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Abstract: According to the characteristics of rural household garbage generation,"a multi-objective garbage collection and
transportation path optimization model is constructed to minimizeitransportation cost, vehicle delay penalty cost, and
environmental penalty cost, considering the variable collection and transportation cycle of domestic waste classification.
The solution space is reconstructed with the combination of random choice method and nearest neighbor method, and the
simulated annealing algorithm with variable neighborhood is used to solve the model. Through case simulation and
comparative analysis, it can be‘seen }hat the proposed model and algorithm have good optimization results in terms of
total collection and transportation cost and total distance. Based on the analysis, the results in this study are also superior
to the optimal solutions of the classical simulated annealing algorithm and variable neighborhood search algorithm.
Compared with the traditional fixed cycle collection and transportation scheme, the model established in this study
subtracts the environmental pollution cost and modifies the total cost by more than 110.4%, which can effectively solve
the problem of garbage collection and transportation path optimization in rural areas.

Key words: rural household garbage collection and transportation; environmental pollution; variable delivery cycle;

variable neighborhood search algorithm; simulated annealing algorithm
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K 6 AFASIE S A I X B A R I Hr
o SA-VNS SA-VNS-FIX VNS SA
BA BEE R R EHIRAE REDRA BEE R RRAR RETE R B B
RIOI 13077 380 37 27980 8380 19600 1787 29 13168 4090 36 13336 3845 38
€202 10584 3283 29 28189 8589 19600 1946 29 10608 3432 28 11210 3406 31
RC205 12203 4054 31 28479 8879 19600 2226 28 12469 4509 29 12415 4104 32

M5 FIFK 6 FTLLE th, 6T &8 AS[F JH
A, AP tH ) VAR B A BB R B LK VNS,
SA HIEA R W, BA B S0, AT AR
JEV AT 5, T8 5 S B 0032 i B A /N T 1) AR JE B, AR 0
bR P T R SOE B 3 R AR ) R R T AR, [ e
JE S 5 AR 51 R AT AR R A AR s BAR RIS FH AT AR S
WIHA KRR, B3R 7 T A, S AR TR ARTEAN [H
HA) A ek, MIECT FIX, A SCHEAE RC205 Sl
R AT L BN R, 40N 42.7% A1 133.4%. Al
BT VNS, A SCHEAE €202 A RC205 45 Rl A
LA B, 9 3.1% F2.2%. 5 SA HIEL, AT
SLIKTE C202 SOV E A MWK, 5 B35 10.0%
F15.9%. Kk, ASCHE B EE R AR I 1 SR 77,
AT UK AR A A 178 1 30 R 78 ] 3 2 A A ) R

7 ARSCHEHIEET Al 3 A Sk Ak it

BRI (%)
FHECSA-VNS-FIX  AHE VNS S AR T SA R B

o BT I AW D R I
RIOI 413 114.0 3.0 0.7 7.2 2.0
202 373 116.3 3.1 0.2 10.0 59
RC205 427 133.4 2.0 2.2 4.8 1.7

32 HEES
N B A IS AR R S BRI AT Rk, i

PR LR X B AR A il S i) 50 A B3 s A 1 A4 )

S 5 . 8 HE A 5B 0, A B T
B 30 e b, T LA S0 50 5% 18 B B 3 6 i35
SRR, B3 b Ay O B B g 150, o
S BB R AT LI 6, 22 B A I A BT,

o ? ' /
ga ?7 S @ 9 !

W @ ve 3 lmm ¢
,;;6‘,' ? ? ?7 z ? 75* @ l E
4 1 ? ?

? ?QZ @ A =

? . ? ? ? .

