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Abstract: Facing the challenges of an aging society and individualized transportation demands, the multiple depot-
s heterogeneous dial-a-ride problem with flexible depots (MDHDARP-FD) is crucial for providing efficient and conve-
nient transportation solutions. However, the heterogeneity of vehicles and the complexity of scheduling in flexible depots
environments pose significant challenges to service optimization. This paper proposes an improved simulated annealing
algorithm that significantly optimizes the total vehicle travel distance for the problem. According to the characteristics of
the problem, the algorithm designs a solution acceptance strategy based on tolerance and reheating mechanisms, as well
as three new search operators to enhance the algorithm’s stability and avoid premature convergence to local optimization.
Compared with the CPLEX solver and the deterministic annealing algorithm, our algorithm shows significant advantages
across multiple test instances. Through sensitivity analysis, the impacts of passengers’maximum ride time and time win-
dows on the algorithm’s performances are studied, which provides decision support for actual dial-a-ride planning.
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Fig. 1 Flow chart of improved simulated annealing algorithm
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Table 4 Passenger demand information of example Ea4-16

AR oEE
= AA ko AMAKT SEl

o B R RS T AR R SRR R LR
1 6.267 0.981 3 30 0 0 0 1 0 1440
2 —4.718 6.925 3 30 0 1 0 0 0 1440
3 3.254 7.621 3 30 0 1 0 0 0 1440
4 9.654 2.799 3 30 0 0 1 0 0 1440
5 8.575 2.701 3 30 0 1 0 0 0 1440
6 —-9.732 —8.314 3 30 0 1 0 0 0 1440
7 9.937 4.969 3 30 0 0 0 1 0 1440
8 —4.604 6.053 3 30 0 0 0 1 0 1440
9 —5.029 5.07 3 30 0 1 0 0 53 68
10 —-9.264 —-7.979 3 30 0 1 0 0 105 120
11 8.738 —9.966 3 30 0 1 0 0 74 89
12 —-342 7.617 3 30 0 0 1 0 3 18
13 —5.865 —4.571 3 30 1 1 0 0 172 187
14 6.3 5.322 3 30 0 0 0 1 61 76
15 —2.219 -7.605 3 30 0 1 0 0 179 194
16 —1.654 —7.838 3 30 0 1 0 0 154 169
17 —1.548 —4.124 3 0 0 0 0 —1 138 153
18 —4.818 6.259 3 0 0 —1 0 0 125 140
19 —7.380 0.376 3 0 0 —1 0 0 95 110
20 6.07 —0.549 3 0 0 0 —1 0 195 210
21 —1.663 6.171 3 0 0 —1 0 0 103 118
22 —0.665 —1.272 3 0 0 —1 0 0 103 118
23 —5.005 0.918 3 0 0 0 0 —1 142 157
24 6.2 —7.679 3 0 0 0 0 —1 157 172
25 5.575 —7.408 3 0 0 —1 0 0 0 1440
26 —7.754  3.535 3 0 0 —1 0 0 0 1440
27 2.111 1.439 3 0 0 —1 0 0 0 1440
28 1.706 —1.733 3 0 0 0 —1 0 0 1440
29 —1.796 9.104 3 0 —1 —1 0 0 0 1440
30 —5.5 2.353 3 0 0 0 0 —1 0 1440
31 7.323 —7.149 3 0 0 —1 0 0 0 1440
32 —6.413 0.367 3 0 0 —1 0 0 0 1440
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Fig. 2 The optimal solution convergence process of example
Ea4-16
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Table 5 The optimal pick-up route and driving cost of example Ea4-16 are calculated
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Fig. 3 Route map of vehicle pick-up
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Table 6 Results and comparison of examples

