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Traffic Signal Decentralized Reinforcement Learning Method Based on a

Multi-perspective Spatio-temporal Hierarchical Structure

WANG Fu-jian', FAN Cheng-rui*, ZHOU Bin', FENG Chun-fang’, MA Dong-fang**
(1. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, Zhejiang, China;
2. Polytechnic Institute, Zhejiang University, Hangzhou 310015, Zhejiang, China; 3. Traffic
Management Research Institute, Ministry of Public Security, Wuxi 214151, Jiangsu.,

China; 4. Ocean College, Zhejiang University, Zhoushan 316021, Zhejiang, China)

Abstract: Signal control is a main feature of intelligent transportation systems, and the
integration of artificial intelligence with other technologies for traffic signal control has become a
major issue. Signal control strategies can be divided into two categories: centralized and
decentralized. Decentralized control methods use light-state spaces that effectively avoid the
dimensional catastrophe problem in deep reinforcement learning, and these methods have received
increasing attention in recent years. Existing multi-intersection decentralized coordinated

strategies mostly use graph convolutional networks or graph attention networks to learn the
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spatial relationships between intersections. However, they do not give sufficient attention to the
spatio-temporal correlations related to time-varying traffic flows between intersections.
Accordingly, this study constructed a time-varying traffic flow feature extraction method based
on gated recurrent neural networks and calculated the spatiotemporal correlation of multiple
intersections. A regional spatiotemporal feature fusion method was then developed using a graph
attention mechanism, which achieves a deep integration of traffic flow characteristics through a
multi-perspective spatiotemporal hierarchical structure, The study also proposed a state-space
reconstruction method based on the importance of intersections. An intersection right-of-way
switching decision model with adaptive phase-sequence structures based on a fully connected
concept was then developed. Finally, the model was tested under simulation of a real-world road
network. The results show that compared with the traditional decentralized reinforcement
learning method, the developed model reduces the average vehicle queue length by 13. 74%,
5.03%, and 6. 30% for low-, medium-, and high-traffic flows, respectively, indicating the
potential application value of the proposed method.

Keywords: traffic engineering; intelligent transportation; deep reinforcement learning; traffic sig-
nal control; multi-perspective spatio-temporal learning; hierarchical learning
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