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Abstract 
Recently, Unmanned Aerial Vehicle (UAV) cluster technology is developing rapidly, and 
UAV cluster is playing an increasingly important role in various fields due to their 
adaptability, cost control and synergy, and is being studied intensively in various 
countries around the world. UAV cluster task assignment is a prerequisite for UAV 
cluster to execute its tasks efficiently, therefore, it is important to study how to achieve 
UAV cluster task assignment efficiently. This paper analyzes the task types, constraints, 
and task assignment methods of UAV cluster execution tasks, and then summarizes the 
problems in UAV cluster task assignment based on the current research status of UAV 
cluster task assignment, in addition, points out the future development direction. This 
paper is a reference for future research related to UAV cluster task assignment. 
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1. Introduction 

As the types of tasks performed by UAVs become more and more complicated and the difficulty of 
the tasks more and more demanding, single UAV cannot meet the task requirements due to the 
limitations of their own software and hardware conditions. To compensate for the limitations of single 
UAV in performing tasks, UAV cluster technology has come into being, i.e., multiple UAVs of the 
same or different types work together in a cluster to complete tasks together. Nowadays, UAV cluster 
technology has been widely used in many fields such as maritime search and rescue, area detection, 
environmental pollution monitoring and plays increasingly important [1-3]. 

How to give full play to the efficiency of UAV cluster execution, among which, UAV cluster task 
assignment is an important guarantee for UAV cluster execution, which is of great significance to 
improve task execution efficiency and resource utilization. UAV cluster task assignment is to make 
full use of the limited task resources and arrange the tasks for UAV cluster under the premise of 
satisfying the constraints to achieve the maximum task benefit. UAV cluster task assignment has 
become one of the hot topics in UAV cluster technology research. 

This paper provides a holistic overview of UAV cluster task assignment. To this end, we collect and 
analyze the current state of research on UAV cluster task assignment, in addition, the types of UAV 
cluster tasks, constraints, task assignment methods, future problems to be solved, and development 
directions are presented, which will inform future research on UAV cluster task assignment. 

This paper is organized as follows: in Section 2, types of tasks performed by UAV cluster and related 
research are presented; in Section 3, constraints on UAV cluster tasks execution and related research 
are listed; in Section 4, the assignment methods of UAV cluster tasks are summarized; in Section 5, 



International Core Journal of Engineering Volume 7 Issue 12, 2021
ISSN: 2414-1895 DOI: 10.6919/ICJE.202112_7(12).0009

 

66 

the problems in UAV cluster task assignment are described; finally, in Section 6, the paper is 
concluded. 

2. Types of tasks performed by UAV cluster and related research 

Currently, according to the different objectives of the UAV cluster to perform tasks, the types of tasks 
performed by the UAV cluster can be divided into civilian tasks and military tasks. For civilian tasks, 
the UAV cluster use its own equipped resources such as sensors and high-definition cameras, 
according to the task requirements, thus performing actions such as searching and rescuing, mapping, 
etc. For military tasks, the UAV cluster use its own equipped weapons resources, according to the 
task requirements, implementing actions such as fire strikes, electronic countermeasures, 
reconnaissance and surveillance. The detailed task classification is shown in Fig. 1.  

 

Fig. 1 Types of tasks performed by UAV cluster 

 

2.1 Civilian tasks 

2.1.1 Searching and rescuing tasks 

Compared to traditional ground or helicopter searching and rescuing, UAVs are less costly and more 
efficient. For searching and rescuing, especially in dangerous environments, searching time is a key 
factor in the success of the rescuing, compared to traditional ground rescuing vehicles, UAVs can 
reach the rescuing site faster; compared to helicopters, UAVs are loaded with sensors and high-
definition cameras more sensitive and accurate than the human eye. UAV cluster deployment time is 
short, for a large range of searching and rescuing work UAV cluster cooperation has more direct 
advantages. 

