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Abstract

With the rapid development of the electric power industry and the widespread application of Inter-
net of Things (I10T) technology, real-time optimization decision-making for electrical material trans-
portation has become a key factor in enhancing logistics efficiency and reducing transportation
costs. This paper proposes a real-time optimization decision model for electric material transpor-
tation based on IoT technology. The model leverages Cyber-Physical Systems (CPS) and IoT devices,
including vehicle-mounted GPS, RFID tags, roadside sensors, traffic cameras, and meteorological
APIs, to collect data in real time on customer orders, vehicle locations, material statuses, road traffic
flow velocities, accident information, construction zones, and precise weather conditions (such as
rainfall, wind speed, and visibility). These heterogeneous multi-source data are integrated into a
dynamic transportation environment awareness layer. The data are transmitted to a cloud-based
CPS platform via MQTT protocol, where they undergo cleaning, fusion (such as matching GPS coordi-
nates with Gaode Map’s road network and associating weather information with specific road seg-
ments) and transformation into model-ready parameters (e.g., segment travel times, road closures
due to accidents, and weather impact factors). Based on this enriched information, a route optimi-
zation model is established, and an improved large-neighborhood search algorithm is proposed to
enhance convergence speed and optimization effect. Experimental results demonstrate that the
proposed model and algorithm significantly improve logistics delivery efficiency and reduce trans-
portation costs. Compared to traditional static planning methods, the approach reduces total travel
mileage by an average of 13.3%, decreases vehicle utilization by 25%, enhances load utilization by
21.1%, and shortens the response time to dynamic events to within 5 minutes, thereby providing
theoretical support and valuable insights for the intelligent management of electric material trans-
portation.
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Figure 1. Iterative process of solving “LNS + VNS for MDVRP” algorithm
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Figure 2. Visualization schematic diagram of optimized route
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