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Abstract

Considering the characteristics of decentralized, personalized, and timely consumer demand in the
context of fresh produce delivery, this paper investigates the multi-temperature joint distribution
path problem for fresh produce. Firstly, based on customers’ sensitivity to the timeliness and accu-
racy of fresh produce delivery, a time resistance model is introduced. A multi-objective optimiza-
tion model for the multi-temperature joint distribution path of fresh produce is constructed with
the objectives of minimizing transportation costs and customer time resistance. Secondly, for the
improvement of the dung beetle optimization algorithm, a multi-strategy improved multi-objective
dung beetle optimization algorithm is designed. This algorithm generates an initial population us-
ing tent chaotic mapping and inverse learning strategy, introduces an adaptive step size strategy
and a convex lens imaging strategy in the dung beetle foraging phase, and incorporates a curve
adaptive golden sine strategy in the rolling phase for model solving. Finally, through case analysis,
the effectiveness of the model and algorithm is verified. Compared with the unimproved multi-ob-
jective dung beetle optimization algorithm, the superiority of the improved multi-objective dung
beetle optimization algorithm’s performance is validated.
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Figure 1. Algorithm flowchart
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Figure 2. Vehicle trajectory diagram
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Figure 3. Pareto non-dominated solution distribution comparison
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Table 3. Test results of improvement strategies for MSNSDBO algorithm
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Figure 4. Convergence comparison of transportation costs
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Figure 5. Convergence comparison of time resilience
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Table 4. Comparison results of reconstruction case experiments based on benchmark datasets
4. ETEERIRENBUER LI ELLER

MSNSDBO NSDBO MOPSO MOGWO
i t/s Chy Oee Pn /S Cug Owe P t/S Cuoy Owe P, t/s Cuy Ouny P
C101 27.28 2649 0.284 26 29.83 2731 0.304 20 30.13 2657 0.287 22 2854 2873 0.290 25
C102 30.21 2588 0.297 23 3124 2638 0.311 23 30.77 2708 0.281 25 30.73 2654 0.303 27
C103 2956 2661 0.315 28 31.85 2847 0.298 24 32.61 2503 0.304 24 3054 2868 0.281 25
C104 27.14 2489 0.274 27 28.61 2652 0.307 21 31.30 2555 0.285 23 29.04 2772 0.297 27
R101 28.22 2714 0.295 28 30.78 2618 0.286 18 29.14 2569 0.293 26 29.94 2641 0.294 23
R102 29.19 2697 0.292 27 3154 2734 0309 26 29.85 2690 0.314 22 30.22 2688 0.299 21
R103 28.98 2591 0.283 21 31.29 2864 0.313 27 30.27 2739 0.310 24 29.92 2721 0.301 26
R104 29.45 2483 0.274 29 30.98 2529 0.321 25 31.02 2985 0.296 22 3140 2513 0.309 23
RC101 2991 2833 0.301 25 30.28 2714 0.293 21 3160 2810 0.294 21 3053 2853 0.284 24
RC102 30.17 2752 0.316 22 29.17 2839 0.284 27 3186 2869 0.309 24 30.97 2781 0.297 22
RC103 29.46 2639 0.293 27 28.67 2869 0.295 24 28.62 2862 0.311 23 29.42 2822 0.285 27
RC104 2947 2573 0.284 25 3035 2761 0.297 20 29.15 2691 0.309 24 29.37 2860 0.291 22
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