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Abstract: To address the issue of adjusting track assignment plans for arrivals and departures at large high-speed
railway stations during train delays, this study investigates the occupation mechanism of the arrival and departure
tracks for electric multiple unit (EMU) trains in major high-speed railway stations. By taking into full account the
characteristics of train operations, shunting activities, and segmented route release mechanisms, a multi-objective
optimization model is constructed. The model aims to minimize both the total delay time of trains and the deviation
from the original schedule for delayed trains, while incorporating safety constraints such as the uniqueness of train
occupation of station resources, safety interval time for arrival and departure tracks, resolution of train scheduling
conflicts, and resolution of train route conflicts under segmented unlocking conditions. To solve the multi-objective
problem in the arrival and departure track adjustment model, a fast non-dominant sorting whale optimization
algorithm (FNSWOA) is designed. An experimental case study on a major high-speed railway station connected to an

EMU depot demonstrates the algorithm's effectiveness. Under the adverse condition of significant delays for three
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trains, the algorithm converges to six sets of Pareto-optimal solutions. All solutions ensure operational safety while

achieving favorable adjustment results, providing effective decision support for track assignment adjustments during

delays in large high-speed railway stations.

Key words: transportation planning and management; large high-speed railway stations; train delay; adjustment of the

use of arrival and departure lines; safety constraints; multi-objective optimization; whale optimization algorithm

KAV PR BRI 10 2 . HR A R Ak
BRI AR . A2 T A R R A IR A
A RRYE, TE 4 b7 ) L — B AR5 40 5 1
O, WA A58 2 5 5 AU IE 9 42 = 2 22 4x
5, GIRIVEM ek L, xR & is it
WA T K RE , DURPRIK S IE HAT R T

A A 0D B K 2z H PR R [l R A
DAL T i P8 R v s i e st A ok
fift. ZENG SV TEARUES ] 4 5 T 2 & 25 P Y Sk
filf b, DAUZD51) 4 5 SR 5% N ) AR 2 AN i o H
b, MRS, IR JOR &
PR RSB HIER| L Lis Tl 5 oy
BB G R, SIATR SIS ) S A5 B S
IR AL LR s MREAAED 258 5 185 4%
P ISR KL, RPN PR R E Tk,
DA 5 fre/ VRIS B 5 58 i 15 )5 S8 R P A/ N H
t 2 BARRARRY, [Rl R LA A A
I — B H bR LA ), IR0 a8 58 10K i
JANOSIKOVA 4547 2% e B A FEMERER 1=, LA
AN ARG I AT RS 2 ot B R 2k 03 i 4
N B R, MRS RO AR s TN
SESASN Ak AR R PR B, P A X
B A RE RN R, WS TRHE M
AR EAS SRR AR, SRS B AL
Fnil ALK f# 25 (linear interactive and general opti-
mizer, LINGO) B0 S BRI T RATAE
RS ORI, DL/ IMES A0 5 5 1A
B bR, RHDZEFPINEIATRIR; ZHINET %
JEF S RS WA X 2950 2, AR S B B AL
RIBERL, Bl AR R SOE R, A
FH CPLEXCR f i EAT SR 5 SRS 25 1) R 2 |
W IR X3 6 2 DX TRI R A I T 4, A A B HE A
B, B RRAIE K ORI ;. £ IS0
G Giaty 5 B ke Lz DM Rl B F 2t ke,
2 AR, sz 22591 AR BT RS
TEIEATOR s AR HEAE 25 T8 Aan T P AN 42 0 )
Kia B Z MM Z2C R, 215 B 4iaty
VL 12 A 2 e/ N R 1) 2 v 3 D B e /I R L

JERUSIRERY 5 kA1 55 225 R LIE R B B B
S, AP AR, R TR R AR
JE 5 I T A AR IR AL SR AR A R
THOL, K2 YRR LR, S AR
FrE LR, MHh, AU RSk Lz
P AV R LA K R b R S S P KB S et
TR AL R RS P2

AR DRSSOV 7SR WSO IOUE S ae
LR HHNELA, Xl 42 B A R g Bty
R G RLRITERD ;B0 BUR B 514
BB R A Fr e — PR A S AT
RIS Bt R R iR e . ABFN R . AR T
i, HBATHESRHEREIR. A5 B TR
b I B S o3 BRI PE T 0% v SR i 2 2 4
AR, M2 AU, JFsat s APl 32
PCHER (92 HAREEA L, FEORIESK A8 A o
(A 1, SIS kot 1) e eis R R 7 5%
TS SR

1 [FEAEA

1.1 EhEHEIFELFHE LS RAIE

B R LIs HTHRILE T AR o 1L 51 42 /Y 3
R TGO, gk 22 R b [ 81 4as A
Z 4t 3 2% (China train control system-3, CTCS-3) A&
Bl “—UCi L o BOR BT JEERE ST OB,
BIB A 2t — B iE R PR XS , Ll L IX B
RIRTfRa, AATTZEHRHA S 420 i . s uhs] 42
piliS (A AL e iR ugl KN N e iR ibul
N4 ARG G RIE KRR G528, IR
K ABVFEAREEIN LR AT W 44
s HABSE B GR 29 Ay a4 . R AT 44k
. ATRR &S 4 G161 G17 A, 24 5 Fil sk
DAL S ) R T T

