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EVALUATION OF INTELLIGENT ANALYSIS METHODS
INSTRUMENT CONDITIONS

Abstract. This article provides an overview of modern data mining methods used to
monitor and diagnose the condition of the cutting tool.

When operating metal-cutting machines, the issues of increasing reliability, productivity,
accuracy of work, improving the quality of manufacturing parts, as well as the level of
automation remain relevant. All these factors depend to one degree or another on the condition
of the cutting tool on the machine during processing. Cutting tools play an important role in
industrial production, where the accuracy and efficiency of material processing are crucial. To
ensure the smooth operation of mechanical equipment, systems for monitoring and diagnosing
the condition of cutting tools become an integral part of production processes.

Machining accuracy is the most important characteristic of any technological equipment,
for example, a numerically controlled machine tool (CNC). As you know, increasing the
accuracy of manufacturing parts increases the service life of machines and equipment. They
cannot function normally with insufficient manufacturing accuracy of its components due to
dynamic loads arising during operation, which cause accelerated wear of the equipment and its
further destruction. The causes of processing errors on metal-cutting machines are associated
with inaccuracy, deformations and wear of machines, devices and tools, as well as directly with
deformations of workpieces processed on machines under the action of cutting forces, heating,
errors in the measurement process and others.

For CNC machines performing processing in automatic mode, the requirements for the
quality of the tool as a parameter determining the accuracy of processing are significantly
increasing. It is unacceptable to treat the problem of processing accuracy insufficiently carefully
in the conditions of computerized production, built according to the principle of «deserted
work».

One of the promising ways to improve the quality of processing is to create and apply
intelligent control systems for technological equipment that ensure the manufacture of parts
taking into account the technical characteristics and condition of the machine, cutting tool,
workpiece and information and measurement subsystem. Production systems should be equipped
with intelligent modules in order to improve the quality of processing, increase the efficiency
and reliability of production processes. In the field of diagnostics and control of the cutting
process, such systems will also have the highest level of execution of the quality of the
technological process.

Keywords. Tool, accuracy, wear, diagnostics, neural network.

Introduction.

The problem of diagnosing the condition of the cutting tool, with an assessment of its
wear, remains relevant for many years. The issues of diagnostics and assessment of the condition
of the tool have become more relevant, in connection with the computerization of machine
systems and the equipping of production with multi-operational CNC machining centers. Since
in the conditions of flexible automated production, metalworking processes in most cases
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assumed an automatic character, operators were removed directly from the working machines. In
this regard, the problem of intelligent control of the state of processing centers and their
components has become relevant.

Production systems should be equipped with intelligent modules in order to improve the
quality of processing, increase the efficiency and reliability of production processes. In the field
of diagnostics and control of the cutting process, such systems will also have the highest level of
execution of the quality of the technological process.

The purpose of this article is to review the existing methods of intelligent analysis of
systems for monitoring and diagnosing the condition of cutting tools.

Materials and methods.

In the modern world, it is necessary to use automated systems for monitoring and
controlling the state of the cutting tool, with minimal human involvement.

The neural network has the ability to learn based on the input-output ratio, and also
allows you to provide simpler solutions for complex management tasks. The neural network,
unlike traditional adaptive control methods, does not use complex mathematical devices.
Sigmoid activation functions of a neural network make it possible to implement nonlinear
mappings and make networks suitable for solving nonlinear control problems.

The study was carried out with the involvement of the regression analysis apparatus, by
evaluating existing methods of intelligent analysis of diagnostics of the state of the cutting tool.

Results.

In the approach to tool condition monitoring using the adaptive neuro-fuzzy inference
system «ANFIS» in the paper the authors introduce the concept of the utilization factor of the
installed sensor [1]. This coefficient is a function of the number of operational characteristics
used by a particular sensor, the total number of sensor characteristics in the system and the
number of physical sensor signals. The authors prove that the application of the installed sensor
utilization factor is very effective in accounting for the reduction in instrument condition
monitoring costs. This is especially noticeable when sensors that do not produce sufficiently
useful signals are removed from the system. The cost analysis is calculated using the variable
cost of the system: sensor replacement and installation costs.

