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Y cmammi po3zisiHymo memooduky ideHmudbikayii 06’ekmis asmomamu3sayii 3 BUKOPUCMAHHSIM HEUPOHHOT
Mepexu npsiMo20 MowuUpeHHs. BoHa 8idpi3Hsemb s 8i0 K/1aCUYHUX Memodi8 NapamMmempuyHoi ideHmudpikayissx mum,
Wo 06’ekm KepyBaHHSI p032/1510aEMbCSI 5IK «4OpHa» CKPUHbKa. Memooduka 3acmocyBaHHs1 HelipOHHOI Mepexi 07151
ioeHmucpikayii 6asyembcsi Ha ekcriepuMeHmasibHOMy Memoodi BU3HAYEHHST HacoBUX OUHAMIYHUX Xapakmepucmuk
o6’ekma. Lleli Memood nepedbavae nodavy Ha 8xi0 06'ekma MPOBHUX Cu2HasiB, makux sik cmyniH4acmuli abo nps-
MOKymHu( iMrysibe. 3aiexHo 8id BUdy MPOOHO20 cuzHasly, subUparoms BiOrNoBIOHI crnocobu 06pobKU BUXIOHO20
CuzHasly 0b6’ekma KepysaHHs. Sk npasusio, nid yac rnodadi CmyrniH4acmo20 Kepyr4yo20 cu2Hasly 3HiMarms Kpusy
PO320Hy 06’ekma, a nid Yac nooadi NPsSIMOKYMHORZ0 iMIy/IbCHO20 Cu2Hasly — Kpusy 8i02yKy. Kpusa sid2yKy 3HiMaems-
€51 07151 06'eKmiB, 5IKi He 00rMyCKaromb nodadi Ha 8Xi0 06’ekma cmyrneHeBuUx cuaHaslis.

[1i0 yac 0oc/ioKeHHsT Po32/1sIHYMO BU3SHaYEHHST QUHaMIYHUX Xapakmepucmuk 06’ekma wodo 1020 Kpusoi po3-
20Hy Mid Yac rnodayi cmyrniHYyacmoa0o npobHo20 cuzHasy. [Mpu ybomy nepedbadyaemscs, W0 y nodyamxosul MOMeHm
cucmema KepysaHHs1 MOBUHHA repebysamu 8 Criokol. Ha HacmyrnHoMy Kpoyi Ha 8xi0 06°ekma KepyBaHHs N00aemab-
¢ cmyniHYacma 0isi ma 36uparomscsi 0aHi 3MiHU (020 BXiOHO20 napamempa y daci. [1id yac 00CcnidXeHHsT OuUHaMiY-
HUX Xapakmepucmuk 06’ekma KepyBaHHS He06XiOHO 00MPUMyBamuChb Makux BUMO2:

— SKWO MPoeEKMyembCsi cucmema cmabinizayil, mo Kpusa po320Hy Mae 3HiMamucsl Ha OKO/IUYi PO6OYOI MOYKU
npoyecy;

— Kpusi po320HY HEOOXIOHO 3HIMamu 51K 3a MO3UMUBHUX, MakK i 3a HeaamuBHUX cmpUbKax Kepyryo20 cuaHasly;

— 3@ HasiBHoCMI 3aWlyM/1eH020 BUXOQY baxaHo 3HIMamu Ki/lbka KpusUX pPO320HY 3 IX 100a/1bWUM HaK/1adeHHsIM
00UH Ha 00H020 Mma ompuUMaHHSIM ycepedOHEHOI KpUBOL.

Knrouosi cnosa: 06’ekm asmomamu3ayjii, ioeHmudpikayisi, HelipoHHa Mepexa.

Razzhyvin Oleksii, Simkin Oleksandr, Bondar Oleg. Methodology for identifying dynamic links
using a feedforward neural network

The article considers the methodology for identifying automation objects using a direct propagation neural network.
This methodology differs from classical methods of parametric identification in that the control object is considered
as a "black” box. The methodology for using a neural network for identification is based on the experimental method
of determining the time-dynamic characteristics of the control object. This method involves supplying test signals,
such as a step or rectangular pulse, to the input of the object. Depending on the type of test signal, appropriate
methods for processing the output signal of the control object are selected. As a rule, when a step control signal
is supplied, the acceleration curve of the object is recorded, and when a rectangular pulse signal is supplied,
the response curve is recorded. The response curve is recorded for objects that do not allow step signals to be
supplied to the input of the object.

