E-Commerce Letters HL-TFi95 912, 2025, 14(12), 754-764 Hans X0
Published Online December 2025 in Hans. https://www.hanspub.org/journal/ecl
https://doi.org/10.12677/ecl.2025.14123920

HEER FRRABXFE - T AV HEEE
HIER I OLILREE

EREE, FRA
R TR B AR, i

h

Weks H . 20254F10H28H: A EM: 20254F11 120 KA HI: 2025412 8H

=

S NRMRIEH LN T, PERNBEFESBRHBINE S, 2025F1~7 K= HNEZEDR
FIK7.4%, RNMEZEHFLEK6.4%. REEETBMNERSBEZREHEXI5%, EMHEIE
BEPOMAE. BRAEET. KIREEERARSHRR. ACRHE—FMEE - EAVDRERZEER, B
TEEAETERTRESESEZREY, TANAFTRS/DME. B0 RERE, WHRA AR
R, HEBERAE, FIBESEHRMNEE %P LBREERRARK . &7 R EEIRK Y
BHE 5B, MRS BRAR/NA BIREE S BEHIRER, SEOTRN RS R RE ST R R
F—H BRAREFENE T XBRI2 5ES TS £ B A REREES LR, hER
WEEBBZEESENMESFFH, FNSIAZLFE BB THSEE, HRELBEESRERE.
K217

BIPR, R - TANBE, B, BRAFE

Path Optimization of Truck-Drone
Collaborative Delivery in Rural Areas
under E-Commerce Context

Jieshuang Dong, Leying Li

Business School, University of Shanghai for Science of Technology, Shanghai

Received: October 28, 2025; accepted: November 12, 2025; published: December 8, 2025
Abstract
Under the continuous promotion of the rural revitalization strategy, China’s rural e-commerce has

SCESIA: EWEE, FRBL R R T RURA X R - TN FIECIE B B AR LA RT D). TR 45 1R, 2025,
14(12): 754-764. DOI: 10.12677/ecl.2025.14123920


https://www.hanspub.org/journal/ecl
https://doi.org/10.12677/ecl.2025.14123920
https://doi.org/10.12677/ecl.2025.14123920
https://www.hanspub.org/

HEA, IR

demonstrated strong vitality. From January to July 2025, the online retail sales of agricultural prod-
ucts increased by 7.4% year-on-year, while the rural online retail sales grew by 6.4%. Although the
coverage rate of express delivery services in administrative villages nationwide has reached 95%,
challenges such as scattered customer distribution, weak road network conditions, and high termi-
nal delivery costs still exist. This paper proposes a truck-drone collaborative delivery model, where
trucks serve as the main transportation tools and mobile dispatching base stations, while drones
handle flexible small-batch, high-precision terminal deliveries. This approach enhances overall ef-
ficiency, reduces operational costs, and avoids the risks of heavy asset investments such as tradi-
tional road network repairs and distribution center construction. To address the cargo character-
istics and delivery challenges in rural e-commerce logistics, a hybrid integer programming model
with the objective of minimizing total cost is constructed, and a two-stage heuristic algorithm is de-
signed for solving: the first stage uses clustering methods to divide customers into regions and pre-
allocate tasks; the second stage integrates genetic algorithms and greedy strategies to collabora-
tively optimize truck routes and drone task sequences. At the same time, variable neighborhood
search is introduced for dynamic adjustment, enhancing the algorithm’s robustness and solution

quality.
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TR, RRZUT 2 BT AFAE [ ) 7 AR AR [2]. H ATAR R H X RS i A JE s AN A S 2
TN, ASYITRAS b AT b X B 3% S S ) 30%4E 40%, HONSTTECIE A 2 & 5 f5[3]. RAhXE
Gt e RIRE GG, RARIEMEA T E . B HRFEAL . 5B RIE. W2 — IR
At S A ECN R, B S T AR R R R R 4], B EERBER TUR R R IR SRR
(SRS ]o TR T A LE IR N . $h 55 3 I 55 A0 A8 8 A B 1Y) 7 SRR T IR AR B ok U,
BBEBOR . BRI g kR, HAMEEZR. NOMB KRN X PRt AR . Tak, M
AT ANHLBA N A AT P R R 7B B . B2, B4 - TANLID RIFCSEAE 0 75 K
SOEIE B, B RERE S R B S R  X . R, NS TS R S RS A, A
T T AN B EBR R AR RIE RIS R A . KIEEMHE, XEeR AT AL G &k vk iR
B ERRGECE TR . B AN EIRAT S, A RS T IS AR ECRAT B ELRE A
TAE BT BC I 78 o5 A 5O (0 (R, R385 240 T B ik e R RIS 8 AR (6]

AR T HRR P RLE T R R E R RS T ANLEEM L R ARG BRI, B X
A RESTIANPIRSIEE, SR S Y FEL R, HARH MBS K ORAFESE . 58— BUlid K-
Means RRSLIE P BE ST, 4G R 20 58 W BT HE & 18 BE(HGA) AN AL 40848
Z(VNS), 1EMRARESAEIE S BT ANUES T 5], 1T R & 5 Bk E .