The following research is relevant for UAV clusters performing searching and rescuing tasks. In [4], 
a hierarchical searching and rescuing algorithm was designed. When the cloud server receives disaster 
information, the cloud server, by running the algorithm, stratifies the searching and rescuing area and 
uses the Internet to reasonably assign searching and rescuing tasks to the UAV cluster, which greatly 
improves the efficiency of the UAV cluster searching and rescuing. In [5], in response to the searching 
and rescuing problem of lost targets at sea, a method was proposed based on the analysis of the 
historical trajectory of the target, sea surface wind speed, seawater flow speed and other factors so as 
to determine the key searching area at sea and send UAV cluster to carry out searching and rescuing. 
In [6], based on multi-agent independent computing strategy and ant colony algorithm, proposed a 
UAV cluster rapid searching and rescuing system that organically combines edge computing, multi-
agent collaborative decision making and information sharing. In [7], A multi-objective coordinated 
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searching algorithm was proposed to classify the UAV cluster searching behavior by analyzing the 
target information and constructing a three-dimensional model to effectively improve the efficiency 
of UAV cluster multi-objective search in unknown complex environments. In [8], a motion-coded 
particle swarm optimization algorithm was proposed, which can be applied to various dynamic targets 
by encoding the UAV cluster searching path into a set of behaviors and directly using them in the 
searching problem, greatly optimizing the efficiency of UAV cluster searching for dynamic targets. 
In [9], an autonomous system consisting of a cluster of UAVs was proposed to realize a rapid and 
flexible searching and rescuing by a cluster of UAV in a dense forest. 

2.1.2 Mapping tasks 

With the advantages of high flexibility, wide field of view and accessibility to most environments, 
UAVs have become the main tool for completing mapping tasks with the help of high-definition 
cameras and high-precision sensors they carry. 

The following research is relevant for UAV clusters performing mapping tasks. In [10], UAV high 
resolution image extraction technology was used to map buildings and obtain detailed information 
about them for accurate tax assessment. In [11], UAV radar technology was used to map the coastal 
environment and take timely management decisions in response to changes in the coastal environment. 
In [12], the use of UAVs for high precision image extraction for tree species classification in urban 
forests is important for urban ecological assessment and urban forest management. In [13], real-time 
damage mapping of buildings used UAVs image acquisition technology to detect the extent of 
building damage and take timely response initiatives. In [14], precise mapping of various surface 
environments through UAVs remote sensing imaging to analyze whether the underground is suitable 
for mining and excavation. 

2.2 Military tasks 

2.2.1 Fire strike tasks 

Compared to traditional firepower strikes, UAVs operate in cluster over greater distances, with higher 
strike accuracy and lower casualties, providing greater firepower coverage and higher success rates.  

The following research is relevant for UAV clusters performing fire strike tasks. In [15], studied how 
UAV cluster can efficiently operate together, and proposed a comprehensive scheme of UAV cluster 
target accurate identification, task assignment and strike based on parallel multiview splicing on 
clouds. In [16], A reinforcement learning algorithm was proposed for solving the problem of 
cooperative strikes performed by a UAV cluster against multiple dynamic targets in known 
environments. 

2.2.2 Electronic countermeasures tasks 

Concealment through electronic countermeasures is often referred to as jamming, which generally 
relies on noise to form radar jamming to achieve deception. Electronic countermeasures make one's 
combat units invisible from enemy radar and will be an important precursor to battlefield victory. 
Generally speaking, jamming can be divided into self-defense jamming and support jamming. Self-
defense jamming is the UAV release radar jamming to achieve self-protection from attack, support 
jamming is the UAV through the implementation of the enemy's electronic information systems, 
equipment to carry out interference to cover other units of their own side. 

The following research is relevant for UAV clusters performing electronic countermeasures tasks. In 
[17], two improved schemes based on distributed extended Kalman filters are proposed to cope with 
radar jamming attacks on UAV cluster, which are more effective and less complex than the 
conventional schemes. In [18], a strategy based on reinforcement learning was proposed to counteract 
the vulnerability of UAV cluster to intelligent jammers. 

2.2.3 Reconnaissance and surveillance tasks 

UAVs can effectively perform reconnaissance and surveillance tasks with their air superiority, such 
as sending UAV cluster to enemy airspace to collect information on the location of important facilities. 
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Also UAV cluster can be used to search for enemies lurking within our range, and for different 
environments, corresponding strategies can be adopted. For example, in a forest, which is 
characterized by many small obstacles (trees or bushes) and a single independent target (enemy), the 
corresponding strategy is to allow the UAV cluster to conduct separate operations and provide some 
combat capability (if a fire strike task is included). And when located in a plain with an open view, 
characterized by few obstacles and dense targets, the corresponding strategy is to disperse the UAV 
cluster to ensure a wide reconnaissance view. 