The research considered the determination of the dynamic characteristics of the object in relation to its acceleration
curve when a step test signal is supplied. It is assumed that at the initial moment, the control system should be
at rest. In the next step, a step action is applied to the input of the control object, and data on changes in its input
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parameter over time are collected. When studying the dynamic characteristics of the control object, the following

requirements must be met:

— ifastabilization system is being designed, the acceleration curve should be taken on the outskirts of the operating

point of the process;

— acceleration curves should be taken both for positive and negative jumps of the control signal;

— in the presence of a noisy output, it is desirable to take several acceleration curves with their subsequent
superposition on each other and obtaining an averaged curve.

Key words: automation object, identification, neural network.

Bctyn. Y npoueci igeHTudpikalii notpibHo 3a
BIAOMVMM XapakTepucTukamMun BXoay/BUxoay auHa-
MiYHOro 06’ekTa NOGYyAyBaTU AOro OMNKUC, AKUIA MOXHA
BMKOPUCTOBYBATU [AN8 nepefbdavyeHHs BUXIOHOIO
CUrHasy 3a [OBifIbHOrO BXiAHOro. A4 ineHTudika-
Ui AUHaMIYHMX NTaHOK 3 BUKOPUCTaHHAM HEipOHHOI
MepeXi MOX/IMBE BUKOPUCTAHHS LUTYYHOT HENPOH-
HOI Mepexi npsmoro nowwmpeHHs (LLUHM ). MNpote
WHM MM — ue He guvHamiyHa mepexa [1]. Mpo-
CTWIA LUNSIX BHECEHHS AMHaMIk1 B nosediHky LLIHM
nonsrae y nogadvi Ha Bxig Mepexi He TisIbKn MoTou-
HUX, ane i 3aTpUMaHnX 3Ha4yeHb BXOAY Ta BUXOAY.
Uncno 3atpMmaHnx CUrHavlie i Be/imumHa 3aTpyuMKu
3a/1exarb Bif KOHKpeTHoro ob’ekra [2].

MeToo pocnimxeHHA € BU3HAYEHHS OOLiNb-
HOCTI BMKOPUCTaHHSA HEWPOHHOI Mepexi NpsiMoro
NOLUMPEHHA ANA igeHTudikayii napameTpis gnHa-
MiYHNX 06’EKTIB aBTOMAaTM3aLil.

Metoau Ta MeTOAMKU p[ocnimKeHHA. Ha
puc. 1 HaBefeHO NPUHLMN BUKOPUCTAHHSA Helipo-
MepexeBoi moaeni ans igeHTudikauii. Yiucno niuiii
3aTpuMkmn D Ha Bxogax LUHM mae npubnunsHo Bia-
noBigaTn NopsAKy actaTuamy 06’ekTa. Y Uil cxemi
3a [J0MOMOrol  asiropuTtMy 3BOPOTHOrO MOLUK-
PEHHA Ma€ MiHIMI3yBaTUCA NOMW/IKA MiX BUXOL0M
o6’exTa y(t) Ta BUXogom mogeni y™(t) [2].

OTpvMaHa HelipomepexeBa MOAE/b € «4Op-
HOK CKPWHbLKOW». BOHa He fgae 3Moru cyautu

Npo qi3nyHi npouecu, Wo NpoTikarTb B 06’EKTi
KepyBaHHs1, anie Moxe 6yTV eqpeKTUBHO BUKOPUC-
TaHa AN aHanisy Ta NporHosy noeefiHkn 06’ekTa,
a TakoX /191 CUHTE3Y CUCTEMU KepyBaHHS.

Pesynbratn. Po3rnsHeMo NiHiiHWA AnMHaMmiy-
HUIA 06’€eKT:

d;{ ® 05 di;gt) +y(t) = X(t) = W(s) =

_Y(s) _ 1
X(s) s*+05s+1°

Lle 06’ekT 2-ro nopsaky, ToMy oMy MOXe Bif-
nosigaty LUHM 3 gBoma fiiHiaMu 3aTpumMmkn. Cxema
iMiTaUiHOro MaTemMaTM4YHOro MoAeNtoBaHHS nNpea-
cTaBneHa Ha puc. 2 (BUKOPUCTOBYETLCA METOS
iHTerpyBaHHs 3 NOCTiiHMM Kpokom 0,01).

