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Abstract: Train scheduling optimization, as a core issue in urban rail transit transportation organization, is crucial for enhancing
the operational efficiency and service quality of rail transit systems. To systematically review the research progress in this field
and promote its further development, this study conducts a comprehensive survey of relevant literature from both domestic
and international sources. From the perspective of mathematical modeling, the paper summarizes the core elements of train
scheduling optimization, including objective functions and constraints, from both the line-level and network-level perspectives.
Furthermore, a detailed review of solution methods is presented, categorizing the approaches into heuristic algorithms and
exact algorithms. Finally, the paper identifies existing research gaps and proposes future directions, including the need for
improved modeling of dynamic passenger flow and behavior patterns, optimization of operations under network interconnection
scenarios, exploration of multi-strategy operational models, and the integration of intelligent optimization algorithms, to further
advance research on train scheduling optimization in urban rail transit.
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Figure 1  Urban rail transit transport organization planning process
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Figure 2 Optimization objective framework for urban rail transit train scheduling plans
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Table 5 Summary of selected literature on urban rail

train scheduling plan literature

RSk

. .. KA KA
X &k 7 ] e g
ik A5 17 FL g;;;\‘ ,gi g SR
% Yot % SIS N
LI¥' TRy smm  V  — i# #5105
9]
5| £ 4k AT B A= 144 %
¥§$}$&@mﬁﬂmm — N 3122 —
Pt Mok
WRE BT m%%~$ﬁu5m&
WEN SEATERA B AT T WERBAR
T xR A MR A%% Sk e
%3 (SAC) K it T 40418
(¥ E3 igfﬁzigﬁ y 104 #&140%
Fr %m“* B35 kAR
R RAT K0k, VA " *mﬁkk%
A 44 BARBER
SHL BoumkAE Ny o HIREE, @
s gﬁ gﬁwgﬂ 180 A~ bR & H
i%%ﬁZ;k B % 13330's &
= B R
GEE - TS
BEM 2 A
;iﬂ HAemig) £ N — i# F34 2345
FEWR A

4 kLR
41 FRIKITR

SN AR T Ak, RIRRSI4F
TEU7 R EBE AR TR L S ARk
AR . [ P35h 24 1 RS AT 77 AL
BRTE T RABIIE, IR A LS
AT RIS IR S5 AT IR T 470 34,
4 TR HHIXCBF TR0 T RIS PE R4 S o A SOR 3R
YL AT B 25 FEAT 5 S0 8 BT P AT ST
T g MR I SRR AT LR, B4 AT )y %
OLACILFLS R HBREREL 2O P RIS
Gk . ASCRI ST ST A TFAT 7 AL
L e S B LR AR A SRR L
SEEE AL T30k AT, RS2 ]
37— LA AL PR

1) 24 45 R 2 T 9 AT 7 AR AL S
KA et T VRSN . K7 LA
PTG, AR R F b, R
ST R A PR AT AR ARTL T
TR A RS R, AL KB



i

WITHIERIBEINFTF TR B AL TR

2R B DX IR B, R — SR A TR S DA A T
N Z A E AR, SFEUSREIET LA L, T
BIRSIKE T R AR T SR AR RN, — M
JEAFAEPIRIAN R AZ B, SEBR I 02 e AN [ 1 21 2
A3 e 2L A5 FRCER T B S B TS UL L

2) LAWK 22 0 20U 5 SR AW A . o P i A B
Ao ANEET 7 S U B A T 45 AT A AT AT
OB, AR BEA 25 I8N A TFAT 5 SN 2R
TERIBhA RBHEM . SEbr b, SIERITHT T £ H#%
R W HATIERAT N, AR AT AT A
A5, NI R 4% AR 2 o AT = R . AR, H
M B = Z G0 A IR TR R v R 1 e 3 X ) 4 F BL
B, FEINETAT T ZARA IR RS N AEA L,
JCiE AT VLB AR 1 5L bRz 5t

3) BEAWITUR 2 I 4 2 i JL 2k sl e e e 7F, M
I 2 FEAA T LAL 2 2H 2 A8 B 5 46 51 42 10 R GERF I AR
Do WP, BUAWEIT K 2 5 T 1 N EL,
X AN AHAB I B AT 77 R A A R D
42 MMREZRE

