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Abstract 

 

The article considers modern methods, models and algorithms for a collaborative 

robots group decentralized control, conducts a comparative analysis, identifies the 

main advantages and disadvantages. Particular attention is paid to the problems of 

scalability, coordination and adaptability in dynamic environments. The need to 

develop new approaches to increase the efficiency of such systems in the context of 

modern challenges in robotics is outlined. 
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Introduction 

 

A collaborative robots group decentralized control is one of the key topics in 

modern robotics, which is gaining particular relevance in the context of the transition 

to Industry 5.0 [1]-[7]. Unlike Industry 4.0, which is focused on the automation and 

digitalization of production processes, Industry 5.0 focuses on the harmonious 

coexistence of humans and technologies, ensuring sustainable development and 

increasing the level of personalization of production [5]-[11].  

In this context, groups of collaborative robots play a central role, as they are able 

to provide flexibility, autonomy and effective interaction in dynamic environments. 

Various methods and approaches can also be used here [12]-[34]. Research into 

methods, models and algorithms for decentralized control is an important step in 

solving many applied problems related to distributed computing, cooperative execution 

of complex tasks and resource optimization in multi-robot systems. 
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Despite significant progress in this area, there are a number of challenges related 

to ensuring the stability and consistency of robot actions, as well as the adaptation of 

algorithms to unpredictable changes in the environment. Of particular interest are 

issues of synchronization, interaction under conditions of limited information, as well 

as modeling robot behavior in the context of swarm intelligence, game theory and 

multi-agent systems [35]-[44].  

The results of research in this area have not only theoretical but also practical 

value, as they contribute to the creation of effective solutions for application in such 

areas as production automation, logistics, agriculture, rescue operations and research 

of hazardous environments.  

In this regard, the analysis of existing methods, models and algorithms of 

decentralized control is necessary to determine the current state of research, identify 

their advantages and disadvantages and form prospects for further development that 

meets the requirements of Industry 5.0. 

 

Related works 

  

The increasing implementation of the principles of the Industry 5.0 concept has 

led to the emergence of new challenges. Among them, we note the emerging need to 

control a group of robots. Many scientists have been working on solving this problem  

Multi-robot driving is a difficult problem [45]. The article [45] discuss how 

human-robot collaboration and dialogue provide an effective framework for achieving 

this. 

The study [46] proposes a unified group coordinated control scheme for 

networked multi-robot systems having multiple targets. There is noted that inspired by 

the group activities of natural swarms (e.g., a flock of birds, a colony of ants, etc.), a 

fleet of mobile robots can be collaboratively put into work to accomplish complex real-

world tasks. So, this is swarm method. 

Scientists in [47] identify three core aspects of “Multi-agent” human-robot 

interaction systems that are useful for understanding how these systems differ from 

dyadic systems and from one another. Especially they consider systems containing 

more than two agents (i.e., having multiple humans and/or multiple robots). They 

summarize key observations from the current literature, and identify challenges and 

promising areas for future research in this domain. 

The author in [48] notes that Mivar decision-making systems can control groups 

of small robots and even an unmanned autonomous car in real time. 
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Enthrakandi Narasimhan, G., & Bettyjane, J. in [49] two co-operating mobile 

robots with a multilayer control system which utilizes Boolean logic to enable the 

significance of a relative behaviour. They try to control the robots in uncontrolled 

environment and also in multitasking environment. 

Sathyan, A., & Ma, O. in [50] introduce an approach of collaborative control for 

individual robots to collaboratively perform a common task, without the need for a 

centralized controller to coordinate the group. They use multiple robots performing a 

collaborative task to achieve a common goal. 

Researchers in [51] propose a Decentralized Ability-Aware Adaptive Control to 

implement multi-robot collaboration that is extremely challenging due to the different 

kinematic and dynamics capabilities of the robots, the limited communication between 

them, and the uncertainty of the system parameters. 

So we see that the issues of robot group control are very diverse. Further in this 

article we will consider methods, models and algorithms of decentralized robot group 

control. 

