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ABSTRACT

A research was conducted to form an approach to the design and implementation of a multi-agent
control system of smart elements for a “Smart house”. The system was built on the example of three
intelligent robots. In the architecture of the system under development, the main part is the subject-
independent multi-agent kernel, which includes the following basic components. direct access service,
the messaging service, agent class library, agent community, ontology. It was found that the multi-
agent approach using ontologies in the framework of this problem significantly exceeds traditional
methods in efficiency. The experimental part includes a description of scenarios for organizing the
functioning of smart elements in a multi-agent system. This system simulates the adaptive, remote and
almost independent functioning of the intelligent objects of the “Smart House”. The developed
scenarios have shown the feasibility of applying this approach for a wide class of objects, such as a

"Smart house".
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1. Introduction
Today, the issue of creating intelligent systems
(IS) in certain areas of science and industry is
very relevant, which could greatly simplify the
search and access to the necessary (relevant)
information for engineers and scientists in huge
storage  facilities. The construction and
implementation of intelligent systems based on
the formalization and reuse of knowledge is a
promising direction in the practical application of
artificial intelligence methods in software
systems [1, 2]. The basis of such systems is a
formalized representation of knowledge about the
subject area, for example, in the form of ontology
[3]. The definition of ontology by Gruber as a
specification of a certain conceptualization leaves
open the question of choosing a formal apparatus
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and language tools for constructing such a
specification. Unresolved are the tasks of
analyzing and identifying the essence of the
ontological  description of the  domain,
determining its  inherent limitations and
advantages. This requires the construction and
study of formal models for various aspects of
ontological modeling [4].

The architecture of modern IS is based on
ontologies formed for a given subject area. In the
process of implementing IS, the stage of the
initial formation of such an ontology and its
further filling with new knowledge is difficult. In
modern conditions of increasing the complexity
of information and the process of its processing, a
situation more and more often arises in which not
only a person, but even an algorithmic method of
processing become ineffective. These situations
require flexible processing methods. One of these
methods is the method of constructing multi-
agent systems [5, 6].

Work management systems are a good example
of the use of intelligent agents. Works can have a
wide range of artificial sensory organs (sensory
elements) and artificial effectors (manipulators,
pedipulators). We are talking about robotic
devices that perform tasks associated with
movements in space. The activity and autonomy
of robots are closely related to the availability of
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action planning tools, task solution support
systems, and intellectualization, in addition to
owning a knowledge processing system, involves
developed communication tools of various levels,
up to natural language communication tools [5,
71.

An integral attribute of intelligent robots is the
presence of a special planning subsystem that
makes up the program of action in real
environmental conditions, which are determined
by the sensors of the robot. To plan activities, the
robot must have knowledge of the properties of
the environment and the ways to achieve goals in
this environment [8].

The aim of the article is to describe the approach
to creating a multi-agent object management
system “Smart Home”, based on the use of
ontological ~ engineering and  multi-agent
technology.

2. Materials and Methods
The main task is to build a multi-agent system for
intelligent robots and incorporate ontologies in
their architecture, for adaptive interaction with
each other [9, 10].
In the architecture of the system under
development, the main part is the subject-
independent multi-agent kernel, which includes
the following basic components (Fig. 1):

1. Direct access service provides direct access of
the visual part to the attributes of agents. At
the same time, the visual part can
communicate with agents using messages,
but the use of this subsystem is, firstly,
faster, and secondly, has more opportunities
for operating agents.

2. The messaging service is responsible for
transferring messages both between agents
and between agents and additional kernel
systems.

3. Agent class library is part of the knowledge
base that contains information about what
types of agents are used as part of IS. To
increase the flexibility of the system, the
information in this directory can be
supplemented with external extensions
through the interface.

4. Agent community - a place where agents are
located. This block, in addition to the vital
activity of agents, also provides functions
for loading / writing agents and their
properties and for optimizing work with
resources.

5. Ontology is a subject knowledge base
containing specific knowledge about a
subject (logistics), which are presented in
the form of a semantic network.

Messaging Community of l_,_‘ Agf:‘m Class
service Ll?rary

Direct access
service

Fig. 1. Architecture of the multi-agent system kernel

When an agent is developed, it is necessary, first,
to determine the area of technological activity of
the agent and the methods that are provided as
part of this activity [11]. These definitions should
be described in a single unique form for the
system, which is an “ontological description:
[Field of knowledge] / [Field of technological
activity] / [Section of technological activity] /
[Action] / [Option].

In order for the developer to be able to uniquely
correctly describe the activities of the agent, he
selects the sections in the description from those
provided by the parent class [12]. The ontological
description for an individual agent is specified for
each method that the agent provides [13].