9 2 ?@ 9 L it !
% ? ?e LA Z
?a ? ? izmg z tg

6 PRl Ko WS R AT

198 45 AR5 1% Software TechniquesAlgorithm

320 Ui ELE GRS B E R U 4 A

72 8 AIZE 9 T LA HY, % T 07 ELE I, 450z B
5 w M 0.6 BEINME] 0.9 B, B3 1 R EA . EREUR
B B P340 NS/ A B0 I A
Sy BRI (1 88 RS 2 (1 380 00 BN 1 2 15
U T35 (B, L fr B89 R 5t/ (8 2 T 205 /1
O L AR, B w=0.6. (It 50, BE% 11 1 s
SR 880 % 5 TR A 1 05 /M 25 SR 26 w=0.9
RO B0 R, B0 1 T AR R B S E R/
(45 AR, R, 55 KT, o T I 0 B0, A it
HUH e SE A w=0.9 1F ik 52 .

K8 TEFHINIR I RBUE SR

RUBRA R SR
W best aver best aver best aver
0.6 16100 17315 44 45 4867.3 5089.4
0.7 14721 15631 39 44 4376.6 4660.1
0.8 13764 14412 37 41 4022.4 4261.4
0.9 12156 12875 32 36 3684.5 3877.0

K9 TEEHIRIIR LR B S R

B g N mEs
w best aver best aver = best aver
0.6 16 100 *7315 44 45 4867.3 5089.4
0.7 14721 | 15631¢ 39 44 4376.6 4660.1
0,8\ 13764 14412 37 41 4022.4 4261.4
09 & 12156 12875 32 36 3684.5 3877.0

322 PiEEGIE RS

RS UE 3 3% T AR R HSGE 5 S Rk, 43 T
5E JE BN AR AR A BTG T R B I S kAT
10 BRI TH5; I 54 L5k SAL VNS k7 A,
BT LI DL SA k. VNS Sk E A SRR 10 k. H
Hh BT Wi U7 SRR SR WCGE BB B B AE N, JRRH
Xof N B BRI P A B3 s WIS B AR, DA B K PR
Hh BRI H AR [ T BRAS R A 5 AR

A9 3R . IREEAE T AR DA R e B 8 1
PMEANR 10 Fios. A SCBEH I AT A8 B BB R K Rk
FEAR B ) JE S s A . R B A T
FIABOZE 7% SAWIZ TR UK VNS W T &, 5
fE 48 1 [ 5 JE BAWOIZ 7 SR AH BE, AR SCHR HA s 3% vy AR
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i H AR SN A

JEBAWSCIE T 2R 6k 25 T MR A S ROAS, TEUS B 3 T R
UW$L%%TUW@UE%meTlm@EWL
B 10 ISR _EARAE T 289%. 45 b, ASCHTHE
B3 AT AR JE BSCE SR s AN B T E — @ 2R kb
TE5RIE i AR, R AR B AR R 1 A BB BT 51 R I
B 05 G AR, SEERLER W 28 a5 A B K A PR U

%10 REGHEEPEIR I AR A B

35 BB A BRI A SRR
ERA HERA BA SRR BRI SR
SA 4659.3 46147  — 4395 409.8
VNS 4650.5  — 45985  —  433.6 399.0
SA-VNS 46447 — 45808 —  429.8 3872
SA-VNS-FIX 97725 5200 17840 13720 435.0 213.4

g

AT AN X B I T, DR IRERIIEN
CRUESERIYSPoR u%/bﬁfsi@%uﬁkﬁi\ [l %€ 2%
ZE AP AE IR )35 485 VRRCAS FUEA 8 1 5 oA H A, 2
AR JE WA B AR A AR . SR AR AR I LM IR K X
— LA BE, R I BRI AT SR B T4
R, 5 1% G [ E FGE T AR L, AT
T A Ji Wi g LA AR REREAE — B RS g
fig FEEAR 2R s i AR, L REAT RUCFR AR IR DR JE vk R At
B 3% R R B ks g, BN R H, R
BB FE PR 2 PE B T 18 R SE N R RS L [
It T 2% 8 3 A M Y 8 1P ) T A B0 # ) S R
W), VA ERTHIOIE 2 GE IR R RE, H S BN R R v
SR A S

£ >
Francis PM, Smilowitz KR, Tzur M. ’f‘he period vehicle
routing problem and i'gs extehsi(;ns. In: Golden B, Raghavan
S, Wasil E, eds.'Thé Vehicle Routing Problem: Latest
Advances and New Challenges. Boston: Springer, 2008.
73-102.