1) KA AR E R A&, I S &
WA SR RFAE, WEN TR H REH
PR s IR RIS . JUI R TE P 3 5 2
THT 7 LW, o] DAEE Tl s iy se e Ab gy
HEHPSRSCR TR, $emyZEis T IR R ik
FERE . BN M HR G, WA e A AL R
GPU JHATIHA . N TR e Brfb 2% ST SRR i,
IR 0 FU A= FFAT 7 SRR, P S 4K
PP SR AE S ETHAT T 5, FFR R S A7 SR A5k
I 2RI T AL 3, XA 5 S 8 e ik
LT 45 G AR ST I K

2) BRI GRABARANE N R A —F, BN AT
DAAR I 2 7 e =K Bl ) VT L 12 fig B2 U LS IS B ROR,
AR I IS REA L, DRI IS RETR 9%
S DA, SRR g AL S 2 R Ak SR s 4
B R TV ETHAT 5 B T, IF B IR Mtk
FEWE (A BeAE A HAE IR LI ROC R o B0 DL i
HEAR MGV EETFAT 7 ZEARA 1) U A JE WU B A

3) BRI ANRI I 2R (R X 4 H1 - AT H R R
GEEIE, NMERGEMERRK, LLEFHEARLR
[HH4E, e plnlidFe . FT M 284k 5 3R Flis e
DR RARE . DRI, RS AT Y 4% I SRR
2 LN ETAT T I R — PR R 5T

4) I B AT A AR £ 1 A A R RIS
EC IR R SR VI SIS 2 e s RS ST E 2/t
BRHEU™ SOSA I/ M HARBRE. AEARK IR T
LUK SR Ia AT F B O AR D QA G AR BRI 5
Y, AR B AT R S AT R HE O ST i,
e T PR IE Al 2 (YT e AL A R
Sk

[1] GOOSSENS J W, VAN HOESEL S, KROON L. A branch-
and-cut approach for solving railway line-planning pro-
blems[J]. Transportation science, 2004, 38(3): 379-393.

[2] FENG Tao, LUSBY R M, ZHANG Yongxiang, et al. An
ADMM-based dual decomposition mechanism for integrating
crew scheduling and rostering in an urban rail transit line[J].
Transportation research part C: emerging technologies, 2023,
149: 104081.

[3] PARK B H, SEO Y I, HONG S P, et al. Column generation
approach to line planning with various halting patterns:
application to the Korean high-speed railway[J]. Asia-Pacific
journal of operational research, 2013, 30(4): 1350006.

[4] ELLEGOOD W A, CAMPBELL J F, NORTH J. Continuous
approximation models for mixed load school bus routing[J].
Transportation research part B: methodological, 2015, 77:
182-198.

[5] NOLD M, CORMAN F. Dynamic train unit coupling and
decoupling at cruising speed: Systematic classification, opera-
tional potentials, and research agenda[J]. Journal of rail
transport planning & management, 2021, 18: 100241.

[6] &R, XNMAB, wR, F. $hid A W LIETHAR
it LA ARM]. b A Ak, 2011,

[7] W44, B & MBT R FTRTHEEI £ X EHA
FARBFI[I]. 3R HE ZBAT 5, 2024, 27(9): 288-292.
TIAN Yuanyuan, PENG Lei. Research on flexible train
marshalling technology for urban rail transit under the dual-
carbon background[J]. Urban mass transit, 2024, 27(9): 288-
292.

[8] F4h, MRBAR, A, . &5 MEERX T W T HLid

P F R IERMIFAT I ERACT )], b BekiE A,
2024, 45(1): 203-214.
LI Wei, CHEN Siqian, ZHOU Jun, et al. Optimization
method of flexible train composition scheduling in urban
rail transit under online coupling/decoupling mode[J]. China
railway science, 2024, 45(1): 203-214.

[91 ZHOU Xu, LU Fang, WANG Liyu. Optimization of train
operation planning with full-length and short-turn routes of
virtual coupling trains[J]. Applied sciences, 2022, 12(15):
7935.

