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Anomauin. Axmyanvuicme. Hanawmyeanns egpexmusnux napamempis pezyismopa sx npu mooenoearnni CAP, max i na
peanvHoMy 00 ’€Kmi, 3anuuaemscsa akmyanibHow 3a0auelo npu nobyoosi cucmem pe2yi08aHHs, 38AHCAIOUU HA CYNEPeyIusi
suMozu y 3abe3neyeri 6UCOKol OUHAMIYHOT mouHocmi cmabinizayii pe2ynvbo8anol sminHoI i cmitikocmi cucmemu. L 3a0aua
nompebye Kpim 3HaHb Meopii asmoMamuyHo20 Kepy8aHHs, MaKox#C i HABUKIE 3ACMOCYBAHHA CYUACHUX NAKemi8 npocpam
MATLAB, wo 3abesneuyroms ananiz i cunmes cucmem Kepy6aHHsL.

Mema. Ilposecmu mecmysanna npoepamu PID Tuner y eusnauenni napamempis pezynamopa neninitinoi CAP npu pisHux
3HAYEHHSX 3aNI3HEeHHs 6 KAHAL Pecyn0O6aHHA.

Memoo. B sixocmi memooy docrioxcents oopano mooeniosaniss CAP ¢ cepedosuwyi Simulink.

Pesynomamu. Hagedeno excnepumenmanvui 0ami, sAxi xapaxmepusyroms pobomocnpomodiciicms npoepamu PID Tuner ¢
VMOBAX 3MIHU YACY 3aNI3HEHHsL 8 00 €KMI KepyS8aHHsL.

Bucnosku. Ilpoepama  PID Tuner mooice 6ymu pexomenoosana 01 nid2omosxku cneyianicmie 3 agmomamusayii
BUPOOHUYUX NPOYECi6 8 OMPUMAHHT HABUUOK 3 Halawmyeanus napamempis pezyaiamopa CAP.

Abstract. Topicality. Adjusting effective controller parameters both during ACS (automatic control system) simulation and
with real control object, remains topical task during control systems design, because of the contradicting requirements: to
ensure high dynamic accuracy of the controlled variable stabilization and system stability. This task requires not only
knowledge of the Automatic Control Theory but also skills of using modern MATLAB programs which provide functionality of
control systems analysis and synthesis.

Goal. To carry out testing of PID Tuner program when tuning controller parameters of the non-linear ACS with different
time delay values in the control channel.

Means. ACS modelling in Simulink environment was chosen as means of research.

Results. Experimental data, which describe performance efficiency of the PID Tuner program in the conditions of control
object time delay change, is shown.

Conclusions. PID Tuner Program can be recommended for training of specialists in automatic control to obtain skills in
ACS controller parameters tuning.

Kuarouogi cioBa: nporpama PID Tuner MATLAB, nanamryBanHs napametpis peryisitopa CAP.
Key words: MATLAB PID Tuner program, ACS controller parameters tuning.

1. Beryn

HanamryBanas eheKTHBHUX IapaMeTpiB PeryisaTopa K IPH MOJIEIIOBaHHI CHCTEMH aBTOMaTuaHoro peryiosanus (CAP),
Tak 1 Ha peambHOMYy 00’ekTi KepyBaHHsA (OK), 3amumraeTbcs akTyalbHOIO 3aJa4yero MpH MOOYIOBI CHCTEM DPETYIIOBAHHSA,
3BaKAIOUM HA CYMEPEWINBI BUMOTH y 3a0e3ledeHi BHUCOKOI JMHAMIYHOT TOYHOCTI cTalOimi3amii peryipoBaHOi 3MiHHOI i
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OTHOYACHO CTiHKoCTi cuctemu. Llg 3amaga moTpedye, KpiM 3HaHb Teopii aBTOMATHYHOTO KEPyBaHHs, TAKOXK 1 HABHUKIB
3acTOCyBaHHA cydacHUX makeTiB mporpaMm MATLAB, mo 3a0e3medyroTh aHalli3 i CHHTE3 CHCTEM KepyBaHHS.

