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Abstract

The subject of the present paper is one of modern directions of the artificial
intelligence — the development of collective intelligence methods and their
application for the monitoring of the environmental pollution caused by
technogenic disasters, what is important and at the same time, very complex issue.
Heavy effects of radiation pollution, especially in the nuclear power and military
sectors, have created an increasing demand on instruments that can facilitate to the
identification and automatic monitoring of pollution sources, and the establishment
of safe areas in case of radiation, chemical and other hazards. Nowadays, the high
precision and sensitive equipment that enable detection and monitoring of pollution
sources and hazardous zones is demanded.

Necessity of Adaptive Optimization is caused by instability of the
environment itself, where change in the distribution area of the Objective Function
is dynamic. A Multi-Robot network should be used for a continuous environmental
monitoring in order to solve the above defined problem. The Multi-Robot System
can be interpreted as a network of autonomous, reconfigurable objects (robots),
which are capable to monitor environmental changes.

The present research is based on a wide range of modern methods of the
Artificial Intelligence (AI) such as: Evolutionary Algorithms (EAs) and Collective
Intelligence, Mathematical Modelling of Collective Behaviour and entropy metrics
in multi-objective management.

Evolutionary Algorithms represent models of a natural population and its
evolution, where population inhabitants, through their continuous evolution
(generation of new population from their predecessors with help of evolutionary
operators and the fitness function of individuals), are striving to a desired objective.
The distinctive feature of Evolutionary Algorithms is that they can achieve optimal
results in any combination of solution candidates. Therefore, future development of
Evolutionary Algorithms looks to be promising for effective solution of variety of
practical issues.

The Multi-Agent System (MAS) is one of the modern approaches of the
Artificial Intelligence, and it can be considered as an effective decision-making tool
in the achievement of individual and combined (complex) goals. The paper is based
on the Multi-Robot approach being a single case of MAS, which uses mobile robots
as its agents.

The main novelty of the research is the introduction of ‘Collective Behaviour
of Social Systems’-based concepts in the Multi-Agent Systems approach. Our
approaches can be considered as a new computing paradigm, which is based on the
Entropy and Synergy concepts relevant to the Dynamic Systems. If we consider a
complex system as an interactive, multi-agent heterogeneous chaotic system with
multidimensional, compound hierarchical structure, then, creation of the relevant
model becomes a complicated issue. The modelling of a complex system, which is
interactive, multi-agent heterogeneous, chaotic, multidimensional, with compound
hierarchical structure, is an overwhelming task. This is due to the human being, as
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a non-linear and uncertain factor, which is characterised with a high degree of
freedom of behaviour. In this context, the swarm model can be build and optimized
through the minimization of the entropy.

Our goal is the elaboration of new approaches based on artificial intelligence
methods - especially swarm behaviour modelling and collective intelligence concept
- to be applied in environmental monitoring and risks assessment, adaptive
management of the robot swarm (pilotless ground transport system among others),
navigation in uncertain conditions, support of emergency response operations and
military operations in hostile environment. We  have elaborated an
innovative approach towards the Multi-Robot system management. The approach
is based on the Collective Intelligence, and in particular the Particle Swarm
Optimization (PSO) method. Versus to the original algorithm, which can cope only
with the global optimum, the proposed one is capable to find both global and local
optimums.

The algorithm is iterative and consists of several steps: initialization,
clustering, updating, clusters merging (optional) and checking against algorithm
completion criteria.

The behaviour of spatial multi-robot system is determined by autonomous
actions of individual robots. The movement of elements in the search area is
determined by their best possible positions, which on its turn determines the best
possible position of the whole system.

For optimal solution of the problem we have introduced the concept of
‘Leader’ and ‘Outsider’ robots, and their selection criteria. It should be noted that
robots can change their roles during the algorithm processing, i.e. a ‘Leader’ robot
can become ‘Outsider’ and vice versa.

Further, search area has been clustered to speed-up large-scale data processing.
Clustering is acknowledged powerful tool for prompt data mining and processing.
We used ‘Leader’ robots and K-Means algorithms for clustering.

Different from traditional one, our algorithm dynamically computes
completion criteria. They depend on a state of the swarm and requested accuracy.
In the most cases, the dynamic selection of completion criteria makes our algorithm
much more effective, as the logic is based on the balancing of two conflicting
parameters such are time and accuracy, and finding of acceptable trade-off in this
process.

We do believe, that our algorithm is capable to promptly find an optimal
solution even in continuously changing environmental conditions.

Our computations proved that the proposed algorithm substantially reduces
the number processing operations, and thus enables to save time and resources. The
analysis of the outcomes demonstrated that our algorithm is more effective and
accurate than conventional methods. This is what we consider to be the main
achievement of our research and the work.
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