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Summary. Fuzzy logic is used to drive complex process that is difficult to formalize and describe
mathematically. To navigate, the information from distance sensors which work in the infrared spectrum radiation
is used. Fuzzy system makes decisions based on the output value depending on the input data. Making decision by
fuzzy system is due to the conversion of distinct input values to fuzzy, and determining the extent of input relevance
to any of fuzzy sets. Calculation of fuzzy operators based on framework built rules is made. The paper contains
structural diagram of motion control of autonomous mobile robot based on fuzzy logic. The system is based on
artificial neural network, which consists of input, two hidden and output layer. The simulation of autonomous
mobile robot control algorithm.
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Problem setting. The problem of control of robotic devices has covered a wide range
of researches, associated with the creation of an artificial analog of human intelligence,
development of navigation systems; modeling of individual functions and structures of robotics
control system; the researches of the impact of current and the potential factors on the
autonomous system and so on. The research results in the fields of computing, cybernetics,
synergy, bio- and nanotechnology make it possible to make predictions for the near future of
robotics intensive development as an applied science, creation and widespread adoption of
intelligent technical systems. The emphasis in theoretical and practical researches is put on the
opportunities of decision-making by the robots without human intervention.

Analysis of recent researches and publications. Fuzzy logic is widely used in the
management of complex technological processes, electronics devices [1], in diagnostic and in
expert systems [2]. A well-known class of adaptive automatic control systems which include
machinery and vehicle subsystems such as engine, transmission, brake system, steering, which
require a creation of comprehensive management action. The complete mathematical model of
the movement of autonomous mobile robot is very difficult to synthesize since a large number
of real technical solutions is based on the expert experience that is difficult to formalize.
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Method of constructing the navigation system of autonomous mobile robots using fuzzy logic elements

The work objective is to build a research the navigation systems of autonomous robot
on the basis of fuzzy logic algorithm in the control system.

The object of the research is the control system of autonomous robot equipped with the
navigation system that includes the system of sensors determining the distance to surrounding
objects.

Forward sensor determines the distance to an obstacle that gets in the corner of its
perception, left and right are placed at an angle 45 ° relative to the forward. This placement
provides maximum use of the information on accommodation of the nearby objects. The signals
from the sensors in the form of analog signals are received by the control unit, which must
calculate the direction of motion of the model (Figure 1).

Structure and functions of the navigation system of autonomous mobile robot
based on fuzzy logic. Let fuzzy system makes a choice of the variants of the solutions based
on the dependence of the output value on several input values.

Let us assume that the mathematical model of dependence of output on inputs is absent
and instead of it the base of expert rules in a fuzzy expressions «if —theny is used in terms of
linguistic variables and fuzzy sets.
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Figure 1. Diagram of the navigation system of autonomous mobile robot

Then the functionality of fuzzy decision-making system is determined by the following
steps [3]:

1) conversion of distinct input variables to the fuzzy, that is determination of degree of
compliance of inputs with each of the fuzzy sets;

2) calculation of the rules based on the use of fuzzy operators and the use of implication
to obtain output values of the rules;

3) aggregating of fuzzy outputs of the rules into general output value;

4) converting of fuzzy output of the rules into distinct value.

The structure of the system with the fuzzy logic is shown in fig. 2. This scheme consists
of input, of two hidden and of output layer.

The first layer shows a system inputs, the second layer — fuzzy linguistic variables, the
third layer — the rules on fuzzy variables, the fourth layer — outputs of the rules. Scales of all
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the layers except the last are equal to 1. Scales of the ties between the layer of the rules and the
output layer are defined by the learning algorithm.
Inputs X = (xj|i=1..n) and the output y are distinct controlled values. Each parameter x;,

i=1..n has fuzzy equivalent in the firm of a linguistic variable X, = {AH | j=1..m, } Linguistic

variable i )Zi consists of m;j terms Aij, each of which is a fuzzy set.
The rules Rk, k =1..N check the meanings of each linguistic variable, so the maximum

n

possible number of rules is equal to N, =[] m; - The real number of the rules we will denote
i=1

by N < Nmax. The output of the rule — is the linguistic variable, which takes the value of one of
the terms Bj. To summarize the rules we will conduct the aggregation of their fuzzy outputs
into a single fuzzy set with its subsequent conversion to a distinct output value y.