[10] LI Sijie, XU Ruihua, HAN Ke. Demand-oriented train

services optimization for a congested urban rail line: inte-

URBAN RAPID RAIL TRANSIT ~ 31



EHIREIZE - F38% F5H 2025F 10 B

(11]

[13]

[16]

[17]

grating short turning and heterogeneous headways[J]. Tran-
sportmetrica A: transport science, 2019, 15(2): 1459-1486.
LI Zhengyang, ZHAO Jun, PENG Qiyuan. Train service
design in an urban rail transit line incorporating multiple
service routes and multiple train compositions[J]. Trans-
portation research part C: emerging technologies, 2021,
123: 102959.

ZHOU Housheng, QI Jianguo, YANG Lixing, et al. Joint
optimization of train timetabling and rolling stock circu-
lation planning: a novel flexible train composition mode[J].
Transportation research part B: methodological, 2022, 162:
352-385.

GRX, BIM. HE S HAGRII F 35 KB ETAT
FEBR. shid A TSR, 2023, 20(3): 878-889.
ZENG Qingwen, PENG Qiyuan. Cross-line train plan in
urban rail transit considering the multi-group train[J]. Journal
of railway science and engineering, 2023, 20(3): 878-889.
Fth, vHR, IEE, F. @ EE MR AT
£ B R FAT 7 ERACTF R[], i A 8, 2024,
41(5): 125-131.

JIANG Wei, YE Mao, GUO Xiaojie, et al. Research on
the optimization of multi-formation operation of urban rail
trains for precise transport capacity[J]. Jiangsu science and
technology information, 2024, 41(5): 125-131.

tH 5, DR, @high, & @) S 404 R T BiE
AR BATHRACE E R[] BB S 25, 2024,
46(1): 124-132.

FU Bing, MA Xinyuan, TIAN Wanqi, et al. Urban rail transit
scheduling optimization method for virtual coupling trains[J].
Railway transport and economy, 2024, 46(1): 124-132.
YANG Xiyu, JI Yuxiong, DU Yuchuan, et al. Bi-level model
for design of transit short-turning service considering bus
crowding[J]. Transportation research record: journal of
the transportation research board, 2017, 2649(1): 52-60.
WA, 2, 2k, F. BRI B TR R
& 6 KN R F AT ARAL])]. BE A E S T
#2523k, 2022, 19(8): 2161-2168.

TAN Binbin, JIN Hua, LIU Shuang, et al. Optimization on
train operation organization of full-length and short-turn
routing mode considering the occupation of turn-back route[J].
Journal of railway science and engineering, 2022, 19(8):
2161-2168.

FRA, EEH, BN, F.ORDIREMT R T
iR KR S Sh W R FAAAL[T]. i A S T2y
R, 2022, 19(12): 3536-3545.

LI Sijie, WANG Lei, PAN Hanchuan, et al. Optimization
of multi-station collaborative passenger flow control for an
urban rail transit line with full-length and short-turn routings[J].
Journal of railway science and engineering, 2022, 19(12):
3536-3545.

32  URBAN RAPID RAIL TRANSIT

[19]

(20]

(21]

(22]

[24]

[25]

(27]

BWALFE, BEEE. HRBER MM AT R D R &
SHTT]. BRiEAE S TA2 3R, 2022, 19(12): 3546-3556.
DAI Yanze, ZHAN Shuguang. Analysis of full-length and
short-turn routing of urban rail transit considering carbon
emission[J]. Journal of railway science and engineering,
2022, 19(12): 3546-3556.

MER, FEF, Bk, F. FIRB AN Fs R
8L EMITAT T BT[], BB AR TR LS
8, 2025, 25(1): 122-132.

YANG Wenwen, MENG Xuelei, GAO Ruhu, et al. Train
operation plan of green urban rail transit considering tran-
sportation capacity utilization and carbon emissions[J].
Journal of transportation systems engineering and infor-
mation technology, 2025, 25(1): 122-132.

CANCA D, BARRENA E, LAPORTE G, et al. A short-
turning policy for the management of demand disruptions
in rapid transit systems[J]. Annals of operations research,
2016, 246(1): 145-166.

FEF, BE, BN FIE SIS MR T HE
K& T AT RIEAL[T]. 4R SR, 2020, 42(6): 1-11.
LI Zhengyang, ZHAO Jun, PENG Qiyuan. Optimizing
the train service route plan in an urban rail transit line with
multiple service routes and multiple train sizes[J]. Journal
of the China railway society, 2020, 42(6): 1-11.

