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Abstract

Accurate modeling of human reaction time is an important component of au-
tonomous driving systems, particularly in mixed traffic environments, where dis-
crepancies between human and autonomous vehicle decision-making can result in
unsafe, inefficient, or uncomfortable interactions.

Traditional car-following models often rely on fixed reaction time parameters to
describe longitudinal vehicle dynamics. However, human driving behavior is inher-
ently adaptive, as cognitive delay varies based on environmental factors and vehicle
states. Unlike prior Transformer-based Inverse Reinforcement Learning (IRL) ap-
proaches that implicitly assume fixed temporal relevance, we explicitly model hu-
man reaction time as a dynamic, state-dependent temporal attention distribution
learned from data [2]. This study proposes a novel approach using Transformer-
based Deep IRL to capture and interpret the dynamic nature of human reaction
time, building upon existing interpretable planning architectures [3]. By leverag-
ing the attention mechanism of Transformers, we provide a transparent method to
visualize how a driver’s temporal focus shifts under different traffic conditions.

We utilize the NGSIM US-101 dataset [4], extracting trajectory pairs of lead-
ing and following vehicles. The proposed architecture consists of a Transformer
Encoder to capture temporal dependencies and a Generative adversarial imitation
learning (GAIL) framework [1]. In our formulation, reaction time is not treated
as a fixed delay parameter but emerges as a latent, interpretable variable derived
from the temporal attention weights of the Transformer. This interpretability layer
identifies which past time steps are most influential for the current acceleration de-
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cision, allowing the model to recover the underlying driver intent.

Analysis of attention maps reveals a bimodal distribution of cognitive focus,
typically peaking at approximately 0.7 seconds and 0.2 seconds into the past. Our
primary finding is the dynamic shift of the focus peak relative to the speed of
the vehicle. Regression analysis demonstrates a correlation: as vehicle speed in-
creases, the temporal focus shifts closer to the present. This suggests that at higher
speeds, human-like agents exhibit shorter reaction delays, allocating greater cogni-
tive weight to more recent stimuli to mitigate increased safety risks. This behavior
provides a more authentic representation of human "alertness" than static models,
aligning with the goals of safe and interpretable human-like planning.

This research demonstrates that Transformer-based IRL models can provide ex-
plainable insights into the underlying cognitive processes. This enables autonomous
driving policies that adapt their temporal decision-making horizon in a human-
consistent manner, improving both safety and behavioral predictability in mixed
traffic. Our findings facilitate the development of robust autonomous systems that
are both predictable to human drivers and safe in complex environments.
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