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Vehicle routing problem with drones considering restricted area
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gent Decision Making, Ministry of Education, Hefei 230009, China)

Abstract ; Considering the regional restrictions imposed on vehicles and drones due to traffic congestion
and air transport control, as well as the issues of prolonged delivery times and low efficiency in logis-
tics distribution, a vehicle-drone cooperative delivery mode is proposed. This mode leverages the u-
nique characteristics of both drones and vehicles. To address the challenge of vehicle-drone coopera-
tive path planning under regional restrictions, a two-stage algorithm is developed with the primary aim
of minimizing the total delivery time for vehicle-drone operations. In the first stage, an initial path is
generated using the nearest neighbor algorithm, while the second stage employs an improved sub-heu-
ristic algorithm to optimize the path. By integrating simulated annealing mechanisms into the genetic
algorithm, the risk of falling into local optima is mitigated. Moreover, various crossover and mutation
operators are designed to enhance the global optimization capability of the algorithm. The performance
and superiority of the model and algorithm are robustly evaluated through comprehensive numerical
experiments on a diverse set of examples. The results demonstrate that the proposed algorithm effec-
tively solves the problem of vehicle-drone cooperative path planning under regional restrictions.

Key words: vehicle-drone cooperation; restricted area; path planning; drone delivery for multi-custom-
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Al 10X 200X 50 277.67 6. 06 311.47 0.234 12.17

A2 10X 200X 50 201. 56 6. 28 204. 13 0.218 1.27

A3 10200 50 268.75 7.27 270. 19 0.278 0. 54

A4 1020050 305. 96 11.56 316.79 0.253 3.54

A5 10X 20050 321.90 27.09 326. 60 0. 268 1.46

A6 10X 20050 264. 26 22.56 287. 96 0. 250 8.97

A7 1020050 240. 95 7.45 252. 97 0.215 4.99

A8 10X 20050 323.42 16. 64 343.18 0.218 6. 11

A9 10X200X50 292. 68 24,74 300. 55 0. 251 2.69

A10 10200 50 282. 57 5.77 293. 48 0. 264 3.86

Bl 10200 50 253.21 18. 84 266. 98 0. 284 5. 44
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B3 10X200X50 170.17 16. 21 184. 40 0. 254 8.37
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B3 10200% 50 256. 40 11.43 262. 19 0. 265 2.26
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A-n32-k5 32X 200X50 523. 34 2.303 500. 90 1775 —4.30
A-n33-k5 33X 200X50 520. 63 1.092 474. 67 0.876 —8.80
A-n33_k6 33200 %50 531. 98 1.217 502. 17 0. 909 —5.60
A-n34- k5 34X200X 50 585. 59 1. 140 560. 60 0. 867 —4.30
A n37 k6 3720050 668. 26 1.278 609. 42 0.934 —8.80
A-n38-k5 3820050 599. 50 1. 279 550. 85 1116 —8.10
A-n39-k5 39X 200X 50 610. 22 1.638 581. 68 1. 250 —4.70
A nd5- k7 4520050 785.43 1.330 691. 71 1.218 —11.90
A-nd8_k7 483200X 50 773.16 1.718 702. 02 1.382 —9.20
A-n54-Kk7 54X 200X 50 862. 00 1.615 817.29 1.212 —5.20
A-n61-k9 61X 200X 50 828.77 1. 459 752.10 0. 969 —9.30
A-n62-k8 62X 200X 50 995. 15 2.075 904. 12 1.522 —9.10
A-n63-k9 63X200X50  1138.31 1. 656 1049, 44 1.085 —7.80
A-n63-k10 63 200X 50 956. 62 1. 445 903. 72 1.014 —5.50
A~ n65-k9 65200 X 50 900. 00 1. 464 849, 43 1112 —5.60
A~ n69- k9 69200 X 50 998. 23 1.833 890. 76 1. 609 —10.80
A—n80—k10 80X200X50 1 263.59 2. 467 1176.77 1.704 —6.90
B-n31-k5 31X200X 50 341. 16 1.500 329. 67 1135 —3.40
B n34 k5 3420050 537.77 1144 523.10 0. 857 —2.70
B-n38-k6 38X 200X50 485.79 1. 286 455. 49 1.044 —6.20
B-n39_k5 39X200X 50 397. 38 1.753 357.58 1.024 —10.00
B-n41-k6 41X 200X 50 561. 40 1. 480 525. 26 1.095 —6.40
B-nd3_k6 4320050 482. 38 1.560 468. 02 1.233 —3.00
B-nd5-k5 45X200X 50 559. 18 1.838 496. 12 1.372 —11.30
B-n45-k6 45X 200X50 492. 84 1.698 437.92 1.120 —11.10
B-n51-k7 51X 200X50 722.39 1.431 657. 65 1. 060 —9.00
B-n63-k10 63200 X 50 981. 42 1. 408 880. 15 1019 —10.30
B-n64- k9 64X 200X 50 583. 22 1.578 541,11 1. 144 —7.20
B-n67-k10 6720050 829. 27 1. 402 729. 67 1133 —12.00
B_n68 k9 68X 200X 50 855. 78 1.775 751.86 1. 320 —12.10
T 712.36 1.560 655. 71 1.170 —8.00
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