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Abstract

Abstract: Aming at the network design and optimization of metro-based urban underground logistics
under uncertainties, the facility components of two-tier metro-based underground logistics system (M-
ULS) are proposed. Focus on the comprehensive costs and system utilization rate, a M-ULS network flow
assignment model is established based on the expectation of environmental benefits of underground
freight transport. a M-ULS network location-allocation-routing fuzzy random programming model is
established, and a crisp linearization method is presented. A solution portfolio combining discrete binary
chaos particle swarm optimization-genetic algorithm and exact algorithms is designed for combinatorial
optimization. Effectiveness of the presented models and algorithms is verified in real-life cases. Results
show that the best M-ULS layout schemes in fuzzy random scenarios are more conservative than those in
deterministic scenarios. The external environment benefits of underground logistics can offset 10%~12%
of costs in network construction and operations.
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Table 4 Parameter values for model simulation
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Table 6 Best configurations of M-ULS network under uncertainties

e T Ty e
DM ERMARA ERRA EEMA A%

TEE W WAE giEg gl ESY BEK
A 2R BORA sk B km A KR

50 10 5.59 1.10 0.99 87.85
60 11 6.36 1.34 1.07 92.76
70 13 8.16 1.61 1.05 93.60
80 16 9.83 1.82 1.04 92.87
90 18 10.93 2.11 1.04 92.24
100 22 13.67 2.34 0.95 84.07

0.14 1.86 12.72 857 104 1.17  40.04
0.08 1.92 15.09  11.78 143 1.87 49.22
0.26 3.02 18.67  14.50 177 2.04 60.89
0.02 402 2237 1473 179 222 69.55
0.78 387  26.65 16.19 197 2.83  80.94
1.08 5.93 32.88 17.08 208 245 93.46

Vi SIRAHRI A 7 76/d

BE#E 0 M 50% ETFE 100%, TR R izt
AR 53 A 5.59 T3 t/d(Hh ks i) A 1.1 5 o6 /d(E
8 iz i) b2 13.67 Jio/d 1 2.34 Jioo/d. R,
G 3 M Bk BT 3E i S I B 38 E AR ) 9.88 T gt/
# % 20.81 J5n/ds e el mUH) BRI I 18 AR
1.86 i7t/d 342 5.93 Jiot/d; Hbgk TR ia vl s il — 21y
RS VA I 12.72 73 70/d 16 % 32.88 5 T/d;
i i B T AR N 0.14 Fiot/d R
1.08 /37t /ds  MZEHP I —RETE A 104 km I
IN%2208 km; 3l m (P35 78 55 4845 2.15~3.04 km
TO R ARl o 2 ) 280 B i KRUASERNF , 35 mit (1) °F
B 82 84.1%,  Ab TR I e 1 BARAR
Sk A 17 X 1) 5% W) 7 Lk ) 285 v (1) ~F- 20328 FE 2 19.8
km, 385 RAS (5 — 2 4% 58 B RS 1 B N
63%; T JT ] BT IR TE — 2R 2 v (1) S 538 R A
B 5 EE A AN 16.5 km F137%. il o5 1R
1 6=70% B ik B &% =i {H 93.6%. #t— L i+ 515 3
ANHE PERZI R bR -TRiE R A 545 A
A L 9 1:8.57, Ffk A 1:10.13,

T b A TR T AR A A R, R
M-ULS W £& 4ii &) J7 2 1E 5= 80% I 22 Al K, 1
0= 50% I 22 5 e /I o AN 58 1 X6 A5 53 FRD 5 i o
P28 R I KRR B2 . 6 FPE R I H AR AR
A ZE AR 43 38 0.37 73 76/d(6=50%)~ 2.05 J5 Jt/d
(=60%)~ 0.48 73 70/d (5=70%). 2.16 J370/d (6=80%)~
2.22 Ji76/d(6=90%)F1 4.77 J3 76/d(6=100%). LLA,
I T I 4% 52 AN 5 A 1A 2 e AU v L 4% 5 22 1