2 Lespay H, Suchan K. Territory design for the multi-period

vehicle routing problem with time windows. Computers &
Operations Research, 2022, 145: 105866.
Albareda-Sambola M, Fernandez E, Laporte G. The dynamic

w

multiperiod vehicle routing problem with probabilistic
information. Computers & Operations Research, 2014, 48:
31-39.

4 Luo ZX, Qin H, Che CH, et al. On service consistency in

oo

10

12

13

14

multi-period  vehicle routing. Journal of
Operational Research, 2015, 243(3): 731-744. [doi: 10.1016/
j.ejor.2014.12.019]

Campbell AM, Wilson JH. Forty years of periodic vehicle
routing. Networks, 2014, 63(1): 2—15. [doi: 10.1002/net.
21527]

Rahimi-Vahed A, Crainic TG, Gendreau M, et al. A path
relinking algorithm for a multi-depot periodic vehicle routing
problem. Journal of Heuristics, 2013, 19(3): 497-524. [doi:
10.1007/s10732-013-9221-2]

Wang Y, Li Q, Guan XY, et al. Two-cchelon collaborative

European

multi-depot mthi-period vehicle routing problem. Expert
Systems \with Applications, 2021, 167: 114201. [doi: 10.
1016/j.es§va.2020.1 14201]

Zh;mg WT, Zeng M, Guo P, et al. Variable neighborhood
search for multi-cycle medical waste recycling vehicle
routing problem with time windows. International Journal of
Environmental Research and Public Health, 2022, 19(19):
12887. [doi: 10.3390/ijerph191912887]

Rahimi M, Ghezavati V. Sustainable multi-period reverse
logistics network design and planning under uncertainty
utilizing conditional value at risk (CVaR) for recycling
construction and demolition waste. Journal of Cleaner
Production, 2018, 172: 1567-1581. [doi: 10.1016/j.jclepro.
2017.10.240]

Gomez JR, Pacheco J, Gonzalo—Orden\ H. A tabu search
method for a bi-objective urban waw'ste collection problem.
Computer-aided Civil and Infrastructure Engineering, 2015,
30(1): 36-534 [d‘bi: 10011 /mice.12031]

i o, B, I B34 A 4 5 S5 A FE VR A
ZEAM A I RIS J . R G8 TR, 2021, 39(6): 131-145.
Zhao J, Huang LX. Multi-period network design problem in
regional hazardous waste management systems. International
Journal of Environmental Research and Public Health, 2019,
16(11): 2042. [doi: 10.3390/ijerph16112042]

Harijani AM, Mansour S, Karimi B, et al. Multi-period
sustainable and integrated recycling network for municipal
solid waste —A case study in Tehran. Journal of Cleaner
Production, 2017, 151: 96-108. [doi: 10.1016/j.jclepro.2017.
03.030]

Pasha U, Hoff A, Hvattum LM. Simple heuristics for the
multi-period fleet size and mix vehicle routing problem.
INFOR: Information Systems and Operational Research,
2016, 54(2): 97-120. [doi: 10.1080/03155986.2016.1149314]
Gulczynski D, Golden B, Wasil E. The period vehicle

routing problem: New heuristics and real-world variants.

