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Algorithm for Electric Vehicle Routing in Simultaneous
Pickup and Delivery Scenarios
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Abstract: An improved memetic algorithm was proposed to address the electric vehicle routing
problem with simultaneous pickup and delivery under battery capacity constraints. The algorithm
employed a polar coordinate-based initialization method to generate initial solutions and
introduced an optimal splitting method to enhance solution quality. Multiple specialized local
search operators were designed to improve search efficiency, and a perturbation mechanism was
incorporated to escape local optima. The proposed local search operators were integrated into
other algorithms, and comparative experiments were conducted on small-, medium-, and large-
scale datasets. Performance evaluations were performed using the Wilcoxon signed-rank test.
The results demonstrate that the proposed algorithm outperforms comparative algorithms across
all evaluation metrics. Additionally, the performance of other algorithms significantly improves
after incorporating the proposed local search operators, confirming their effectiveness in
obtaining high-quality solutions.
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Fig. 1 Problem description
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Fig. 5 Polar coordinate-based initialization
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Table 1 Benchmark datasets
P JE T FEHL EaSy NS FA i T FRHLE i L
P1 21 7 6 000 99 P9 71 8 30 000 53
P2 22 7 4500 162 P10 134 5 2210 307
P3 29 5 4500 138 P11 100 9 200 118
P4 32 4 8 000 238 P12 120 5 200 199
P5 50 9 160 88 P13 150 12 200 100
P6 75 13 220 87 P14 199 12 200 100
P7 100 11 200 100 P15 142 4 1190 2762
P8 44 4 2010 260 P16 213 7 944 1204
*2 LBHER
Table 2 Experimental results
D SA PSO ACO ACO 1 IMA
Best Avg Best Avg Best Avg Best Avg Best Avg SD Gap/%
P1 404. 0 428. 4 392.7 401.3 407. 6 410.5 400. 3 400. 3 392.7 397.8 2.56 0.00
P2 716.7 762.2 712. 4 716.7 710.5 713.4 709. 7 712.9 709.7 710.7 0.77 0.00
P3 555.8 556. 4 551.8 553.5 563.4 568.9 552.9 555.8 551.7 552.1 0.74  -0.02
P4 1356.2 1573.3 1206.8 1226.2 1293.4 1319.2 1243.4 1268.5 1216.0 1230.4 9.89 0.76
P5 553.2 568.3 528.5 542.2 601.0 617.6 586.7 605.7 535.7 546.9 8.42 1.35
P6 762.6 788. 1 767.8 780. 2 828.3 847.6 806. 1 827.4 756. 6 767. 1 6.12  -0.79
P7 987.2 1005.4 986. 6 998.5 1069.2 1108.3 1021.3 1048.9 972.0 982.6 5.44  -1.50
P8 847.4 939.9 846.9 861.4 924.2 951.7 905. 4 930.3 843.4 851. 1 7.50  -0.42
P9 292.9 309. 7 281.3 298.2 320.0 326.0 299.7 310.2 283.7 289.8 4. 44 0.86
P10 1386.3 13863 12253 1279.6 1364.3 1413.5 1301.1 1340.6 1216.8 1263.9 19.23  -0.69
PI1 1668.2 1718.6 1648.2 1674.0 1691.8 1722.4 1662.1 1680.4 1602.3 1651.4 19.15  -2.86
P12 1735.8 1823.6 1623.6 1702.6 1662.8 1680.4 1616.5 1639.1 1630.9 1698.4  28.31 0.89
P13 1590.2 1624.2 1569.0 15883 1638.2 1657.2 1593.6 1612.0 1546.6 1569.8 11.34 -1.45
P14 1923.5 1961.3 1886.4 1921.3 1956.3 1991.5 1924.5 1946.8 1876.3 1897.7 11.06  -0.54
P15 19772 19772 18791 19299 19998 20632 19399 19 729 18926 19108  116.52 0.71
P16 15408 15 408 15169 15 346 15363 15 640 15 061 15357 15010 15189 98.89  -0.34
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Table 3 Comparative statistics of algorithm

performance
. a
Bk w/it/l R+ R- p-value————
0.05 0.15
IMAvs SA  16/0/0 317 3 0.0067 TRUE TRUE
IMAvs PSO 10/1/5 243 70 0.0371 TRUE TRUE

IMAvs ACO 16/0/0 294 15 0.0232 TRUE TRUE
IMAvs ACO_I 14/1/1 281 29 0.0407 TRUE TRUE
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