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Annotation: The paper considers an approach to using multi-agent collaborative robotic systems 

with adaptive sensor fusion for monitoring and mitigation of emergency situations. A system 

architecture is proposed in which a group of mobile robots cooperatively collects, integrates, and 

analyzes sensor data to form a consistent representation of the environment and support decision 

making. It is shown that the use of adaptive sensor information integration increases the system’s 

robustness to noise and failures of individual agents. The presented results of numerical simulations 

confirm the effectiveness of the proposed approach under dynamic and uncertain conditions.. 
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Анотація: У роботі розглядається підхід до використання багатоагентних колаборативних 

робототехнічних систем із адаптивною сенсорною інтеграцією для моніторингу та ліквідації 

надзвичайних ситуацій. Запропоновано архітектуру системи, у якій група мобільних роботів 

кооперативно збирає, інтегрує та аналізує сенсорні дані для формування узгодженої картини 

середовища та підтримки прийняття рішень. Показано, що використання адаптивної інтеграції 

сенсорної інформації підвищує стійкість системи до шумів і відмов окремих агентів. Наведені 

результати чисельного моделювання підтверджують ефективність запропонованого підходу у 

динамічних та невизначених умовах. 

Ключові слова: multi-agent systems, collaborative robots, sensor fusion, adaptive systems, 

emergency response. 

 

Emergency situations are characterized by spatial scale, rapid change of the situation and high 

level of risk, which complicates their effective monitoring and liquidation. The use of individual 

autonomous robots is limited due to their local observation zone and computing resources, while 

groups of robots are able to provide spatiotemporal coverage of the environment and increased 

reliability due to redundancy. The Industry 5.0 paradigm emphasizes human-oriented, adaptive and 

interpretable systems that combine the autonomous capabilities of artificial intelligence with human 

control and responsibility. 

The purpose of this work is to develop and analyze a multi-agent collaborative robotic system 

with adaptive sensor integration to increase the effectiveness of monitoring and supporting the 

liquidation of emergency situations. 

The proposed system consists of a group of mobile robot agents, each of which is equipped with a 

set of sensors for sensing the environment and its own state. Sensor data from individual agents are 

combined using adaptive sensor integration mechanisms that take into account the level of credibility 
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and reliability of each information source. This allows for the formation of a consistent map of the 

environment and the assessment of risks taking into account the spatial distribution of hazards. An 

example of implementations of the multi-agent architecture of the system is presented in Figure 1. 

 

 

Figure 1. - Multi-agent system architecture diagram 

 

Agent coordination is carried out through distributed coordination algorithms that ensure conflict 

avoidance, optimal coverage of the territory and adaptation to the loss of individual robots. The 

operator remains in the control loop, receiving generalized information and the ability to adjust the 

mission or behavior of the group of agents. 

Numerical modeling was carried out for scenarios of monitoring of technogenically hazardous 

areas with random sources of risk. The results showed that the use of a multi-agent approach allows 

reducing the time for detecting dangerous areas by 30–40% and increasing the accuracy of risk 

localization compared to single robots. Figure 2 shows a graph comparing Environment Coverage vs 

Time. 

 

 

Figure 2. - Environment Coverage vs Time 
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To assess the impact of the number of agents on the effectiveness of monitoring, a comparative 

analysis of the main performance indicators of a multi-agent system in emergency situations was 

conducted. The analysis allows us to quantitatively characterize the speed of detection of dangerous 

zones, the accuracy of their localization, and the system's resistance to failures of individual robots. 

The results obtained reflect the dependence of monitoring efficiency on the level of agent cooperation 

and adaptive data integration. The generalized numerical values of the indicators are given in  

Table 1. 

 

Table 1. - Comparison of monitoring effectiveness 

Number of agents Risk detection time, s Localization accuracy Failure tolerance 

1 30 0.65 Low 

3 18 0.82 Medium 

5 12 0.91 High 

 

According to Table 1, increasing the number of agents from 1 to 3 reduces the risk detection time 

from 30 s to 18 s, i.e. by 40%, and when using 5 agents - to 12 s, which corresponds to a 60% 

reduction compared to a single robot. The localization accuracy increases from 0.65 to 0.82 and 0.91, 

respectively, which means an increase of 26% and 40% in relative terms. At the same time, the 

system's resistance to failures goes from low to high, which indicates a significant increase in the 

reliability of monitoring in multi-agent mode. 

CONCLUSIONS. It is shown that multi-agent collaborative robotic systems with adaptive sensor 

integration are an effective tool for monitoring and eliminating emergencies. The proposed approach 

provides increased response speed, accuracy of risk assessment, and resilience to individual agent 

failures. The results obtained confirm the feasibility of using such systems within the framework of 

the human-oriented Industry 5.0 paradigm. 
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