BRI ISl OB TE B X — a3 1 J R W] R
N EHY, AEINIEZ AT ERE RIS T
RIBIRERE . PRIk, BRI TR 46 1 4 75 5K AT RE
TG, EORE L 2 ik A HIK,
LRSI B R AL 2 2R 5 IR A AU L
NI T eh T 22 A IX (8] 0 S BT R R R IR R, X
AR T R R A N 1l R A
PRI, ANBSE 2511 (9 M-ULS W 2% A7 J&) 77 58 AT AR
DNAE RSN B AL 2 B0 AL B Ak | 3 5R e L Ok~
FRI 2R o

5 £

AR SR TR BT A RS A E, H5
MR- 1532 RGN 28 A SR B th T LR . B
FE I & O-D fic B AE k- 4y - BE A2 W3k, @S
B BB ) 2 SR BB AL AR R ABE AR, I S B ARY o () AN
SE SRS AR AT R R LE R, WITHR
HAEI-JE R UHE ZE SR i B v 552 % BE TR NP
M 0] R o 388 3 /)N B A R R (] SEEG B E T T R
HEVEM ARG . &5, Ll Alpha i X A
FWRIFEAT O, 04T T A RS SR 272 N
L8AT R RN R G B AL gh

FRAEFE AT LA 3 AN 5 T IEAT $ 8«

(1) ¥ 2 B4k 1A b 2k W 28 1 20 (0 38 4% 1) ] 4%
HhEE NG 5 REEM ST S, R
e Ay bk - 3 AR AL 7 72

(2) fE## 7 LAR @M HER AR DT & . TRHLE

http: // www.china-simulation.com

* 1738 ¢

https://dc-china-simulation.researchcommons.org/journal/vol34/iss8/7
DOI: 10.16182/j.issn1004731x.joss.21-0206

14



Hu et al.: Layout Planning of Metro-based Underground Logistics System Netwo

234 4555 8
2022 %8 H

BIRAS, S5 25 B BOMI AN 52 Ik 52028 2 8 R kA1 R AL

Vol. 34 No. 8
Aug. 2022

VA BE ] R, DA 232 AT 0038 A R] SE 1A 9 g AR 1Y
FEH;
(3) % L& Hh i B 12 i) 35 M Bk - 108 R G )R
IEAE, BXE BOE RO SUT B b -Hh R — A fk
E‘J%?ﬁ[ﬁl%ﬁ‘ﬁ%%ﬂiﬂo

S 30K -

(1] SIEZE, B A, B3, S AR S m N f T i

GRG0 ARG E FL]. T E R B4, 2018, 32Q2):
214-223.
Huang Haijun, Gao Ziyou, Tian Qiong, et al. The
Management Theory and Method of the Comprehensive
Transportation System in City Agglomeration under the
New Urbanization Trend[J]. Bulletin of National Natural
Science Foundation of China, 2018, 32(2): 214-223.

[2] B MBI . 2020 4 R 4Tk 32 47 1 & [EB/OLY].
[2021-01-14]. http://www. spb. gov. cn/xw/dtxx_15079/
202101/t20210114_3760170.html.

[3] Coulombel N, Dablanc L, Gardrat M, et al. The
Environmental Social Cost of Urban Road Freight:
Evidence from the Paris Region[J]. Transportation
Research Part D: Transport and Environment (S1361-9209),
2018, 63:514-532.

[4] ALTETHACHE R R AU RE. 2019 AFoJ0 3T T A0 i K fe AR
# % [EB/OL]. [2021-01-14]. http://www. bjtrc. org. cn/
List/index/cid/7.html.

[5]1 He-Gpe. AR 2% ) B R e 4t i 51 5 e gl s
[7]. BEIEEE P, 2019, 39(11): 1737-1747.

Qian Qihu. Exploiting Underground Space to Promote
Green Building and Green City Development[J]. Tunnel
Construction, 2019, 39(11): 1737-1747.

