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Abstract: This paper models the arrival and departure tracks
utilization scheme adjustment problem on the basis of arrival
and departure tracks time-space resources discretization from
a microscopic description perspective. A binary integer
programming model was built to solve the adjustment
problem. The model’s objective was to minimize the sum of
weighted total train delay as well as the arrival and departure
tracks utilization cost of trains with a consideration of the

trains safe and satisfying arrival and departure, also a genetic
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algorithm-simulated annealing hybrid algorithm was designed
to achieve a satisactory adjustment. A case study was made of
a railway passenger station to verify the effectiveness of the
model and algorithm. Results show that the propased model
can describe the adjustment problem accurately, and obtain
the solution within a relatively short period of time with the
designed algorithm, thus, real-time adjustment for arrival and
departure tracks utilization scheme is achieved. In addition,
the adjustment results can provide guidance on the timetable

rescheduling for the train dispatchers.

Key words: railway passenger station; arrival and departure

tracks  utilization scheme; real-time adjustment;
discretization;  genetic  algorithm-simulated  annealing
hybrid algorithm
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Fig.2 Arrival and departure track resource usage and
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Fig.5 Layout of the passenger stations
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Fig.6 Arrival and departure track utilization scheme between 16:00 and 22:00

BRRF B 18:38 B ZIBHIH 6 5 F1741
B 4 B EATEN AR M s B 3K, B HIK 265 42 e s
Ja B B A % 3 vl I 1E] , pl O AT DS GR H X 26 51
Z R BEN R T BRI A ] A0ER 6 BT,

H2 2 A, B R e RIVE ML i B] A B KB A B
43 min, BFFEATEEK BE 7k 360 min, BLE] & L AE
724> [ g HHE] D 2 6 min, I My 4 366 min, B4
it 235 3 B 1 oG s i) AR 2 3 S 2 3 I i) o s ] 59 o



1018

[l 3 K 2 RCOE BB 2% O

EEVE

5 min, [FJA, & E BIREEE TR NNEE o
k1 200.

DA 3~3% 6 H A B S HoA B S HE
Ak A, 7E CPU & Intel (R) Core (TM) i7-5600U
2.6 GHZ.WHHR 12G Wi I, RA C# mBIES
VAR kA4 E 4 IBM ILOG CPLEX 12. 7. 0 sk ##
BB, CPLEX MIAH S 5035 8 BAME. CPLEX
FEIBAT 679 s JEsRAH IR ARAR , [0 B B AR R %K
B4 17 059. 8% )5, 11 5 A M B 3A I B) B H A s
Vi) R o DA 2 3 & £k v 5 249 3RORN 42 3 38 B2 1) R
BRI R, ank 7 s, B 13 51 & E AR &
R AR, BRI RAS R S B R LA RS
BLAnZe 8 an » e THEE J5 W B & LA R 1 L2 il B
BSME 7 B, HE 7 LLE W, F— KB LL L

FEEI R 1) 2 4 [ B o] TR] 3R /N F B R 2R AR L %2 42 (]
B B ) ELAS R 280 & £ L B4 [R) 1) 391 26 1) 3549 W 2 i
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BT RERAER 0. 9, BRI Bin REUER £
s n=5 RARAZE  EFREREN T=
40 000 C. kM C++HiE 5 42 LI A BLHIR k
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£3 16:00—22:00 HEIETE
Tab.3 Trains’ arrival at the station between 16:00 and 22:00

