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Abstract: The utilization of surplus capacity of urban rail transit during off-peak hours for cargo transport is crucial
for alleviating urban road congestion, minimizing carbon emissions, and enhancing the efficiency of metro
operations. A linear integer optimization model is developed with the objective of minimizing passenger train car
allocation costs, dedicated freight train operation costs, and cargo delivery delay penalties. The model jointly
optimizes car allocation, train formation schemes, train operation schedules, and freight assignment plans. In order to
validate the effectiveness of the model, an empirical study is carried out on Nanchang Metro Line 2, and the model is
solved with the help of the optimized commercial solver CPLEX. The results of the example show that increasing

penalties for delayed delivery can effectively reduce the average cargo delay time; deploying additional special freight
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trains can compensate for insufficient transport capacity, compared with the fixed grouping of special freight trains for

freight transport, the flexible grouping mode can meet the transport demands of all cargo groups with only a 26 min

increase in the total delay, while reducing the total operating costs by 998 yuan. This method adapts better to

variations in freight demand, enables the timely transport of large volumes of time-sensitive goods, and reduces

wasted train capacity. It provides theoretical support for further improving the operational efficiency of urban metro

lines.
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Fig. 1 Passenger train freight compartment configuration and

description of additional freight trains.
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Table 2 Total cost of different delay penalties
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Table 3  Total cost of efficiency of different handling operations
MAER PR B
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30 40 771 3.94 45336
40 40 752 3.79 43279
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Table 5 Optimization results of adding freight special trains of different formation types
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Table 6 The influence of the scale of freight transportation on

train formation and total cost

P LH BIER

WIS e i . SURATT
CREE [E:l 0 1002 11240
M, 6112 2H 0 1002 11 240
R 0 1002 11 240
3TgmH 1 315 14 426
M, 6 17 42 1 602 14 638
RIEmA 1 315 14 426
3 2 810 30 265
M, 67 4 ZH 1 810 30077
RIGHmeH 1 460 30077
37 gmH 3 812 39104
M, 6 T gmH 2 1034 39216
DSEE 2 887 38945
4 &% #

ORI BB SGE & s R, B PR Y
B BRI R BGR BN AL TSR, M A%
IBIVERARCE . 508 L AT A DL P HE R
8 B SA R/ ME g AR B DL, Sk 4 E
KR HiyE SN K S o s UV g7/ pi W iy
PrREMEAR TR, I LIRS B gk 2 5 it 4T Skt
58, BRI ESSIT

1) AR ety 1 19 81 2R as A iJl A e 9 0 e
T3 ARSI R FE S R AU A e B BA B AR E
REAE FE 53 S BT WIS IR 55 I BRI ZESK . 7E— e Y
NP RS IS HES (DR b N e 7] =N LRSS 13N R
FIAP-BIE R I (] 1 5 R, AT /MY
m, HEEPREE NIRRT .

2) WIFSa LIRS IRAN R B Is I AL, B

SRGTHIICIR B S SE IR I (A1 BTsg i, {EHORS W )7 58
M RB B AR SRR . B 5 A5l A 2
REWRAVRCR AR, ST BCRR Y AE 3R I [] 5556 i
(14 sk az B A RN N, e S Bas E  aT AR
2, RIS R vl B O BEBOE 51 445
I EH ALK

3) R g AR SRR B A1 I 67 18 T SR Ak,
PRAUE S g B R B e A 2 S hisfr, s
FIFIERER . W T 6 Tfiat, RifHmAR
AEAE 7 53 38 I ]S 0 26 min BYTE LT, wizb
998 JLHIZ B NAS 5 HLIRCEOR MRy , R i 4L A
DL X

HEEWME: HEHRBEE S H (72361012, 72071147) 5 71
P48 [ SRRl 5L 4 W BT H (20242BAB204123 ) 5 VT4
BN SR 2B AE B B0 H (G1.21232) 5 7 S L
M BHIF- 7% B0 H (2021HGKYC005 )

PEE T : 546 (634157893@qq.com), 4 = HLIE AT A A PR )
ﬂiﬂfﬁ. W7 . S B AT HE SRR TS

a3l 3T B, Ty, GREI, & FBIERMENSS IR S
AT SRR AL [T]. IR E R TR,
2025, 42(5): 576-585

SZ 3k / References:

[ 1 ] DAMPIER A, MANINOV M. A study of the feasibility
and potential implementation of metro-based freight trans-
portation in Newcastle upon Tyne [J]. Urban Rail Transit,
2015, 1: 164-182.

[2 ] BB, sy, &t ORI E" BT kit

B R )] M A S TR, 2024,

20(4): 1062-1072.

WANG Xiaoping, ZHANG Zixuan. The selection of metro

freight stations under the mode of "shared lines but not

shared trains" [J]. Chinese Journal of Underground Space
and Engineering, 2024, 20(4): 1062-1072. (in Chinese)

RN TR S A T LR RGeS T

fFFEID ] 220 ZHEGE R, 2020.

