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Abstract

Aiming at the express delivery service network route optimization problem, which involves high-
value or hand-delivery parcels, additional secondary delivery routes need to be planned to reduce
customer complaint rates and ensure successful delivery. Considering the probability of delivery
failure, an optimization model for last-mile delivery with multiple vehicle types and time windows
is constructed, with the objective function comprising fixed vehicle costs, time window penalty costs,
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primary delivery costs, and secondary delivery costs. By integrating a local search strategy, an im-
proved Pigeon-Inspired Optimization (IPI0) algorithm is proposed and applied to solve the model.
The solution ultimately selects 2 Type A vehicles and 2 Type B vehicles, reducing the total cost by
approximately 13.7% compared to the basic PIO algorithm. This validates the feasibility of the
model and algorithm, providing valuable insights for optimizing express service networks.
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Table 1. Symbols and definitions used in the path optimization model
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I T 2021 IR S5 A [ R 55 B A NS 2% R il T 4t JR 8040 (https://tij.sh.gov.cn) ,

SRR S RIREITE RN 2487.09 77 MR L 117 MR ECE 22 R (https://spb.gov.cn) ¥d, T 1~12

H R RSy 55 s 8 82632.8 Jiff. —HEEE 365 KT, 5 HAEH AR &N 0.0 £F.
IR T EA X 466 km? A9 FE X ek, I HCIX S A vt 366 N R A N R K S [14].
KT WAREFAL R ik B S8, BARSHLE 2

Table 2. Parameter settings
2. BHEE

155 5E S H AL (FRfor)
f, 5 S A 1000 JG/ K
ot JB 2 1 4 257 BT P RS A 1.0 JLMERIZA B
9; B AL B o A 0.65 Jo/MHIR
FQ, B i AL A R 8000 4/ H
f' 5 5 3 A 5000 7o/ K
Cin Ay D) BT 2 B 3B A RS 0.04 JT/fFRIZ
Cic o T ) AR e A 0.1 JEMF I B
G AR B R RN BT BE B IS H R 0.5 M RIA B
f, il A B I8 A 0.51 Jo/fFik
HQ, A A7 R R 25,000 f¢x/H

it 2 2 P B B O 3T B D 4 P A e P TR AR SR s () B S, AL IR (WG, 3, ) (W, 3, ) s
el Rt AW

d =2R-arcsin _[sin? W, -W, +cosW. -cosW, -sin? di-d, (24)
2 ' 2 2

Hep, W RRTALE, JRRWEARE, RAHIKEEZRE, IR =6378.137,

B2 HH ORI s AL bR AT LU 2% 3, A s [) T o AR S5 I (R 2505 R LR 4, U5 R 3 A SR IURE %6 HH
rand (0, )FENLAERRL. L s OIEECH =FOARFIZE8L: 2240 AL 2245 B FZ4ES Co SR8 IR 7378 0.8
t. 1.0 t. 1.2t, ZEAREE B AN 150 7o/K. 200 7o/ K. 250 Jo/K, ZEEEAARE R ILE 5. WE FE
&4 R % epu v 5 JUI/INEF, BEBITEST RE pu D 10 JO/NET, ASTR] 4270 R A R 48 T R AUR G 2178 1 R AL
AHIE] o AN [R5 A 2 8] S 2 i) Bl it 28 4 P B 8 N X (24) 15

Table 3. Coordinates information of distribution centers and customer points
3. BEHORmESHAERER

T Z553 et
FDO3 (0) 121.3933 31.2818
1 121.4215 31.2843
2 121.4139 31.3207

DOI: 10.12677/mo0s.2025.1410615 175 5 1 A


https://doi.org/10.12677/mos.2025.1410615
https://tjj.sh.gov.cn/
http://sh.spb.gov.cn/

