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A B S T R A C T A R T I C L E   I N F O 
To optimize urban logistics networks, this paper proposes a multi-objective op-
timization model for urban logistics distribution networks (ULDN). The model 
optimizes vehicle usage costs, transportation costs, penalty costs for failing to 
meet time windows, and carbon emission costs, while also considering the im-
pact of urban road traffic congestion on total costs. To solve the model, a DPSO 
(Discrete Particle Swarm Optimization) algorithm based on the basic principle 
of PSO (Particle Swarm Optimization) is proposed. The DPSO introduces mul-
tiple populations to handle multiple targets and uses a variable neighbourhood 
search strategy to improve the search ability of particles, which helps to improve 
the local search ability of the algorithm. Simulation results demonstrate the ef-
fectiveness of the proposed model in avoiding traffic congestion, reducing car-
bon emissions costs, and time penalty costs. The optimization comparison re-
sults between DPSO and PSO also verify the superiority of the DPSO algorithm. 
The proposed model can be applied to real-world urban logistics networks to 
improve their efficiency, reduce costs, and minimize environmental impact. 
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[5] Sárdi, D.L., Bóna, K. (2021). City logistics analysis of urban areas: An analytic hierarchy process based study, Journal 

of System and Management Sciences, Vol. 11, No. 2, 77-105, doi: 10.33168/JSMS.2021.0206. 
[6] Song, Z., Wang, X. (2020). Contract coordination for green logistics capabilities involving the logistics service 

demand side, Environmental Engineering and Management Journal, Vol. 19, No. 9, 1519-1533, doi: 
10.30638/eemj.2020.142. 

[7] Dantzig, G.B., Ramser, J.H. (1959). The truck dispatching problem, Management Science, Vol. 6, No. 1, 80-91, doi: 
10.1287/mnsc.6.1.80. 

[8] Niu, X.Y., Liu, S.F., Huang, Q.L. (2022). End-of-line delivery vehicle routing optimization based on large-scale 
neighbourhood search algorithms considering customer-consumer delivery location preferences, Advances in 
Production Engineering & Management, Vol. 17, No. 4, 439-454, doi: 10.14743/apem2022.4.447. 

[9] Wang, Y.D., Lu, X.C., Song, Y.M., Feng, Y., Shen, J.R. (2022). Monte Carlo tree search improved genetic algorithm for 
unmanned vehicle routing problem with path flexibility, Advances in Production Engineering & Management, Vol. 
17, No. 4, 425-438, doi: 10.14743/apem2022.4.446. 

[10] Barros, L., Linfati, R., Escobar, J.W. (2020). An exact approach for the consistent vehicle routing problem (ConVRP), 
Advances in Production Engineering & Management, Vol. 15, No. 3, 255-266, doi: 10.14743/apem2020.3.363. 

[11] Wang, S.R., Huang, Q. (2022). A hybrid code genetic algorithm for VRP in public-private emergency collaborations, 
International Journal of Simulation Modelling, Vol. 21, No. 1, 124-135, doi: 10.2507/IJSIMM21-1-595. 

[12] Kunnapapdeelert, S., Thawnern C. (2021). Capacitated vehicle routing problem for Thailand’s steel industry via 
saving algorithms, Journal of System and Management Sciences, Vol. 11, No. 2, 171-181, doi: 
10.33168/JSMS.2021.0211. 

[13] Liu, S., Wang, Y. (2023). Dynamic simulation of differential driving cargo transport vehicle, Journal of Intelligent 
Management Decision, Vol. 2, No. 1, 38-45, doi: 10.56578/jimd020105. 

[14] Ismail, B., El Enin, M.A., Osama, M., Abdelhaleem, M., Geris, M., Kamel, M., Kassem, S., Fahim, I.S. (2021). A 
heterogeneous vehicle routing problem with soft time windows for 3PL company’s deliveries: A case study, Journal 
Européen des Systèmes Automatisés, Vol. 54, No. 6, 909-914, doi: 10.18280/jesa.540614. 

[15] Dabic-Miletic, S. (2023). Autonomous vehicles as an essential component of Industry 4.0 for meeting last-mile 
logistics requirements, Journal of Industrial Intelligence, Vol. 1, No. 1, 55-62, doi: 10.56578/jii010104. 