The proposed approach consists of two main steps: first, a tool wear model was
developed based on the ANFIS (Adaptive Network-based Fuzzy Inference System) module. A
dataset obtained from real tests conducted during machining on a Heller milling machine
equipped with a Kistler force sensor was used. The trained ANFIS tool wear model was
subsequently run in conjunction with a neural network to estimate the tool wear state. Figure 1
shows the basic architecture of the proposed system.

It is a typical tool condition monitoring system that utilizes a sensor to collect cutting
force signals during milling operations using a data storage module. The signal processing
module analyzes the cutting process signals to extract characteristics sensitive to tool wear,
which will be used as input values in a data evaluation based decision making system. The main
purpose of the system is to compare the input features for the current tool state, i.e. to determine
the total tool wear.

A multilayer perseptron neural network with error back propagation algorithm [1] is used
as a solution for system learnability, noise suppression and parallel processing operations
capability.

In developing the model, the authors adopted two different types of membership
functions to analyze in training the ANFIS module and compared their differences with respect
to the speed and accuracy of tool wear prediction by back face. After training the evaluation unit,
its performance was tested under different cutting conditions. The performance of this method
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was found to be satisfactory for back face wear estimation, within 5% as average error
percentage.
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Figure 1 - System Architecture

The structure of the fuzzy logic inference system is a network that maps inputs through
input membership functions and their associated parameters, and then, through output
membership functions and their associated parameters, label the outputs. Figure 2 shows the
architecture of ANFIS fuzzy rules, in the case of assuming a triangular membership function.
The architecture presented in the figure consists of 31 fuzzy rules.
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Figure 2 - Components of the tool condition monitoring system in the process of evaluation and
decision making by an artificial neural network (ANN): V - cutting speed, m/min, f - feed,
mm/min; Ap, Rp - axial and radial cutting depths, mm; Fx, Fy - cutting forces,

T - cutting time, min

Experiments were conducted for all combinations of selected cutting parameters and tool
wear [1]. The following cutting regime parameters were set: four feed rate levels (f1 = 0.05; f» =
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0.25; f3 = 0.35; f4 = 0.45 mm/tooth), four spindle speed levels (n1 = 200; n, = 360; n3 = 340 and
ns = 480 min) and three radial/axial depth of cut levels (Rp1 = 1d, Rpz = 0.5d, Rps = 0.25d; Ap1
=2, Aoz = 4, Apz = 8 mm; d = 16 mm). Parameters such as cutting tool diameter, angle of
inclination, etc. are taken as constants. The accuracy of the training set data was 98.1% and the
accuracy of the tested data was 94.9%. The output node value of the back propagation neural
network was observed as 0.01 for normal cutting condition and 0.99 for worn tool.

When the outputs of the neural network outputs fix the mark of 0.9 (tool breakage), the network
sends «Tool worn» signal to the computer. When both outputs of the neural network have values
below 0.9, the network sends the signal «Tool usable».

When the neural network outputs fix the mark 0.9 (tool breakage), the network sends the
signal «Tool is worn out» to the computer. When both outputs of the neural network have values
below 0.9, the network sends the signal «Tool usable».

Figure 3 a) and b) represent the cutting force signals for normal and worn tool. The
developed neuro-fuzzy decision-making system includes fixed limits for tool breakage detection.
The limits are: L1 (tool crack), L2 (tool fracture), L3 (tool wear) and L4 (no tool constraints)
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Figure 3 - Axial force of: a) normal and b) worn tool in real-time tool condition monitoring, c)
indication of tool breakage with respect to force distribution limits.

The method outlined in [2] demonstrates the utilization of Mel-frequency cepstral
coefficients for online assessment of cutting tool condition. Figure 4 illustrates the process of
extracting these coefficients [3]. This involves defining parameters like the number of filters
(Nf), sampling frequency (fHZ), amplitude of filter frequencies, and the filter set configuration
(triangular or quadrilateral). Subsequently, the calculation of mel-frequency cepstral coefficients
involves utilizing the inverse discrete cosine transform:

— .
MFCC; = J;E‘};l m}-cos(% (j— 0,5)) . 1)

As a result, a seven-digit vector was obtained, where each digit corresponds to one
parameter. The coefficients were calculated using the VoiceBox: SpeechProcessingToolbox
block of the MatLab software package [3].

