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Abstract: In order to effectively improve the operational efficiency of bus stops, this study conducts identification,
prediction and analysis of the influencing factors of bus stops with different operational states. Taking the global
positioning system (GPS) tracing data of bus vehicle in Xi’an as an example, the characteristic parameters of bus stop
operating state including average service time and number of service vehicles were established, and the relationship
between bus speed, mileage and acceleration within the bus stops was analyzed to calculate the service time. The
Hopkins statistics and silhouette coefficient were used to analyze the clustability and determine the number of

clustering categories, and three types of bus stop were identified based on Gaussian mixture model (GMM). The
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synthetic minority oversampling technique edited nearest neighbours - extreme gradient boosting (SMOTEENN-

XGBoost) model was constructed to predict the bus stop operating state, and interpretable machine learning

framework named Shapley additive explanation (SHAP) was employed to analyze the influence of three aspects:

station attributes, road factors, and environmental factors on the operating state of bus stop. The results show that

type I has the longest average service time, type Il has the least average service time and number of service

vehicles, and type Il has the highest number of service vehicles. Compared with extreme gradient boosting

(XGBoost), logistic regression (LR), random forest (RF), gradient boosting decision tree (GBDT) and k-nearest
neighbors (KNN), the established SMOTEENN-XGBoost model can accurately predict the operating state of bus stop
with an accuracy of 94. 68%, precision of 94. 69%, recall of 91. 04%, and F, score of 92.26%. The factors that

influence the bus-stop operating state in descending order of importance are: the number of lines, the presence of bus

lanes, the number of parking spaces, the method of platform installation, platform geometry, the number of lanes, the

location of the platform, working day, the time of day and the type of weather. The results of the study can provide

some reference basis for bus stop design optimization.

Key words: urban traffic; bus stop; operating state; XGBoost model; global position system (GPS) data; interpretable

machine learning
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Fig. 1 Schematic of (a) mileage and (b) speed changes of bus
vehicles at bus station. Solid line with circle is for the recorded

status points. Dashed line with circle is for the real status

points.
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Table 1  Variable description of bus stop influencing factors
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Fig. 2 Clustering results by GMM. The plus signs are for type
I, the minus signs are for type II, the multiplication signs are
for type Il and the solid circles are for the clustering centers.
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Table 4 Prediction performance comparison of
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KNN 86.83 85.07 77.11 80.35
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Fig. 6 SHAP interaction analysis of type Il considering
(a) number of lines and bus lanes and (b) platform geometry and

bus lanes factors.
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