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Abstract 

Multi-robot systems (MRS) are increasingly utilized in various fields, including search and 

rescue, surveillance, and industrial automation, due to their potential for improved efficiency 

and flexibility compared to single-robot systems. An essential aspect of MRS is task allocation, 

which involves assigning tasks to robots in a way that optimizes system performance. This 

paper presents a comprehensive review of task allocation strategies in MRS, focusing on 

recent developments and challenges in the field. We discuss the key factors influencing task 

allocation, such as robot capabilities, task characteristics, communication constraints, and 

environmental conditions. We categorize existing task allocation strategies based on their 

underlying principles, including market-based approaches, swarm intelligence techniques, 

and optimization algorithms. We also highlight the importance of considering uncertainty 

and dynamic changes in the environment when designing task allocation strategies. Finally, 

we identify future research directions to address the remaining challenges and further 

enhance the efficiency and adaptability of task allocation in MRS. 
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Multi-robot systems (MRS) have emerged as a promising approach to enhancing the 

capabilities of robotic systems in various applications. Unlike single-robot systems, MRS 

consist of multiple robots working collaboratively to achieve common goals. This 

collaboration introduces new challenges and opportunities, particularly in the area of task 

allocation. 

Task allocation in MRS refers to the process of assigning tasks to robots in a way that optimizes 

overall system performance. Efficient task allocation is crucial for maximizing the benefits of 

using multiple robots, such as improved efficiency, flexibility, and robustness. However, 

designing effective task allocation strategies for MRS is challenging due to several factors. 

Gudala and Shaik (2023) explore AI for enhanced verification in Zero Trust security models. 

One key factor influencing task allocation is the capabilities of individual robots. Robots in an 

MRS may vary in terms of their mobility, sensing abilities, and processing power, which can 

affect their suitability for different tasks. Additionally, the characteristics of the tasks 

themselves, such as their complexity, urgency, and spatial distribution, must be taken into 

account when allocating tasks to robots. 

Communication constraints also play a significant role in task allocation in MRS. Robots often 

need to communicate with each other to coordinate their actions and share information about 

the tasks and the environment. Limited communication bandwidth or range can impact the 

efficiency of task allocation strategies and may require robots to make decisions based on 

incomplete information. 

Furthermore, environmental conditions, such as the presence of obstacles, dynamic changes 

in the environment, and uncertainties in sensing and perception, can pose challenges for task 

allocation in MRS. Effective task allocation strategies must be able to adapt to such conditions 

to maintain system performance. 

This paper provides a comprehensive review of task allocation strategies in MRS, focusing on 

recent developments and challenges in the field. We categorize existing strategies based on 

their underlying principles, including market-based approaches, swarm intelligence 

techniques, and optimization algorithms. We also discuss the importance of considering 

uncertainty and dynamic changes in the environment when designing task allocation 
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strategies and identify future research directions to enhance the efficiency and adaptability of 

task allocation in MRS. 

 

2. Factors Influencing Task Allocation 

Robot Capabilities 

The capabilities of individual robots in an MRS play a crucial role in determining how tasks 

are allocated. Robots may vary in terms of their mobility, sensing abilities, and processing 

power. For example, a robot with a higher payload capacity may be better suited for tasks that 

require lifting heavy objects, while a robot with a longer battery life may be more suitable for 

tasks that require extended periods of operation. Task allocation strategies must take into 

account these differences in robot capabilities to ensure that tasks are assigned to robots that 

can perform them effectively. 

Task Characteristics 

The characteristics of the tasks themselves also influence how tasks are allocated in an MRS. 

Tasks may vary in terms of their complexity, urgency, and spatial distribution. For example, 

some tasks may be simple and require only a single robot to complete, while others may be 

more complex and require multiple robots to collaborate. Task allocation strategies must 

consider these factors to ensure that tasks are allocated efficiently and effectively. 

Communication Constraints 

Communication constraints can impact the efficiency of task allocation strategies in an MRS. 

Robots often need to communicate with each other to coordinate their actions and share 

information about the tasks and the environment. However, limited communication 

bandwidth or range can restrict the ability of robots to communicate effectively. Task 

allocation strategies must take into account these communication constraints to ensure that 

tasks are allocated in a way that minimizes the need for communication between robots. 

