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We choose certain variables (e.g. speed) as the fundamental
variable of human driving behaviors. This is a necessary
condition for a realistic NDE.

𝜋𝜋𝑚𝑚𝑇𝑇 𝐏𝐏𝐦𝐦 = 𝜋𝜋𝑚𝑚𝑇𝑇 ,∀𝑚𝑚 ∈ 𝑀𝑀.
A quadratic programming (QP) problem can be formulated to
optimize the longitudinal behavioral model 𝐹𝐹:𝒮𝒮 → 𝒜𝒜.

The method was applied to generate the highway NDE.

Model each vehicle 𝑖𝑖 states transition as a Markov chain. The
state 𝑠𝑠𝑡𝑡𝑖𝑖 = 𝑣𝑣𝑡𝑡𝑖𝑖 , 𝑟𝑟𝑡𝑡𝑖𝑖 , 𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖 ∈ 𝒮𝒮 denotes the velocity, range (spacing)
and range rate (speed difference) of the 𝑖𝑖-th vehicle at time 𝑡𝑡.
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• Microscopic traffic simulator provides an efficient, controllable,
and repeatable testing environment for Autonomous Vehicles.

• To accurately evaluate AVs' safety performances in the real
world, it is critical to test AVs in the simulation of the
naturalistic driving environment (NDE).

• This work aims to propose a data-driven simulation of NDE
that can reproduce the critical environment measurements
(e.g. speed and spacing) that are distributionally consistent
with the real-world driving environment.

This Markov chain exists a unique stationary distribution 𝜋𝜋 with
respect to the state transition matrix 𝐏𝐏.

𝜋𝜋𝐏𝐏 = 𝜋𝜋
The lane-changing is not considered and assume the leading
vehicle speed follow the empirical transition distribution. Then
a linear function 𝐺𝐺(⋅) can be founded to map from longitudinal
behavior model to state transition probability.
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The Safety Pilot Model Deployment (SPMD) dataset collected
by the University of Michigan, Ann Arbor was utilized.

Car-following (𝑟𝑟1 = 30, 𝑣𝑣1 = 𝑣𝑣2)Free driving

AV Testing using the Proposed NDE

The proposed method can generate NDE that distributionally
consistent with real-world distributions.
Two baseline models with calibrated parameters using NDD
from Shanghai and Virginia are considered:
• Intelligent driver model (IDM)
• Wiedemann 99 model (W99)

We used the proposed NDE to test the AV safety performance.
The IDM and MOBIL models with calibrated parameters were
used as the AV model.

Estimated accident rate Relative half-width

Estimated accident rate: 
4.97 × 105 miles/accident

Predefined relative half-
width threshold: 0.2
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