58



Ka3KKA Xaoapubicer Ne 2 (131), 2024
Bectnuk KazATK Ne 2 (131), 2024
vestnik.alt.edu.kz

ISSN 1609-1817 (Print)
ISSN 2790-5802 (Online)

The Bulletin of KazATC
DOI 10.52167/1609-1817

Di te Fourier

Spectrum

transform

parameters

'

\ time (sec) )

Cutting process signals pN

0
JAARARAAAARAAARA

A
WAATAVA

Filter bank

3 AANAR

HY) VAVAVAVAVAVAY)
Y XX
AV ARV AYAVAVAYAYAVAVAYAYAYA

10 15
Frequency(Hz)

Accounting for total
energy reserves

}

Discrete cosine
transform

:

Data (1)

2 4 L3 8 10 1

Data (2) Storage of mel -

frequency
cepstral

w+sSOJOoNcuOD

S ———  CO€fficients of

Data (N-1) received signals

0.15
time (sec) J

0 0.05 0.1

Dividing signals into data blocks

o 2 4 6 L] L1

Data (N)

oWW

0 2 4 6 ] LU H

Serial number of the coefficient

Figure 4 - Procedure for extraction of mel-frequency cepstral coefficients

To assess the cutting tool wear condition against traditional methods, a simulation of the
diagnostic process was conducted employing an artificial neural network (ANN) model. The
proposed system consists of twelve input neurons, one invisible layer consisting of twelve
neurons, and one final neuron. As shown in Figure 5, the input neurons of the ANN model
contain: data on tooth feed rate, tool size, radial therapeutic cutting, workpiece material strength,
curvature, and the seven-bit MHCC vector.
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Figure 5 - An artificial neural network applied for real-time monitoring and assessment of

cutting tool status
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The ANN model was linked directly to the «tanh» (hyperbolic tangent) activation
function and was trained using the backpropagation of error technique. For analysis purposes, the
input information (fz, Dtool, ae, HB, Curv and MHCC vector) was determined between [-1, 1]
using the input data matching tool. Normalization was applied to the entire range of experimental
data to eliminate possible numerical instability. For data normalization, the mean value (p) and
the standard deviation (o) in the following equation:

fo===x. (2)

o

The bipolar sigmoidality method was used as the second normalizing method. This
particular technique was used because the minimum and maximum values were unknown in real
time. The nonlinear transformation prevented most values from clumping into the same ranges
and also compressed the large samples of values obtained. The bipolar sigmoidal method was
applied with the following equation:
1-¢ ¥
14g'—%"

flx) = (3)

In relation to the output neuron (cutting tool state), these values were localized between
normalized tool wear and worn tool state (Table 1).

Table 1 - Mapping of tool wear obtained from the ANN model relative to tool wear in the
cutting process

Cutting tool wear condition Normalized wear condition cutting tool
New from +0,66 to +1,00

Slightly worn from 0,0 to +0,66

Significantly worn from -0,66 to 0,0

Critically worn from -1,00 to -0,66

Diagnostics of cutting tools wear and prediction of their residual durability in real-time
machining on CNC machines.

On the world market there are many diagnostic systems of leading manufacturers such as
Montronix Gmb H, ARTIS, PROMETEC Gmb H, WILL-BURT, Eddyfi and others. The
analysis and research of works allowed to reveal the following aspects, on which the attention of
foreign experts is focused: the lack of solutions in the field of predicting the residual durability
of cutting tools in the on-line mode; the frequent impossibility of flexible change of the
diagnostic algorithm without changing the parameters of the system itself.