[16] Gulczynski, D., Golden, B., Wasil, E. (2010). The split delivery vehicle routing problem with minimum delivery 
amounts, Transportation Research Part E: Logistics and Transportation Review, Vol. 46, No. 5, 612-626, doi: 
10.1016/j.tre.2009.12.007. 

[17] Contardo, C., Martinelli, R. (2014). A new exact algorithm for the multi-depot vehicle routing problem under 
capacity and route length constraints, Discrete Optimization, Vol. 12, 129-146, doi: 10.1016/j.disopt.2014.03.001. 

[18] Bertazzi, L., Secomandi, N. (2018). Faster rollout search for the vehicle routing problem with stochastic demands 
and restocking, European Journal of Operational Research, Vol. 270, No. 2, 487-497, doi: 10.1016/j.ejor.2018.03.034. 

[19] Islam, M.A., Gajpal, Y., ElMekkawy, T.Y. (2021). Hybrid particle swarm optimization algorithm for solving the 
clustered vehicle routing problem, Applied Soft Computing, Vol. 110, Article No. 107655, doi: 
10.1016/j.asoc.2021.107655. 

[20] Solomon, M.M., Desrosiers, J. (1988). Survey paper – time window constrained routing and scheduling problems, 
Transportation Science, Vol. 22. No. 1, 1-13, doi: 10.1287/trsc.22.1.1. 

[21] Jabali, O., Leus, R., Van Woensel, T., De Kok, T. (2015). Self-imposed time windows in vehicle routing problems, OR 
Spectrum, Vol. 37, 331-352, doi: 10.1007/s00291-013-0348-1. 

[22] Rodrı́guez-Martı́n, I., Yaman, H. (2022). Periodic vehicle routing problem with driver consistency and service time 
optimization, Transportation Research Part B: Methodological, Vol. 166, 468-484, doi: 10.1016/j.trb.2022.11.004. 

[23] Yuan, Y., Cattaruzza, D., Ogier, M., Semet, F., Vigo, D. (2021). A column generation based heuristic for the generalized 
vehicle routing problem with time windows, Transportation Research Part E: Logistics and Transportation Review, 
Vol. 152, Article No. 102391, doi: 10.1016/j.tre.2021.102391. 

[24] Zhao, P.X., Luo, W.H., Han, X. (2019). Time-dependent and bi-objective vehicle routing problem with time windows, 
Advances in Production Engineering & Management, Vol. 14, No. 2, 201-212, doi: 10.14743/apem2019.2.322. 

[25] Demir, E., Bektaş, T., Laporte, G. (2011). A comparative analysis of several vehicle emission models for road freight 
transportation, Transportation Research Part D: Transport and Environment, Vol. 16, No. 5, 347-357, doi: 
10.1016/j.trd.2011.01.011. 

[26] Kirschstein, T., Meisel, F. (2015). GHG-emission models for assessing the eco-friendliness of road and rail freight 
transports, Transportation Research Part B: Methodological, Vol. 73, 13-33, doi: 10.1016/j.trb.2014.12.004. 

[27] Naderipour, M., Alinaghian, M. (2016). Measurement, evaluation and minimization of CO2, NOx, and CO emissions 
in the open time dependent vehicle routing problem, Measurement, Vol. 90, 443-452, doi: 
10.1016/j.measurement.2016.04.043. 

[28] Kwon, Y.-J., Choi, Y.-J., Lee, D.-H. (2013). Heterogeneous fixed fleet vehicle routing considering carbon emission, 
Transportation Research Part D: Transport and Environment, Vol. 23, 81-89, doi: 10.1016/j.trd.2013.04.001. 

[29] Suzuki, Y. (2016). A dual-objective metaheuristic approach to solve practical pollution routing problem, 
International Journal of Production Economics, Vol. 176, 143-153, doi: 10.1016/j.ijpe.2016.03.008. 

[30] Li, J., Wang, D., Zhang, J. (2018). Heterogeneous fixed fleet vehicle routing problem based on fuel and carbon 
emissions, Journal of Cleaner Production, Vol. 201, 896-908, doi: 10.1016/j.jclepro.2018.08.075. 