BREE, KA, T, HEEAFFE TFRILK DL
FETFATH FARAL)]. eI T K FR(A RAFR),
2020, 48(5): 41-48.

YAO Enjian, ZHANG Jinmeng, HUAN Ning. Equality-
efficiency balance-oriented optimization of long-short route
strategy in urban rail transit[J]. Journal of South China
University of Technology (Natural Science Edition), 2020,
48(5): 41-48.

FENG Tao, LUSBY R M, ZHANG Yongxiang, et al. Inte-
grating train service route design with passenger flow allo-
cation for an urban rail transit line[J]. European journal
of operational research, 2024, 313(1): 146-170.

MRde, MR, B, F. BESA TR T HE A 7]
% R RIEAC T R[], SR SRR, 2024, 46(8): 21-29.
CHEN Yao, BAI Yun, MAO Baohua, et al. Optimization
of train routing plan for interconnected lines in urban rail
transit[J]. Journal of the China railway society, 2024, 46(8):
21-29.

NIU Huimin, ZHOU Xuesong, GAO Ruhu. Train scheduling
for minimizing passenger waiting time with time-dependent
demand and skip-stop patterns: Nonlinear integer progra-
mming models with linear constraints[J]. Transportation
research part B: methodological, 2015, 76: 117-135.
ZHANG Tong, LI Dawei, SONG Yuchen. Urban rail transit
congestion management: coordinated optimization of
passenger guidance and train scheduling with skip-stop



[29]

(30]

[31]

[33]

WITHIERIBEINFTF TR B AL TR

patterns[J]. Journal of transportation engineering, part A:
systems, 2025, 151(2): 04024101.

JIANG Zhibin, GU lJinjing, FAN Wei, et al. Q-learning
approach to coordinated optimization of passenger inflow
control with train skip-stopping on a urban rail transit line[J].
Computers & industrial engineering, 2019, 127: 1131-1142.
Wgg, 0k, HWABE, . AT EAR ARG T Pl
SR F AR TTAT I ERACHF R[], AR E, 2022,
35(2): 91-98.

YANG An’an, WANG Bo, CHEN Shaokuan, et al. Train
planning optimization for skip stop operation without
transfers in urban rail transit[J]. Urban rapid rail transit,
2022, 35(2): 91-98.

B, LikiE, W, AR OROT HE ST R I m A g £
WACIEAT 7 AR TTI]. AR T HRA A, 2023, 36(1): 36-42.
YOU Ting, MA Fayun, MIAO Feng, et al. Optimal operation
plan design for virtually coupled trains in urban rail transit[J].
Urban rapid rail transit, 2023, 36(1): 36-42.

AL, IR AT R g L AR Y R T BiE 3 E 5
F AR YA EB R[] BEEB S 25, 2024, 46(2):
151-158.

HUANG lJingyi, ZHANG Qi. Research on train delay
skip-stop adjustment in urban rail transit based on virtual
coupling technology[J]. Railway transport and economy,
2024, 46(2): 151-158.

YUAN Fuya, SUN Huijun, KANG Liujiang, et al. An
integrated optimization approach for passenger flow control
strategy and metro train scheduling considering skip-stop
patterns in special situations[J]. Applied mathematical
modelling, 2023, 118: 412-436.

YIN Jiateng, YANG Lixing, TANG Tao, et al. Dynamic
passenger demand oriented metro train scheduling with
energy-efficiency and waiting time minimization: Mixed-
integer linear programming approaches[J]. Transportation
research part B: methodological, 2017, 97: 182-213.
Gong C, Shi J, Wang, Y, et al. Train timetabling with dynamic
and random passenger demand: A stochastic optimization
method[J].
technologies, 123.

RAEXR, Fil%, RRE, ¥ ZRASEFRERFX
N BTREAE X W IR T HUE SR 5 & AT EARALT]. F
E 4k A5, 2018, 39(2): 128-136.

DAI Cunjie, LI Yinzhen, ZHAN Zongsi, et al. Optimization
of train operation scheme for urban rail transit considering

Transportation research part C: emerging

dynamic passenger demand and full-length & short-turn
routing modes[J]. China railway science, 2018, 39(2):
128-136.

WANG Yihui, ZHU Songwei, D’ARIANO A, et al. Energy-
efficient timetabling and rolling stock circulation planning
based on automatic train operation levels for metro lines[J].

