Open Journal of Transportation Technologies 3ZEH AR, 2026, 15(4), 471-482 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/0itt.2026.154042

A AEFRK THEH RPN IE M ERN S NEKE
HEEREM

F ¥, EFe, ¥4
B R Al ia i TR e, 1195 Fa

ks Hi: 20264F4H29H; FHBE®: 20264F7H2H; KA HM: 2026474 14H

HE

MESEEERMERNFFETE, SRARERERRDARE. RISWUER K REROIRER R
ZEMSE, CERARRYMRARNEZERRTE. R, WRTHFREASHL. HBUEFHEN
FHIE, 141008 —EA BRI B 3 M B R T 3 EME DL 2T R SE R TR . RS IIEE S
WEAR FMMERE, FRREEMEMEKTE. BREENRBREETHAEER, BRNEZLEAS
SURRE#SE, B RIERMMERIR. B SR MATmaREE ) TR, ETH, AXERK
AHEBRT, KRV EMEERIIASABEBEM A E, WRUERRA. B EMERA
MBHTBURA LR AR/ BB ER T . St ERZT . fNEEEE BT REAHE WA,
RABRI T SERMAATEZE T RES, BYUAHERRTHEBRBREMWET . FEHERME, &
HFRE RS E RBENRT 6, KHARYEMNESR. FRERRE. WERBRMLAMER
TAEDIRE . B RN EGIRAE, FiiBREREBERRESNZM THIGRBAT . Wk
MraEtE, BT 6 R BB KRF R 5 SN A N E.

X in
ZABE, BEML, RYNENE FAHERR FRMRTe

Intelligent Path Planning for Intermodal
Transport Considering Time Value of
Goods under Uncertain Demand

Xiang Li, Yongjin Cui, Junhong Hu

College of Transportation Engineering, Nanjing Tech University, Nanjing Jiangsu

Received: April 29, 2026; accepted: July 2, 2026; published: July 14, 2026

NESIM: B, EHE, WEL. AWE TR TR S [ OE R 2 S REER R RI). SR, 2026,
15(4): 471-482. DOI: 10.12677/0jtt.2026.154042


https://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/ojtt.2026.154042
https://doi.org/10.12677/ojtt.2026.154042
https://www.hanspub.org/

ot

glig

:&g

Abstract

As the comprehensive transportation system continues to improve, intermodal transport has be-
come an important direction for modern logistics organization, owing to its comprehensive ad-
vantages of reducing logistics costs, improving transport efficiency, and promoting green and low-
carbon development. However, logistics market demand is characterized by diversification, dynam-
ics, and uncertainty. Traditional path optimization methods that focus mainly on a single objective
such as cost or time can no longer fully reflect real-world decision-making needs. Goods generally
have time value attributes during transportation, and different types of goods differ in value level,
decay rate, and sensitivity. Extended transport time not only leads to direct losses but may also
cause a decrease in goods value, increased inventory holding costs, and reduced market respon-
siveness. Given this, under demand uncertainty, this paper introduces the theory of time value of
goods into the intermodal transport path optimization problem. A path optimization model is con-
structed with the objective of minimizing the sum of transport cost, time value cost of goods, and
carbon emission cost. To address the demand uncertainty caused by factors such as seasonality and
supply chain management, scenario analysis and robust optimization methods are used to charac-
terize demand fluctuations, and a robust path optimization model under uncertain demand is es-
tablished. Based on this, an intelligent intermodal transport path planning platform is designed and
developed, incorporating functions such as classification of goods time value, demand scenario set-
ting, bi-objective path optimization, and result visualization. Numerical experiments demonstrate
that the proposed model effectively balances economy, timeliness, and stability under demand fluc-
tuations, and the designed platform exhibits strong decision support capability and practical appli-
cation value.

Keywords

Intermodal Transport, Path Optimization, Time Value of Goods, Uncertain Demand, Intelligent
Logistics Platform

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. IRERSMK
1.1. ARER

TEABRAE R B[R] 5 XS P — R AR BRI 5 F . 2 kg OOy IR B is i 2 1 22
HAT7 ek, (2 BE KRG TR B I 45 0 TAF 7 %8(2021—2025 4F)) 'SR, B
ik 2 NBCSTE NI IZ g5 . RS IEsR E GBI T, RS Km0 b KR g « AF:
B QIR WIS DR o BEAE TSN, B 3RS KRGS VT AR N R A e e B
FoE R 5 25 AU i 1) 22 SRR o DR AE T2 S i A v e LA R T (A (20 1, B DRI ) 3 R 7 A AR A5 2
W2 A G N BT W B 2 R (1] AR SRITENE K. BRMERE I ST BR T THAFAE 2 5, S
A E RIS 5T, AHI 5218 Hi A1 AR 0 1 B B2