The ontological parent class must include the
maximum possible description of the "world", so
that the developer can choose the description for

the agent method that is the only correct one [14].
Also, the parent class must provide data for each
section of the “ontological description” so that
there is no confusion in the assembly order.
When an agent connects to the system, it passes
its ontological descriptions to the server [15].

In Fig. 2, we consider the main actions of the
agents and the server agent (hereinafter referred
to as the server) related to the ontology. First of
all, the interaction of agents, most likely, begins
with an “ontological request” to the server. The
ontological  request is an  “ontological
description”, only directed to the server [16].
After that, the server, in its knowledge base,
checks the “ontological descriptions™ available in
it with the received “ontological request” and, if
it finds a match, gives the agent parameters and
the address of the agent / request method. After
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that, the agent who sent the request sends a
request to the agent, with the data in the form of a
structure containing parameters. The responsible

agent also transmits data in the form of a special
structure for the response.
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Fig. 2. A diagram of the agents interaction in a multi-agent system

Run Time Multi-Agent Execution System - a
subsystem that provides asynchronous execution
of agent programs upon transition from one state
to another (agent manager) and message passing
between agents, in which the agent receives a
“quantum” of time for event processing and then
returns control to the dispatcher for promotion

Scenes

the following agents, that is, agents work
synchronously. Part of this system is the Agent
Inspector and Agent Log (agent conversation
log), showing all messages between them (Fig.
3).

In Fig. 4 shows the class diagram used in the
created multi-agent system.
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Fig. 3. The structure of the adaptive planning module
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Fig. 4. UML Class Diagram

3. Results and Discussion

For example, three smart devices were taken: a
vacuum cleaner (hereinafter Agent A), a
refrigerator (hereinafter Agent B) and a television
(hereinafter Agent C). Since each of the selected
objects has several functions, we can say that
they are not just agents, but an organization of
agents. Schematically, such a multi-agent system
is shown in Fig. 5 - 7.

To test the implementation of ontology as a
knowledge base of a multi-magnet system of
smart robots, several scenarios were developed.

3.1. Scenario #1

Now a very important problem for smart vacuum
cleaners is that they try to clean objects that
cannot be cleaned with their help, because the
situation is only getting worse, and you need to
apply wet cleaning both for the floor surface and
for the vacuum cleaner itself. For such situations,
it was decided to add the opportunity to learn to
the functionality. So suppose that the vacuum
cleaner received a request to clean an object of
incomprehensible consistency.

Organization - Agent A

Remote control

Voice control

Fig. 5. Agent A, organization of internal agent-functions

Organization - Agent B

Remote control

=

Auto-scan the room

Display information

‘Voice control

Fig. 6. Agent B, organization of internal agent-functions

International Journal of Industrial Engineering & Production Research, December 2020, Vol. 31, No. 4


https://ijiepr.iust.ac.ir/article-1-1131-en.html

[ Downloaded from ijiepr.iust.ac.ir on 2025-07-16 ]

Approach to Organizing the Functioning of Smart Elements in the Multi-Agent “Smart
House” System

575

Organization - Agent C

Voice control

Auto-scan the room

Remote control

Display information

o Sound playback

Fig. 7. Agent C, organization of internal agent-functions

4. Conclusion
The article sets out an approach to designing and
implementing a multi-agent smart home control
system for the Smart Home, and conducted
scenario experiments on them.
It was found that the multi-agent approach using
the ontologies of the selected problem
significantly exceeds traditional methods in
efficiency, since it allows you to take into
account a much larger number of factors,
increases the adaptability of such a system and
reduces the time it takes the user to work with it.
This system simulates the adaptive, remote and
almost independent operation of the intelligent
objects of the Smart Home. The experimental
part showed a significant right to the existence of
such a system, as well as a significant advantage
over others. Compared with other types of
control, as can be seen from Fig. 8, with the help
of model 4, the time savings increased by 40-
60%, and in the future it can be an even larger
percentage. This proves the significant advantage
of the adaptive control model over others. The
developed scenarios provided not only a way to
solve some problems, but also showed ways of
future development of the system and its
application on large-scale examples.
Another important conclusion is that voice
control involves specific phrases and in a specific
language, which are embedded in each object.

g 4 9 NE 2 % 3 L

==Ndpdel 1 =DNModel2

157 62 66 M TS W B4 B8 92 97 101 106 110

=—nfodel 3  ==Nodel 4
Fig. 8. Graph showing the estimated time savings of using smart robots

This is not always convenient, therefore it will be
advisable to further develop the system in the
direction of applying acts of speech. This will
definitely make it easier for the user to work with
such a system from the very first steps, and the
system will become more flexible and even more
adaptive.
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