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ABSTRACT

1

The global urbanization imposes unprecedented pressure on urban
infrastructure and public resources. The population explosion has
made it challenging to satisfy the daily needs of urban residents.
‘Smart City’ is a solution that utilizes different types of data collection sensors to help manage assets and resources intelligently
and more efficiently. Under the Smart City umbrella, the primary
research initiative in improving the efficiency of car-hailing services
is to predict the citywide passenger demand to address the imbalance
between the demand and supply. However, predicting the passenger
demand requires analysis on various data such as historical passenger demand, crowd outflow, and weather information, and it remains
challenging to discover the latent relationships among these data. To
address this challenge, we propose to improve the passenger demand
prediction via learning the salient spatial-temporal dynamics within
a reinforcement learning framework. Our model employs an information selection mechanism to focus on the most distinctive data
in historical observations. This mechanism can automatically adjust
the information zone according to the prediction performance to
find the optimal choice. It also ensures the prediction model to take
full advantage of the available data by introducing the positive and
excluding the negative correlations. We have conducted experiments
on a large-scale real-world dataset that covers 1.5 million people
in a major city in China. The results show our model outperforms
state-of-the-art and a series of baselines by a large margin.

The past decades have witnessed people increasingly migrate from
rural into urban areas following the rapid pace of worldwide urbanization. Estimators project that approximately 70% of the world’s
population will live in urban before 2050 [2]. While the urbanization
can bring some positive effects such as creating new employment
opportunities, advancing technologies, infrastructures, and economic
growths, it also leads to the problem of how to balance the limited
public resources and rapidly increasing populations. The notion of
‘Smart city’ has been proposed to integrate information and communication technology (ICT), using various physical devices connected
to the network (Internet of Things or IoT) to optimize the efficiency
of city operations and services and connect to citizens. Smart city
involves several aspects: traffic and transportation systems, power
plants, water supply networks, waste management, law enforcement,
information systems, schools, libraries, hospitals, and other community services. Among all these aspects, we focus on the traffic and
transportation sector, which has been transformed by the evolution
of the Internet. As an integral mode of transport in urban cities, taxis
serve a large number of passengers on a daily basis. However, the
traditional taxis hailing system may suffer low efficiency due to the
information asymmetry between passengers and drivers, as well as
adverse external conditions like weather.
Several online peer-to-peer ride-sharing services (e.g., Uber and
Didi) have emerged in recent years aimed to address this problem.
They bring the supplies and demands for ride and delivery services
on a unified platform where customers can book their rides via mobile apps, and the drivers can pick up the orders based on the proximity. These services usually employ dynamic pricing models and
have revolutionized the taxi markets in many countries significantly.
Although these services can alleviate the information asymmetry
problem, they cannot fully crack the code between passenger demand
and ride supply. On the one hand, a passenger might experience a
long waiting for a driver to pick his order in some high-demand
area; on the other hand, a driver may find it difficult to receive an
order in some areas where the number of passenger demand is low
[15]. The imbalance between taxi demand and supply can waste the
public transportation resources, influence the passenger experience,
and further affect driver’s income. Therefore, a more efficient carhailing prediction model is crucial for reducing the delay time for
the passenger order.
However, it is very challenging to accurately predict the passenger demand of a city in a real-time manner because the passenger
demand can fluctuate in a relatively wide range and be affected by a
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