The dissertation work [5] is devoted to the solution of these issues. The author, on the
basis of the analysis of the state of the issue, sets himself the task of building a model of
functioning of the toolkit for diagnosing the state of residual resistance of the cutting tool in real
time, as well as the development of algorithms for the construction of key components of the
system.

It is also noted that during the performance of the work the author has defined diagnostic
features, built a model of functioning of the toolkit diagnosing in real time the cutting tool and
predicting its residual durability.

The author also provides a model of the developed system (Figure 6):
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Figure 6 - Model of functioning of the diagnostic and forecasting toolkit.

Discussion.
The values representing the results of the artificial neural network model were calculated

using ten different data sets selected in random order. The training and testing processes were
realized using MatLab software package. The achieved outcomes pertain to 8 distinct ANN
models, each sharing an identical structure but differing in their MFCC vectors. Mel-frequency
cepstral coefficients were computed for various sources of signals from the metalworking
process, including accelerometers, cutting forces, and acoustic emission. Table 2 displays the
outcomes derived from different signals utilized in diagnosing the cutting process. These values
represent the averages across ten datasets. The initial two columns delineate the performance
based on accelerometers placed on the workpiece, the subsequent pair of columns represent
accelerometers situated on the spindle, and the final two columns correspond to the AE acoustic

emission sensors.

Table 2 - ANN models submitted for training and testing datasets

Data sets Billet Spindle : :
Cutting | Cutting
Accelero| Acceler| Acceler| Acceler| torce | force AE- AE-
meter - |ometer -|ometer -|ometer - axis)’( axis\’( spindle billet
X Y X Y
Training 90,2% 945% | 97,8% | 98,7% | 94,2% | 97,6% 99,9% 99,2%
Testing 31,3% 33,8% | 40,4% | 47,2% | 48,5% | 48,0% 89,9% 69,7%

The calculations are based on the reference values contained in the database. The
commands generated by the diagnostic algorithm are sent to the CNC system for controlling the

machine tool actuators [6].
The dissertation work [6] is also devoted to the issues of revealing the regularities of

cutting tool wear. The author introduces such a value as the remaining service life:
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where T, is the remaining serviceability resource, [T is the maximum allowable

value of the remaining serviceability resource.

I:II:"I.']

TI:'I:'I.' = Tp - :z:1 T (4)
where T, - cutting time before the cutting tool change, i - cutting time when the tool
performs the i-th technological transition.

The author notes that for maximum productivity it is desirable that ti = [Tos] , then for
the time T, an integer number of parts is processed, the assigned resource is fully produced, and
failure during the cutting operation is also prevented.

Also in [7], a universal coefficient A is introduced, which determines the dependence of
the time to failure on the cutting speed:

Vpea = I-_'ﬂ ’ (5)

where m is an indicator of the degree of influence of cutting speed on the time until
failure.

The average time to failure (mathematical expectation) T = mT is taken as time T. From
this point of view the author puts forward a proposal to estimate the cutting parameters as
hypothetical diagnostic signs of the tool state by the criterion H= 1/, , which is inversely
proportional to the value of the standard deviation.

With reliable diagnosis of the inoperable condition of the cutting tool

At reliable diagnostics of inoperable state of the cutting tool the expectation expectation
mh' increases approaching to the value [h] as the scattering h' decre 251ases. The measured
value of the failure criterion [6] is taken as the value of h'. A smaller value of mh' relative to [h]
leads to a decrease in the expectation of operation time to failure mT.

Conclusion.

At this time, the increasing attention of scientists is often focused on the application of
neuro-fuzzy tool condition management systems, which are able to provide ease of operation
when using, for example, simple fixed state limits to detect tool breakage. Despite the significant
amount of research on this topic, the relevance of continuing research work in the direction of
the problem of diagnosing the condition of cutting tools does not weaken, due to the demand and
constant increase in the importance of research results in the field of machine-building
production.

