From Micro Interactions to Traffic Flow: Stochastic Driver Models for Realistic Traffic Simulation
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» Goal: Model and simulate human driving behaviors with heterogeneity and stochasticity.
» Challenge: Traditional models learn a one-to-one mapping
for : (st, Avg, vg) — ay (deterministic) )(
but real drivers induce a one-to-many mapping with uncertainty
for : (8¢, Avg, vp) {afsl), a§2>, ...} (stochastic) v
« Solutions:

(1) Explicit Uncertainty Modeling (Heterogeneity as Identity)
a; ~ for(xs;04) + O, (Zhangand Sun 2024, Zhang et al. 2024, Zhang et al. 2025a)

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

Reference fer(x:04) & Inference Method

Zhang and Sun (2024) IDM Gaussian processes (GPs) Full Bayesian (MCMC)
Zhang et al. (2024) IDM Autoregressive (AR) processes Full Bayesian (MCMC)
Zhang et al. (2025a) NN Nonstationary GPs Point estimate (gradient descent)
Kong et al. (2026) IDM GPs Likelihood-free (SBI)

1. Chengyuan Zhang and Lijun Sun. (2024). Bayesian calibration of the intelligent driver model. IEEE Transactions on Intelligent Transportation Systems.
2. Chengyuan Zhang, Wenshuo Wang, and Lijun Sun. Calibrating car-following models via Bayesian dynamic regression. (ISTTT25 Special Issue)
Transportation Research Part C: Emerging Technologies 168 (2024): 104719.

3. Chengyuan Zhang, Zhengbing He, Cathy Wu, and Lijun Sun. (2025a). When Context Is Not Enough: Modeling Unexplained Variability in Car-Following
Behavior. arXiv preprint arXiv:2507.07012 (Accepted at ISTTT26 and TR Part B).

4. Menglin Kong, Chengyuan Zhang, and Lijun Sun. (2026). Active Simulation-Based Calibration of Car-Following Models via Amortized Bayesian } »
Inference. (under review)

@ Latent Variable Modeling (Heterogeneity as Composition)

Gaussian Mixture (i.i.d.)
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