(6] 3% o [ 55 B . A2 0E 9 [ i 4 # [EB/OL).
(2019-09-19) [2021-01-14]. http://www. gov. cn/zhengce/
2019-09/19/content_5431432.htm.

[7] B-ER, MARE. W F R RS TR M. dbai: A
FRAZ I H AL, 2007
Qian Qihu, Guo Dongjun. Introduction to Urban
Underground Logistics System[M]. Beijing: China
Communications Press, 2007.

[8] Chen Z, Dong J, Ren R. Urban Underground Logistics
System in China: Opportunities or Challenges? [J].
Underground Space (S2467-9674), 2017, 2(3): 195-208.

[9] Visser J. The Development of Underground Freight
Transport: An Overview[J]. Tunnelling and Underground
Space Technology (S0886-7798), 2018, 80: 123-127.

[10] BREE, SOARZE. 5 RS MM R R g — b st @ik
HR Y0 & G i R s M AR D], A6 BRI 1, 2005(3):

77-80.

Chen Zhilong, Guo Dongjun. The Fifth Type of
Transportation and Supply System - A Strategic Conception
of Beijing Underground Logistics System[J]. Beijing
Planning and Construction, 2005(3): 77-80.

TS A, U n B MR SRR R SR I K
HRO R A 0], MR A AR A 4R, 2018, 14(3 1):
49-54.

Fan Yiqun, You Kesi. Application of Underground

[11

—_

Container  Freight Transportation on  Integration
Development of City and Port[J]. Chinese Journal of
Underground Space and Engineering, 2018, 14(S1): 49-54.

[121 Hu W, Dong J, Hwang B G, et al. Using System
Dynamics to Analyze the Development of Urban Freight
Transportation System Based on Rail Transit: A Case
Study of Beijing[J]. Sustainable Cities and Society
(S2210-6707), 2020, 53: 101923.

[13] Cleophas C, Cottrill C, Ehmke J F, et al. Collaborative

Urban Transportation: Recent Advances in Theory and

Practice[J]. European Journal of Operational Research

(S0377-2217), 2019, 273(3): 801-816.

Y, EAFE. KA Wi 0 2% e A A JR) O

MW AKEIED]. 25 TREMIL5 S, 2013, 33(4):

971-980.

Li Tong, Wang Zhongtuo. Optimization Layout of

[14

—

Underground Logistics Network in Big Cities with Plant
Growth Simulation Algorithm[J]. System Engineering
Theory & Practice, 2013, 33(4): 971-980.

JAF5IT, kAR, I“ﬁ A IR ) R0 ) 1 K T 3K ) 4% 1% A
AL TR )], Qi i i R 48 TR S (E B, 2018, 18(5):
88-94.

Zhou Fangting, Zhang Jin, Zhou Guohua. Subway-Based

[15

—_

Distribution Network Routing Optimization Problem
with Time Windows[J]. Journal of Transportation
Systems Engineering and Information Technology, 2018,
18(5): 88-94.

[16] A&, SN, FEE, & Mam Ui Ek-10s R4
ZATRIALL]. RGN FAAR, 2021, 33(7): 1699-1712.
Ren Rui, Hu Wanjie, Dong Jianjun, et al. Optimization of
Urban Metro-based Underground Logistics System
Network with Hub-and-spoke Layout [J]. Journal of
System Simulation, 2021, 33(7): 1699-1712.

[17] Dong J, Hu W, Yan S, et al. Network Planning Method
for Capacitated Metro-Based Underground Logistics
System[J]. Advances in Civil Engineering (S1687-8094),
2018(6): 6958086.

[18] Zhao L, Li H, Li M, et al. Location Selection of Intra-
City Distribution Hubs in the Metro-Integrated Logistics

System[J].  Tunnelling and Underground Space

http: // www.china-simulation.com

* 1739

Published by Journal of System Simulation, 2022

15



Journal of System Simulation, Vol. 34 [2022], Iss. 8, Art. 7

%34 55 8
2022 48 H

RGN

Journal of System Simulation

Vol. 34 No. 8
Aug. 2022

Technology (S0886-7798), 2018, 80: 246-256.