Application of methods and algorithms of intelligent machine control will allow to form
estimates of the state of the machining system and the current state of the cutting tool, as well as,
if necessary, to make corrections to the control program in order to increase the durability period
of the cutting tool. This opens up the possibilities of a modern approach to the problem of tool
condition diagnostics on the basis of self-learning and intelligent adjustment of the machine
control system in the process of machining.
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KYPAJIIbIH KYWIH UHTEJUIEKTYAJIJIBI TAJIJIAY OAICTEPIH BAFAJIAY

AngaTna. by makanana Keckiin KypaiablH KyHiH Oakbuiay jkKoHE TUAarHOCTHKaNAy YIIiH
KOJAHBIIATHIH JIEPEKTEPIl OHAIPYAIH 3aMaHayH dICTEPIHE IOy Kacala Ibl.

Mertasn KeceTiH CTaHOKTapAbl MaiifanaHy Ke3iHJe CEHIMAUTIIKTI, eHIMIUTIKTI, XYMBbIC
JOJIITIH apTTHIPy, OONIIEeKTep I JalbIHIAy CalachlH, COHAAN-aK aBTOMATTaHIBIPY JCHTEHIH
apTTBIpy Mocenenepi e3ekTi Ooibim Kama Oepeni. Ocbl (akTopiapAblH OapibiFbl ©HACY
MPOIIECiHAC MaIIMHAAAFbl KECKIIT KYpalablH KyWiHe Oenrini O0ip mopexene OaitmanpicThl. Kecy
Kypallbl MaTepuaygap/bl OHISYIIH IOIAIrT MEH THIMIUII MIenrynr OodbIl TaObLIaThIH
OHEPKOCITITIK OHIPIC cajajapblHIa MaHBI3ABl PO aTKapaabl. MeXaHUKaIbIK KaOJIbIKTHIH
Y3HIKCI3 JKYMBICBIH KaMTaMachl3 €Ty YIIIH KECKIIl KypaJJablH >Kal-KyHiH OakpuUiay >KoHE
JIUarHOCTHKAJAy XKyHenepl OHAIpICTIK MpolecTepAiH aXplpamac OeJirine aifHamabl.

OHJley ToNAiri Ke3 KeiareH TeXHOIOTUSIIBIK KaOAbIKThIH MaHbI3/Ibl CUIIATTaMachl OOJIBIIN
TaOBlIAIBI, MBICANIBI, CAaHIBIK OacKappUIaThiH MeTaul keckim mamuHa (CBb). Bemmekrepain
JIAITIH apTThIpy MallMHAIAp MEH >KaOAbIKTapAbIH KBI3MET €Ty Mep3iMiH y3apTaThIHbI O€mriii.
Onap >XymbIC TpolleciHle Maijga OoNaThIH JAMHAMUKAIBIK >KYKTeMesepre OailaHbICThl OHBIH
Kypamaac OediKTepiH eHIIpydiH KETKUIIKTI AoMairi OoiMaraH Ke3lle KaJbINThl JKYMBIC icTei
anMaiapl, OYJI JKaOJBIKTHIH T€3 TO3YbIHA YKOHE OfaH opi OY3bUTybIHA oKeJedl. MeTamn KeceTiH
CTaHOKTapJia eHJAey KaTeNiKTepiHiH maiina 0oiy cebenTepi CTAHOKTApIbIH, KYPbUIFbUIAD MEH
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KypaJlAapbIH JoJICI3AIriMeH, AeGopMaIisuiapbIMeH KOHE TO3YBIMEH, COH/IAM-aK KeCy, KbI3IbIpY
KYLITEPIHIH 9CEPIHEH CTAHOKTap/la *KYMBIC ICTEHTIH JaibIHAaMalIapAbiH AehopMalusiapbIMeH,
eJIIICY MPOIECIHIC KATETIKTEPMEH JKOHE T. 0. OallIaHBICTHI.

ABTOMATTBl peXUMIE eHjeyni Ky3ere acwkiparbiH CBb MammnHanmapel yiiH eHaey
JONAITiH  aHBIKTAWTBIH TAapaMeTp peTiHAe KYpalJIblH camachlHa KOMBUIATBIH —TajarTap
aiitapibiKTail apTanbl. «KaHbIITBIP» MPUHIUII OOHBIHIIA KYPhUIFaH KOMIIBIOTEPJICHI'CH OHIIpIC
KaraalbIHIIA 1) OHJICY MOCEJIECIH MYKHST KapacThIpyFa O0IMaiib.

