Stochastic Modeling and Simulation of Car-Following Behaviors (Chengyuan Zhang, Ph.D. Candidate @ McGill, enzozcy@gmail.com)

» Goal: Model and simulate car-following behaviors with heterogeneity and stochasticity.
» Challenge: Traditional models learn a one-to-one mapping
for : (s8¢, Avg, vy) — ay (deterministic) X
but real drivers induce a one-to-many mapping with uncertainty
1 2 :
_ for @ (s, Avg, vp) {af5 ),ag ). .} (stochastic) v
» Solutions:
(1) Explicit Uncertainty Modeling (continuous variability) )

a;r ~ fCF (CBt; 9) -+ 5757 (Zhang and Sun 2024, Zhang et al. 2024, Zhang et al. 2025a)

Table 1: Modeling of temporal correlations in my previous work.

Reference | fer(x::0) | o

Zhang and Sun (2024) | IDM Gaussian processes (GPs)
Zhang et al. (2024) IDM Autoregressive (AR) processes
Zhang et al. (2025a) NN nonstationary GPs
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@ Latent Variable Modeling (discrete variability)

Gaussian Mixture (i.i.d.)
a; = fop(x;0,,), 2t ~ ~ (Chen et al. 2023, Zhang et al. 2024)
Markov Chain (temporal dependence)

(Zhang et al. 2025b)
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