KR

3 121.4127 31.2692

4 121.4030 31.2693

5 121.4006 31.3052

6 121.3979 31.3186

7 121.3894 31.2807

8 121.3875 31.2629

9 121.3842 31.3056

10 121.3838 31.2746

11 121.3791 31.2815

12 121.3787 31.2631

13 121.3719 31.2813

14 121.3697 31.2680

15 121.3665 31.3045

16 121.3657 31.2926

17 121.3577 31.2847

Table 4. Customer demand quantities and service time windows
F 4. MERNFKRERRSHEE
iR q (kg) [e.1] (&1 ] 0 s, (min)
1 252 [11:00~12:00] [10:30~12:30] 0.12 30
2 144 [10:00~11:00] [9:30~12:30] 0.08 30
3 240 [12:00~13:00] [11:00~14:30] 0.16 35
4 124 [10:30~11:30] [10:00~14:00] 0.26 20
5 542 [14:30~15:30] [14:30~16:30] 0.40 56
6 152 [15:00~16:00] [12:30~16:30] 0.55 44
7 150 [10:30~11:30] [9:00~13:00] 0.41 33
8 246 [13:00~15:00] [12:00~16:00] 0.38 45
9 96 [10:00~12:00] [9:00~14:00] 0.34 14
10 286 [12:00~15:00] [11:30~15:30] 0.16 32
11 126 [13:00~16:00] [12:00~16:30] 0.20 23
12 216 [14:30~16:00] [13:00~16:30] 0.19 34
13 144 [12:30~14:30] [12:00~15:00] 0.23 29
14 224 [12:00~14:00] [11:00~15:00] 0.28 33
15 188 [10:30~14:30] [10:00~15:30] 0.30 23
16 122 [14:00~15:30] [13:00~16:30] 0.31 32
17 154 [9:50~12:50] [9:00~13:30] 0.35 20
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Table 5. Vehicle-related data at the distribution center

F 5. BoE O EIRE X ERE

kispin) B A B LI A KEE ERREL
R A 150 Jo/ K 1.0 yo/km 0.8t 3
R B 200 Jo/ K 1.2 jo/km 1.0t 3
ZEARIC 250 Jo/ K 1.5 Jo/km 1.2t 3
6.2. RFRGR

FIFH MATLAB A AR AT AR, 285 FR AT A R IO 26 (1) 2R i ok B AR AR AL IRl R, PIO B2 4
W B REARIEL 200, FREEECE 80, PR ANTE RaET H 7B BOR SR i LE 0.75. PIO B9258 47 20 X,
SRR IBAT A AE A 2 1E

1) ik RSB B SR R At R

LB RO RER LS AR LIk 4 WA G, B 2 AR A, 2 4R B, /NS 817.7
TG, FH, RN E B AR 700 T, RIS SOA 8.3 J6, —IRBLIEA 62.2 76, IRPCIERUA 47.2
Tho HARTEATHEREN R 6. 18] 2 )& 3:

Table 6. Improved pigeon-inspired optimization algorithm for solving delivery routes

T 6. DHERIRSRFEAKIREC X BR 2k

75 ik = 2 i85 257
1 ERA 0->7->17->13->15->16->0
N 2 FHB 0->8->14->12->6->11->0
—IRBCIE
3 ERA 0->10->9->4->3->0
4 Z=RIB 0->1->2->5->0
N 1 EHRA 0->2->9->15->17->16->5->6->0
/(e
2 ERA 0->7->4->1->3->10->13->14->8->12->11->0
31.33 _ BOLEREE
3132+ 2
1.9 |g
1.8 |g
E
#
31.29
[¢]
31.28 1
31.27 + )
[e]
/4
d o)
31.26

. . I . I I .
121.35 121.36 121.37 12138 121.39 1214 121.41 12142 12143
2P

Figure 1. Shows an improved pigeon-inspired optimization algorithm for solving a single delivery route

B 1 MR RSE BUA KRR —IRECE B4k
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Figure 2. Shows an improved pigeon-inspired optimization algorithm for solving secondary delivery routes
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Figure 3. Shows the basic pigeon-inspired optimization algorithm solving a single delivery route
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Table 7. Basic pigeon-inspired optimization algorithm for solving delivery routes
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Figure 5. Comparison of pigeon-inspired optimization algorithm before and after improvement
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