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Abstract
With the rapid development of China’s e-commerce industry and the country’s strong advocacy and
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implementation of relevant emission reduction policies, a multi-objective optimization model is
constructed to consider the comprehensive transportation cost, carbon emissions and distribution
level generated by enterprises in the distribution process, aiming at the specific situation of logis-
tics enterprises using electric refrigerated trucks to carry out fresh cold chain transportation. In
NSGA-II algorithm, the improved strategies of generating initial population with good point set,
adaptive cross-mutation probability and simulated annealing assisted local search are introduced.
Experimental results show that the improved algorithm effectively overcomes the problems of the
traditional NSGA-II algorithm, such as sensitivity to the initial population, limited local search abil-
ity and slow convergence speed, and obtains a better Pareto solution set, thus verifying the effec-
tiveness of the improved algorithm.
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Figure 1. Improved flowchart of NSGA-II algorithm
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Table 3. Algorithm result table
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Figure 2. Pareto frontier location map in solution space
2. Pareto BRER BRI E E

DOI: 10.12677/ecl.2025.141307 2460 1T 5508


https://doi.org/10.12677/ecl.2025.141307

B, W

I8

Table 4. Objective function value table of typical scheme
4. BAAFRBAGRYESR

a b c d
LRI ARG 1114.78 1757.83 1131.53 1344.43
etk kg 112.15 80.20 106.72 89.25
Ak AT K 0.14 10.76 0.10 45

fEERA, WA REBRAEZ Pareto RSP N SR, A% a IARIZMMARARIITT % TR
b REBHAPBER RARIITT 5 J7 % o R BCE KT e K77 %5 77 % d AR T 5. ek sebritk$%
B 75 SIS AT LAZE & 24 i fbolk (R F AR W 55000 . PRORIBUR AL 7 iR 55 B R 55 22 U5 T R 3 AT 45
B R QRN HT IR AT 77, B0 58 & KK eCE B SR IR F R, IBATT% a AR BN
EIERERE, PUVHERE M MARAL, 7T BRI A il i B B AR BE Ry, AR i B G e
KIERSH, BT B S 2, Jrs b WRONRSEIEIT, & RELE FARBRHEBO Th A% 52 AF H -
68 T AR LE LA i R EE AN BCIA R A% LS S DAl 5, J5 % o T bRl P i, RER
LMLl R 2 K, DRSS S L HEmIA L, BB T RTINS R D EATE R . BT IR d,
VERN—Fr 7 %, BRI H A BHESCR A AV BC I K 2 T AR T AP, a5 0L 75 25
2 Dy R, A& H bR 8] R ASE B A R Al , 38 G 1 N B T2 H bR AT e U HoA

L
5. &NRiE

ARSCERE R AR M BERCIE P FL SV (AR AL I, S T R G RIS R A . BRHEICR AT Al
RSP 2 B RS RAAEAY, FR8ETE th SO 1 NSGA-I 5k S i 51 NAE s 824 I IaFITE . G AS
A B A MUBEADLAR K o) B R S5 SR, A ROE R T %58 NSGA-I 0 WIHUR MU, 7 N =) B i
PARIIAS L o BB T RER W], SO AR SR EEA Pareto AR B EIAT B8 52T, Jvdlkse
B Vo BE OIS BR AR RN R SR T5 T B4t T S BB IS5 =

SR, FESERRAEREAEEYIIEE b, IS EMRE R 24, WRSW LBIELHR, Wik
Wi AR AR SE A E R, IR ARRBE T T 2 —. BEAh, BEEBRMANEL, &
BNV TR IR RES B UL K 5 BB A A7 = th e A 2R AR, B AN SA 7 Bt — B AL DLIE RGBT RO TE 35
RIS, 2 H AR AR 8 F AR 18] (P 5% 28 W] BE S Bl A 2 A R Al gt P 8 3 i 5, o B
FAFEHR MR ARSI R AE AR IR AR O URAR, SR ACHIT T RE 05 D v BEIURAT MU R W] P 5 R A v 2K
EERMA RS HE L,

