(.

7 sl = R x| B3 27 6y
/ ‘ Journal fAdvanced NaV|gat|on Technology .

J. Adv. Navig. Technol. 28(4): 480-489, Aug. 2024

8 24

=M stz Cst Mk okximy 2 Sajof|

[
I

Quantitative Safety Assessment and Effectiveness Analysis for
Duplication of ATS Routes

Se-eun Park' - Sun-min Park’ - Hui-yang Kim**
"Department of Aerospace Policy studies, Republic of Korea Air Force Academy, Cheongju 281870, Korea

ZDepartment of Air Transportation and Logistics, Korea Aerospace University, Goyang 10540, Korea

2 92f

TEMFHE 2022 FEobd 2 28 a8 FYS HHOE ATt FAMS Ol s ¥R, Y5799 I 7S B gkslel
th 543} o] doll = mA 0 2 g3 7] 5 3 WEke] 950 & o] DAY= offset S A -g-5ho] wht] Wako 2 v §Y5l= &k
7S Ao R Estel o 22.12.1. Offset AHE HA| 5= tlAl, 7 719 &l = Y571(FAPEEH 3 Ys2(AFHEHE
Ao 2 A 8488 EREQITE Y571, Y572 2o B sl = of 8] 7HA] Sl A &Jej7f it & AFE A1
gF 2ol U] AT E BA 5= 3hH| o] Mol 28314 Offset A aFbe] QFA T E vl wsle] BAsle] g7e BAlslglom 39
&) I A o] o] & AAEFGITE A A FxH 7H= Reich CRM (collision risk model) o] #13 ¥ 2.5 &-8-3130 v} &4 A7
B3} o] ok Fo] S E Rl o T o] FRo M At 9SS EIEIiTh
[Abstract]

The Ministry of Land, Infrastructure and Transport duplicated a section of ATS Route Y579 connecting Jeju and Busan in 2022
to enhance aviation safety and operational efficiency. Before duplication, an offset procedure was applied to separate aircraft flying
in opposite direction by deviating them to the right of their intended flight paths. However, on December 1, 2022, this offset
procedure was abolished and replaced with two parallel route, Y571(towards Busan) and Y572(towards Jeju), to improve safety
and efficiency. The duplication of ATS Routes has significant implications in various aspects. This study analyzes the safety of
the newly established ATS Routes and compares their safety with the previously applied offset procedure to evaluate the
effectiveness of the duplication. Additionally, it presents the significance from the perspective of airspace operation. A safety
assessment has conducted using a modified version of the Reich CRM (collision risk model). The analysis results confirms that

the level of safety improves after the duplication and that there were benefits in terms of airspace utilization.
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I 1. RNAV 22} RNAV 5 g22 At Z(semi-width)

Table 1. Area semi-width for RNAV 2, RNAV 5 routes.
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RNAV 5 | RNAV 2
Equation 1/2 AW = 1.5xXTT + BV
XTT 2.51 nm 2.00 nm
BV 2.00 nm 2.00 nm
semi-width(1/2 AW) | 5.77 nm 5.00 nm
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Table 2. Parameters for Reich CRM.

Parameter |Definition
S, y Lateral separation minimum
P Probability of lateral overlap for aircraft on the parallel
y ( *91/ ) .
yr routes due to loss of lateral separation
Probability of vertical overlap for two aircraft operating
P.(0)
on the same level
Ay Average length of aircraft
/\? y Average wing span of aircraft
A, Average height of aircraft
S, Length of longitudinal window
E opp opposite direction lateral occupancy value
EL( samE) | Same direction lateral occupancy value
v Average ground speed of sample aircraft
| A T/| Relative average speed in same-direction as the aircraft
sample
| - | Average absolute relative cross-track speed for an aircraft
Y pair assigned to adjacent routes
| - | Average absolute relative vertical speed of an aircraft pair
z assigned to the same flight level
]V;y Expected collision risk per flight hour
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Fig. 2. Traffic volume by time period.
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Table 3. Occupancy by aircraft type.

2019(Before duplication) 2023(After duplication)

Aircraft type | Number(Ratio) | Aircraft type | Number(Ratio)
B738 839(29.2%) B738 1178(40.0%)
A321 790(27.5%) A321 606(20.6%)
B737 453(15.8%) B739 368(12.5%)
A320 394(13.7%) A2IN 287(9.7%)
BCS3 118(4.1%) A320 213(7.2%)
A330 113(3.9%) A333 120(4.1%)
A333 62(2.1%) BCS3 119(4.0%)
B739 36(1.2%) A20N 35(1.2%)
A20N 34(1.2%) Others 20(0.7%)
Others 36(1.3%) -

Total number 2875 Total number 2946
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(b) TraJectory Data(2023 after duphcatnon)
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Fig. 3. Trajectory Data.
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Table 4. Traffic volume by routes of trajectories.