Classification of modern methods, models and algorithms for a collaborative 

robots group decentralized control 

A collaborative robots group decentralized control is a hot topic in robotics, 

especially in the context of Industry 4.0 and Industry 5.0. The main goal of 

decentralized systems is to ensure the operation of a group of robots without a single 

control center, using local interaction and data exchange between robots. Let us classify 

existing methods of a collaborative robots group decentralized control in the context 

of Industry 5.0, which is presented in Figure 1. 

Let us conduct a comparative analysis of methods for a collaborative robots 

group decentralized control, identify their advantages and disadvantages, and present 

the results in Table 1. 

The presented methods (Fig. 1 and Table 1) of for a collaborative robots group 

decentralized control have significant potential, but at the same time they face a number 

of significant limitations that complicate their effective application. Distributed 

algorithms, although they ensure the stability of the system and its scalability, are often 

unable to provide a high level of coordination between robots in large groups, which 

can lead to uncoordinated actions or conflicts in the performance of tasks. 
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Figure 1: Classification of methods for a collaborative robots group decentralized 

control  

 

The lack of complete information due to the locality of decision-making also 

limits the accuracy and efficiency of such systems. Swarm intelligence algorithms 

demonstrate excellent adaptability to changes in the environment, but their tendency to 

local extremes and the inability to always guarantee a globally optimal solution create 

risks for solving complex tasks. In turn, algorithms based on game theory provide high 

efficiency in resource allocation, but their computational complexity and vulnerability 

to unfair actions or failures of individual system components can significantly reduce 

the reliability of operation. 

 

 

Table 1: Comparative analysis of methods for a collaborative robots group 

decentralized control 

Method Description Advantages Disadvantages 

Distributed 

algorithms 

In these algorithms, 

each robot makes 

decisions based on 

local information 

(obtained from 

sensors, 

neighboring robots, 

or the environment) 

Lack of 

dependence on a 

central node, 

which makes the 

system more 

resilient to failures. 

Scalability: adding 

new robots does 

not require 

significant changes 

to the system. 

High complexity of 

coordinating 

actions in large 

groups. 

Limited accuracy 

due to insufficient 

information. 

Decentralized control methods 

Distributed algorithms 

Swarm [46] Intelligence 

Game theory-based algorithms 
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Swarm 

Intelligence 

Based on modeling 

natural systems 

(ant colonies, 

flocks of birds) 

High adaptability 

to changes in the 

environment. 

Ability to achieve 

optimal solutions 

without centralized 

management. 

A global optimal 

solution is not 

always guaranteed. 

Possibility of local 

extrema in search 

problems 

Game theory-

based algorithms 

Robots are 

considered as 

players who seek to 

maximize their 

benefits. The 

concept of Nash 

equilibrium is used. 

Efficiency in 

resource allocation. 

High formalization 

of the mathematical 

model 

Requirements for a 

significant amount 

of calculations. 

Vulnerability to 

malicious actions 

(in case of partial 

failure). 

 

 

All these shortcomings indicate that existing methods often do not take into 

account the specific needs of group dynamics of collaborative robots in complex and 

dynamic environments, such as flexibility in decision-making, synchronization of 

actions and data integration. This emphasizes the need for further research aimed at 

creating new or improving existing algorithms that can take into account these 

challenges and ensure high efficiency of decentralized management. 

Let us develop a classification of the decentralized management model, which is 

presented in Figure 2. 

Let us conduct a comparative analysis of decentralized control models for a 

collaborative robots group, identify their advantages and disadvantages, and present 

the results in Table 2. 
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Figure 2: Classification of decentralized control models for a collaborative robots 

group 

 

 

 

Table 2: Comparative analysis of decentralized ccontrol models for a collaborative 

robots group 

Model Description Advantages Disadvantages 

Multi-agent 

systems model 

Each robot acts as 

an agent with its 

own goals, capable 

of autonomous 

decision-making. 

Ability to perform 

complex tasks by 

distributing tasks 

between agents. 

High autonomy and 

adaptability. 

High requirements 

for creating an 

agent interaction 

model. 