The following research is relevant for UAV clusters performing reconnaissance and surveillance tasks. 
In [19], based on the meta-heuristic algorithm, a solution strategy was proposed for the problem of 
autonomous reconnaissance of UAV cluster in complex urban environments, which combined actual 
geographic data and made UAV cluster more efficient in reconnaissance in complex urban 
environments from the perspective of waypoint deployment. 

3. Constraints on UAV cluster tasks execution and related research 

In the process of task assignment to UAV cluster, various types of constraints are important factors 
that limit the task assignment as well as the task execution, therefore, by accurately describing the 
various types of constraints is a prerequisite for optimizing the task assignment of UAV cluster as 
well as the task execution. The common constraints for UAV cluster task execution are shown in Fig. 
2, where the revenue constraint expresses the UAV cluster's demand for successful task execution, 
usually as a soft constraint or directly as a revenue function. In addition to the traditional energy 
consumption gain constraint, time gain constraint, and task gain constraint, it also includes gain 
constraints in practical applications such as UAV cluster coverage, probability of being detected 
during reconnaissance, and probability of failure during task execution. 

 

Fig. 2 Common constraints of UAV cluster tasks execution 

3.1 Resource constraints 

Resource constraints is the most basic constraint in UAV cluster tasks assignment, which mainly 
includes energy resource constraint such as power, fuel and endurance that UAV can carry, resource 
constraint of airborne equipment used to complete the task, and communication resource constraints 
such as communication antenna, channel and capacity. 

The following research is relevant for UAV clusters performing resource constraints. In [20], the 
problem of dynamic resource assignment within UAV cluster communication networks was 
investigated. In [21], a strategy to replenish the power of UAVs through low-power laser sources was 
proposed to enhance the sustainability of UAV cluster tasks. In [22], an algorithm was developed that 
can manage and optimize the consumption of energy resources in real time by UAVs. 
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3.2 Time constraints 

The time window of task execution, task timeliness and task execution sequence constraints are 
equally common constraints in UAV cluster task assignment, reflecting the temporal characteristics 
of UAV cluster task execution. 

The following research is relevant for UAV clusters performing time constraints. In [23], by 
transforming the UAV flight time problem into a dynamic planning problem, the UAV data collection 
interval, flight speed, and sensor sampling frequency were integrated and optimized to minimize the 
flight time for UAV cluster data collection. In [24], the UAV data collection method and sensor 
correlation mechanism were jointly optimized to reduce the time to complete the data collection task 
by the UAV cluster. 

3.3 Geometric and dynamical constraints 

In the case of studies targeting geometric constraints. In [25], the effect of angular constraints on 
airborne camera imaging on the coastal cliff face survey was considered. In [26], the effect of UAV 
flight height constraint on image acquisition in coastal wetland areas was considered. 

In the case of studies targeting flight dynamics constraints. In [27], the vertical distance between 
UAVs, UAV flight heading angle and flight speed constraints were considered, and a control 
algorithm for avoiding UAV cluster flight collision was proposed based on a two-way network 
connection structure, which effectively reduces the collision probability between UAVs. In [28], by 
analyzing the interference factors of UAV low altitude flight, a comprehensive control scheme of 
UAV low altitude flight was designed. 

In the case of studies targeting formation and synergy constraints. In [29], the constraints of UAV 
formation control and obstacle avoidance were considered, and an improved algorithm based on 
standard consensus algorithm was proposed to satisfy the constraints and achieved effective 
formation control of UAVs with different initial states. In [30], a distributed algorithm based on fuzzy 
logic was proposed to help multi-rotor UAVs to form ideal dense formations and enhance the 
practicality of the formations during their tasks. In [31], an intelligent collaborative task planning 
strategy was proposed to improve the efficiency of UAV cluster in collaborative mission execution 
in unknown dynamic environments. 