[19] Behiri W, Belmokhtar-Berraf S, Chu C. Urban Freight
Transport Using Passenger Rail Network: Scientific
Issues and Quantitative Analysis[J]. Transportation
Research Part E: Logistics and Transportation Review
(S1366-5545), 2018, 115: 227-245.

[20] Nadizadeh A, Hosseini Nasab H. Solving the Dynamic
Capacitated Location-Routing Problem with Fuzzy
Demands by Hybrid Heuristic Algorithm[J]. European
Journal of Operational Research(S0377-2217), 2014, 238
(2): 458-470.

[21] Yang K, Yang L, Gao Z. Planning and Optimization of
Intermodal Hub-and-Spoke Network Under Mixed
Uncertainty[J]. Transportation Research Part E: Logistics
and Transportation Review (S1366-5545), 2016, 95:
248-266.

[22] Wang R, Yang K, Yang L, et al. Modeling and
Optimization of a Road-Rail Intermodal Transport
System Under Uncertain Information[J]. Engineering
Applications of Artificial Intelligence (S0952-1976),
2018, 72: 423-436.

[23] Shavarani S M, Mosallaeipour S, Golabi M, et al. A
Congested Capacitated Multi-Level Fuzzy Facility
Location Problem: An Efficient Drone Delivery System
[J]. Computers & Operations Research (S0305-0548),
2019, 108: 57-68.

[24] AEFINI, ARHGH], X3, 4. 5 T BB P R IB2C %
sty SR PP [ RS K FORE T SRV SR AR 0], 8 B R 2
1, 2020, 34(6): 183-190.

Cui Ligang, Ren Haili, Deng Jie, et al. A Particle Swarm
Algorithm for a Novel B2C Multi-Item Replenishment
and Delivery Coordination Model with Fuzzy Random
Demands[J]. Journal of Industrial Engineering and
Engineering Management, 2020, 34(6): 183-190.

[25] XEZE, BEH, Bl ZEAE R TTEM]. dEst:
B HR A, 2017.

Liu Yankui, Bai Xuejie, Yang Kai. Parameter Credibility
Optimization Method[M]. Beijing: Science Press, 2017.

[26] Hu W, Dong J, Hwang B G, et al. Hybrid Optimization
Procedures  Applying for  Two-Echelon  Urban
Underground Logistics Network Planning: A Case Study
of Beijing[J]. Computers & Industrial Engineering
(S0360-8352), 2020, 144: 106452.

[27] RIEBL, mbnss . — RhsSodt iR 7 RO 0% S LBk

MAR[T]. B SE 50, 2019, 49(9): 237-247.
Liu Yumin, Gao Songyan. An Improved Particle Swarm
Optimization Algorithm and Its Algorithm Test[J].
Mathematics in Practice and Theory, 2019, 49(9):
237-247.

[28] BR—AF, SRR, Bt o, 5. ST NI R A RIS T

SRE TN 73 7 0], R 2 6 5 TR AR, 2021, 17(6):
1687-1694, 1741.
Chen Yicun, Guo Dongjun, Tao Xigui, et al. Forecast
Analysis of Freight Demand Volume in the Urban
Underground Logistics System[J]. Chinese Journal of
Underground Space and Engineering, 2021, 17(6):
1687-1694, 1741.

http: // www.china-simulation.com

* 1740

https://dc-china-simulation.researchcommons.org/journal/vol34/iss8/7
DOI: 10.16182/j.issn1004731x.joss.21-0206

16



	Layout Planning of Metro-based Underground Logistics System Network Considering Fuzzy Uncertainties
	Layout Planning of Metro-based Underground Logistics System Network Considering Fuzzy Uncertainties
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/LujQSk12xw/tmp.1688100843.pdf.cQTne