2. AHaui3 JiTepaTypHHX JaHHX i MOCTAHOBKA MPo01eMHu

Jnst HamamityBaHHs CTPYKTypu 1 mapametpiB perynsitopa CAP 1 kopuryroumx 3B’si3kiB B cepenosuini MATLAB
BHKOPHUCTOBYIOTH TakeT mporpam Control System Designer [1], skuii Bkirouae 10 cBoro ckmany rpadiuni metoau (Bode,
Closed-Loop Bode, Root Locus, Nichols Editors) ta aBromatuszoBani meromu (PID, Optimization, IMC Tunings, LQS
Synthesis, Loop Shaping). Binbmricte 3 mux MeToaiB HoTpedye TEOPETHYHOI MiATOTOBKU SIK MiHIMyM B pamkax [2,3] Ta
HasIBHOCTI BIJIOBITHUX HABUKIB, III0 CTBOPIOE TIEBHI MTPOOIEMH ISl KOPUCTYBaya MpHU X BUKOPUCTAHHI.

Binpm komdopTHHM U1 3aCTOCYBaHHS € METOA, peainizoBaHuid B mporpami PID Tuner, B pamkax sKOro aBTOMaTHYHO
MIpOBOIUTHCA JTiHeapu3aris Moaeni OK ta momansmuii po3paxyHok napametpis [TI1I-perymsropa.

3. Mera i 3aBJaHHSA JOCTiIKEeHHS:

npoBecTH TecTyBaHHs nporpamu PID Tuner y Bu3HaveHHi napameTpiB peryisitopa Heniniitnol CAP npu pi3HUX 3HauUSHHSIX
3ali3HeHHs B KaHajl peryiroBaHHs. Lle mactb 3Mory, 10 TMeBHOI MipHW, OLIHUTH JOLUIBHICT BHKOPHUCTAHHS INPOTPaMH B
y40O0BHX 3a/1auax 1 Ha MpakTui npu HamaropkeHai CAP.

4. Metoau i MaTepiaau 10CaiIzKeHb
B sikocTi MeToy mociipkeHHst 06paHo MoxenmoBanHs TectoBoi CAP B cepemosumti Simulink [4]. Tpu msomy nepenatHa
dynxuist niniiinoi wactunn OK Busnauena sk W(s) = exp(z) /(Ts + 1)?, ne 7 — vac 3anizuenns, a T — nocriiina vacy OK.

Koeoimient mepenadi K 06’ €Ty mix gac iMiTaIliifHUX eKCIIEpHMEHTIB 3MiHIOBaBcs B 61o1i Lookup Table (mus. puc. 1).
d 1-0 Tiw)
> > ! o ]
— FiDis) * f / . /\/ Tl 1ose T

r FID Controller Saturation 1-D Lockup Transport Transfer Fon Transfer Fon Y
C] Tablai Delay 55 (with initial outputs)1 (with initial cutputs)

r

¥

u

Puc. 1. — Cxema mopenoBanns recrosoi CAP B Simulink
INouaTkoi mapamerpu I11/I-perynstopa 3 6ibmiorexu Simulink (puc. 2) 3a6e3neuyBanu crifiki nepexinui npouecu B CAP

ITiJT] JTIEFO 3MIH 33JJAaHOTO 3HAYCHHS Ta 30ypCHHS.

Main  PID Advanced  Data Types  State Attributes
Confroller parameters

]

Source: internal = | [E Compensator formula

Proportional (P): |CI.E- | :

Integral (I): |CI.1 | :

Derivative (D): |2 | i P 1+I§+D N i
| - 1+N

Filter coefficient (N): | 10

Select Tuning Method: | Transfer Function Based (PID Tuner App) hd Tune...

Puc. 2 — Ilpuknan Bcranosaenns napamerpis IIIJI-peryasTopa

[Ticns HaTuMcKkaHHS HAa KHOMKY TUNE y BikHI BHOOpY mapamerpiB peryisitopa (nuB. puc. 2) mporpama PID Tuner
ABTOMATHYHO BHM3Hayana JiiHeapuzoBany mozeib OK 1 po3paxoByBasia 3Ha4eHHs MapaMeTpiB peryJssiropa, siki 3a0e3nedyoTh
KOMITPOMIC SIKOCTI MepeximTHuX MpoIeciB 10 KaHAIy BiATBOPEHHS 3MiH 3amanoro 3HaueHHs (Reference tracking) ta mo xanamy
30BHIIIHIX 30ypens (Input Disturbance rejection). Ipukinan pe3ynpTatiB pobOTH MPOrpaMu HaBEICHUI Ha pHC. 3.

