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Car-following model with improved molecular dynamics
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Abstract: In order to better study the car-following characteristics of vehicles in complex situations, the
car-following behavior of vehicles is analogous to the result of the interaction of molecules in a one-
dimensional pipeline. The existing car-following model based on molecular dynamics uses the demand safety
interval and the expected vehicle speed as the main factors to establish the molecular car-following model,
ignoring the influence of the relative speed on the driver’s car-following behavior, which does not conform
to the real car-following situations. Therefore, by incorporating the relative velocity of the vehicle into the
model structure, this paper establishes the molecular interaction potential function and the wall potential
function, and constructs a car-following model with improved molecular dynamics accordingly. The
parameters in the car-following process are collected by high-precision vehicleemounted instruments and the
model parameters are calibrated by genetic algorithm. Finally, the accuracy of the model under different
car-following states is verified and compared with the previous molecular model. The results show that the
improved molecular car-following model can more effectively predict the car-following behavior of the

vehicles.
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Fig. 1 Molecular force analysis
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Table 1 Calibration results of model parameters

PR AR S FEAS B Al Az

1EH IRt 521 0.576 00 8.858 00
Jon s E 5l 556 —158.492 21 —4.264 42
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Fig. 4 Acceleration prediction
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Table 2 Evaluation results of different models

PR A AR A R oA

Mk R ruise
EH Rt MD 0.187 0.224
IE IR 5t M-MD 0.159 0.198
Jin 3 R 0t MD 0.302 0.384
Jon 3 2R 5t M-MD 0.283 0.286
el R MD 0.353 0.437
U9 T R St M-MD 0.257 0.339
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Fig. 5 Comparison of prediction results of different models
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