Phasing deals with the clear converting of distinct input values to fuzzy sets. For this we
will use the singleton model [4].

While phasing the clear input xi the degrees of its compliance with every linguistic term
A, j with respective membership functions are determined.

Let us formulate the rules for fuzzy logic conclusion. Fuzzy input values of the system
are converted to output on the basis of the rules of fuzzy logic, which is typical for expert
decision-making systems. As the decision-making system performs conversion of values n of

input linguistic variables X = {)Zi | =1..n} into linguistic output. The rules R accumulate the

knowledge of experts in the form of fuzzy R = A — B, which can be regarded as a fuzzy set
on the Cartesian product media of input and output fuzzy sets. The process of obtaining the
fuzzy result from the fuzzy input sets based on knowledge A — B we will depict in this form

B'=AeR=Ae(A—>B), 1)

where ¢ — is a composite rule of fuzzy inference.

We will use maximum of composition for fuzzy inference and we will realize fuzzy
implication by means of finding a minimum of the membership functions.

To simulate the work of an expert system according to the scheme of implication we
will use a set of fuzzy rules, each of which is constructed as a conditional operator:
if — is logical expression, then — is an operator, where logical expression — is the statement
which is built on the bases of basic logic operations on fuzzy values; operator — is a resulting
decision. The rules can determine the ratio of compliance (is) between the input linguistic

variables X and theirfuzzyterms{A'j | j=1,...n; ] =1,...mi}. The use of conditional fuzzy rules

is natural for knowledge representation by the experts and simplifies its mechanical processing.

In general, the rule may include all possible combinations of linguistic terms for each
input variables, combined by the logical operations. It should be noted that by means of
conversions of fuzzy sets any rule containing in the left part a conjunction and disjunction, can
be transformed into a system of rules in the left part of which will be only just conjunctions, or
just disjunctions. To determine the fuzzy conjunction the finding of the minimum can be used,
and for fuzzy disjunction — the finding of the maximum of two membership functions. Not
reducing generality, we will consider the rules that are based on the basis of conjunction. Let
us consider the model of Mamdani (Mamdani) [5]. Mamdani model operates only with
linguistic variables and with the fuzzy sets and transforms fuzzy inputs into fuzzy outputs
unclear [6]. For Mamdani model the rules will look like

R, :if )Zl is A, and..and )Zn is A, then Y is B, . (2)
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where A, € X, — are the fuzzy sets for inputs and B, € B — are fuzzy sets for the output
linguistic variable that are used in k-th rule (k = 1..N). Operation and is interpreted as t —a norm

of fuzzy sets.

Fuzzy logic is introduced into the algorithm control by the elements of human thinking.
In this connection, the usual mathematical model of the process is not the basis for the design
of the models based on fuzzy logic. Controllers that are designed by this method for the
realization of human thinking are «programmed» using the language of fuzzy logic, realized
through the membership functions, rules and their interpretation. Modeling of the control
algorithm of this autonomous system is achieved through a package MATLAB FUZZY
Toolbox. Which includes the algorithm (mamdani), which operates the knowledge bases that

are transparent and are intuitively clear are shown in fig. 2.
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1. If (right. Sensor is close) and (forvard. Sensor is close) and (left. Sensor is close) then (move is Stop) (1) »
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Figure 2. Base rules simulated in MATLAB

Setting the direction of the motion depending on the input value:
—0..100, motion is carried to the left;

—100..150, motion is carried to the left;

—150..250, motion is carried to the right;

—0..15 stop.
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Figure 3. Structure of distinct output values MATLAB
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Figure 4. Structure of the control algorithm in the environment MATLAB
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Fuzzy output for navigation system of autonomous mobile robot

Let the base of fuzzy rules of decisions-making includes determined by the experts
dependencies of the change of direction of autonomous model on the indicators of the
interference sensors.