Software TechniquesAlgorithm X AFH AR 5% 199

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1016/j.ejor.2014.12.019
https://doi.org/10.1016/j.ejor.2014.12.019
https://doi.org/10.1002/net.21527
https://doi.org/10.1002/net.21527
https://doi.org/10.1007/s10732-013-9221-2
https://doi.org/10.1007/s10732-013-9221-2
https://doi.org/10.1007/s10732-013-9221-2
https://doi.org/10.1007/s10732-013-9221-2
https://doi.org/10.1007/s10732-013-9221-2
https://doi.org/10.1007/s10732-013-9221-2
https://doi.org/10.1007/s10732-013-9221-2
https://doi.org/10.1016/j.eswa.2020.114201
https://doi.org/10.1016/j.eswa.2020.114201
https://doi.org/10.3390/ijerph191912887
https://doi.org/10.1016/j.jclepro.2017.10.240
https://doi.org/10.1016/j.jclepro.2017.10.240
https://doi.org/10.1111/mice.12031
https://doi.org/10.3390/ijerph16112042
https://doi.org/10.1016/j.jclepro.2017.03.030
https://doi.org/10.1016/j.jclepro.2017.03.030
https://doi.org/10.1080/03155986.2016.1149314
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2024 4F #3533 % H 9

16

17

18

19

20

2

22

23

24

25

26

Transportation Research Part E: Logistics and Transportation
Review, 2011, 47(5): 648—668. [doi: 10.1016/j.tre.2011.02.
002]

Dayarian I, Crainic TG, Gendreau M, et al. An adaptive
large-neighborhood search heuristic for a multi-period
vehicle routing problem. Transportation Research Part E:
Logistics and Transportation Review, 2016, 95: 95-123.
[doi: 10.1016/j.tre.2016.09.004]

KB, EAR. B3R 7 BMGE R 0N 2R % A2 ] U A
{5 B THEPLN 5 34, 2021, 38(8): 309-314. [doi: 10.
3969/j.issn.1000-386x.2021.08.047]

B, ERT, TR, 55, SOt SO S 10 1k 22 49
AR ) B I 5 &L, 2014, 23(5): 70-77. [doi: 10.3969/.
issn.1007-3221.2014.05.011]

Lu XL, Pu XJ, Han XH. Sustainable smart waste
classification and collection system: A bi-objective modeling
and optimization approach. Journal. of (:/leaner Production,
2020, 276: 124183. [doi: 10,1016/j.jclepro.2020.124183]

Wu HL, Tao FM, Qiao QQ, ét al. A chance-constrained
vehicle routing p}oblem for wet waste collection and
transportation considering carbon emissions. International
Journal of Environmental Research and Public Health, 2020,
17(2): 458. [doi: 10.3390/ijerph17020458]

Hannan MA, Begum RA, Al-Shetwi AQ, et al. Waste
collection route optimisation model for linking cost saving
and emission reduction to achieve sustainable development
goals. Sustainable Cities and Society, 2020, 62: 102393. [doi:
10.1016/j.5¢s.2020.102393]

Akhtar M, Hannan MA, Begum RA, ef al. Backtracking
search algorithm in CVRP models for efficient solid waste
collection and route optimization. Waste Management, 2017,
61: 117-128. [doi: 10.1016/j.wasman.2017.01.022]

Hannan MA, Akhtar M, Begum RA; er al. Capacitated
vehicle-routing problem model for scheduled solid waste
collection and route ,voptim‘izagion using PSO algorithm.
Waste Management, “2018, 71: 31-41. [doi: 10.1016/].
wasman.2017.10.019]

HOHE, B AN A A ) R eSO A DR B
BN TR SR, 2016, 52(12): 256-260. [doi: 10.3778/
j-issn.1002-8331.1510-0306]

AL, T, . TR A AR R AR R
AR AL . RGETH AR, 2022, 34(4): 910-919.
Ram DJ, Sreenivas TH, Subramaniam KG. Parallel simulated
annealing algorithms. Journal of Parallel and Distributed
Computing, 1996, 37(2): 207-212. [doi: 10.1006/jpdc.1996.
0121]

200 #fFHARH % Software TechniquesAlgorithm

% A
FAl BRI

B X Y
1 106.883 127 29.546487
2 106.877976 29.550066
3 106.886 559 29.550 146
4 106.883212 29.555145
5 106.875 143 29.555288
6 106.872223 29.558271
7 106.863 120 29.555872
8 106.860 629 29.551540
9 106.849 890 \ 29.548314
10 106.849 632 ' 29.542939
11 ¢ 106.843789 29.537779
12 L 106.849632 29.554434