'hitps://www.gov.cn/gongbao/content/2022/content_5669424.htm

DOI: 10.12677/0jtt.2026.154042 472 ACIEEEA


https://doi.org/10.12677/ojtt.2026.154042
http://creativecommons.org/licenses/by/4.0/
https://www.gov.cn/gongbao/content/2022/content_5669424.htm

44
b
4

1.2. EASMAZIRR

[ 412 il 58 2 SUIBGE 2R S iz i 5 AN e R OT & T RS9 . ELBERT %5 (214
% ABIE SR JZ 28 BT BT L AR LR A T T 4k iz tar . Bt iR IR S5 IS5 % 07
[a; WANG [315106 A 55 M 28 i b (K 5 SR Bl i 7L, B G AR A T iR AE DR BF 7 R BF I SRR e V2 1A
A Rk EARBREARIATT I, ZHANG %5[4)7%5 8 1 75K 5 I 18] (OWE A E 1, W@ {kax 2 Uiz
AR, R LR B B sy AUk A B2 R R

BT T T, SKREFSE 1R BT (a0 (B 51N BRBE S AR 55 X 2% i, oAb 1 ik 8] B BRSO AT
TTEIRN; XIRASE[S RS T R @Bt 22 sUBis (S B AR Ii ik, K 1 DU e v a) A0 e A 9 8 H
AR 2534 (6] 0 M 1 P AR 2 USRI T (B 5 H e b e, R IR ] 470 1 A v ) B 0
[ T IE RIS B B A M AR DRI SR[7 4R 1N E 755K TN 25 R BT IN R) 4 10 2 a2 B AR £ 5
e

gi b, ARG S ERIATT SR EE, EVFEAL, TV R E R RGTER T
AR, MARBRNBEIARZORAREER; CAMAZEF TRERSE, RZ5 i, BB
A AP R . AL, RSN RIPHE R 75 RA E S b @ P & 4 S = AN 2 R T
T, MRLE A HAR B, R BRI &, SSELENE RS TR N ] AT
2. BERULERE
2.1. [EEER S EARIZ

AR 2 3NIAS B A 5 17 AUt S 08 19 s 9BE Kz ey A R R 8 A T R, 2 ARAEZR
B 2N T ABRERE MR AT T . BT S, T R R R, Sl PR SR AR BRER
IKER A AT S e, A ARIR 2 T R IR FUNAE 2 AR T, FREEE A TR
HEMATT R FN, ETHERIME, FRPRH IR AR MSERCH; RO E—f s
T ERA N EGHMERYE; FoRCLZ S, 12m S BxfE .
2.2. FRWBEFRE THEMRE
22.1. FESHRERKER

B R A5 L 1 fs. Hor, YJURAR R x5y SRIER BRI BRI O, AT R
il i B = s a7 AU, R H SR R R P AT N

Table 1. Definitions of model parameters
F 1 REBEFSEX

e (] £ AT/
N TWHEES, N={L2,n}, 1A, n WM -
e K s kS, K={12,3} (1-~8%, 2-8k#, 3-KiH) k,leK
0 B R t
ot BT R ke AETT R (4, /) T R RS A J6/(t-km)
ZH d; Wi 5 j R IE e km
K FET A BT 2 ke Fe 977 L IR B T e A i
Ve Tra k B Yia ik i km/h

DOI: 10.12677/0jtt.2026.154042 473 BB EEFW/N


https://doi.org/10.12677/ojtt.2026.154042

i 5 5 0 AL SR L [ Wt
W AT k 0 84 ] h
A S AT B R &
G et R s
P BB (LR 1) Tilkg
e, J7 3 ke () B B B B R T kg/(t-km)
g 5 0 A7 R B B R ket
‘ ~ xk 0-1 228, 7 (i,j) RERMIT A W8 1, B0 {0,1}
RAER L 0-1 A Bk, A% IR & B9 1 WA 1, A 0 (0.1}

2.2.2. BfRERBHE
AR VAR S A MO H AR, SRAE Z HISHAA C, o B AN E A C, BRI
K C,=Er G (D) Fs:
minZ:Cy+Ch+Ct )]

Bl C, g is i 2t 5 R b e S AL, S i 18] 5 08 40 A 2 2 RS BEA LB Zh R E IR
IEZASBENL AR, S B A 2 8] (A% 1 A v 7 A B B i 2 T i ) s -

C, =22 2 0cjdyx;+3, 3 > Oh''yf @)

ieN jeN keK ieN keK leK

o, EIHURR BB “MIA R RSt i, RO R AR E R e B A, ALE p =1
ke, s iy 3R T UE I B K B PR

TV E A A C, AR S DO TR e A L B R K SC i B . (558 D) R s b & PR S
TRAE LI AIA R FE[8], F T BRIt 1A (8 B K 3z it 9] 5 5220 1 B O EARR 5 [9] [10], EALBE 4 &
L AH AR I3 FTR -

C,=4-G-Q0-T, 3
Ko, T, BB MANICRR: by, MIERERITAT, |« PN T, KA T, =i
T R = (4) B s :
d.
T, = z zix;;+22ti'dyfl+22wf “4)
i,jeN keK Vk ) ieN k,leK ieN keK

v, SRR A w, BE— D400 e e S Ry I (] 5 PR SE AR I IR], Gk T SR A Bk I %) 5 ia i T 2 %1 5R
FIVLRCRE .