OHJiey caracklH apTTHIPYAbIH NEPCICKTHBAIBIK KOJIJAPBIHBIH Oipi - CTAHOKTBIH, KECKIMI
KYpalJblH, JalblHAAMaHBIH JKOHE aKMapaTThIK-eJIIey 1MKi OJKYHeCiHIH TeXHUKAaJIBIK
cUIaTTamajapbl MEH KYWiH €CKepe OTBIPBIIN, OOJIIEKTep/i NaibIHAAyIbI KaMTaMachl3 €TETiH
TEXHOJIOTUSUIBIK KaOJBIKTHl OacKapyablH WHTEIUIEKTYalAbl JKyHelepiH Kypy >KoHE KOJIIaHy.
OHAIpicTIK KYyHenep 6eHJey camachlH apTThIPy, OHMAIPICTIK MHPOLECTepAiH THUIMIUIIIN MeH
CEHIMJIUTITIH apTTBIPy MaKCaThIHAA WHTEIUICKTYyalbl MOAYJBIECPMEH >KaOIBIKTaTybl Kepek.
Kecy mporiecin quarHoctukanay jkoHe O0akpuiay cajachlHlla MyHIal xyienep TeXHOIOTUSIIBIK
IPOIIECTIH CarachlH OPBIHAAYIbIH €H JKOFaphl JICHreiiHe ue 0oaibl.

Tyiiinai ce3nep. Kypan, nonaik, To3y, AMarHOCTUKA, HEUPOHIBIK HKEJIi.
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O EHKA METOAOB UHTEJVIEKTYAJIBHOI'O AHAJIU3A COCTOAHUSA
NHCTPYMEHTA

AHHOTauusi. B faHHON craThe TmpencTaBieH 0030p COBPEMEHHBIX METOOB
MHTEJJIEKTyaJIbHOTO aHajiu3a JaHHBIX, MCIOJBb3YEMbIX [UIsi MOHUTOPUHIA U JTUATHOCTHKHU
COCTOSIHUS PEXKYILETO MHCTPYMEHTA.

[Ipn »skcmmyaTanuu METaIOPEXKYUIMX CTAaHKOB OCTAIOTCA AaKTyaJlbHBIMU BOMPOCHI
MOBBIIIEHUS] HAJIeKHOCTH, HPOU3BOJUTENBHOCTH, TOYHOCTH pPAOOTHI, MOBBIIMIEHUS KayecTBa
U3TOTOBJICHUSI JIeTallel, a TakKe ypoBHS aBTOMaTu3auuu. Bce 3Tu (axTopsl B TON MM MHOMI
CTETIEHU 3aBHUCAT OT COCTOSHHUS PEXYILEro MHCTPYMEHTa Ha CTaHKE B Ipolecce 00pabOoTKH.
Pexymuii MHCTpyMEHT UrpaeT BaXKHYIO poJib B c(epax NMPOMBIIUIEHHOTO MPOU3BOJACTBA, TJiE
TOYHOCTh M 3((HEeKTUBHOCTH OO0pabOTKM MaTepuajoB HMEIOT pelaiomiee 3HaueHue. Jls
oOecnieueHus OecriepeOOHON paboThl MEXaHUYECKOTO 000PYJ0BAHUSI, CUCTEMbl MOHUTOPUHTA U
JUArHOCTHKM COCTOSIHMSI PEXYIIEr0 MHCTPYMEHTa CTAHOBSATCS HEOTBEMIIEMOM YacThbIO
MIPOU3BOJICTBEHHBIX MPOIIECCOB.