Difficulty in 

ensuring 

consistency 

between agent 

actions. 

Graph-based 

distributed 

control model 

A group of robots is 

represented as a 

graph, where nodes 

are robots and 

edges are their 

connections. 

Transparency for 

modeling 

relationships and 

interactions. 

Using formal 

mathematical 

methods. 

The difficulty of 

maintaining graph 

connectivity in the 

face of dynamic 

changes.. 

Models based on 

potential fields 

Each robot moves 

in space under the 

influence of forces 

created by the 

Easy to implement 

for basic navigation 

tasks. 

The problem of 

getting stuck in 

local minima. 

Decentralized control models 

Multi-agent systems model 

Graph-based distributed control model 

Models based on potential fields 
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environment, other 

robots, or target 

points. 

Low computational 

cost. 

The inability to 

guarantee global 

optimization. 

 

 

Existing models of a collaborative robots group decentralized control 

demonstrate significant advantages, but their shortcomings limit the effectiveness of 

application in real conditions. The multi-agent system model provides high autonomy 

and adaptability of each robot, but at the same time complicates the creation of an 

effective model of interaction between agents. This can lead to problems with the 

consistency of actions, especially in the context of performing joint tasks in dynamic 

environments. The graph-based distributed control model allows for the formalization 

of robot interaction, but its application is complicated by the need to maintain the 

connectivity of the graph in conditions of constant changes, such as the failure of 

individual robots or a change in the environment. Models based on potential fields are 

characterized by simplicity of implementation and low computational costs, but they 

have significant limitations, in particular, the tendency to get stuck in local minima and 

the inability to achieve global optimization. In general, each of the models has a certain 

area of effective application, but none of them is universal for solving the problems of 

decentralized control in large groups of robots with a high degree of autonomy. These 

limitations indicate the need to improve existing approaches and create new ones that 

could take into account the complexity of modern robotic systems, in particular their 

ability to operate in a dynamic environment, interact without conflicts and effectively 

achieve common goals. 

Let us classify a modern decentralized control algorithm, which is presented in 

Figure 3. 

 

 

 

Decentralized control algorithms 

Cooperative Pathfinding 

Алгоритми самоорганізації 

Navigation by local interaction rules 
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Figure 3: Classification of algorithms for a collaborative robots group 

decentralized control  

 

 

Let us conduct a comparative analysis of algorithms for a collaborative robots 

group decentralized contro, identify their advantages and disadvantages, and present 

the results in Table 3. 

Self-organization algorithms, despite their high adaptability to changing 

conditions, have significant limitations that affect their effectiveness in the tasks of a 

collaborative robots group decentralized control.  

The use of approaches such as clustering in motion or mutual following provides 

simplicity in implementing basic tasks of resource allocation or coordination, but does 

not guarantee the performance of the system at the group level.  

The lack of clear mechanisms for controlling the general behavior can lead to 

inefficient use of resources and loss of time for error correction. Navigation based on 

local interaction rules, such as Boids algorithms, is convenient for modeling natural 

behavior, but their accuracy is insufficient for complex tasks that require a high level 

of coordination between robots. 

 

 

 

Table 3: Comparative analysis of algorithms for a collaborative robots group 

decentralized control 

Algorithm Description Advantages Disadvantages 

Cooperative 

Pathfinding 

Used to avoid 

collisions between 

robots and ensure 

the performance of 

collective tasks. 

(Algorithm A* 

with task 

distribution 

between robots. 

Algorithms D* and 

LPA*) 

Efficiency for 

complex 

navigation tasks. 

Providing dynamic 

route replanning. 

High 

computational 

costs in large 

groups. 
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Self-organization 

algorithms 

Used for clustering, 

sorting or resource 

allocation tasks. 

(Clustering in 

Motion. 

Follower-Leader. 

High adaptability 

to conditions. 

No guarantees 

regarding the 

performance of the 

system as a whole. 

Navigation by 

local interaction 

rules 

Algorithms based 

on Boids model 

movement in a 

flock, with the 

following rules of 

behavior: collision 

avoidance, speed 

equalization, 

attraction to 

neighbors. 