3.4 Revenue constraints 

The revenue constraints in UAV cluster task assignment mainly include time revenue, energy revenue 
and mission revenue. For different mission requirements, the gain constraints are usually in the form 
of combinations as the gain functions of UAV cluster task assignment. 

The following research is relevant for UAV clusters performing revenue constraints. In [32], 
developed a minimized flight time strategy for UAV cluster tasks to maximize UAV cluster task gains 
in the presence of wind fields. In [33], the time minimization problem of UAV cluster performing 
information gathering tasks was considered, and an optimization algorithm for minimizing the time 
of UAV cluster tasks was proposed. In [34], a distributed relay decision algorithm was proposed to 
optimize the energy consumption of a cluster of UAVs while performing a task. 

4. Method of assigning UAV cluster tasks 

UAV cluster task assignment can be regarded as a complex combinatorial optimization problem, and 
how to solve the correspondence between UAV cluster members and various tasks, as well as 
including satisfying constraints such as resource constraints, time constraints, revenue constraints, 
and other constraints and task requirements, which requires a more intelligent task assignment method 
to support. The current UAV cluster task assignment methods are shown in Fig. 3. 
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Fig. 3 Method of UAV cluster tasks assignment 

4.1 Centralized task assignment methods 

For the centralized task assignment method, the UAV cluster uploads its status information (e.g., 
range, wear and tear, on-board equipment, etc.) and task information (e.g., cost, mission benefit, etc.) 
to the ground control center, which integrates the global information and then formulates and 
implements a reasonable task assignment plan for the UAV cluster. However, the centralized task 
assignment method requires the integration of global information and relies more on the ground 
control center, so its timeliness, flexibility and robustness are low, and it is suitable for solving small-
scale, static and deterministic problems. The common centralized task assignment methods are 
optimization methods and heuristics. 

4.1.1 Optimization methods 

The optimization method is based on the constraints to find the solution that makes the indicator 
function reach the extreme value, and if there is a global optimal solution for the problem to be 
optimized, the solution can be found using the optimization method. However, when the problem size 
is too large, too much pursuit of optimization accuracy is bound to greatly increase the computational 
effort and the time lost in solving, so the optimization method is suitable for solving small-scale UAV 
cluster task assignment. Among them, exhaustive searching method, integer planning method, 
constraint planning method, and graph theory method are several common optimization methods. 

The principle of the exhaustive searching method is simple, by listing all feasible solutions one by 
one to find the optimal solution, this method is suitable for discrete and small-scale task assignment 
problems. For example, in [35], a low-complexity iterative algorithm based on the exhaustive 
searching method was proposed to optimize UAV deployment and resource assignment. 

The integer planning method is based on the established objectives and solves small-scale task 
assignment problems by establishing constraints and objective functions. Commonly used integer 
planning methods include matrix assignment method, simplex method, Hungarian method, branch-
and-bound method, etc. For example, in [36], the stochastic multicriteria acceptability analysis-2 was 
extended and combined with an integer programming approach to solve the multi-objective task 
assignment problem for UAV cluster in an uncertain environment. 

Constraint planning method is composed of both variable set and constraint set, and all variables in 
the variable set have their own corresponding value domains, and the values of variables can only be 
selected from their value domains, it is a common method for solving combinatorial optimization 
problems. 

The graph theory method is used to represent the characteristics of the task and the members receiving 
the task by graphical means, and at the same time, the matching between the task and the system 
members is established by the graph theory method. The network flow model and the even graph 
matching model are two classical graph theory task assignment models. 
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4.1.2 Heuristic methods 

Heuristic methods are used to find a locally optimal or satisfactory solution in an acceptable time by 
reconciling between the algorithm time and the solution result. Among them, list programming, 
cluster and intelligent optimization methods are several common heuristics. 

List planning method is to process the order of tasks by establishing a priority function, and then, 
assign the tasks to individual members according to the processed task order. The most common list 
planning methods are dynamic list planning method, multidimensional dynamic list planning method, 
and multi-priority dynamic list planning method. 