LI Runguo. Logistics distribution system based on urban

—
w
[

rail transit and its application node research [D]. Lan-
zhou: Lanzhou Jiaotong University, 2020. (in Chinese)

[ 4 ] ZHOU Xiaoye, CUI Yao, HE Liang, et al. Logistics distri-
bution routing optimization based on subway-freight truck
intermodal transportation [J]. Journal of Transportation
Systems Engineering and Information Technology, 2020,
20(3): 111-117.

[ 5 ] ZHAO Laijun, ZHOU Jinpeng, LI Huiyong, et al. Optimiz-

ing the design of an intra-city metro logistics system based



$5 4

et 5. BRI S5 I BR A k51 4=

BT SRR 585

—
o)
I

—
N |
[

—
e}
[

[9]

[11]

[13]

on a hub-and-spoke network model [J]. Tunnelling and
Underground Space Technology, 2021, 116: 104086.
KEW. BT AR T M i ek R 28 LRI FFE (D ]

2N ZINBGERF, 2022,
MI Xueli. Research on urban logistics distribution

network planning based on subway [D]. Lanzhou: Lanzhou
Jiaotong University, 2022. (in Chinese)
ZHAO Laijun, WANG Xiaoli, STOETER J, et al.

optimization model for intra-city express delivery in

Path

combination  with  subway and  ground

transportation [J]. Sustainability, 2019, 11(3): 758.
GHILAS V, DEMIR E, VAN WOENSEL T. An adaptive

system

large neighborhood search heuristic for the pickup and
delivery problem with time windows and scheduled lines
[J]. Computers & Operations Research, 2016, 72: 12-30.
JATFIT, 5K, F]E“ﬁ A IR 18] 7 14 K IC I 0 245
e mpEy]. solisk R A TR SEE, 2018,
18(5): 88-94.

ZHOU Fangting, ZHANG Jin, ZHOU Guohua. Subway-
based distribution network routing optimization problem
with time windows [J]. Journal of Transportation Systems
Engineering and Information Technology, 2018, 18(5): 88-
94. (in Chinese)

BEHIRI W, BELMOKHTAR-BERRAF S, CHU Cheng-
bin. Urban freight transport using passenger rail network:
scientific issues and quantitative analysis [J]. Transporta-
tion Research Part E: Logistics and Transportation
Review, 2018, 115: 227-245.

OZTURK O, PATRICK J. An optimization model for
freight transport using urban rail transit [J].
Journal of Operational Research, 2018, 267(3):
1121.

HAERY, FUR, PRie, . BB Tz
LI R ST R EAL L] Scil s i R
THYEE, 2023, 23(6): 185-195.
XIAO Yaling, BAI Yun, CHEN Yao, et al.

transit freight train service planning and shipment

European

1110-

Urban rail

allocation considering rolling stock circulation [J]. Journal
of Transportation Systems Engineering and Information
Technology, 2023, 23(6): 185-195. (in Chinese)

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

[14]

[15]

[16]

[17]

[18]

Research Part B: Methodological, 2022, 159: 1-23.
LI Zhujun, SHALABY A, ROORDA M J, et al. Urban rail
service design for collaborative passenger and freight
transport [J]. Transportation Research Part E: Logistics
and Transportation Review, 2021, 147: 102205.
B, R, Baré, S RIGMASIE T HuE
Sl E G RLE T AT ] Sl i RS TR
HEE, 2022, 22(2): 197-205.
QI Jianguo, ZHOU Housheng, YANG Lixing, et al. Opti-
mization methods of combined passenger and freight trans-
portation based on flexible train composition mode [J].
Journal of Transportation Systems Engineering and Infor-
mation Technology, 2022, 22(2): 197-205. (in Chinese)
BATR, MR, BRe. BV THLSLS fistrit
W5 vs By Z R ], s ARG TR
HiEE, 2022, 22(5): 154-163.
LI Zhujun, BAI Yun, CHEN Yao. Integrated optimization
of train service planning and shipment allocation for air-
port expresses under mixed passenger and freight transpor-
tation [J].
and Information Technology, 2022, 22(5): 154-163. (in
Chinese)
AR, BRafe, 1HIRZN, 4. AIARSMZH T PuE 52
Y ARk J/OL] . sz TR 515
B4R . (2024-09-06) [2024-12-06]. https://doi. org/10.
l996l/].cnki.1672-4747.2024.04.021.
SHAN Yongquan, CHEN Yao, FENG Xujie, et al. Optimi-

Journal of Transportation Systems Engineering

zation of freight train service planning for urban rail transit
under variable composition mode [J/OL]. Journal of Trans-
portation Engineering and Information. (2024-09-06)
[2024-12-06]. https://doi. org/10.19961/j. cnki. 1672-4747.
2024.04.021. (in Chinese)

ORI, ERY, FRAAE . LT RRI E] 7 A R B
FORBcE SRR ]. SCls i TR R, 2024,

24(2): 221-231.
SHI Jungang, WANG Song, GUO Junhua. Optimization of
subway freight compartment configuration and loading
based on flexible time windows [J]. Journal of Traffic and
Transportation Engineering, 2024, 24(2): 221-231. (in Chi-
nese)

®XH

(hxEF: HE; : RE]