Easy to implement. 

High flexibility. 

Insufficient 

accuracy in tasks 

with high 

coordination 

requirements. 

 

The dependence on local information and simple interaction rules limits the 

ability to take into account global goals and the context of the entire system. 

Such algorithms are flexible in solving problems in unstable conditions, but their 

effectiveness in complex scenarios, where synchronization of actions and consideration 

of long-term strategies are required, is significantly reduced. Thus, although self-

organization methods are useful for basic tasks of decentralized control, their 

limitations indicate the need for additional approaches that could provide both 

adaptability and high accuracy and consistency of the work of a group of robots. 

 

Conclusion 

 

Analysis of existing methods, models and algorithms for a collaborative robots 

group decentralized control reveals significant limitations that limit their effectiveness 

in complex and dynamic environments. Distributed algorithms demonstrate scalability 

and fault tolerance, but their effectiveness is reduced due to limited accuracy and 

complexity of coordination in large groups. Swarm intelligence algorithms provide 

adaptability to changes, but are prone to local extrema and do not guarantee the 

achievement of global optima. Game theory-based methods provide formalization and 

efficient resource allocation, but require significant computational resources and may 

be vulnerable to partial failures. 



         Acumen: International Journal of 

Multidisciplinary Research 
                        ISSN: 3060-4745 IF(Impact Factor)10.41 / 2024 

Volume 2, Issue 2 

244      Acumen: International Journal of Multidisciplinary Research 

Multi-agent system models allow tasks to be distributed among autonomous 

agents, but the complexity of coordinating the actions of agents and high requirements 

for their interaction limit their practicality. Graph models are effective for modeling 

connections, but require constant maintenance of connectivity in dynamic conditions. 

Potential field-based methods are simple to implement, but prone to getting stuck in 

local minima, which limits their applicability to complex problems. 

Cooperative routing algorithms allow for dynamic replanning of routes, but 

require significant computational resources in large systems. Self-organization 

algorithms, although they demonstrate adaptability, do not guarantee system 

performance at the group level, while methods based on local interaction (e.g. Boids) 

have insufficient accuracy for problems with high coordination requirements. 

These shortcomings indicate the need to develop new methodologies that can 

combine adaptability, efficiency, and consistency of system operation. Modern 

approaches should take into account the increasing complexity of tasks in robotics, 

integrate elements of artificial intelligence, deep learning, and cyber-physical systems, 

while ensuring scalability, energy efficiency, and stability in dynamic conditions. 

 

References 

 

1. Chala, O., & et al. (2024). Analysis of Systems for Coordination of Enterprise 

Subsystems Control. Journal of universal science research, 2(10), 127-137. 

2. Gurin, D., & et al. (2024). MobileNetv2 Neural Network Model for Human 

Recognition and Identification in the Working Area of a Collaborative Robot. 

Multidisciplinary Journal of Science and Technology, 4(8), 5-12. 

3. Yevsieiev, V., & et al. (2024). The Canny Algorithm Implementation for 

Obtaining the Object Contour in a Mobile Robot’s Workspace in Real Time. 

Journal of Universal Science Research, 2(3), 7–19. 

4. Maksymova, S., & et al. (2024). The Bipedal Robot a Kinematic Diagram 

Development. Journal of Universal Science Research, 2(1), 6–17. 

5. Samoilenko, H., & et al. (2024). Review for Collective Problem-Solving by 

a Group of Robots. Journal of Universal Science Research, 2(6), 7-16. 

6. Yevsieiev, V., & et al. (2024). Robot Manipulator Control Systems 

Comparison within the concepts Industry 5.0 and Industry 4.0. SYNAPSES: 

Insights Across the Disciplines, 1(5), 117-127. 

7. Maksymova, S., & et al. (2024). Comparative Analysis of methods for 

Predicting the Trajectory of Object Movement in a Collaborative Robot-



         Acumen: International Journal of 

Multidisciplinary Research 
                        ISSN: 3060-4745 IF(Impact Factor)10.41 / 2024 

Volume 2, Issue 2 

245      Acumen: International Journal of Multidisciplinary Research 

Manipulator Working Area. Multidisciplinary Journal of Science and 

Technology, 4(10), 38-48. 

