO | (0.0%) 6.1%) (49.7%) (30.7%) (30.7%) (100%)
OLMEN 3 301 8,043 5,921 3,820 18,088
0.0%) (1.7%) (44.5%) (32.7%) (32.7%) (100%)
REBIT 17 1,819 4,587 2,475 4,236 13,134
0.1% (13.8%) (34.9%) (18.8%) (18.8%) (100%)
- 1 1,778 1,428 770 3,977
KARBU 1 0.0%) 0.0% (44.7%) (35.9% | (35.9% (100%)
- 31 24,013 11,488 7,860 43,392
- CUKDO | (6.0 0.1%) (55.3%) 26.5% | (26.5%) (100%)
oLvEN | 52183 4,596 2,366 1,175 919 61,239
(85.2%) (7.5%) (3.9%) (1.9%) (1.9%) (100%)
REBIT 19,608 13,494 4,424 1,233 651 39,410
(49.8%) (34.2%) (11.2%) (3.1%) (3.1%) (100%)
i 71,815 21,189 52,514 28,144 20,180 193,842
(37.0%) (10.9%) (27.1%) (14.5%) (14.5%) (100%)
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Table 5. Utilization of STAR (CJU, 2018) Rl TH(%)
e s oA
ENTRYPOINT | 60% ®l9t |60% ol 70% mIgt|70% ol 80% =gt 80% ol4F 90% ulgt| 90% olAF
poToL | 11,367 8,441 6,964 4,928 4,129 35,829
(31.7%) (23.6%) (19.4%) (13.8%) (11.5%) (100%)
MAKET | 3411 3,407 2,510 1,371 1,260 11,959
(28.5%) (28.5%) (21.0%) (11.5%) (10.5%) (100%)
200 152 100 80 49 581
; TAMNA | 34 fop) (26.2%) (17.2%) (13.8%) (8.4%) (100%)
TOSAN 9 2 2 2 3 18
(50.0%) (11.1%) (11.1%) (11.1%) (16.7%) (100%)
SOSDO 1,568 253 261 235 273 2,590
(60.5%) (9.8%) (10.1%) 9.1%) (10.5%) (100%)
TOLIS 416 99 69 79 98 761
(54.7%) (13.0%) 9.1%) (10.4%) (12.9%) (100%)
potorL | 4085 3,976 3,317 2,805 6,629 20,812
(19.6%) (19.1%) (15.9%) (13.5%) (31.9%) (100%)
MAKET 22 278 3,054 1,671 2,008 7,033
0.3%) (4.0%) (43.4%) 3. 8°/) (28.6%) (100%)
206 19 23 50 306
- TAMNA | (67 3%) 6.2% (7.5%) 2.6 (16.3%) (100%)
10 2 1 3 1 17
TOSAN | (5g g%) (11.8%) (5.9%) (17.6%) (5.9%) (100%)
SOSDO 618 314 194 115 240 1,481
(41.7%) (21.2%) (13.1%) (7.8%) (16.2%) (100%)
TOLIS 1 83 104 111 111 410
0.2%) (20.2%) (25.4%) (27.1%) (27.1%) (100%)
o 21,913 17,026 16,599 11,408 14,851 81,797
H (26.8%) (20.8%) (20.3%) (13.9%) (18.2%) (100%)
Table 6. Utilization of STAR (CJU, 2019) T2l TH(%)
gr= a8 W
ENTRYPOINT | 60% ®lgt |60% o4+ 70% HI5E|70% oV 80% |5t 80% ol 90% wgt 0% IJ
poror | 8701 7,503 7,067 6,032 47 34,094
(25.5%) (22.0%) (20 7%) (17.7%) (14. 1%) (100%)
MAKET | 2461 3,279 2,701 1,553 1,386 11,380
(21.6%) (28.8%) (23 7%) (13.6%) (12.2%) (100%)
167 179 105 81 78 610
, TAMNA | (27 4%) (29.3%) (17.2%) (13.3%) (12.8%) (100%)
TOSAN 13 3 3 4 2 25
(52.0%) (12.0%) (12.0%) (16.0%) (8.0%) (100%)
SOSDO 1,761 302 306 361 435 3,165
(55.6%) (9.5%) 9.7%) (11.4%) (13.7%) (100%)
TOLIS 489 140 137 155 152 1,073