BukoHaeMo mMoaentoBaHHA Ta HaByaHHA LLUHM
Mr:

simOut=sim( ‘PR51’,20);

figure(1);

plot(simOut.t,simOut.Y,simOut.t,simOut.Y1);

xlabel(“t,c’); ylabel(‘Y(t)’);

grid;

net=newff([0 1; -3 3; -3 3], [3,1], {‘pure
lin’,’purelin’},’trainlm’);

P = simOut.Y’; T = simOut.Y1’;

net.trainParam.show = 50;
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Puc. 1. HeiipomepexeBa igeHTudikayis [2]
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Puc. 2. Cxema nigrotoBku gaHux ans igeHtudpikadii

net.trainParam.lr = 0.005;
net.trainParam.epochs = 1000;
net.trainParam.goal = 0.0001;
netl = train(net, P, T);

Ana HaBuyaHHA 3Hagobunioca nuwe 5 enox
(puc. 3).

MpoBoaMTbCA  NepeBipka HelipomepexeBoi
Mogeni, CTPyKTypHa cxema $Koi HaBefeHa Ha
pvc. 5. 3a foNoMOrol HacTynHol KOMaHAW CTBO-
ptoeTbes 610k Neural Network y Simulink-mogeni:

>> gensim(netl,0.01),

ae 0,01 — Kpok iHTerpyBaHHs 3a 4acom.

3 aHani3y rpacikis nepexigHoro npouecy Ha
puc. 5, oTpuMaHux nig yac MoAeNtoBaHHA Marema-
TWUYHOI MOAenNi, HaBedeHOT Ha puc. 4, MOXHa AilATK
BMCHOBKY, LLIO BUXOAM 06’eKTa Ta HelipoMepeXeBoi
mMogeni AoBoni 61m3bki. MiABULLIEHHSA AKOCTI igeH-
TUghikauil MoXHa AOCArTH, 3MIHIOKUN NnapameTpu
HelipoMepexeBoi Moaerni.

3a gonomoroto LLUIHM moxHa igeHTudikysaTtn He
TiNbKy 06’€KT KepyBaHHS, asne i perynatop 06’ekTa,
OCKi/IbK/ OCTaHHI TakoX € [AMHAMIYHOK JIaHKOH.
LLITYYHi HEPOHHI Mepexi MOXYTb OyTW BUKOPUCTaHI
Y PI3HMX KOHQIrypauisix y KOHTEKCTI kepyBaHHS [2].

Ona 3aMiHW HassBHOro perynsatopa Helpome-
pexeBot MoAen o B pexumi online (puc. 6) cnig,

4

Neural Network

(ool Taol-5

Algorithms

100 >

Training:  Levenberg-Marquardt (trainim
Performance: Mean Squared Error (mse
Calculations: MEX

Progress

y NeBHI MOMEHTW Yacy 34MTyBaTh 3 AATUKKIB CUT-
Hanu 3 BXoay perynsaropa (To6To noMmusky e(t) abo
onuc ctaHy o6’ekTta x(t))), 3 oro Buxody — curHan
KepyBaHHSA u(t).

ey(t) = up(t) — u(?).

Onuc cTaHy nogaetbcs Ha Bxig LUHM, a onuc
CUTHaNy KepyBaHHS BUKOPUCTOBYETLCA /1A PO3-
paxyHKy MOTO4YHOI nomusku Buxogdy LLUHM. Anro-
pUTM 3BOPOTHOTO NOLUMPEHHSA NMOMWUSIKK Aa€E 3MOry
MiHimMi3yBaTu ii nig yac HaB4aHHA B pexxumi offline,
3a [JOMOMOroK HasBHOTO perynsaropa CTBOpIO-
€TbCSA HaBYaslbHa BUOIpKa, i LUHM HaB4yaeTbCa 3a
uieto Bnbipkoto [2; 3].

Hexain € cuctema kepyBaHHs 3 M[-perynsro-
pom. [MOTPIGHO 3aMiHUTK 100 €eKBIBASIEHTHUM
HelipoHOM. Ha puc. 7 HaBedeHO BUXiZHY cCXemy
MaTemaTu4yHoi Mogesi, HeobxigHy ANA OTpUMaHHSA
HaB4Ya/IbHOT BUOIPKML.