(a) 2019(Before duplication)

Category Estimate
Centerline
(Onm Offset)y | 21
West -
bound | 35m Offset 1,029 |
(to Je.]u) 1200
total 1304 |
Centerline 2 j:
(0nm OffSCt) 200 l
EaSt 3 Off t 89 ' west 3nm center\ine‘ea:\m ‘ east 6nn
bound nm Ollse
(to
Gimhae) | 6nm Offset 1,460
total 1,571
(b) 2023(After duplication)
Category Estimate 1100
1200
1000
S:SZZ.West bound 1,580 .
(to Jeju) 600
400
Y571 East bound 20
(to Gimhae) 1,366 ’
west east
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Table 5. Safety assessment scenario.

Lateral collision risk between Westbound

Scenario 1 Onm route and Eastbound 6nm route

2019

Lateral collision risk between Westbound

Scenario 2
3nm route and Eastbound 6nm route

Lateral collision risk between unidirectional

2023 | Scenario 3 Parallel routes separated by 8nm
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Table 6. Probability of lateral overlap.
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Table 7. Opposite direction lateral occupancy.

E 9. 7|5t

Table 9. Other parameters.

2019 2023 Parameter 2019 2023
Parameter Scenario 1 Scenario 2 Scenario 3 _ Scenario 1 Scenario 2 Scenario 3
Proximate pair 256 1130 1350 | v 435.7561 425.5933 393.9491
Total number 1735 2489 2946 i 0.6686 0.5850 0.6068
B, opp) 0.2951 0.908 0.9164 " 75 75 75
B Aol A F1 G 24 717k 54 sloTAES B 15 LS B
St Fvle] AREE FA ] 2AlekeE ] e 6) 7|E} B
& 78} “Direct estimation from the at waypoint crossing” "4
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e} 7ol 480knots &= 204 H| 5= A2 ARXEISIT
olol| wje} F2 ¥-g] 714L 160nm= 3laL §, = F2 Hale] A
HHel 8onm=E A 33T} [13],[19].

¥ 8. "W 37| M
Table 8. Average aircraft specification.

2019 2023
Parameter
Scenario 1 Scenario 2 Scenario 3
length(A,) 0.023145 0.02274 0.022742
width(/\y) 0.020295 0.019588 0.019621
height(\,) 0.006813 0.006722 0.006699
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£.3:1.7769 < 107 B o2 E=E U TH(F 10 FX).
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Table 10. Results of safety assessment.

Parameters 2019 2023
Scenario 1 Scenario 2 Scenario 3

S, 6 9 8

P(S,) 109%107° | 186x10712 | 1.08x10 %3

P.(0) 0.538 0.538 0.538

E,orp) 0.2951 0.908 0.9164

A, 0.023145 0.02274 0.022742

A, 0.020295 0.019588 0.019621

A, 0.006813 0.006722 0.006699

S, 80 80 80

v 435.7561 425.5933 393.9491

| AV 0.5884 0.5884 0.5884

4] 75 75 75

B 15 1.5 15

P, 0.6686 0.5850 0.6068

N,y 6.9577>x107 "0 | 3.1339x10"* | 1.7769 <107 "

results 1.7658 <10 ° | 1.0731x10°° | 1.0702x10°

HF FEY Aok 7 Ade o st ol
FA 2= kel 1.07x 1077 tale] B&d) 1
Az}t A9 1: 1.7658 < 1077, AlLFE] Q. 2: 1.7658 X 10”7,
0 17658 10 Y22 AtElon 7t AvE
SPHFEEF(TLS)2) 5 x 10702} v 8k uf 372 A]

3 USRI TS0l H4dsh 5] <F
H] 3l B A5S

==

shol ko).

slol] thel] P o

=
ol
ﬂF

A3} A, Y579 = A G
a4 glolE|E &l3l Axl AlPolA] AE3h= 3nm o2 =
olglel FFE FAAE we} vldshE FA T enm7HA ol
stof vl 344 A 27t F7EE ERIFATE & ATl e A
A 32 BA A9E BEUE 27 Aoy L 1, )
ekl o E48) o] (AU 2 3)9] B 7E ATe} H]
o

Kl
=

Z

L EAEI T AR QP 7 WS =) Offset A2 2 ©F
A M gFRol 48 7158 Reich W Ko Fi=
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