8. Chala, O., & et al. (2024). Switching Module Basic Concept. 

Multidisciplinary Journal of Science and Technology, 4(7), 87-94. 

9. Yevsieiev, V., & et al. (2024). Building a traffic route taking into account 

obstacles based on the A-star algorithm using the python language. Technical 

Science Research In Uzbekistan, 2(3), 103-112. 

10. Gurin, D., & et al. (2024). Using the Kalman Filter to Represent Probabilistic 

Models for Determining the Location of a Person in Collaborative Robot 

Working Area. Multidisciplinary Journal of Science and Technology, 4(8), 

66-75. 

11. Yevsieiev, V., & et al. (2024). Human Operator Identification in a 

Collaborative Robot Workspace within the Industry 5.0 Concept. 

Multidisciplinary Journal of Science and Technology, 4(9), 95-105. 

12. Sotnik, S., Mustafa, S. K., Ahmad, M. A., Lyashenko, V., & Zeleniy, O. 

(2020). Some features of route planning as the basis in a mobile robot. 

International Journal of Emerging Trends in Engineering Research, 8(5), 

2074-2079. 

13. Lyashenko, V., Abu-Jassar, A. T., Yevsieiev, V., & Maksymova, S. (2023). 

Automated Monitoring and Visualization System in Production. International 

Research Journal of Multidisciplinary Technovation, 5(6), 9-18. 

14. Matarneh, R., Maksymova, S., Deineko, Z., & Lyashenko, V. (2017). 

Building robot voice control training methodology using artificial neural net. 

International Journal of Civil Engineering and Technology, 8(10), 523-532. 

15. Lyashenko, V., Kobylin, O., & Ahmad, M. A. (2014). General methodology 

for implementation of image normalization procedure using its wavelet 

transform. International Journal of Science and Research (IJSR), 3(11), 2870-

2877. 

16. Sotnik, S., Matarneh, R., & Lyashenko, V. (2017). System model tooling for 

injection molding. International Journal of Mechanical Engineering and 

Technology, 8(9), 378-390. 

17. Maksymova, S., Matarneh, R., Lyashenko, V. V., & Belova, N. V. (2017). 

Voice Control for an Industrial Robot as a Combination of Various Robotic 

Assembly Process Models. Journal of Computer and Communications, 5, 1-

15. 



         Acumen: International Journal of 

Multidisciplinary Research 
                        ISSN: 3060-4745 IF(Impact Factor)10.41 / 2024 

Volume 2, Issue 2 

246      Acumen: International Journal of Multidisciplinary Research 

18. Гиренко, А. В., Ляшенко, В. В., Машталир, В. П., & Путятин, Е. П. 

(1996). Методы корреляционного обнаружения объектов. Харьков: АО 

“БизнесИнформ, 112. 

19. Lyashenko, V. V., Babker, A. M. A. A., & Kobylin, O. A. (2016). The 

methodology of wavelet analysis as a tool for cytology preparations image 

processing. Cukurova Medical Journal, 41(3), 453-463. 

20. Lyashenko, V. V., Matarneh, R., & Deineko, Z. V. (2016). Using the 

Properties of Wavelet Coefficients of Time Series for Image Analysis and 

Processing. Journal of Computer Sciences and Applications, 4(2), 27-34. 

21. Lyashenko, V., Matarneh, R., & Kobylin, O. (2016). Contrast modification as 

a tool to study the structure of blood components. Journal of Environmental 

Science, Computer Science and Engineering & Technology, 5(3), 150-160. 

22. Lyubchenko, V., & et al.. (2016). Digital image processing techniques for 

detection and diagnosis of fish diseases. International Journal of Advanced 

Research in Computer Science and Software Engineering, 6(7), 79-83. 

23. Lyashenko, V. V., Matarneh, R., Kobylin, O., & Putyatin, Y. P. (2016). 

Contour Detection and Allocation for Cytological Images Using Wavelet 

Analysis Methodology. International Journal, 4(1), 85-94. 