DOI: 10.12677/ecl.2025.14123920 755 CIREE RN


https://doi.org/10.12677/ecl.2025.14123920
http://creativecommons.org/licenses/by/4.0/

HEH, PR

2. ERSMARSGRIE

of T4 EL TR 45 SR FAIE 9T SR 3G Yuxuan Hou (2024) [7145 i K7 VA A1 BEAS 2 2 BHAG A b L7
RN T BT, FEI T I I BURF B IR B R SR AR B I SRR X 2 7). Lingxuan Zhao (2024)
[ 8 Vi Ik SEIE 43 A 5 IR 117 450 A 2 Y il ik PR 7 45 S5 P AR PR IE 2 IR D%, LA RN TE 2R 3 [X B
RN FENL2024) [O1FFFL 1AL, @ SR AR AR S R S m R E P A, S
B0 RS HRARARE H

AT PDREETT &, PREA(2024) (10155 AFRBT 1 R84 [F) BT I8 AH 56 3= 4% [ 3 B4 1 - A B LRI A0
A, IR AR AR R A R B . EAT(2025) [11155 NI T RAT & TR bl fb & & B 5, WFR
TRIBIE - BB E - BN FIECIER R 1 X AR 2 S B A2 Rk 7@, Xiaojing Zhu (2023) [12]
PRI T REARAERA DRk R, 2t T R T BN AT 2 v S R AT I EC %A . Luping
Song (2025) [13]1F & T R PIRARALIE R XK HILIR AN LRP B, IR RO EES N THAS L
MgEE, T Moo A RE R, LT N T RBL T P R i R iE SR A

ERZE - TN EIECE R 2T, FT(2024) 14155 NAEZ B TE AN E M ATV &1 T,
LT LR RS T ANGEA IR A /N A B AR IR A RO I . A B (2025) [ 1515 N Li &% 18
L XOEBE AR . TEAMLAERE . B, AT AEER > Wt . RERESHETERNER, g
AR/ B, WERE - TANBEEERMEEAIRIEEA . Xianlong Ge (2025) [16]5E N & Xt Ui
AT RV SRS = B PR R, B T — BRI R B 2 AR I B BRI R 2 -
TN A% 2 H AR

R - TN FEECER R EEZH, Zhang Zaifang (2025) [1715 AR T — RSk - A5 480
T 2R TLIR K (IBOSA) L E K 5 KPR Hh B (R IZ i B A . Wenhao Peng (2025) [18]% AF&H T —Fh3EFiR
FE B Ak 2 ) W Bl S, RERS SRR A FEShASBL. I8 & 5 T AN R0 R 22 s 42 ), I
TESRMAFUR . ROR A& EY B T44: /7. Lingrui Hong (2025) [19]% N & X 45 &R 5T AL
RITRAT R I, 3 T DA B &SR AT IS 2 (ALNS) N EAESE, FF i Nl 5 AR AR B B R ) g e
BRI RQP-LS)MRAH L, #it5 Gurobi X LLIGIE T HA % . Shakoor Barzanjeh (2025) [20]% A
FER T —MEETHEHIZ 4N Benders F3 i BIEI8 Iek i A AT H SR DU RN 20 25 R0RI BV SR i e de /MK 56
AR B AR R4 - Jo AHUBCIE o]

gi b, DA T ARM R MR ECIE A A B 7S H 2552 B0, EE AT C 7840 IR BRI RS0
WA, FEAEPHRIRCE A IR R . AL R L S A N TS T Rk . NI R Wi
RORSRAE T EZE R RIE AL 2% . HE2 B AR EONIE A, RAER %SG AN YR A 1)
Yist, WP TERE M ZSMEL . TR 2 e KRG Hk, fEREET, BAEMRGIANT mikhe
Sk, BTEMUCR I KR, 2 29I R B AR RN, A AR G SR ROR SR A R Pk, =
Xof I R 5 ) PR A 280 FH DA R 48 2% [
3. {REHE
3.1. [EE#ER SR

AW RN BN R 2, A A S AR T B3 O B 43 BOR 3 1 s TG I AL
)R SR Al R R R T kR, A SCIR R SIANTEANUEEAT U RIRCE . To ANLRENS SRAE i
PR PROEBS MER R, RN, (HEEEERZ A R, R R, AR RE
5RO R R SR A, BELEGIRAMERE . IS ERA, MR i AR A
MR BB B A%

DOI: 10.12677/ecl.2025.14123920 756 N e


https://doi.org/10.12677/ecl.2025.14123920

HEA, IR

3.2. MHEREIA =R

3.2.1. FERE
1) MIEMZA —AMRET O Dy« 24K FAD={D,D,,D,,+-,D,};
2) REVAELIECIEF o, BT LLZ KA EEA R BRI 55
3) T AMLEERLRE A ZATAT T4
4) —BEHNHL— IR AT Y5 A 2 A%, Bk 52 s T AL 0K [A] 25 K5 A
5) 7RO AR AT ECIE RN TE A ML AT LIS s
6) TEAMLENEZ ;' p BUARLIESE L, AN R P SEBREL R i A]
7) JE MU ®ATBE B 52 it A R, AR T AT 55 0 ZRUTE LR 9 BBl P IR B R 2

322. TEENX

1) JEAbAE L 1.

2) RFARINE 2.
Table 1. Basic variable symbols and meanings
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Table 2. Decision variables and their meanings
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Figure 1. Algorithm process
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Table 3. Parameter settings
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AR 0.9

2 A 0.1
Table 4. Algorithm results
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RC102 100 1173.99 252.73 2942.18 4368.90  1464.29 8948.89  10413.18
RC103 100 1173.99 252.73 2883.28 4310.00  1464.29 8775.51  102239.80
R101 100 1065.80 352.42 2060.85 3479.06  1616.93 9773.59  11390.52
R102 100 1065.80 352.42 1819.63 3237.85  1616.93 9514.19  11131.12
R103 100 1065.80 352.42 1747.68 3165.89  1616.93 9302.19  10919.12
C201 100 946.74 290.71 10238.18 11475.63  1407.94  38919.61  40327.55
C202 100 946.74 290.71 9270.51 10507.96  1407.94 3724149  38649.42
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