We will introduce linguistic variables: signals of the left, forward and right sensors (low,
medium, high); motion of the model (stop, to the right, straight, to the left).

Here are a few of the possible rules:

R1: if the left sensor has high level and low forward and low right then the motion of
the model is to the left;

R2: if the left sensor has a low level and low forward and low right then the motion of
the model is straight;

R3: if the left sensor has a low level and high forward and high right then the motion of
the model is to the right;

R4: if the left sensor has a low level and low forward and right low then the model stops.

right.Sensor = 96.8 forvard.Sensor = 112 left. Sensor = 56.8
move = 122

N
]
/l
>

0 255 0 255 0 255

Figure 5. Structure of the input values and sensor output AMR

Conclusions. The designed model makes it possible to choose the optimal control of
the motion of robot for a given route based on data from the sensors and the use of the base of
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formation rules of the output signal of control. Apparatus of fuzzy logic has several advantages,
such as flexible response to variable dynamic processes; improvement of the accuracy of
processing of the inputs; reduction in time to make decisions through the system of simple
flexible linguistic rules that affect directly the accuracy and speed of decision making in rapidly
changing environment where the studied model is situated.
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METO/I IOBYJ1OBU CUCTEMM HABITAIIIl ABTOHOMHOTI'O
MOBLJIBHOTI'O POBOTA I3 BUKOPUCTAHHSM EJJEMEHTIB
HEYITKOI JIOT'IKHA

Muxaiijo Iasamap’; Anaroaiii Ioixaso?;
Muxaiizio Ctpem6inbkuiil; Bomogumup Crpemoinnbkuiil

Y Teprnoninbcokuii nayionanvruii mexuiunuii ynisepcumem imeni lsana Ilynios,
Tepnonins, Ykpaina
2Hayionanvuuti yenmp YRpasiinua i 6unpoOyeans KocmiuHux 3acobis,
Kuis, Ykpaina

Pe3ztome. Buxopucmanna Heuimkoi 7102iKu 3HAXOOUMb 3ACMOCY8AHHA Y KepYBAHHI CKIAOHUMU
MEXHON0IUHUMU NpoYecaMu, AKUll CKIA0HO Qopmanizysamu ma onucamu mamemamuyno. /[na uasicayii
sUKOpUCmosyecmucs  ingopmayis 6i0 oasavie Gidcmawi, AKIi nNpayioiomv 8 IHOPAYEePEOHOMY CHeKmpi
sunpominoganns. Heuimka cucmema npuiimae piwieHtsi Ha OCHOGI 3A1€AHCHOCMI BUXIOHOT BeIUYUHU 8i0 6XIOHUX
Ooanux. Ilputinamms piuieHHs HeyimKow CUCMeMOI0 8i00)8a€mbCs 3a PAXYHOK NepemeopenHs YimKux 6XiOHUX
3HAYEHb Y HEeYimKIi, Ma GU3HAYEHHs CIYNeHsl 6i0N0GIOHOCMI 6X0018 KOJCHIN I3 HeuimKux MHOicuH. IIposooumbcs
00YUCTIeHHA HeYIMKUX Onepamopis Ha 0cHo8i basu nobyoosanux npasui. Hasedeno cmpykmyphy cxemy cucmemu
KepyBaHHs PYXOM ABMOHOMHO20 MODLIbHO20 poboma na ocnogi neuimkoi noeiku. Cucmema nody008ana Ha OCHOGI
WMyyHOI HetPOHHOT Mepedici, KA CKAA0AEMbCS 3 8XIOH020, 080X NPUXOBAHUX Mma GuxioHozo wiapy. I[Iposedeno
MOOETIOBAHMNSL ANICOPUMMY KEePYBAHHS A8MOHOMHO20 MODILIbHO20 poboma.

Kniouosi cnosa: cunepeemuxa, cucmema Hagicayii, Hewimka Jjocika, 6azamowaposa WmyyHa
Hetipomepedica, pazugixayis.
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