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Abstract

By the end of 2020, the number of civilian cars in Shenyang reached 2,635,000. The per capita car
ownership ranked the 10th in the country. The growth of car ownership has brought great conven-
ience to citizens’ travel, but it has also brought considerable pressure to traffic and parking. In re-
cent years, people have focused on solving problems such as “difficult parking” and “random park-
ing”, and have begun to develop smart parking. Currently, the charging methods for smart parking
mainly include mobile video collection vehicle charging and manual charging. This paper analyzes
the gains and losses of video collection vehicle charging, and studies the selection and planning of
video collection vehicle and manual collection methods in parking charging sections. For problem
one, when only considering one parking space, it calculates the possible charging gains or losses of
the mobile collection vehicle. When the collection frequency of the collection vehicle is sufficient,
parking time accumulation will occur, resulting in different charging methods between manual
charging and video collection vehicle charging. In problem one, we only take the parking of one ve-
hicle as an example, and after using the analysis and enumeration method, we summarize that the
video collection vehicle charging method benefits the most when the single parking time does not
exceed 30 minutes and the cumulative parking time exceeds 30 minutes. For problem two, first, the
k-means clustering algorithm in pycharm is used to apply the clustering analysis method and obtain
three types of center point clusters. Then, the shortest path algorithm is used to plan the route of
the coordinate points within the same cluster, and the actual planned road of the collection vehicle
in each cluster is obtained. Finally, based on the number of parking spaces in each cluster and the
road conditions, the optimal configuration plan for the video collection vehicle is given, with one
vehicle for class A, two for class B, and one for class C, totaling four video collection vehicles. For
problem three, first, the 0-1 programming model is used, and the collection method for each section
is determined based on the decision factors corresponding to the collection vehicle and manual
charging. Then, the cost of video collection vehicle charging is compared with that of manual charg-
ing, and the number of personnel for video collection vehicle charging is compared with that of man-
ual charging. By comparing the two ratios, the sections where video collection vehicle charging is
applied are obtained. Next, through clustering analysis and matlab, the driving routes of the video
collection vehicles are drawn. A multi-objective linear programming model is established, and mul-
tiple factors affecting the charging revenue are screened, with time and region as the main factors.
Finally, the expression of the total charging revenue of the road parking is established, and the op-
timal comprehensive charging plan is obtained by combining nine different situations.
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Figure 1. Mind map of problem one’s solution approach
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Figure 2. Scatter plot of road center point
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Table 7. Information corresponding to three types of roads and collection vehicles
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Figure 5. Scatter plot of the center point of the collection vehicle’s travel path
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