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behaviors at non-signalized intersections had less significant effects even if the NARX model was constructed 
using 100 training data. Reducing the number of training data to below 100 affected the model's accuracy. 
Regarding the characteristics of the bicycle behavior types, Type 3 had the highest accuracy; Types 2, 4, and 
5 had similar accuracy; and type 1 had lowest accuracy among all the types. 

Table 1: Result of model accuracy on bicycle behavior types and the number of training data.  

  Number of training data 
2000 500 100 50 

Avg. S.D. Avg. S.D. Avg. S.D. Avg. S.D. 
Type 1 22.361 7.272 21.138 7.741 19.86 5.899 95.719 61.986 
Type 2 17.419 7.087 15.95 5.583 17.282 6.362 92.382 57.976 
Type 3 10.193 3.751 9.307 2.938 9.926 3.142 71.67 46.985 
Type 4 18.935 7.875 16.032 4.764 17.824 5.933 74.717 53.342 
Type 5 17.8 7.449 15.937 6.208 17.604 6.479 89.497 58.877 

Here, “Types” refers to the classification of bicycle behavior; the values in the table are RMSE × 10-3) 

4 CONCLUSIONS 
This study focused on constructing a model of bicycle traffic flow that can simulate natural bicycle behavior. 
The data for constructing the model was obtained by measuring the bicycle travel flow for 2828 cases at a non-
signalized intersection in Tokyo, Japan. Models were constructed using NARX; the inputs were the distance 
to the stop line of the intersection and the bicycle speed, and the output was the acceleration/deceleration of 
the bicycle. Consequently, it was observed that the NARX model could simulate bicycle behavior in terms of 
both acceleration and deceleration. Furthermore, reducing the number of training data to below 100 affected 
the model's accuracy. The Type 3 bicycle behavior had the highest accuracy; Types 2, 4, and 5 had similar 
accuracy; and type 1 had the lowest accuracy among all the types. However, the number and types of bicycle 
behavior and intersections are limited. This study divides the bicycle behavior types into five, but it is necessary 
to investigate the model accuracy when further dividing the types. We should apply this model to other non-
signalized intersections in further study. 
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Table 1:  Class distribution of e-scooters in the dataset. 

Table 2:  Training, validation, and test set split of the dataset. 

Table 3:  Model performance on the test set, with a confidence threshold of 0.5. 
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Fig 1:  Sample frames from detections on the test set (anonymization added for privacy data protection). 

mAP 0.981
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