TRHEBUSA C, KB AN L N ER AL, FeB B AL o 532 Hi 5 AT I — AR F =X (5) i
JIN:

C = P[ Z Z Qekdﬁx;/‘. +Z Z Qeiklyl.li ®)]

i,jeN keK ieN k,leK

KOHET A BIRISEIAT 5 IR ISR, SRURBIR P RO ATF A, 51 Iss
R EMRBR AR R .

DOI: 10.12677/0jtt.2026.154042 474 BB EEFW/N


https://doi.org/10.12677/ojtt.2026.154042

44
b
4

2.2.3. AREH
R 355 42 LR 3R 461

Zx;‘.:l,V(i,j)eA (6)

keK
(OB PR B AH AR T s L 0 H A B — Mg fan 77 20, 4677 200 513 B0 e R AL -
z Zyi’d =L,Vie N(1,n) (7)

keK leK

NOOME AT AL, BEAIPIRS LA ME— 1. E AR RIS A, B A H N — R
Jia, AATE R 2 Fhr .

Yoxp=2 (0 +yf ) VieN@n).kek (8)
JjeN leK
KOV NBHESNELA N, WORENTT AU MR ES T BIZ f e, Higkh oy i #ig
LS
xe{0,1}, y'e {01}, Vi, j,k,1 ©)

ROVESCRFTATEN 0-1 R R, RACEARIES KB okt .
23. BRABEBL TEBEMLRE

SRR SR A R s, AR AT E B e o SRR AL, SERR B e B I T SR A A
KRS R BERAHE S B TR ABRBGE AL, O W 7R AR R 5 B A A 7 ikt 4T A 2
[11]e ASCTIANERAIE12)3R FRAWENE, BS NHRERES, seSAHRERHF, MNFHRE
NO,» KEMFA p,» WD p R ATEBRMATTIFAEER, Hbsvi/ MOHE A, R &
PRV SR R(10)~(13) 3%, Tt 46175 5t R PR RS, B IR 07 IO BT T PRRE T, A SO L& A0 A1 b
RACTERCYE, 7T RN AN 58 75 KA o

min Y’ p,Z (x) (10)
se§
st. Z(x)<(1+a)Z;,VseS (11
2 p =1 (12)
ses§
x; €(0,1), ¥ €(0,1),Vi, j,k,1 (13)

R0 H bR E, /MO SRR E, RDUARE T SR il o X1 1) k% & Rtk
Y, o Z) FoR VRS 5t s N FT R B B FR, @ [0,1] 8 o vF i iR KB R ME . 1220 R IR AE
EERT, P me BARME Z, (x) B2 S B (1+a) £, AT S 72 AR 7 35 1 7 AR oK
FIPERER[13] [14]. A NMEERIR— AR, RA3)NERERMAR . BT o WL RS R
BWEHE: 2 oa=0r, BRABAWMOR IR SIS 2 o BORK, BEAYE T 391 28 A e/ ML IR
BEHMG . [N, 28 a KR, REFHIERTE. BEANE ETF . ZHESON R SEE R T XS Wi 5 2
Tr Rt < 1] i) S AT TR

3. EEgit
RATE RO T 102 AP B AR 1L 3 L — MR P AR B R B A Sk FEn A, o —
AL ), 22 SUBRIZ 288 N ATk 3 A A2 75 58 2 B s i DO 4 1 O m i 22 1 O U

DOI: 10.12677/0jtt.2026.154042 475 BB EEFW/N


https://doi.org/10.12677/ojtt.2026.154042

FE E

HoRMERER S B E RS, RN, gt —MAE NP-hard .

A BRI R SR PRI SR ) AR L

foa R R —, B ERMRRRAE R A, EIFEE RS, BABmAReR I, H
AR T, ARIEFT TSR R SO AR IR B, B T S RIS SRR AL
HIERE AEE, BT 2R S0 SR e R R R AR, S A B SR AR AL e R R . B

TEEILE 1.

wEatk

A

A R R R T
Y3t

SRR
A
I I8 L FE B 4L

>

R

HIERLAE X

H &R S A

RARA: A

— EHREHHES

B A b

/
S

Figure 1. Flow chart of catastrophe adaptive genetic algorithm based on monte Carlo

sampling
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