24. Ahmad, M. A., Baker, J. H., Tvoroshenko, I., & Lyashenko, V. (2019). 

Modeling the structure of intellectual means of decision-making using a 

system-oriented NFO approach. International Journal of Emerging Trends in 

Engineering Research, 7(11), 460-465. 

25. Lyashenko, V., Kobylin, O., & Selevko, O. (2020). Wavelet analysis and 

contrast modification in the study of cell structures images. International 

Journal of Advanced Trends in Computer Science and Engineering, 9(4), 

4701-4706. 

26. Lyashenko, V., & et al.. (2021). Wavelet ideology as a universal tool for data 

processing and analysis: some application examples. International Journal of 

Academic Information Systems Research (IJAISR), 5(9), 25-30. 

27. Ahmad, M. A., Baker, J. H., Tvoroshenko, I., Kochura, L., & Lyashenko, V. 

(2020). Interactive Geoinformation Three-Dimensional Model of a 

Landscape Park Using Geoinformatics Tools. International Journal on 

Advanced Science, Engineering and Information Technology, 10(5), 2005-

2013. 

28. Lyashenko, V. V., Matarneh, R., & Deineko, Z. V. (2016). Using the 

Properties of Wavelet Coefficients of Time Series for Image Analysis and 

Processing. Journal of Computer Sciences and Applications, 4(2), 27-34. 



         Acumen: International Journal of 

Multidisciplinary Research 
                        ISSN: 3060-4745 IF(Impact Factor)10.41 / 2024 

Volume 2, Issue 2 

247      Acumen: International Journal of Multidisciplinary Research 

29. Babker, A. M., Abd Elgadir, A. A., Tvoroshenko, I., & Lyashenko, V. (2019). 

Information technologies of the processing of the spaces of the states of a 

complex biophysical object in the intellectual medical system health. 

International Journal of Advanced Trends in Computer Science and 

Engineering, 8(6), 3221-3227. 

30. Khan, A., Joshi, S., Ahmad, M. A., & Lyashenko, V. (2015). Some effect of 

Chemical treatment by Ferric Nitrate salts on the structure and morphology 

of Coir Fibre Composites. Advances in Materials Physics and Chemistry, 

5(1), 39-45. 

31. Abu-Jassar, A. T., Attar, H., Lyashenko, V., Amer, A., Sotnik, S., & Solyman, 

A. (2023). Access control to robotic systems based on biometric: the 

generalized model and its practical implementation. International Journal of 

Intelligent Engineering and Systems, 16(5), 313-328. 

32. Lyashenko, V., Ahmad, M. A., Sotnik, S., Deineko, Z., & Khan, A. (2018). 

Defects of communication pipes from plastic in modern civil engineering. 

International Journal of Mechanical and Production Engineering Research 

and Development, 8(1), 253-262. 

33. Al-Sharo, Y. M., Abu-Jassar, A. T., Sotnik, S., & Lyashenko, V. (2023). 

Generalized Procedure for Determining the Collision-Free Trajectory for a 

Robotic Arm. Tikrit Journal of Engineering Sciences, 30(2), 142-151. 

34. Sotnik, S. Overview: PHP and MySQL Features for Creating Modern Web 

Projects/ S Sotnik, V. Manakov, V. Lyashenko //International Journal of 

Academic Information Systems Research (IJAISR). – 2023. – Vol. 7, Issue 1. 

– P. 11-17. 

35. Ahmad, M. A., Sinelnikova, T., Lyashenko, V., & Mustafa, S. K. (2020). 

Features of the construction and control of the navigation system of a mobile 

robot. International Journal of Emerging Trends in Engineering Research, 

8(4), 1445-1449. 

36. Lyashenko, V., Laariedh, F., Ayaz, A. M., & Sotnik, S. (2021). Recognition 

of Voice Commands Based on Neural Network. TEM Journal: Technology, 

Education, Management, Informatics, 10(2), 583-591. 

