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A cellular automaton model for lane-change considering the dynamics of 2-particle
system

Takuya Fujiki*, Jun Tanimoto!, Aya Hagishima®, Naoki Ikegaya®
YInterdisciplinary Graduate School of Engineering Sciences, Kyushu University

Abstract

In previous Cellular Automaton (CA) models, it has been assumed that a vehicle can immediately change its
running lane to a neighboring one when both the Incentive Condition; whether the focal vehicle should
lane-change to get more acceleration, and the Safety Condition; whether the focal can avoid a bumping after the
lane-change, are satisfied simultaneously. We show, here, a more realistic CA model, where both the process to
exhibit lane-change will by the vehicle’s winker and the process actually to proceed the lane-change are spitted by
the process going ahead in its particular time-step. By this new model considering the dynamics of 2-particle
system, it is allowed that the vehicle getting intruded by another may be able to break the intrusion by self
acceleration or to make the intrusion easily by self deceleration. By a series of simulations, we discuss how our
new lane-changing model differs from conventional model.
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Fig.1 The situation around the focal car i which is trying
lane change The green granular indicates the focal vehicle
trying to lane change, the pink one means the vehicle who is
intruded by the focal agent.
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Fig.2 Examples of each strategy; C and D in a curtain single time-step.
The digit in cells means the velocity. In an orange cell, there is the car
turning on its blinker. Cars in blue and red cells will update their velocity
according to respective strategies; C and D

0.25,
2-particle-system with All D
Immediate lane-change
2-particle-system with All C
| Delayed lane-change

Ng /L

0.0

0.0 0.5 1.0
Normalized density

Fig.3  The average number of cars meeting with “incentive criteria”
during unit time-step in unit cell vs. traffic density. The proposed method
brings the two results denoted by 2-particle-system with All C and All D. As
comparison, Delayed lane-change case, where a vehicle first shows blinker,
goes forward flowingly, and finally lane-changes if possible; and Immediate
lane-change case are shown. Immediate lane-change case is derived from
Kukida et al [10].
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Fig.5 Fundamental diagrams of respective cases. Inset
shows enlarged image around the so-called meta-stable
phase.
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Fig.6  Contours show the occurrence ratio of positive or
negative acceleration from each discrete velocity before updating.
The left panel indicates the results under traffic density of 0.2,
while the right one is for 0,5. The summation over vertical
column, which means an integrated density for each of the
velocity, is always 1. The digit under each column means the
number of lane changing during unit time-step in unit cell.