Ockinbkn MA-perynaTop € NiHiliHuM, Ansa noro
3aMiHM MOXKHa BrukopucToByBaTu LUHM MMM 3 niHili-
HOI aKTMBaLiHO (OYHKLUIELD:

simOut=sim( ‘PR53°,1);

net=newff([-1 1; -5 5], [3,1], {‘purelin’,
’purelin’},’trainlm’);

P = simOut.Yz’; T = simOut.Yzd’;

net.trainParam.show = 50;

Best Training Performance is 0.0009226 at epoch 5

Train
Best | :
Goal | :

Mean Squared Error (mse)
=)

Epoch: 0 5 iterations 1000
Time: 00001
performance: 128 [[NNNN00009280 0 | 0000100
Gradient: 433 65313 1.00e-07
Mu: 000100 1.00e-08 1.00e+10
Plots
Performance
Training State plottrainstate 10-4
Regression t
plotinterval: B 1 epochs
& Training finished: Reached minimum gradient 0 05
@ Stop Training @ Cancel

1 15 2 25 3 35 4 45 5
5 Epochs

Puc. 3. MNpouec HaBYaHHA HelipoMepexeBoro igeHTudikaTtopa
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Puc. 5. MopiBHANBHI rpadiikn nepexigHoOro npouecy 06’eKTy Ta Oro HelipomepexxeBoi Mmogeni
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Puc. 7. Cuctema 3 NA-perynsaropom B MatLab Simulink
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4 Neural Network Training (nntraintoo

Neural Network

Layer

Input Output
2 1
3 7
Algorithms
Training: Levenberg-Marquardt (trainim)
Performance: Mean Squared Error (mse)
Calculations: MEX
Progress
Epoch: 0 5 iterations 1000
Time: 0:00:00
Performance: 399 1.23e-10 0.000100
Gradient: 334 1.00e-07
Mu: 0.00100 0.00100 1.00e+10
Plots
Performance | (plotperform)
Training State | (plottrainstate)
Regression | (plotregression)
Plot interval: B 1 epochs

«/ Opening Performance Plot

@ Stop Training @ Cancel

Mean Squared Error (mse)

Best Training Performance is 1.2292e-10 at epoch 5

0.5 1 15 2 2.5 3 35 4 45 5
5 Epochs

Puc. 8. 3miHa NnoMUIKM y NpoLeci HAaBYaHHA HEMPOHHOIO perynsaTopa
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Puc. 9. HeiipoHHW1IA perynAaTop, ekBiBaneHTHuii NMA-perynatopy

1 T T T T
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e
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O Il 1 1 1
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Time, c
Puc. 10. MNopiBHAHHA rpadikiB nepexigHUX npouecis
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net.trainParam.lr = 0.005;
net.trainParam.epochs = 1000;
net.trainParam.goal = 0.0001;
netl = train(net, P, T);
gensim(net1,0.01).

Ak BunAnBaEe 3 puc. 8, ANA HaBYaHHA 3HaO-
6unocsa BCbOro N'ATb enox.

Ha puc. 9 HaBeneHO ekKBiBaJ/IEHTHY CXemy
3 HEPOHHNM PEryNSiTOPOM.

MpoBegeMo [OCNIMKEHHS rpadoikiB nepexigHmx
NpoLECIB Mif Yac BUKOPUCTaHHS BMXiAHOTO (K1acuy-
Horo) MN/-perynatopa Ta Moro HelipoHHOI Mogeni.

plot(out.t,out.Y,out.t,out.Ynr);

xlabel(‘Time, c’); ylabel(‘Y(t)’);

legend( ‘Knacuynuit
perynaTop’,’Heitpoperynsatop’); grid.

MobynoBaHi rpadhikn nepexigHnMx npouecis
HaBefeHo Ha puc. 10. AHani3 rpacikiB nokasye ix
NPakTUYHWIA 30ir.

BucHoOBKWU. Ha OCHOBi npoBegeHnx p[ocni-
[KEHb MOXHa 3p06UTY Taki BUCHOBKM.

OTpumaHuii TakuM CNOCO60M HEPOHHWIA pery-
NATOP, NPUPOAHO, HE MOXE MpaloBaTh Kpalle 3a
CBili MPOTOTWM, BUKOPUCTaHWIA Nig Yyac HaBYaHHS.
[ns nigBuWeEeHHA SAKOCTI KepyBaHHS HeoOXigHo
3aCTOCOBYBaTH iHLWI Nigxoau.

[ns NiHIRHWX | cnaboHeniHiliHMX 06’EKTIB Kepy-
BaHHA KnacuyHi meTtogmn igeHTuddikayii MOXyTb
He nocTynatucsa HelipoMepexeBMM MeTohaM.
OpgHak LUHM € yHiBepcalibHUM iHCTPYMEHTOM
i npugaTHa Ansa igeHTudoikauii cyTTeBO HeniHii-
HUX OG’EKTIB, MPO SAKi € Manuini ob6cAr anpiopHoi
iHtbopmaLlii.
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