Tounocts  00pa®oTKM  sABISETCS ~ BaXKHEWIIEH  XapaKTEpPUCTHKOW  J1H000To
TEXHOJIOTUYECKOTO O00OpYAOBaHUs, HAIPUMEP, METAJUIOPEXKYIIEro CTaHKa C YHCIOBBIM
nporpaMMHbeiM  ympasieHueM (UITY). Kak u3BecTHO, MOBBIIEHHE TOYHOCTH H3TOTOBIEHHS
JeTajgeidl yBeJIMYMBAET CPOK CIykObl MamMH U 00opyaoBaHus. OHM HE MOTYT HOpPMAaJbHO
(YHKIMOHUPOBATH MPU HEIOCTATOYHON TOYHOCTH M3TOTOBJICHHUS €r0 COCTABISIONIMX YacTel B
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CBSI3U C BO3HHUKAIOIIMMU B IIpoliecce padOThl TUHAMUYECKUMHU HArpy3KamH, KOTOPBIE BBI3BIBAIOT
YCKOPEHHBIM N3HOC 000pyI0BaHUS U €ro AajbHeliee paspymeHue. [IpyunHbl BOSHUKHOBEHUS
HorpemHocTeld  00pabOTKM HAa METAIOPESKYIIUX CTAaHKAaX CBS3aHbl C HETOYHOCTHIO,
negopManusAMUd M U3HOCOM CTAaHKOB, IPUCIOCOOJIEHMH M HMHCTPYMEHTOB, a TaKxke
HETOCPEACTBEHHO C AedopmanusiMu 0O0padaThIBaeMBIX Ha CTaHKaX 3aroTOBOK MOJ JIeHCTBHEM
YCWINI pe3aHMsl, HarpeBa, IOTPEIHOCTH B IIPOLIECCE U3MEPEHUS U JIP.

Hns crankoB ¢ UYIIY, BeIOdHSIOMUX 0O0pabOTKY B aBTOMAaTHUYECKOM pEXHME,
3HAYUTEIBHO BO3pacTal0T TpeOOBaHUS K KayecTBY MHCTPYMEHTa Kak IapaMmerpa,
OIIPEIEIISIONIEr0 TOYHOCTh 00paboTku. HexpomycTumMo HEOCTaTOYHO THIATEIEHO OTHOCHTBHCS K
npobjaemMe TOYHOCTH OOpabOTKM B YCIOBHAX KOMIBIOTEPU3HMPOBAHHOIO IPOU3BOJCTBA,
IIOCTPOEHHOT'0 TI0 IPUHLIUITY «O€3IF0AHON pabOThI».

OnvH U3 NepCHeKTUBHBIX IyTeHl MOBBILIEHHS KadecTBa OOpabOTKU 3aKIHOYaeTcsl B
CO3JaHMM M IIPUMEHEHHHM HWHTEJUIEKTYAJIBHBIX CUCTEM YIPABICHHUS TEXHOJIOIMYECKUM
o0opynoBaHueM, OOECHEeUMBAIOIIMX H3TOTOBJICHHE JeTaled ¢ Y4ETOM  TEXHUYECKHUX
XapaKTEPUCTHK M COCTOSHUS CTaHKa, PEXKYIIETO MHCTPYMEHTA, 3arOTOBKUA U WH(POPMAIMOHHO-
U3MEpUTENIbHOM  mojacucTeMbl. [Ipon3BOACTBEHHBIE CHUCTEMBl JIOJDKHBI OBITH  OCHAILEHbBI
MHTEJUICKTyalIbHBIMH MOJYJISIMH, B UEJAX TOBBIIICHUS KauyecTBa BBINOJHEHHUS 00pabOTKH,
HOBBILIEHUS I(PPEKTUBHOCTH M HAJEKHOCTH IPOM3BOJICTBEHHBIX IIporeccoB. B obmactu
JMarHOCTUKU M KOHTPOJISL TpOLIecca pe3aHusl TaKHe CHUCTeMBbI Takke OyayT MMeTh Haunbojee
BBICOKHMM YPOBEHb UCIIOJHEHUS Ka4eCTBAa TEXHOJIOIMYECKOI 0 IIpoLecca.

KaroueBbie cioBa. HUHCTPYMCHT, TOYHOCTb, U3HOC, ATUAI'HOCTHKA, HeﬁpOCGTL.
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