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Figure 1 Photovoltaic power generation system
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Figure 2 Double-layer optimized structure
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Figure 3 Predictive modeling flowchart
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Figure 7 Affiliation function for fuzzy inference
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Optimization Method for Last Mile Delivery Considering Supply Dynamics of
Crowdsourced Personnel

LI Manman, LEI Hailong, ZHAO Boxuan

(School of Automobile, Chang’ an University, Xi’an 710021, China)

Abstract. Considering the supply dynamics of crowdsourced personnel, an optimization method was proposed for
last-mile delivery in scenarios involving both self-operated personnel and crowdsourced personnel in this study. A
hybrid delivery optimization model was developed to minimize delivery costs, incorporating decision variables such
as crowdsourced personnel compensation, customer assignment schemes, and multi-trip vehicle routing. The con-
straints was constructed based on a spatio-temporal network , including customer service requirements, load capaci-
ties, time windows, and spatio-temporal coordination between vehicles and crowdsourced personnel. To address the
problem’s characteristics, the minimal cost insertion algorithm was improved, and ten types of destruction operators
were designed. An adaptive large neighborhood search algorithm was then improved by integrating the simulated an-
nealing algorithm’s concept of accepting inferior solutions to optimize delivery plans. Case studies with 100 custom-
ers demonstrated that the improved adaptive large neighborhood search algorithm achieved solutions with 24% lower
in delivery cost on average compared with those obtained by GUROBI with 1 hour computation time, while taking
only 48. 5 seconds on average. The proposed algorithm also outperformed simulated annealing, achieving a maxi-
mum cost reduction of 5. 5%. The hybrid delivery mode combining self-operated and crowdsourced personnel signif-
icantly reduced costs compared to the self-operated-personnel only mode. The hybrid mode proved particularly suit-
able for scenarios with tight time windows, high vehicle travel costs, and limited job opportunities. The supply dy-
namics of crowdsourced personnel exhibited significant and stochastic impacts on delivery costs.

Keywords: logistics engineering; last mile delivery; crowdsourced mode; supply dynamics of crowdsourced per-

sonnel ; vehicle routing; adaptive large neighborhood search algorithm
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Consideration of Dual-layer Hybrid Energy Storage Capacity Configuration Accounting for
Photovoltaic Forecasting Errors and Grid Fluctuation Rates

WANG Mingdong', ZHOU Zhengyu', YANG Hongjie*, LI Zhongwen'

(1. School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River Engineering
Consulting Co. , Ltd. , Zhengzhou University, Zhengzhou 450003, China)

Abstract: To meet grid connection requirements and ensure robust operation of the power system, a two-layer opti-
mization model was proposed with objectives of reducing PV prediction errors, smoothing grid-connected power fluc-
tuations, and minimizing annual equivalent costs. The upper-layer planning aimed to minimize annual equivalent
costs, which included system investment, equipment replacement, maintenance costs, and carbon emission benefit
costs. To improve system economic efficiency, a fuzzy genetic particle swarm algorithm was developed to optimize
and analyze the model. In the lower-layer planning, the model aimed to minimize prediction errors and grid connec-
tion volatility. Based on distinct characteristics of supercapacitors and batteries, a charging-discharging power allo-
cation strategy was constructed to enhance system response speed and extend battery cycle life. A solver was em-
ployed for control implementation to achieve PV prediction error compensation and PV output fluctuation smoot-
hing. Finally, a model evaluation index function was established based on the proposed framework, with a PV pow-
er plant serving as a case study. Results demonstrated that the proposed algorithm exhibited faster convergence
speed and superior optimization capability in this model. The RMSE and MAPE of prediction errors were reduced by
99.95% and 99. 97% respectively, while the maximum grid connection fluctuation rate decreased by 96. 08% after
optimization. These findings verified the effectiveness and practicality of the proposed strategy.

Keywords: photovoltaic power generation; hybrid energy storage; levelized annual cost; compensation for predic-

tion error; grid fluctuation smoothing; bilevel planning model
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