FEE 1, 514G16 1 G1T I . RAIEIR(GS
JFRCRR T2 T, S5 A IRy T T 3]
BRI Ty, BIERWIZN T 904 i 20k
T Horp, T TS T A TR Bk 51 G A



KR, A FET R AL RAY S R )k Loz AL 475

554 W
A
G20
i’“‘)\( ns
& i I8
M_‘H VL
A j G16/G17
R :
T:I)T;Tir Tlr Tidb TLd Tide
st ]

B 1 G16/ G178 45 Ik N et 1]

Fig. 1 Occupancy time of station internal routes of train G16 /

G17.

DCHERR A EATIS 1], 2 E] P BLE DB nT BE S 47
T MR XTI IR R AT 5
R[] ] 2 i AN
1.2 BB TS5 SRR

) 053 06 1 ) By 4 2L 90 A2 B A B DR AR
o SR SE RSB E R GE, AT i A A
. FN G AE I () R0 S []_E BRI
RS . B R Mo . 514
e TR 0T T B IV o P ) v 5 R (2 i A7 2 T AR 4

s RIS R E R, IR Bk Zas iR,
TER IR 2 A2 i[RI, AT BRI X I W AT R P 1Y

S .

2 HAME

2.1 HEERURIL

AP ARER . O CHMAEuifi R . LK
F A (ol dn) e 198 TR ) AR s @ KA
EERE RN EE BT A O S TR IR Z
PR @ WA S EAR R — LW ©
G 4 228 3k i s v R AL DB R TR AR TR
2.2 RESHEIH

TERE R R Leas HIT RIS, 5% s 45
FHE AL RN DR EAT HEHE . AR A P32
FHAWI WA 1, HoAh B & Lis FHA AR AL 2
2.

R BRLIE TR P 1 S
Table 1  Decision variables for the application of adjustment

models in the delivery line

i

DY CRAR f ARl 40 ) ) B e py Hofb wp g . A BC & s BB

JEEN

e KNI 7 i i [ = e e A RN By (B 4 o TR SHEIRL L i = 1, = 0
W, B IR g, PRIERRE S 44T AR L BN RIRIR L R PR w A T
el WU SRR B AT BT 1 A e = 1 = 0

IS OLR M, AR B R R A 1 B B TR R R R kAR L
P, S SR i R A 2R ) 26 B 1 7 1o 9 2 P e = LN, = 0
BRI B RO LS R ke, % Y AU SEREIAI 2

S A B AR A 0 9 0 00 7 ) S N KRNy SRR

R2  BEZas AR AR S HO U]

Table 2 Adjustment and optimization of model parameters for the use of arrival and departure lines
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Fig. 5 Station topology diagram and track circuit division.
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Table 3  Train arrival and departure timetable of yard A downward direction

KRS N Fik k| w5 ek ESIEPN k| w5 (N F)ik K
Gl U 06:13  07:20 | G13 H 07:45 08:29 | G25 U 09:42  10:13
G3 HEE 06:35  08:00 | GI15 R 08:16  08:38 | G27 Wsid%I%  10:38  10:38
G5 PR 07:03  07:32 | G17 R 08:19  09:13 | G29 i 10:50  11:17
G7 HE 07:03  08:13 | G19 e 08:26  08:53 | G31 #HxdF%  10:56  10:56
G9 i 07:28  07:48 | G21 M5 4 08:49  08:49 | G33 @4 11:26  11:26
Gl1 5 4 07:36  07:36 | G23 M5 42 09:31  09:31 | G35 @EidH4  11:48  11:48

R4 A AT R R 2R

Table 4 Train arrival and departure timetable of yard A upward direction

LN fEalk B3k Mk | w5 1Rk ESIBe e | w5 1Rl Fik K
G2 SLT-K 06:32  07:06 | Gl4 PO 09:32  09:32 | G26 @4 10:58  10:58
G4 AT 07:28 08:23 | Gl6 SR 09:45  10:22 | G28 @4 11:06  11:06
G6 155 4 08:02 08:07 | GI8 SE-IK 10:06  11:09 | G30 NS 11:31  11:50
G8 ST 08:50  09:19 | G20 W5 4 10:10  10:10 | G32  sr¥r-7k 11:48  12:10
G10 AJE 09:15  09:47 | G22 15051 4 10:27  10:30 | G34 AT 11:53  12:38
G12 ST 09:27  09:53 | G24 ST 10:36 11:02 | G36  ¥r-f  12:00 12:29
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Fig. 6 (a) Initial and (b) final iteration conditions of the algorithm.
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Fig. 7 Scheduled train arrival and departure line operation plan.
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Fig. 8 Adjustment plan for train arrival and departure line operations in case of delays. The yellow and blue bars are for initial and

secondary delayed trains, respectively.
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