[31] Wen, M., Sun, W., Yu, Y., Tang, J., Ikou, K. (2022). An adaptive large neighborhood search for the larger-scale multi 
depot green vehicle routing problem with time windows, Journal of Cleaner Production, Vol. 374, Article No. 
133916, doi: 10.1016/j.jclepro.2022.133916. 

[32] Guo, N., Qian, B., Na, J., Hu, R., Mao, J.-L. (2022). A three-dimensional ant colony optimization algorithm for multi-
compartment vehicle routing problem considering carbon emissions, Applied Soft Computing, Vol. 127, Article No. 

https://doi.org/10.30638/eemj.2020.184
https://doi.org/10.33168/JSMS.2021.0206
https://doi.org/10.30638/eemj.2020.142
https://doi.org/10.30638/eemj.2020.142
https://doi.org/10.1287/mnsc.6.1.80
https://doi.org/10.1287/mnsc.6.1.80
https://doi.org/10.14743/apem2022.4.447
https://doi.org/10.14743/apem2022.4.446
https://doi.org/10.14743/apem2020.3.363
https://doi.org/10.2507/IJSIMM21-1-595
https://doi.org/10.33168/JSMS.2021.0211
https://doi.org/10.33168/JSMS.2021.0211
https://doi.org/10.56578/jimd020105
https://doi.org/10.18280/jesa.540614
https://doi.org/10.56578/jii010104
https://doi.org/10.1016/j.tre.2009.12.007
https://doi.org/10.1016/j.tre.2009.12.007
https://doi.org/10.1016/j.disopt.2014.03.001
https://doi.org/10.1016/j.ejor.2018.03.034
https://doi.org/10.1016/j.asoc.2021.107655
https://doi.org/10.1016/j.asoc.2021.107655
https://doi.org/10.1287/trsc.22.1.1
https://doi.org/10.1007/s00291-013-0348-1
https://doi.org/10.1016/j.trb.2022.11.004
https://doi.org/10.1016/j.tre.2021.102391
https://doi.org/10.14743/apem2019.2.322
https://doi.org/10.1016/j.trd.2011.01.011
https://doi.org/10.1016/j.trd.2011.01.011
https://doi.org/10.1016/j.trb.2014.12.004
https://doi.org/10.1016/j.measurement.2016.04.043
https://doi.org/10.1016/j.measurement.2016.04.043
https://doi.org/10.1016/j.trd.2013.04.001
https://doi.org/10.1016/j.ijpe.2016.03.008
https://doi.org/10.1016/j.jclepro.2018.08.075
https://doi.org/10.1016/j.jclepro.2022.133916


 

 

109326, doi: 10.1016/j.asoc.2022.109326. 
[33] Li, D., Li, K. (2023). A multi-objective model for cold chain logistics considering customer satisfaction, Alexandria 

Engineering Journal, Vol. 67, 513-523, doi: 10.1016/j.aej.2022.12.067. 
[34] Zhu, X., Zhao, Z., Yan, R. (2020). Low carbon logistics optimization for multi-depot CVRP with backhauls - Model 

and solution, Tehnički Vjesnik – Technical Gazette, Vol. 27, No. 5, 1617-1624, doi: 10.17559/TV-20200809211109. 
[35] Jabbarpour, M.R., Noor, R.M., Khokhar, R.H. (2015). Green vehicle traffic routing system using ant-based algorithm, 

Journal of Network and Computer Applications, Vol. 58, 294-308, doi: 10.1016/j.jnca.2015.08.003. 
[36] Xiao, Y., Konak, A. (2017). A genetic algorithm with exact dynamic programming for the green vehicle routing & 

scheduling problem, Journal of Cleaner Production, Vol. 167, 1450-1463, doi: 10.1016/j.jclepro.2016.11.115. 
[37] Poonthalir, G., Nadarajan, R. (2018). A fuel efficient green vehicle routing problem with varying speed constraint 

(F-GVRP), Expert Systems with Applications, Vol. 100, 131-144, doi: 10.1016/j.eswa.2018.01.052. 
[38] Çimen, M., Soysal, M. (2017). Time-dependent green vehicle routing problem with stochastic vehicle speeds: An 

approximate dynamic programming algorithm, Transportation Research Part D: Transport and Environment, Vol. 
54, 82-98, doi: 10.1016/j.trd.2017.04.016. 