CPLEX DA ISA
B B[ /s H bR Hbrf HFrfE
Max. Min. Avg. Max. Min. Avg.
U2-16 1.53 284.2% 284.2 284.2 284.2 284.2 284.2 284.2
U2-20 13.39 333.6% 333.6 333.6 333.6 333.6 333.6 333.6
U2-24 29.09 426.7* 426.7 426.7 426.7 426.7 426.7 426.7
U3-18 152.95 279.0%* 283.7 280.4 282.2 279 279 279
U3-24 3360 344.6% 350.7 347.1 348.5 346.6 344.6 345
U3-30 3600 469.1 475.9 473.1 474.2 474.2 471.4 472.1
U4-16 3600 252 252 252 252 242 242 242
U4-24 3600 350.3 367.3 352 359.8 352.8 350 351.5
U4-32 3600 TCRTAT R 470.7 461 464.5 459.5 453.7 4572
U4-40 3600 TCRTATE 552.8 537.1 546.3 540.1 527.3 531.6
U4-48 3600 P CIEnY 660 638.9 650.3 647.1 637.4 641.3
E2-16 0.51 346.8* 346.8 346.8 346.8 346.8 346.8 346.8
E2-20 3.65 359.6% 359.6 359.6 359.6 359.6 359.6 359.6
E2-24 16.76 459 8% 464.1 462.7 463 459.8 459.8 459.8
E3-18 9.97 286.4% 286.4 286.4 286.4 286.4 286.4 286.4
E3-24 57.94 355.9% 355.9 355.9 355.9 355.9 355.9 355.9
E3-30 3600 500.9 500.9 500.9 500.9 501.7 500.9 501.1
E4-16 115.57 265.5% 265.5 265.5 265.5 265.5 265.5 265.5
E4-24 3600 378.6 381.8 375.3 378 374 371.1 372.6
E4-32 3600 502.7 495 489.7 492.4 4843 479.7 4822
E4-40 3600 589.1 582.3 570.6 575.4 566.6 562 563.2
E4-48 3600 P CIERY 705.7 691.4 699.2 695.7 688.9 692.1

X6 LIS BAR AT 04T, T LUK IR, % EECPLEX
SRS, NS o) TS AZE SN A] P AR 22 0 )
R, BRI REAS B L. h SRS, ISASE
AT RN H AR EFRINIYELT, 5 CPLEXEHK I ] 5K
1R E L 22 BE AR /S KB A v, CPLEX TGV AE
A R} R PSR AF B AR AR L 2SR, IS ASRLV SR At it
[BJzE ik T CPLEX, H 3k Lt CPLEX K [8] 3R 753 (1) i
FLF.

X EEDASLIE, BN EEAE H /NI 5] R LA
I, SR S ASEIE KT, ISATE R — 511 2 ek
figerh, B bR E R R e/ ME S SPIME TN, 1S RIE )
RIUELF. TR T [R1E SRS, 8 T HIRAE AU
TP 22 R AR, ISASREA B8 47 Rk H =) 0 sme 10 1Y) e
71, 3 B A MDHDARP-ED 5 ¥ i (1350 51, G
B RIEHA T R A& ).

53 Ut
531 FEEmATER AIBURME ST

T I B KT ZE T ] 2= REMA 7 58 R4 ) B A
R, A S e & B KSR ZE T (] 9 30 min. Ry 1T
96 2 fie K A R I [R] (1) 52 e, DL SR 451 E4-16, E4-24,

E4-32 X %, ¥ 9 & fi K36 4 ) 18] 4% 8] B 5 min A
20 minZF 4 2260 min, X 4FA4N3 %t K3 42 1) (7], ISA
BATSIR, VIRt T AR, Sea o 5 LK 4.

500 — =T T T T T T T
450 - - 4
400 - H
350 - H
300 H H
250 H
200 H
150 H
100 H

50 H

TR AT B

0 20 25 30 35 40 45 50 55 60
P2 g KA RN A] / min
mmm E4-16 mmE4-24 CE4-32
4 TR KI LIS (AU 7B 45
Fig. 4 Results of sensitivity analysis of maximum passenger
travel time
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Fig. 5 Results of sensitivity analysis of time window
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