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Abstract: Traffic congestion prediction has become an indispensable component of an intelligent
transport system. However, one limitation of the existing methods is that they treat the effects of
spatio-temporal correlations on traffic prediction as invariable during modeling spatio-temporal
features, which results in inadequate modeling. In this paper, we propose an attention-based
spatio-temporal 3D residual neural network, named AST3DRNet, to directly forecast the congestion
levels of road networks in a city. AST3DRNet combines a 3D residual network and a self-attention
mechanism together to efficiently model the spatial and temporal information of traffic congestion
data. Specifically, by stacking 3D residual units and 3D convolution, we proposed a 3D convolution
module that can simultaneously capture various spatio-temporal correlations. Furthermore, a novel
spatio-temporal attention module is proposed to explicitly model the different contributions of spatio-
temporal correlations in both spatial and temporal dimensions through the self-attention mechanism.
Extensive experiments are conducted on a real-world traffic congestion dataset in Kunming, and
the results demonstrate that AST3DRNet outperforms the baselines in short-term (5/10/15 min)
traffic congestion predictions with an average accuracy improvement of 59.05%, 64.69%, and 48.22%,
respectively.

Keywords: traffic congestion prediction; 3D convolution; 3D residual unit; self-attention mechanism;
spatio-temporal attention

1. Introduction

With the growing number of vehicles in cities, traffic congestion has increased drasti-
cally [1]. Urban traffic congestion can lead to a variety of problems, such as environmental
pollution [2], increased commute times [1], and an increase in the frequency of road acci-
dents [3]. Currently, with the rapid development of intelligent transport systems (ITS) [2],
traffic congestion prediction has become an indispensable component, which can greatly
improve the effectiveness and capacity of road networks. For example, if commuters can
predict congestion information in advance, the high congestion problem can be avoided by
switching routes.

Compared to traditional traffic flow [1,3–5] prediction and traffic speed prediction [6–9],
urban traffic congestion prediction mainly focuses on congestion levels of road networks in
cities. However, forecasting congestion levels of road networks is very challenging due to
the following two complex factors:

• Spatio-temporal correlation. Traffic data show correlations both in space and time [10].
On the one hand, the observations of different road segments are correlated with each
other through road connectivity. This may lead to nearby correlations and distant
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