The cluster method clusters tasks as a cluster, stops cluster when the number of task cluster and system 
members reaching agreement, and then implements matching. For example, in [37], a hierarchical 
task resource assignment algorithm based on cluster of feature weights was proposed to solve the task 
resource assignment problem of large-scale UAV cluster and ensure that no conflicts occur in the 
actual task execution of UAV cluster. 

Intelligent optimization methods are widely used to optimize the solution of task assignment problems 
by using modern intelligent optimization algorithms. The aim of this method is to find acceptable 
solutions in limited time by regulating between time spent on the solution and results achieved by the 
solution. It has the advantages of easier implementation, higher quality of solutions and simpler 
computational process. Commonly used intelligent optimization methods include swarm intelligence 
algorithms designed to simulate the self-organized behavior of various groups of animals, 
evolutionary algorithms with the advantages of intelligence, parallelism, and global optimization, and 
other intelligent optimization algorithms based on forbidden searching algorithms, simulated 
annealing algorithms. 

In terms of swarm intelligence algorithms. In [38], an improved algorithm based on particle swarm 
optimization algorithm and wolf pack algorithm was proposed to target the UAV cluster task 
assignment problem with faster convergence. In [39], inspired by the behavior of fish schools, a fish 
school heuristic task assignment algorithm was proposed to solve the problem of how to quickly and 
reasonably assign searching and rescuing tasks for UAV cluster in a harsh environment with limited 
time. In [40], a heterogeneous UAV cluster reconnaissance task assignment problem was considered, 
and an improved grouping ant colony algorithm based on ant colony algorithm was proposed to make 
the UAV cluster more efficient in performing reconnaissance tasks. In [41], a multi-objective 
quantum behavioral particle swarm algorithm based on particle swarm algorithm was proposed to 
solve the cooperative task assignment problem of heterogeneous UAV cluster. 

In terms of evolutionary algorithms. In [42], proposed the combination of greedy algorithm and 
distributed multi-objective evolutionary algorithm to effectively solve the multi-intelligence task 
assignment problem. In [43], the efficiency of UAV cluster task execution was considered, and the 
genetic algorithm was improved to effectively enhance the efficiency of UAV cluster task assignment. 
In [44], an improved algorithm based on genetic algorithm was proposed to solve the heterogeneous 
UAV cluster collaborative task assignment problem by combining coding strategies for multiple types 
of genetic chromosomes. 

In terms of other intelligent optimization algorithms. In [45], an improved algorithm based on 
simulated annealing algorithm was proposed considering task assignment and path planning for UAV 
cluster. 

4.2 Distributed task assignment methods 

In order to adapt to the increasingly variable and complex task environment, the distributed task 
assignment method of UAV cluster has become a hot topic of attention and research. For the 
distributed task assignment method, the dependence on the ground control center is significantly 
reduced, and each UAV in the UAV cluster acts as an independent agent with certain intelligence, 
and shares, negotiates and makes decisions on its own information and task information through each 
agent, so as to obtain a more reasonable task assignment plan. The distributed task assignment method 
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has the advantages of good timeliness, flexibility and robustness, but the distributed method is not 
very effective due to the poor computing power of the UAVs themselves, the low level of intelligence, 
and the poor globalization of the distributed method. The distributed task assignment method is 
suitable for solving large, dynamic and time-sensitive problems, and the distributed task assignment 
method requires a lot of communication between the UAV cluster, which also puts high demands on 
the communication capability of the UAVs. Common distributed task assignment methods include 
contract network protocol algorithms and distributed auction algorithms. 

The core of the contract network protocol algorithm is to prevent conflicts and to solve each problem 
by communication negotiation for a wide range of applications. It has two roles: publisher and bidder, 
and consists of three interaction phases: "Bidding - Winning - Confirmation". For example, in [46], 
an improved target assignment scheme was proposed based on the contract network protocol 
algorithm by considering the target assignment problem when UAV cluster perform attacks on 
multiple heterogeneous targets. 

Distributed auction algorithm refers to the process by which a buyer, with a clear understanding of 
the auction rules, uses open bidding to determine the price of a specific item, and finally resells the 
auctioned item to the highest bidder. An auction mainly consists of elements such as participants, 
auction items, revenue function and response strategy. For example, in [47], the problem of dynamic 
assignment of UAV cluster tasks and resources was considered, and a solution is proposed by 
combining the auction algorithm with the consensus algorithm. In [48] The auction algorithm was 
improved by introducing a hierarchical decision mechanism and an improved objective function, 
which effectively enhances the efficiency of dynamic task assignment for UAV cluster. 