[38]

[39]

[41]

[42]

[43]

[44]

[43]

Transportation research part C: emerging technologies,
2021, 129: 103209.

FR, T, T4, F.ORTHE BN EXIFFE
BRI FATI[I]. IARIRT St 233, 2025(1): 110-113.
LI Xian, WANG Weipeng, WANG Wei, et al. Research on
the operation organization scheme for main line parking at
night of urban rail transit[J]. Modern urban transit, 2025(1):
110-113.

AT, 4R, BB, R HE SR R R AT
EHR[T]. EI K FIRELTRR), 2023, 40(5): 521-528.
TIAN Peining, MAO Baohua, ZHOU Qi, et al. The unpaired
operation of urban rail transit[J]. Journal of Shenzhen Uni-
versity (Science and Engineering), 2023, 40(5): 521-528.
ZHU Yuting, MAO Baohua, BAI Yun, et al. A bi-level model
for single-line rail timetable design with consideration of
demand and capacity[J]. Transportation research part C:
emerging technologies, 2017, 85: 211-233.

YIN Jiateng, D’ARIANO A, WANG Yihui, et al. Timetable
coordination in a rail transit network with time-dependent
passenger demand[J]. European journal of operational
research, 2021, 295(1): 183-202.

WANG Miao, CHEN Xing, YIN Jiateng, et al. A bi-objective
optimization model for coordinated train timetabling in
rail transit networks[C]//2021 IEEE International Intelligent
Transportation Systems Conference (ITSC). Indianapolis,
IN, USA. IEEE, 2021: 2350-2355.

W&, BOBRT, M. R HE B K E AT
FARACHTR[T]. #R T PR, 2023, 36(3): 59-64.
CHEN Lei, DUAN Xiaoyu, BAI Yun. Optimizing cross-
line train service planning in urban rail transit network[J].
Urban rapid rail transit, 2023, 36(3): 59-64.

WmEF, mE, hER, F M THELERNL G IEE
BT Z) A RALFF R [T F R B K F FAR(A A A
#1R), 2021, 40(8): 50-56.

YANG Jiqin, TIAN Qin, XU Zhandong, et al. Optimizing
timetable for urban rail transit network during the first train
time period[J]. Journal of Chongqing Jiaotong University
(Natural Science), 2021, 40(8): 50-56.

YANG Lixing, DI Zhen, DESSOUKY M M, et al. Colla-
borative optimization of last-train timetables with acce-
ssibility: a space-time network design based approach[J].
Transportation research part C: emerging technologies,
2020, 114: 572-597.

FRA, REh, WAL A TEA MR S
Al W %9 B AT RIARALT]. Al R FER(A R
FEHR), 2017, 47(5): 1048-1054.

LI Sijie, XU Ruihua, YANG Rudong. Optimizing urban
rail transit network operation plans based on transport
capacity coordination[J]. Journal of Southeast University
(Natural Science Edition), 2017, 47(5): 1048-1054.

URBAN RAPID RAIL TRANSIT 33



EHIREIZE - F38% F5H 2025F 10 B

[49]

[50]

[52]

[53]

[54]