.13 106.859856 29.543029

14 106.860 888 29.538029
15 106.845337 29.524045
16 106.865956 29.530496
17 106.890851 29.532531
18 106.899770 29.561270
19 106.876 688 29.562156
20 106.913 658 29.567235
21 106.917 685 29.562381
22 106.912715 29.559101
23 106.909 030 29.554401
24 106.904 744 29.544.400
25 106.914 345 29.538200
26 106.903 287 29.536040
27 106.904 831 29.528724
28 106.909 032 29.520585
29 106.929934 ¢\ 29556918
30 106.927878 : 29.567668
31 106.955608 29.543732
32 L 106960226 29.553274
33 = 106.962620 29.562672

34 106.961 080 29.574468
"35 106.928222 29.543933
36 106.976472 29.539645
37 106.984 848 29.559475
38 106.982283 29.566349
39 106.978 863 29.573971
40 106.966 381 29.579229
41 106.934213 29.579897
) 106.886 043 29.568 581
43 106.886218 29.519763
44 106.929935 29.532435
45 106.948 081 29.524638
46 106.942946 29.553463
47 106.970318 29.522343
48 106.892392 29.577389
49 106.925312 29.521541
50 106.941575 29.571228
51 106.876944 29.577828

(B Tt 7K R0

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1016/j.tre.2011.02.002
https://doi.org/10.1016/j.tre.2011.02.002
https://doi.org/10.1016/j.tre.2016.09.004
https://doi.org/10.3969/j.issn.1000-386x.2021.08.047
https://doi.org/10.3969/j.issn.1000-386x.2021.08.047
https://doi.org/10.3969/j.issn.1000-386x.2021.08.047
https://doi.org/10.3969/j.issn.1000-386x.2021.08.047
https://doi.org/10.3969/j.issn.1007-3221.2014.05.011
https://doi.org/10.3969/j.issn.1007-3221.2014.05.011
https://doi.org/10.3969/j.issn.1007-3221.2014.05.011
https://doi.org/10.3969/j.issn.1007-3221.2014.05.011
https://doi.org/10.1016/j.jclepro.2020.124183
https://doi.org/10.3390/ijerph17020458
https://doi.org/10.1016/j.scs.2020.102393
https://doi.org/10.1016/j.wasman.2017.01.022
https://doi.org/10.1016/j.wasman.2017.10.019
https://doi.org/10.1016/j.wasman.2017.10.019
https://doi.org/10.3778/j.issn.1002-8331.1510-0306
https://doi.org/10.3778/j.issn.1002-8331.1510-0306
https://doi.org/10.3778/j.issn.1002-8331.1510-0306
https://doi.org/10.3778/j.issn.1002-8331.1510-0306
https://doi.org/10.3778/j.issn.1002-8331.1510-0306
https://doi.org/10.3778/j.issn.1002-8331.1510-0306
https://doi.org/10.1006/jpdc.1996.0121
https://doi.org/10.1006/jpdc.1996.0121
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 问题描述及数学模型
	1.1 问题描述
	1.2 模型建立
	1.2.1 目标函数
	1.2.2 约束条件


	2 算法设计
	2.1 收运阈值的设定
	2.2 可变周期制定规则
	2.3 初始路径的构建
	2.4 编码与解码
	2.5 邻域搜索算子
	2.6 变邻域模拟退火算法整体流程

	3 算例分析
	3.1 基于标准算例的数值分析
	3.1.1 垃圾收运阈值灵敏度分析
	3.1.2 计算结果分析

	3.2 仿真算例
	3.2.1 仿真算例垃圾收运阈值灵敏度分析
	3.2.2 仿真算例结果分析


	4 结论与展望
	附录A
	参考文献