SE

[1] Dantzig, G.B. and Ramser, J.H. (1959) The Truck Dispatching Problem. Management Science, 6, 80-91.
https://doi.org/10.1287/mnsc.6.1.80

[2] Bruglieri, M., Paolucci, M. and Pisacane, O. (2023) A Matheuristic for the Electric Vehicle Routing Problem with Time
Windows and a Realistic Energy Consumption Model. Computers & Operations Research, 157, Article ID: 106261.
https://doi.org/10.1016/j.cor.2023.106261

[3] Wang, Y., Zhou, J., Sun, Y., Fan, J., Wang, Z. and Wang, H. (2023) Collaborative Multidepot Electric Vehicle Routing
Problem with Time Windows and Shared Charging Stations. Expert Systems with Applications, 219, Article ID: 119654.
https://doi.org/10.1016/j.eswa.2023.119654

[4] Xiao, J., Du, J., Cao, Z., Zhang, X. and Niu, Y. (2023) A Diversity-Enhanced Memetic Algorithm for Solving Electric
Vehicle Routing Problems with Time Windows and Mixed Backhauls. Applied Soft Computing, 134, Article 1D: 110025.

DOI: 10.12677/ecl.2025.141307 2461 N e


https://doi.org/10.12677/ecl.2025.141307
https://doi.org/10.1287/mnsc.6.1.80
https://doi.org/10.1016/j.cor.2023.106261
https://doi.org/10.1016/j.eswa.2023.119654

BRA, T

(5]

(6]

[7]

(8]

(9]
[10]

[11]

https://doi.org/10.1016/j.as0¢.2023.110025

;‘%ﬁﬂF ZgitE, EARE, & BT NSGA-IKAHEYIREE R ZZ B[], B RHL 5 25r, 2022, 24(2):
?7%3 F7HE, FuE, . T 00 NSGA-IMAEEMI 2 B br EEs 2 A[I]. 220 Dol 2R 24k, 2022, 29(2):
EZFHE:é FET B0 NSGA-IUELE B AT 76 i X A BE P B 2 AL T 7E[D]: [ 1224718 530). B W TREHEARK
2, 2023,

?Bﬂ%ﬁi AT PSO du#t NSGA-NHIEMZ HERA SRR ZMRALID]: [0 3], BFn W TREEARK
Rid, BEHH, 25 B B FOR I B AR IO SRS T [0]. RS LA ERIL 5Lk, 2018, 38(8): 2018-2031.

Deb, K., Pratap, A., Agarwal, S. and Meyarivan, T. (2002) A Fast and Elitist Multiobjective Genetic Algorithm: NSGA-
I1. IEEE Transactions on Evolutionary Computation, 6, 182-197. https://doi.org/10.1109/4235.996017

W, AWK, MR, S Rl n BE R ERED] RN E, 2024, 41(3): 347-351, 464.

DOI: 10.12677/ecl.2025.141307 2462 N e


https://doi.org/10.12677/ecl.2025.141307
https://doi.org/10.1016/j.asoc.2023.110025
https://doi.org/10.1109/4235.996017

	基于改进NSGA-II的多目标生鲜冷链配送路径优化
	摘  要
	关键词
	Multi-Objective Fresh Cold Chain Distribution Route Optimization Based on Improved NSGA-II
	Abstract
	Keywords
	1. 引言
	2. 模型建立
	2.1. 问题描述与假设
	2.2. 符号说明
	2.3. 目标函数
	2.3.1. 综合运输成本
	2.3.2. 碳排放量的测算
	2.3.3. 企业配送水平函数
	2.3.4. 多目标优化模型


	3. 改进NSGA-II算法设计
	3.1. NSGA-算法简介
	3.2. 改进的NSGA-II算法
	3.2.1. 问题分析
	3.2.2. 改进策略
	3.2.3. 算法流程


	4. 算例分析
	4.1. 参数设定
	4.2. 算例求解及有效性验证

	5. 结束语
	参考文献