[39] Ehmke, J.F., Campbell, A.M., Thomas, B.W. (2016). Vehicle routing to minimize time-dependent emissions in urban 
areas, European Journal of Operational Research, Vol. 251, No. 2, 478-494, doi: 10.1016/j.ejor.2015.11.034. 

[40] Salehi Sarbijan, M., Behnamian, J. (2022). Real-time collaborative feeder vehicle routing problem with flexible time 
windows, Swarm and Evolutionary Computation, Vol. 75, Article No. 101201, doi: 10.1016/j.swevo.2022.101201. 

[41] Kennedy, J., Eberhart, R.C. (1997). A discrete binary version of the particle swarm algorithm, In: Proceedings of 
1997 IEEE International Conference on Systems, Man, and Cybernetics. Computational Cybernetics and Simulation, 
Orlando, Florida, USA, 4104-4108, doi: 10.1109/ICSMC.1997.637339. 

 

https://doi.org/10.1016/j.asoc.2022.109326
https://doi.org/10.1016/j.aej.2022.12.067
https://doi.org/10.17559/TV-20200809211109
https://doi.org/10.1016/j.jnca.2015.08.003
https://doi.org/10.1016/j.jclepro.2016.11.115
https://doi.org/10.1016/j.eswa.2018.01.052
https://doi.org/10.1016/j.trd.2017.04.016
https://doi.org/10.1016/j.ejor.2015.11.034
https://doi.org/10.1016/j.swevo.2022.101201
https://doi.org/10.1109/ICSMC.1997.637339


 

 

 

  

 
 

 

Advances in Production Engineering & Management ISSN 1854-6250 

Letnik 18 | Številka 2 | Junij 2023 | Strani 211–224 Spletna stran: apem-journal.org 

https://doi.org/10.14743/apem2023.2.468 Izvirni znanstveni članek 

 
 

Izboljšan pristop z diskretno optimizacijo z rojem delcev za 
večkriterijski optimizacijski model mestnega logističnega 
distribucijskega omrežja z upoštevanjem prometnih zastojev 

Li, K.a, Li, D.a,*, Ma, H.Q.b    

aSchool of Business Administration, Shanghai Lixin University of Accounting and Finance, Shanghai, P.R. China  
bHuman Resources Department, Shanghai Institute of Visual Arts, Shanghai, P.R. China 

 
 

P O V Z E T E K  P O D A T K I   O   Č L A N K U 

Za optimizacijo urbanih logističnih omrežij je v tem članku predlagan večkri-
terijski optimizacijski model za urbana logistična distribucijska omrežja. Mo-
del optimizira stroške uporabe vozil, stroške prevoza, stroške izgub zaradi 
neupoštevanja časovnih oken in stroške emisij ogljika, pri čemer upošteva 
tudi vpliv zastojev na skupne stroške. Za reševanje modela je predlagan algo-
ritem DPSO (diskretna optimizacija z rojem delcev), ki temelji na osnovnem 
načelu PSO (optimizacija z rojem delcev). DPSO uvaja več populacij za obrav-
navo več ciljev in uporablja strategijo iskanja po spremenljivi soseski za iz-
boljšanje iskalne sposobnosti delcev, kar pripomore k izboljšanju lokalne 
iskalne sposobnosti algoritma. Rezultati simulacij kažejo učinkovitost predla-
ganega modela pri izogibanju prometnim zastojem, zmanjševanju stroškov 
emisij ogljika in stroškov zaradi neupoštevanja časovnih oken. Rezultati pri-
merjave optimizacije med DPSO in PSO prav tako potrjujejo premoč algoritma 
DPSO. Predlagani model je mogoče uporabiti v realnih mestnih logističnih 
omrežjih za izboljšanje njihove učinkovitosti, zmanjšanje stroškov in zmanj-
šanje vpliva na okolje. 
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