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MIOTIEPETHIX €TalliB YIPaBIiHHS PU3UKAMU 1 B aBTOMAaTH30BAHOMY PEXHMI JaBaTh
BIAMOBiI OMEPaTUBHOMY TIEPCOHATY CTaHIIH B CKJIAQAHUX TPAHCTIOPTHUX
CHUTYaIIisX, 1110 CTOCYIOThCS OpraHi3allii Ta peaisaliii mepeBizHoro mporecy [3].
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The ability of modern intelligent technologies to model the control capabilities
of a human operator, such as identifying situations, making decisions and
determining the necessary control influence, requires the construction of a
knowledge base that adequately describes the dependence of the output signal on
the current situation. The basis for generating a control signal is the completeness
and reliability of input information.

To control real dynamic objects, in particular, technological processes in
transport, it is necessary to accurately define the variables that give a complete
description of the dynamics of the control object and the environment. However, a
complete definition cannot be achieved due to the incomplete description of the
process and influencing factors, the inaccuracy of the measured data or the
impossibility of obtaining them due to the complexity of the process. The
influence of such random factors as road conditions, wear and tear of structural
elements of vehicles, wind gusts cannot be measured and taken into account,
which leads to a error of control signal.

Computer modeling of the response surface [1] shows a significant influence
of the environmental condition on the output control signal for certain inputs. A
3D graph of the dependence of the output value is shown in Figure 1.
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Fig. 1. Dependence of the response function on the state of the environment

To reduce the uncertainty of data about the state and dynamics of the object, it
IS necessary to form consistent and reliable information by processing the
maximum available amount: from heterogeneous sensors, sensory devices and
linguistic data that have a direct or indirect influence on the dynamics of the
process. Multisensory integration of numerical data and linguistic information
coming from different sources allows to combine information about the
characteristics of the object and the state of the environment to reduce uncertainty
and predict the dynamics of changes. Integration takes place programmatically
using special algorithms, creating so-called soft sensors.

Modern implementation of virtual soft sensors is performed by fuzzy logic and
neural networks. To calculate the values of the fuzzy system control signal, the
relationship between the input data is determined using classical fuzzy logic
operations. The aim is to synthesize sequential algorithms of local modules for
processing input data and to build a procedure for combining them at the inputs of
a fuzzy control system. The obtained data are the basis for the classification of the
state of the object and generation of the control signal.

At the instant of time t, the state of the object is a point in the space of
possible states given by the vector g, =(x,,x,,...x, ). The size of the space is

determined by the number of possible configurations of the input variables. The
separation of the current situations, which are formed in real time, is determined
by the control rules for the transition from a possible state to a desired one. At the
same time, the existence of a certain number of classes of comparable
configurations of input variables in the space of possible states for which control
Is equivalent is assumed.

The construction of a fuzzy control model is reduced to the search for the
mapping of the input n-dimensional vector of the state of the object and the
environment g, = (x,,x,,....X,) into the control influence Y =(y,,y,,....y,) in the

space of the output control signals [2], which can be described by Sugeno fuzzy
knowledge base in the form of rules R :
RO :IF (x, IS A AND..x ISA)THEN y = f ®(x,,..,x ), i=1..n,
where the outputs are a linear function of the input variables:
f(Xpes X, ) =C8 +C X + o+ CEX,, j=1,..m.
This requires the processing of input information, the separation of certain
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groups of sensor data coming to the input of the intelligent system, based on the
correlation of these values to determine the real state of the object and the need for
control.

Thus, the logic of the control process is able to take into account the maximum
amount of information when making a decision to minimize error, providing
indicators of accuracy and control efficiency that are not inferior to a human
operator due to the absence of errors.
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CydacHuil HaBYaJbHUU TPOLEC BAXKO peaizyBaTd 0€3 BUKOPHUCTaHHS
KOMIT'IoTepiB. HeoOXiHUM I1HCTPYMEHTOM TIpU OCBO€HHI  CHELIATBbHUX
JUCIUIUTIH € MaTeMaTuyHe MojetoBaHHs. CydacHI MaTeMaTUyHi NMaKkeTu JaroTh
MO>KJIMBICTh BUKOPUCTOBYBATH PI3HOMaHITHI IHCTPYMEHTAJIbHI TPOrpaMH1 3aco0u
Ta cepenopuia, Taki sk MathCad, MATLAB, Scilab Ta Oarato iHIIHX, IO
CYTTEBO CIIPOLIYIOTh IPOLEC MOACITIOBAHHS.

JIis po3paxyHKy peHKOBUX KiJ JOBIHM Yac BHKOPHUCTOBYBAIACh MpOrpama
MathCad, 1o mMae npoctuii inTepdeiic, 00YHCIeHHs Ha PiBHI Bi3yaJbHOI'O 3aIUCy
BUPa3iB y 3araJIbHOBKHUBaHIM MareMaTruHii ¢opmi. OmHAK 3apa3 1ei 3aCTOCYHOK
€ IUIaTHUM, 110 OOMEXye HOro BUKOpPUCTaHHS cepell CTyAeHTIB. Jlo Toro x
maTematuuHi  MoxiuBocTi  MathCad mocrtynatoThest  1HIIMM — Cy4yacHUM
porpamam.
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