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Motivation 
1. Because tasks faced by UAVs are increasingly complex, a 
single UAV is usually not capable of performing extensive tasks, 
such as express transportation, disaster relief, surveying and 
mapping, and power-line inspection. 
2. As a cutting-edge branch of unmanned aerial vehicle (UAV) 
technology, the cooperation of a group of UAVs has attracted 
increasing attention from both civil and military sectors, due to its 
remarkable merits in functionality and flexibility for accomplishing 
complex extensive tasks.  
3. In this paper, more attention is paid to the review of cooperative 
path planning problems from the perspective of optimization, and 
more focus is on the analysis and classification of cooperative 
path planning problems. 
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Main idea 
1. A generalized framework of cooperative path planning 
problems and a taxonomy are developed to allow different 
problems to be described in a unified way, and an optimization 
perspective is provided to analyze and classify the existing 
research.  
2. A review and a statistical analysis are presented based on the 
taxonomy, emphasizing the coordinative elements in the existing 
cooperative path planning research.  
3. A collection of challenging cooperative path planning 
problems are provided to highlight future research directions.  
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Key elements of cooperative path 
planning 

1. Tasks  
 
 
Due to the diversity of tasks, cooperative path planning problems take 
many forms. The tasks can be generally divided into three categories: 
rendezvous, allocation, and coverage tasks.  

Rendezvous task Allocation task Coverage task 
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The following attributes of the CPP executor, i.e., the UAV group, 
must be considered. 

 Organizational framework: centralized, decentralized, and 
hybrid frameworks 

 Spatial relationship: aggregated and dispersed cases 

 UAV type: fixed- and rotary-wing 
 

2. UAV group 
 

Key elements of cooperative path 
planning 
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Environmental diversity creates challenges in the CPP problems, 
mainly in the areas of dimension, uncertainty, and complexity. 

 Dimension:  two-dimensional (2D) and three dimensional (3D) 
environments. 

 Uncertainty: There may be unpredictable dynamic factors in the 
environment, such as an intruder aircraft (IA) with unknown 
trajectories and pop-up threads. 

 Complexity: The air through which UAVs move can be regarded 
as a medium, and many factors cause changes in the medium. In 
addition, the environment may show different complexities and 
features in different task scenarios. 
 

3. Environment 
 

Key elements of cooperative path 
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Taxonomy of cooperative path 
planning  

 Taxonomy: Three elements, including the task, organizational framework, and 
environment, are considered. 
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Review of cooperative path planning 
based on the taxonomy 
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Review of cooperative path planning 
based on the taxonomy 

Front In
form

 Technol E
lectro

n Eng



Review of cooperative path planning 
based on the taxonomy 
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Statistics of key issues in the literature in Web of Science from 2007 to 2019 

Review of cooperative path planning 
based on the taxonomy 
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Future research directions 

• Cooperative path planning for a large-scale UAV swarm 

• Cooperative path planning in the cooperation of heterogeneous vehicles 

• Cooperative path planning in swarm-versus-swarm UAV games 

• Cooperative path planning with variable communication topology 

• Cooperative path planning in complex mixed environments 
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Conclusions 
 This review provides a systematic overview of the current 

research on cooperative UAV group path planning by focusing 
on the three elements of the system (i.e., task, UAV group, and 
environment) and the three elements of the cooperative path 
planning problem (i.e., UAV paths, constraints, and objectives).  

 A taxonomy of various cooperative path planning problems has 
been proposed and used as clues to classify the existing 
research and identify their features.  

 A comparative statistical analysis regarding various issues in 
cooperative path planning reveals some shortcomings and 
gaps in current research.  

 A collection of challenging cooperative path planning problems 
and interesting topics have been presented for future research. 
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