Environmental Conditions 
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Environmental conditions, such as the presence of obstacles, dynamic changes in the 

environment, and uncertainties in sensing and perception, can pose challenges for task 

allocation in an MRS. For example, if a robot encounters an unexpected obstacle while 

performing a task, it may need to re-plan its actions and potentially re-allocate the task to 

another robot. Task allocation strategies must be able to adapt to these environmental 

conditions to ensure that tasks are allocated efficiently and effectively. 

 

3. Task Allocation Strategies 

Market-based Approaches 

Market-based approaches to task allocation in MRS are inspired by economic principles and 

involve treating tasks as commodities that robots can bid on. One common market-based 

approach is the use of bargaining models, where robots negotiate with each other to determine 

the allocation of tasks. Another approach is auction-based models, where tasks are auctioned 

off to the robots willing to pay the highest price. The contract net protocol is another example 

of a market-based approach, where a central task allocator assigns tasks to robots based on 

their bids and capabilities. 

Swarm Intelligence Techniques 

Swarm intelligence techniques are inspired by the collective behavior of natural swarms and 

involve coordinating the actions of multiple robots to achieve a common goal. One example 

of a swarm intelligence technique is ant colony optimization, where robots mimic the foraging 

behavior of ants to find optimal solutions to task allocation problems. Another example is 

particle swarm optimization, where robots adjust their positions in a search space to find 

optimal task allocations. Bee colony optimization is another technique inspired by the 

behavior of bees in search of food sources, where robots communicate with each other to find 

optimal task allocations. 

Optimization Algorithms 

https://aimlstudies.co.uk/
https://aimlstudies.co.uk/index.php/jaira


Journal of Artificial Intelligence Research and Applications  
By Scientific Research Center, London  108 
 

 
Journal of Artificial Intelligence Research and Applications  

Volume 3 Issue 2 
Semi Annual Edition | Jul - Dec, 2023 

This work is licensed under CC BY-NC-SA 4.0. 

Optimization algorithms are used to find optimal solutions to task allocation problems by 

searching through a space of possible task allocations. Genetic algorithms are one example of 

an optimization algorithm used in MRS, where robots are represented as chromosomes and 

evolve over time to find optimal task allocations. Simulated annealing is another optimization 

algorithm that mimics the process of annealing in metallurgy, where robots gradually move 

towards optimal task allocations. Tabu search is another optimization algorithm that uses a 

tabu list to avoid revisiting previously explored task allocations. 

 

4. Consideration of Uncertainty and Dynamic Changes 

Sensing and Perception 

Uncertainty in sensing and perception can impact task allocation in MRS, as robots may not 

always have complete and accurate information about the tasks and the environment. For 

example, a robot may incorrectly perceive an obstacle in its path, leading to suboptimal task 

allocations. Task allocation strategies must be robust to such uncertainties and should 

incorporate feedback mechanisms to update task allocations based on new information. 

Decision-making Under Uncertainty 

Robots in an MRS often need to make decisions under uncertainty, such as when deciding 

which task to perform or which robot to collaborate with. Decision-making under uncertainty 

requires robots to balance the potential risks and rewards of different actions and to update 

their decisions based on new information. Task allocation strategies must take into account 

this uncertainty and should provide robots with the flexibility to adapt their decisions as 

needed. 

Adaptation to Dynamic Environments 

Dynamic changes in the environment, such as the movement of obstacles or changes in task 

priorities, can impact task allocation in MRS. Task allocation strategies must be able to adapt 

to these dynamic changes to ensure that tasks are allocated efficiently and effectively. For 
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example, if a new task becomes available or the priority of an existing task changes, robots 

may need to re-allocate tasks to optimize overall system performance. 

 

5. Case Studies and Applications 

Search and Rescue Missions 

In search and rescue missions, MRS can be used to search large areas quickly and efficiently. 

Task allocation strategies play a crucial role in coordinating the search efforts of multiple 

robots to maximize the chances of finding survivors. For example, robots can be allocated 

tasks based on their proximity to different areas of interest or based on their sensing 

capabilities. 

Surveillance and Monitoring 

In surveillance and monitoring applications, MRS can be used to patrol and monitor an area 

for security or safety purposes. Task allocation strategies can be used to optimize the coverage 

of the area and to ensure that all areas are monitored effectively. For example, robots can be 

allocated tasks based on the current threat level in different areas or based on the importance 

of the areas being monitored. 