e B RE  mEARL A% | oo #F hE BRAEL  AIE
BfZ%l/min  BZ/min  BE/min %% A 2/ min B 2 /min A} 8] /min E%R
Ty 1 11 10 1 Tn 330 341 11 3
T3 6 16 10 1 T 335 350 15 3
Ts 11 33 22 2 Tz 349 359 10 3
T 17 38 21 1 T, 16 24 8 2
Ty 22 28 6 3 Ty 29 37 8 3
T 28 50 22 2 Ts 42 60 18 3
Tz 33 43 10 1 Ts 47 90 43 1
Tis 70 93 23 2 Tho 55 68 13 2
T 79 88 9 2 Tiz 62 75 13 2
Ty 84 108 24 3 T 67 84 17 3
Tz 89 98 9 2 T 87 105 18 3
Tas 110 127 17 1 Tis 105 125 20 1
Tos 115 143 28 2 Tao 124 143 19 3
Tor 120 133 13 2 T2 134 150 16 1
Tz 126 138 12 3 T2 140 157 17 2
T3 131 148 17 3 Tog 146 164 18 3
Ts3 146 162 16 3 Tasg 160 170 10 3
Tss 151 157 6 2 T30 167 181 14 2
T3 156 174 18 2 Tz 172 187 15 3
Tsg 167 190 23 1 Tz 188 198 10 3
Tu 172 184 12 3 Tz 195 218 23 3
Ty 178 195 17 3 Tss 200 208 8 3
Tys 184 200 16 1 Two 205 213 8 3
Ty 210 230 20 3 Ty 227 235 8 1
Tuy 220 240 20 2 Tu 232 243 11 1
Ts 225 235 10 1 Tus 240 254 14 2
Ts3 230 250 20 1 Tys 245 263 18 1
Tss 236 256 20 3 Tso 253 269 16 1
Ts; 251 265 14 1 Ts2 275 302 27 3
Tso 275 283 8 1 T4 280 293 13 1
Te 280 295 15 2 Tsg 287 319 32 1
Tes 285 300 15 3 Tss 316 324 8 3
Tss 292 315 23 1 Tso 324 338 14 1
Ter 309 322 13 2 Tez 341 351 10 3
Teo 314 335 21 2 Tes 349 359 10 1
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F4 16:00—22:00 BHEITRIBIZLEAER
Tab.4 Arrival and departure tack assignment
plan between 16:00 and 22:00
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Sﬁ le T7’ T15’ TZS’ T35y TSQ! TSS’ T61’ T67’ T73
N Tsy, Tizs Tizs Tozs Tars Tuss Tsis Tsrs Tsos Tess
3iE
Tn,s Trs
138
JIBE:S
Tzy Tsy Tigy Toay Tsos Taas Taos Tazs Tugs Tsas
438
Teos Tos
638  Tus Tizs Ties Toas Tszs T3ss Tuas Tsos Tses Toz
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1058 T, Tas
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Fig.7 Arrival and departure track utilization scheme

after adjustment
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Fig.8 Convergence process of the Genetic Algorithm-

Simulated Annealing Hybrid Algorithm

®5 TEAEAFAEBERINEEATEHBREREA

Tab.5 Arrival and departure track usage costs for trains with different priorities and directions

FEFE  FIEFR I 3 5 7 9 11 1 4 6 8 10

1 600 6 12 24 48 96 — — — — —

T 2 300 3 6 12 24 48 — — — — —

3 200 2 4 8 16 32 — — — — —

1 — — — — — — 600 6 12 24 48

HfF 2 — — — — — — 300 3 6 12 24

3 — — — — — — 200 2 4 8 16

£6 BAIFEMTEIENHZRE
Tab.6 Estimated arrival and departure time for delayed trains

5% KD Tn Ty Tys Ty Tss g Tss Tss Ty

2|34 5 B /min 20 25 25 27 30 30 30 32 35 40
Wit 3348 2/ min 187 197 203 211 240 266 202 227 235 272
Wit & ZE Bt %) /min 210 209 220 227 260 286 217 250 243 283
B R AE M FFE] /min 23 12 17 16 20 20 15 23 8 11
FIEER 1 3 3 1 3 3 3 3 3 1
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Tab.7 Amount of secondary delay for train arrival and departure time
BZE T3y Tss T3 T3 T Ty T T Tso Ts2 Tss
FIFER 1 3 3 3 3 1 1 3
B3k [E] #E3R & /min 0 0 0 2 2 0 2
H & B[R] R B/ min 4 2 3 2 2 1 2

*£8 HEF16:00 —22:00 B ELERBR
Tab.8 Arrival and departure track assignment

plan after adjustment

B ELEIS & g%
11 Ty, Ty
9i& Tsy Tios Ta1s Tars Tags Tss
738 Tiis Tory Tars Tszs Tuzs Tszy Tess Teg
538 Tiy T7y Tiss Tosy Tass Tusy Tars Ters Tors Tas
N T3y Tizs Tizs Tazs Tars T39s Ts1s Tszs Tsos Toss
3iE
Tn, Trs
T3
I8
N T2y Tgy Tigs Toay Togs Tzas Taos Tuzs Tugs Tuas
438
Teos Tea
N Tys Tizs Ties Toas Taos Tszs Tsgs Tsos Tsas
6 i&
Tsss Tez
8B Tes Tis Taos Tugs Tse
10 & Tiwos Toeys T36s Ts2
x99 AEHBERHEMNEL o« FUET CPLEX S5i3EfE#&#
BAEERBER
Tab.9 Solving results of CPLEX and the Genetic
Algorithm-Simulated Annealing Hybrid

Algorithm with different objective function

weighting coefficients

bR CPLEX BAEBRLR kB

R HiRE k@ Bi: kKM 5 CPLEXH
Ba EEE  WEl/s  BEE OWE/s ZES/%
40 3 939 740 4 140 28 5.10
80 7 219 589 7 507 28 3.99
120 10 499 764 10 914 28 3.95
160 13 783 447 14 233 28 3.26
200 17 059 679 17 612 27 3. 24
240 20 339 388 20 951 27 3.01
280 23 619 360 24 342 27 3. 06
320 26 899 596 27 681 28 2.91
360 30 179 329 31 069 28 2. 95
400 33 459 340 34 402 29 2.82
440 36 739 412 37808 28 2.91
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