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Abstract The research on warehouse path planning plays a crucial role in intelligent warehousing, as reasonable path planning
can effectively avoid AGV path conflicts and improve in-warehouse transportation efficiency. To address the limitations of sim-
plistic warehouse layouts and the lack of effective path conflict resolution strategies for complex environments, this paper propo-
ses a multi-objective AGV path planning algorithm based on a coordinate reservation table and conflict classification. Firstly, a
grid-based fish-bone layout scheme for intelligent warehousing is constructed. A distance calculation model between storage nodes
is developed using a partition mechanism,forming a unidirectional directed graph representing the storage path network. Next,an
AGYV coordinate reservation table and a path conflict classification method are established,followed by the formulation of a hier-
archical conflict resolution strategy. Then,a multi-objective intelligent warehouse path planning model is constructed with the
goals of minimizing the total transportation distance, minimizing the maximum single transportation distance,and minimizing the
waiting time for conflict resolution. Based on the proposed conflict resolution mechanism,a set of mutation operators and cross-
over operations is designed under an evolutionary genetic search framework. On top of the preference-guided multi-objective com-
binatorial optimization(P-MOCQ) algorithm,an enhanced algorithm named CF-MOWVRP is proposed. This algorithm integrates
preference-driven stochastic strategies,multi-objective dimensionality reduction,and reinforcement learning to obtain approximate
Pareto-optimal solutions to the conflict-free multi-objective path planning model. Experimental results demonstrate that the pro-

posed algorithm achieves faster convergence and better solution quality, successfully resolves AGV path conflicts,and provides

B3 B 97:2025-02-10 3R & H 1] :2025-06-05

HETH . FRARBF A (62272239 VLI A AL FHE { ERIFTIH (CX(22)1007) 5 S M A RHE X H ([2023]—#% 272)

This work was supported by the National Natural Science Foundation of China(62272239) ,Jiangsu Agriculture Science and Technology Innova-
tion Fund(CX(22)1007) and Guizhou Provincial Key Technology R & D Program([2023]272).

WEVEE  PNVAE (sunzx@njupt. edu. cn)



B SEEET IO R AR EA B 2 B BR A AR AR LR

89

feasible conflict-free path planning solutions.
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Table 3

Index values of approximate Pareto front between

CF-MOWVRP and classical algorithms

Methods HV A 1GD v C-metric 4
CF-MOWVRP 34001.7341 127.9468 0.9830

MOEA/D 42853.7730 143.7438 0.0001
CF-MOWVRP 33945.8783 127.9468 0.9999

NSGA-II 33794.7331 135.8309 0.1496
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Table 4 Test node information
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1 6,1) 0.3000 12 (17.5) 0.2333
2 (11,1 0.3000 13 (17,13) 0.1333
3 (2,4) 0.2667 14 (20,11) 0.2000
4 6.,7) 0.2333 15 (23,13) 0.2333
5 (2,10) 0.2000 16 (20,1 0.2333
6 (5,13) 0.1667 17 (19.4) 0.1000
7 (8,12) 0.2667 18 (25,4) 0.1667
8 (11.6) 0.0667 19 (23.7) 0.1667
9 (11.9) 0.2333 20 (26.7) 0.1667
10 (14.4) 0.3000
F5 BRI TEER
Table 5 Path planning scheme information
AR T % i #E R E
R;=1{0.5,4.3.1.,0} 50.7279 1.0000
R,=1{0.8,9,7.6,0} 40.9706 0.7334
. R;=1{0,2,0} 6.0000 0.3000
M(;\;;RP R,;=1{0.15.13.11,10,0} 40.7279 0.8999 Cio =18
R;=1{0,14,12,0} 32.7279 0.4333
R;=1{0,17,18,20,19,0} 32.7279 0.6001
R;=1{0.16.0} 12.0000 0.2333
R, =1{0.19,12.5,1,0} 94.4853 0.9000
R,={0,16,14,10,9,0} 82.2426 0.9666
R;=1{0.17.15.6,2.0} 80.2426 0. 8000
M(I-;:() R,=1{0,18,20,8,4.,3,0} 102. 4853 0.9001 Cipa =44
R;=1{0,7,0} 26.9706 0.2667
R;=1{0.13.0} 26.4853 0.1333
R;=1{0,11,0} 20,0000  0.2333
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Table 6 Conflict information and resolution strategies
w5 %] WRE R AGV R XA e K e
1 (13,2) 1.2 AGV2 4 b ] % 15
1 (15,2) 4,5 AGV5 fE 6t 8 %
1 (15,2) 4,6 AGV6 4 it I 4 4%
1 (15,2) 5.6 AGV5 4 i 7] % 15
2 (12,3) 1,2 AGV2 ot I8 %
2 (16,3) 4,5 AGVS 4 it 1] 4 4%
2 (16,3) 1.6 AGV6 4 b 7] % 15
2 (16.3) 5.6 AGV5 4 Bt 8 % %
3 (11,4) 1.2 B AGV2 4 #t I % %
3 (17,4) 4,5 F o R AGV5 4 b ] % 15
3 (17.,4) 4,6 AGV6 4 Bt 8 % %
3 (17,4) 5.6 AGVS 4 it I 4 4%
4 (18,5) 4,5 AGV5 4 b ] % 15
5 (19.6) 4,5 AGV5 4 Bt 8 % %
6 (20,7) 4,5 AGVS5 4 it I 4 4%
26 (17,4) 5.6 AGV5 4 b ] % 15
27 (16.3) 5.6 AGV5 4 6t 8 % %
28 (15,2) 5.6 AGVS 4 it I 4 4%
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