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Abstract

As extreme weather events such as heatwaves and heavy rainfall caused by climate change increase, the
importance of reducing greenhouse gas emissions has grown. This study proposes a cooperative reinforcement
learning-based traffic signal control model at multi intersection to alleviate traffic congestion, one of the causes
of greenhouse gas emissions in the transportation sector. The proposed model configures the state of the model
and the Q-Network so that the agent in reinforcement learning considers the state and actions of its neighbors.
Additionally, real-world constraints such as signal sequence and minimum green time are included to enhance
real-world applicability. For validation, the proposed model was compared with a general reinforcement learning
model and a model without constraints. As a result, the model with added multi-agent reinforcement learning
was shown to be more efficient in signal control at multi intersection, as it showed less vehicle waiting time and
CO, emission compared to the general reinforcement learning model. Although the model without constraints
showed relatively less vehicle waiting time and CO, emission than the proposed model, but showed a large
number of vehicle stops.

Keywords: Traffic signal control, Cooperative reinforcement learning, Multi intersection, Real-World
constraints, Intelligent transportaion system
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s:state, a: action, s': next state, a’: next action, @: parameters
of the Q-network which is an approximated Q function, 0"

parameters of the target network.
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Fig. 1. Example of intersection and intersection signal

phase
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which signal is on at time ¢, d,: time the current signal was
on at time ¢, /V,: vehicle queue by signal lane at time ¢, V;:

Average vehicle speed per signal lane at time ¢.
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where, s: state, a: action, «(¢): learning late at time ¢,
r,: reward at time ¢, 7V: discount factor, @: parameters of the
Q-network, NV, number of adjacent intersections
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where, S: state at time ¢, a,: action at time ¢, V4,

:number of adjacent intersections
S/ ={P,d,N,, V; } )

where, G,: state at time ¢, P;: vector representing in binary
which signal is on at time ¢, d,: time the current signal was
on at time ¢, Nfl: vehicle queue by signal lane at time ¢, Vr,,:

Average vehicle speed per signal lane at time ¢

Fig. 2. Example of neighbor intersection and intersection

signal phase
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Table 1. Parameters used in reinforcement learning-based

signal optimization model
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