
Spatiotemporal distance embedded hybrid ant 
colony algorithm for a kind of vehicle routing  

problem with constraints 

Key words: Vehicle routing problem with constraints (VRPC); Spatiotemporal 
distance function; Labor division strategy; Ant colony algorithm (ACO) 

Corresponding author: Renbin XIAO 
E-mail: rbxiao@hust.edu.cn

ORCID: https://orcid.org/0000-0003-0951-2734

Zhenhui FENG, Renbin XIAO, 2023. Spatiotemporal distance embedded hybrid ant colony algorithm 
for a kind of vehicle routing problem with constraints. Frontiers of Information Technology & Electronic 
Engineering, 24(7):1062-1079. https://doi.org/10.1631/FITEE.2200585 

Front In
form

 Technol E
lectro

n Eng

https://doi.org/10.1631/FITEE.2200585


Motivation 

Most of vehicle routing problem (VRP) variants are built on logistics networks. 
However, the demand for route planning is no longer limited to logistics and 
distribution, but reflected in aspects such as car-sharing traveling. 

Compared with VRP variants, the vehicle routing problem in the car-sharing 
environment has more stringent spatiotemporal constraints. 

 Ant colony algorithm (ACO) is an effective method for solving VRPs, but it is  
easily trapped in local extremes and difficult to jump out. 
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Model 
Based on the problem characteristics, we define a kind of vehicle routing problem 
with constraints (VRPC) model.  

. 
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Method 
First, the spatiotemporal distance function is established based on the spatiotemporal 
distribution characteristics of users. 
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Method 
Second, a clustering method based on the spatiotemporal distance is designed, called 
the spatiotemporal clustering algorithm (STCA). Subsequently, the initial solutions are 
constructed according to the clustering results. 

… … … … 
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Method 
Finally, we propose an improved ant colony algorithm (IMFACO) for routing optimization 
of VRPC, which can be divided into four parts. 
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Major results 
To assess the quality of the proposed algorithm, we first use the test instances for 
testing. Concerning the combined cost, our proposed algorithm has competitive cost 
compared to existing algorithms. 

… … … … 
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Major results 
In addition, to further assess the solution performance of the algorithm in a realistic 
environment, two scenarios instances are designed based on the real city. 
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Conclusions 

We investigate a kind of VRPC in the car-sharing mobility environment. 

We define a spatiotemporal distance function based on the temporal and spatial 
properties of users. 

We propose a spatiotemporal distance embedded hybrid ant colony algorithm 
(HACA-ST) to solve VRPC. 
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