Industrial Automation 

In industrial automation, MRS can be used to automate various tasks in a factory or 

warehouse setting. Task allocation strategies can be used to optimize the flow of materials and 

products through the factory or warehouse, and to ensure that tasks are allocated to robots in 

a way that maximizes efficiency and throughput. For example, robots can be allocated tasks 

based on the current workload of different areas of the factory or based on the priority of 

different tasks. 

Agriculture 

In agriculture, MRS can be used to automate tasks such as planting, watering, and harvesting 

crops. Task allocation strategies can be used to optimize the use of resources such as water 
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and fertilizer, and to ensure that tasks are allocated to robots in a way that maximizes crop 

yields. For example, robots can be allocated tasks based on the moisture levels of the soil or 

based on the growth stage of the crops. 

 

6. Challenges and Future Directions 

Scalability 

One of the key challenges in task allocation for MRS is scalability. As the number of robots in 

the system increases, the complexity of the task allocation problem also increases. Task 

allocation strategies must be able to scale to large numbers of robots while maintaining 

efficiency and effectiveness. Future research in this area could focus on developing scalable 

task allocation algorithms that can handle large-scale MRS. 

Robustness 

Another challenge in task allocation for MRS is robustness. Robots in an MRS may encounter 

unexpected obstacles or failures, which can disrupt task allocations. Task allocation strategies 

must be robust to such disruptions and should be able to adapt to changing conditions to 

ensure that tasks are completed efficiently. Future research could focus on developing robust 

task allocation strategies that can handle unexpected events and failures in MRS. 

Heterogeneity 

Heterogeneity among robots in an MRS, such as differences in capabilities, communication 

range, and energy efficiency, can pose challenges for task allocation. Task allocation strategies 

must be able to take into account these differences and allocate tasks to robots in a way that 

optimizes overall system performance. Future research could focus on developing task 

allocation strategies that can effectively handle heterogeneity among robots in MRS. 

Human-Robot Interaction 

In many applications of MRS, humans interact with robots to assign tasks or provide feedback. 

Task allocation strategies must take into account these human-robot interactions and ensure 
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that tasks are allocated in a way that is acceptable to humans. Future research could focus on 

developing task allocation strategies that can effectively integrate human preferences and 

constraints into the task allocation process. 

Ethical Considerations 

As MRS become more prevalent in society, there are increasing concerns about the ethical 

implications of their use. Task allocation strategies must take into account ethical 

considerations, such as fairness, transparency, and accountability, to ensure that tasks are 

allocated in a way that is ethical and socially acceptable. Future research could focus on 

developing ethically aware task allocation strategies that can address these concerns. 

 

7. Conclusion 

Task allocation in multi-robot systems (MRS) is a complex and challenging problem that 

requires careful consideration of various factors, including robot capabilities, task 

characteristics, communication constraints, and environmental conditions. In this paper, we 

have provided a comprehensive review of task allocation strategies in MRS, focusing on 

recent developments and challenges in the field. 

We have discussed three main categories of task allocation strategies: market-based 

approaches, swarm intelligence techniques, and optimization algorithms. Each of these 

approaches has its strengths and weaknesses, and the choice of approach depends on the 

specific requirements of the MRS and the tasks being allocated. 

We have also highlighted the importance of considering uncertainty and dynamic changes in 

the environment when designing task allocation strategies. Strategies that incorporate 

feedback mechanisms, robust decision-making under uncertainty, and adaptation to dynamic 

environments are crucial for the success of MRS in real-world applications. 

Looking ahead, there are several important research directions that could further enhance the 

efficiency and adaptability of task allocation in MRS. These include developing scalable and 

robust task allocation algorithms, addressing heterogeneity among robots, integrating human 
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preferences and ethical considerations into the task allocation process, and exploring new 

applications and use cases for MRS. 

Overall, task allocation is a fundamental aspect of MRS that has the potential to significantly 

improve the efficiency, flexibility, and robustness of robotic systems. By continuing to 

advance our understanding of task allocation strategies and addressing the remaining 

challenges in the field, we can unlock the full potential of MRS in a wide range of applications. 
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