4.3 Hybrid task assignment methods 

For the hybrid task assignment method, it is to divide the UAV cluster into several UAV subgroups 
according to certain rules, and different task assignment methods (centralized or distributed) are 
adopted between and within the subgroups for task assignment. Since the hybrid task assignment 
method has the characteristics of both centralized task assignment method and distributed task 
assignment method, it has the advantages of good globalization, high solution accuracy, flexibility 
and timeliness, etc. However, since the hybrid task assignment method requires tedious operations 
such as subgroup division, centralized calculation and distributed negotiation of the UAV cluster, the 
task assignment method is difficult to design and requires high level of intelligence and 
communication performance of UAVs. 

5. Current problems and development directions in UAV cluster task 
assignment 

Currently, researching results on UAV cluster task assignment is abundant and can be directly applied 
to existing UAV cluster systems. However, most of these researches are aimed at the expansion of 
UAV cluster systems and UAV cluster adaptive adjustment, which are difficult to be applied to 
complex situations such as incomplete information, uncertain environment, and high dynamic 
adjustment, and there is a lack of sufficient innovation in the modeling and theory of task assignment 
with UAV cluster as the object. In addition, the task assignment emerged based on UAV cluster 
intelligence is limited by the current research level, which is not yet flexible, mobile, efficient, and 
controllable to accomplish cluster tasks with high complexity coupling. UAV cluster task assignment 
still needs continuous and in-depth research and development. 

5.1 Task assignment under uncertainty 

Uncertainty is a major characteristic of modern UAV cluster performing complex tasks, and it is 
important to study UAV cluster task assignment under uncertainty conditions. At present, the level 
of UAV intelligence and autonomy still have a lot of room for improvement, and the current stage of 
UAV cluster task assignment methods is mostly based on deterministic environment, which cannot 
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handle uncertainty situations well. Therefore, more attention should be paid to the research of UAV 
cluster task assignment under uncertainty conditions. 

5.2 Dynamic and real-time adjustment of task assignment schemes 

In actual UAV cluster tasks, dynamic situations such as UAV malfunction or even destruction, new 
tasks, and unexpected threats occur frequently. In the face of the above situation, the distributed task 
assignment method is mostly used to achieve dynamic real-time task assignment. However, this 
method has certain requirements on the UAV's own computing and communication capabilities, and 
the solution is not effective. Therefore, in future research, the real-time and dynamic nature of UAV 
cluster task assignment should be highlighted, and the existing assignment method should be 
improved or a new dynamic task assignment method should be proposed. 

5.3 Task assignment for heterogeneous multi-type UAVs 

At present, the main target of UAV cluster task assignment is the same type of UAV, however, more 
and more tasks require different types of UAVs to cooperate to accomplish. How to formulate task 
assignment strategies for heterogeneous multi-type UAV cluster to perform various complex 
missions under the condition of satisfying various factors and constraints in order to optimize task 
benefits; how to use the remaining UAVs in the cluster to cooperate with each other to complete the 
tasks more effectively in case of an unexpected situation of a certain type of heterogeneous UAV; 
how to dispatch the right number of heterogeneous UAVs to the ground control center to meet the 
actual demand; and so on. In order to meet the actual demand, how should the ground control center 
dispatch the appropriate number of heterogeneous UAVs, etc. These issues are the directions that 
must be studied in depth for the task assignment of heterogeneous multi-type UAVs in the future. 

6. Conclusion 

The current UAV cluster task assignment technology is in the stage of development, and it cannot 
achieve to reach the ultimate requirements of UAV cluster in terms of quantity and control methods 
at the same time. This paper through a clearly analysis of the task types, constraints, task assignment 
methods of UAV cluster execution tasks and the current status of research on UAV cluster task 
assignment, we point out some of the current problems and future development directions that need 
to be solved for UAV cluster task assignment, which is a good reference for a comprehensive 
understanding of the research on UAV cluster task assignment. 
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