(45.6%) (13.0%) (12.8%) (14.4%) (14.2%) (100%)
potoL | 3870 3,996 3,597 3,385 9,253 24,101
(16.1%) (16.6%) (14.9%) (14.0%) (38.4%) (100%)
MAKET 24 319 3,178 1,939 2,585 8,045
(0.3%) (4.0%) (39.5%) (24.1%) (32.1%) (100%)
244 31 18 15 68 376
- TAMNA | (6% 9%) (82%) (4.8%) (4.0%) (18.1%) (100%)
TOSAN 10 3 2 2 5 22
(45.5%) (13.6%) 9.1%) 9.1%) (22.7%) (100%)
SOSDO 960 491 310 184 471 2,416
(39 7%) (20.3%) (121.8%) (7.6%) (19.5%) (100%)
TOLIS 113 176 206 243 739
(0.2%) (15.3%) (23.8%) (27.9%) (32.9%) (100%)
o 18,701 16,359 17,600 13,917 19,469 86,046
- (21.7%) (19.0%) (20.5%) (16.2%) (22.6%) (100%)
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Table 7. Information of STAR (ICN) Table 10. CDO ratio (ICN, 2019)
g=gz ESPANARY | A=(NM) RWY33 CDO H% qd w5 &%)
KARBU 102.8 BIKSI 303 3,614 8.4
ssgz/R GUKDO 109.7 CUN 3,966 32,845 12.1
OLMEN 08.8 MAKSA 3,621 50,026 7.2
(TROMBONE 20204d 10¥ 7|12) GONAV 868 19,340 4.5
A 8,758 105,825 8.3
Table 8. Utilization of STAR (ICN, 2020)
TRl CH(%) o He 9
RWY34 CDO #H= AL H HIE&(%)
ENTRY POINT
. . BIKSI 14 397 3.5
KARBU | GUKDO | OLMEN CUN 406 4,080 10.0
0 0 2,878 | 2.878 MAKSA 1,207 17,647 6.8
60% U]E[l- 0, 0, 0, 0,
©.0% | ©.0% | (53.6%) | (29.2%) GONAV 1,519 20,069 7.6
60% °okg | 10 7 743 | 760 A 3.146 42,193 75
70% "EE | (1.9%) | 0.2%) | (13.8%) | (7.7%)
OO A .
70% eVd | 290 ) 2618 | 486 | 3,394 Table 11. CDO ratio (ICN RWY33/34, 2018)
80% TRt | (55.0%) | (66.0%) | (9.1%) | (34.4%)
RWY33/34 | CDO #$ AL " H&(%)
80% oA} 71 402 186 659
o0% mlEF | (13.5%) | (10.1%) | (5% | 6.7%) BIKSI 336 3,69 21
oo opy | 12° 939 | 1,076 | 1,076 CUN 4573 37,231 123
’ (29.6%) | (23.7%) | (20.0%) | (22.0%) MAKSA 4,972 60,813 8.2
iz 527 3,966 | 5369 | 9,862 GONAV 3,438 36,483 9.4
A 13,319 138,223 9.6
Table 9. CDO ratio (ICN, 2018)
Table 12. CDO ratio (ICN RWY33/34, 2019
RWY33 CDO #HZ: AT " H]-2(%) avie ratio ( / )
BIKS] 314 3.252 9.7 RWY33/34 CDO H AL "= HE(%)
CUN 4102 32,575 12,6 BIKSI 317 4,011 7.9
MAKSA 3,874 47,107 8.2 CUN 4372 36,925 118
GONAV 1,136 17,941 6.3 MAKSA 4828 67.673 71
- 0.426 100,875 03 GONAV 2,387 39,409 6.1
4 11,904 148,018 8.0
RWY34 CDO #$ AT " H]-2(%)
m. 2 £
BIKSI 22 444 5.0 . =
CUN 471 4,656 10.1 i i _
B AFE Bl 7] st A dAAe B
MAKSA | 1098 13,706 80 ARG B/ Ao oF 0% A=
GONAV 2,302 18,542 12.4 £ 33lel 29 Holo udt A3t Az A
A 3,893 37,948 10.4 d +HE Bt ﬁxﬂ*é e 9 AZAZE gejste] ¢
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