34

ZHOU Yu, WANG Yun, YANG Hai, et al. Last train sche-
duling for maximizing passenger destination reachability
in urban rail transit networks[J]. Transportation research
part B: methodological, 2019, 129: 79-95.
WANG Yizhen, LI Dewei, CAO Zhichao. Integrated
timetable synchronization optimization with capacity
constraint under time-dependent demand for a rail transit
network[J]. Computers & industrial engineering, 2020,
142: 106374.
KA, Wik, REE F FRIRLBHRTHE
3B W &5 AT EARALN]. SRS TSR,
2023, 20(5): 1587-1597.
HUANG Junsheng, CHEN Yao, ZHANG Anying, et al.
Optimization of urban rail network operation scheme
considering interconnection[J]. Journal of railway science
and engineering, 2023, 20(5): 1587-1597.
&)@ ek, 2&, AT ET 093 F Sl 2GE
) % *sﬁiﬁr&ﬁﬂ:[ 1. AR R E, 2024, 37(2):
139-145.
YUAN Ye, XU Hao, WANG Xij, et al. Quantum computing-
based optimization for the last-train connection planning
problem in urban rail transit networks[J]. Urban rapid rail
transit, 2024, 37(2): 139-145.
GAO Yuan, KROON L, SCHMIDT M, et al. Rescheduling
a metro line in an over-crowded situation after disrup-
tions[J]. Transportation research part B: methodological,
2016, 93: 425-449.
FRA, Fise AT ERNERGMTIEET E A
FHiF T k)] kiR 205, 2021, 43(5): 130-134.
HUANG Qiguang, LI Jianquan. Design and implementation
of automatic train adjustment based on real-time passenger
flow in urban rail transit[J]. Railway transport and economy,
2021, 43(5): 130-134.
BESINOVIC N, WANG Yihui, ZHU Songwei, et al. A
matheuristic for the integrated disruption management of
traffic, passengers and stations in urban railway lines[J].
IEEE transactions on intelligent transportation systems,
2022, 23(8): 10380-10394.
FAW, i, 2GR, F. TR TRk FE7S
i)ﬁ’a)ﬂ S — KAL), BB A% TR G2
&, 2024, 24(6): 113-125.
PENG Qiyuan, JIANG Shan, LIU Siyuan, et al. Integrated
metro train timetabling and rolling stock rescheduling under
multi-disturbances[J]. Journal of transportation systems
engineering and information technology, 2024, 24(6): 113-
125.
WEN Longhui, HU Liyang, ZHOU Wei, et al. Soft actor-critic
deep reinforcement learning for train timetable collaborative
optimization of large-scale urban rail transit network under
dynamic demand[J]. IEEE transactions on intelligent tran-

URBAN RAPID RAIL TRANSIT

[55]

[56]

[57]

[59]

(60]

sportation systems, 2025, 26(5): 7021-7035.

WA, FRBGE, T, L T HE 8 M IS K P &
AT FRAAER R[], BB AR TREE L,
2024, 24(5): 116-127.

JIAN Min, CHEN Shaokuan, WANG Zhuo, et al. Cross-line
train service plan optimization in urban rail transit network[J].
Journal of transportation systems engineering and infor-
mation technology, 2024, 24(5)' 116-127.

&R, WTFHE, HHIR, F. R T HE B RS
T b 09 28 AL B RAL T R []]. b Al K SR,
2024, 43(4): 164-171.

DENG Lianbo, XIE Ziruo, GAN Shuhuai, et al. Optimi-
zation method of Tabu Search algorithm for urban rail
transit crew scheduling scheme[J]. Journal of Beijing
Jiaotong University, 2024, 48(4): 164-171.

W, $F L. AT CCLPSO Hkty Y & 55 £ 7F
A7 FRAETRL[T]. sk F5 TAR IR, 2019, 16(8):
2122-2129.

TAN Li, WEI Ziwen. Optimization research of train schedule
of Y-type train routing mode based on CCLPSO algori-
thm[J]. Journal of railway science and engineering, 2019,
16(8): 2122-2129.

MReET, 7, Md, 5. WOTHE 38 K ST
F %G S BRA TR RRALHFR[)]. 3BiEH A %
IA512 8, 2019, 19(5): 177-184.

CHEN Weiya, ZHANG Yong, CHEN Xin, et al. Colla-
borative full-length and short-turning plan and joint multi-
station control of passenger flow in urban rail transit[J].
Journal of transportation systems engineering and infor-
mation technology, 2019, 19(5): 177-184.

DI Zhen, YANG Lixing, SHI Jungang, et al. Joint optimi-
zation of carriage arrangement and flow control in a metro-
based underground logistics system[J]. Transportation
research part B: methodological, 2022, 159: 1-23.

SHI Jungang, YANG Jing, YANG Lixing, et al. Safety-
oriented train timetabling and stop planning with time-
varying and elastic demand on overcrowded commuter
metro lines[J]. Transportation research part E: logistics
and transportation review, 2023, 175: 103136.

FEMW, AR, T, F. FEEE T WSS
9 E AT EWMERIRAL[T]. RadiEm AR T4
£, 2025, 25(2): 36-47.

PENG Qiyuan, LIU Siyuan, JJANG Shan, et al. Collaborative
optimization of suburban railway and metro train operation
plans under interconnection operational mode[J]. Journal
of transportation systems engineering and information
technology, 2025, 25(2): 36-47.

(%% MEK=)