37. Tahseen A. J. A., & et al.. (2023). Binarization Methods in Multimedia 

Systems when Recognizing License Plates of Cars. International Journal of 

Academic Engineering Research (IJAER), 7(2), 1-9. 

38. Orobinskyi, P., Petrenko, D., & Lyashenko, V. (2019, February). Novel 

approach to computer-aided detection of lung nodules of difficult location 

with use of multifactorial models and deep neural networks. In 2019 IEEE 



         Acumen: International Journal of 

Multidisciplinary Research 
                        ISSN: 3060-4745 IF(Impact Factor)10.41 / 2024 

Volume 2, Issue 2 

248      Acumen: International Journal of Multidisciplinary Research 

15th International Conference on the Experience of Designing and 

Application of CAD Systems (CADSM) (pp. 1-5). IEEE. 

39. Matarneh, R., Sotnik, S., Belova, N., & Lyashenko, V. (2018). Automated 

modeling of shaft leading elements in the rear axle gear. International Journal 

of Engineering and Technology (UAE), 7(3), 1468-1473. 

40. Abu-Jassar, A. T., Attar, H., Amer, A., Lyashenko, V., Yevsieiev, V., & 

Solyman, A. (2024). Remote Monitoring System of Patient Status in Social 

IoT Environments Using Amazon Web Services (AWS) Technologies and 

Smart Health Care. International Journal of Crowd Science, 8. 

41. Lyubchenko, V., Veretelnyk, K., Kots, P., & Lyashenko, V. (2024). Digital 

image segmentation procedure as an example of an NP-problem. 

Multidisciplinary Journal of Science and Technology, 4(4), 170-177. 

42. Babker, A. M., Suliman, R. S., Elshaikh, R. H., Boboyorov, S., & Lyashenko, 

V. (2024). Sequence of Simple Digital Technologies for Detection of Platelets 

in Medical Images. Biomedical and Pharmacology Journal, 17(1), 141-152. 

43. Yevstratov, M., Lyubchenko, V., Amer, A. J., & Lyashenko, V. (2024). Color 

correction of the input image as an element of improving the quality of its 

visualization. Technical science research in Uzbekistan, 2(4), 79-88. 

44. Attar, H., Abu-Jassar, A. T., Lyashenko, V., Al-qerem, A., Sotnik, S., Alharbi, 

N., & Solyman, A. A. (2023). Proposed synchronous electric motor 

simulation with built-in permanent magnets for robotic systems. SN Applied 

Sciences, 5(6), 160. 

45. Fong, T., & et al. (2003). Multi-robot remote driving with collaborative 

control. IEEE Transactions on Industrial Electronics, 50(4), 699-704. 

46. Hu, J., & et al. (2021). Group coordinated control of networked mobile robots 

with applications to object transportation. IEEE Transactions on Vehicular 

Technology, 70(8), 8269-8274. 

47. Dahiya, A., & et al. (2023). A survey of multi-agent Human–Robot 

Interaction systems. Robotics and Autonomous Systems, 161, 104335. 

48. Varlamov, O. (2021). “Brains” for Robots: Application of the Mivar Expert 

Systems for Implementation of Autonomous Intelligent Robots. Big Data 

Research, 25, 100241. 

49. Enthrakandi Narasimhan, G., & Bettyjane, J. (2021). Implementation and 

study of a novel approach to control adaptive cooperative robot using fuzzy 

rules. International Journal of Information Technology, 13(6), 2287-2294. 

50. Sathyan, A., & Ma, O. (2019). Collaborative control of multiple robots using 

genetic fuzzy systems. Robotica, 37(11), 1922-1936. 



         Acumen: International Journal of 

Multidisciplinary Research 
                        ISSN: 3060-4745 IF(Impact Factor)10.41 / 2024 

Volume 2, Issue 2 

249      Acumen: International Journal of Multidisciplinary Research 

51. Yan, L., & et al. (2021). Decentralized ability-aware adaptive control for 

multi-robot collaborative manipulation. IEEE Robotics and Automation 

Letters, 6(2), 2311-2318. 

 