KopucTyBady mporpamu HaJa€ThCsi MOXIHMBICTH Ha Trpadikax MOpiBHATH Toka3HUKH skocti CAP mpu moyaTtkoBHX
HaNalITYBaHHIX perymsitopa (Bapiant BloK response) ta orpumanux B pe3ynbTaTi po3paxyHKiB (Bapiant Tuned response), B
TOMY YHCII 1 3amacu cTiiikocTi Mo kKputepito HafikBicta B wacToTHil o6macTi. [Tomanpiry KOpeKIiro HaJamTyBaHb PEryisaTopa
MOKHA MPOBECTH B PYYHOMY PEXKHMI, 3MIHIOIOUHM TMOJIOKEHHs MOB3yHKIB Response Time Ta Transient Behavior y Bikwi
nporpamu. Ilicnst Hatrckanus Ha kHomky Update Block o6panmi mapamerpu 3aBanTaxyrotses B I1IJ[-perymstop mporpamu
Simulink. Le xo3Boiisie onepaTUBHO MEPEBIPUTH KOPEKTHICTH iX BU3HAYCHHS MMPH MoetoBanHi Heniniiinoi CAP (puc. 4).
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5. Pe3yabTaTH 10CaiTKeHb
[ITo6 omiHUTH pPOOOTOCTIPOMOXKHICTh anropuTmiB mporpamu PID Tuner, mpoBemeHi eKCHEpUMEHTH 3 IMITAIliifHOIO

mojeutto CAP 3a puc. 1 npu pisHuX 3HaueHHsX 4yacy 3amizHeHHs1 7 OK Ta He3MIHHMX IHIIMX MapaMeTpax MOJel, pe3yJbTaTh
SIKUX HaBEICHI Ha puC. 5.

[Micnst onepxanus obuuciennx (Tuned) mapamerpis ITIJ[-perymsTopa uisi KOKHOTO BapiaHTy 3MiH 7 OyJ0 MPOBEICHO
MmozentoBanHst HemiHiitHOT CAP B Simulink, sike miaTBepanio moaiOHICTh XapakTepy MepexiaHUX MPOLECiB i3 THMH, 1110 Oyid B
nporpami PID Tuner. Oxpemo ciin BimzHaunTH Bapiant i3 T = 20 ¢, B skomy CAP i3 mouatkoBumu napamerpamu [11J1-
peryisitopa (Bapiant Block) BusBunacs mecriiikoro. Tum He menmn, B nporpami PID Tuner Gynu o6uucneni napamerpu I1I-
perynsitopa (Bapiant Tuned), siki ipu nepesipii HexmiHiiHOT CAP B Simulink mamu cTiiiki nepexigHi npouecH.

VIEW g
3 K

PID TUNER - 1
Plant: Type: PIDF Domain: i L I | Cac] S
« | f & f 1 » [1876 |2
Plant w Form: Standard Time - ' Siower Response Time {ssconds) Faster | | @ D
. Options Add Flot » f ; ; ; ) ; i 5 ~| Reset  Show Update
PLANT | conTROUER | DESIGN | TUNING TOOLS | RESULTS |
g _J’ Step Plot: Reference tracking ¢ 1 |- | BodePlot: Open-loop |
g =
o
a Step Plot: Reference tracking
E 1.5 Tuned response Bode Plot: Open-loop
= = = Block response ]
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o | 1.5 [} i
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- —_— 1
2 ! 2
é ! =
i = L
<t i g 1
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| Step Plot: Input disturbance rejection 2 |
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= o -
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Frequency (rad/s)
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Controller Parameters: P = 2.121, | = 0.04907, D= 5.012, N = 12.19

Puc. 3 — Pe3yabTaTu podotu mporpamu PID Tuner

Lt 1 £
y(tl)
Eﬁ Fut
k. 2
40 Input disturbance
- " Ty | rejection
~ apQ Responce n
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Offset=0 ts

Puc. 4 — Ilpukian rpadiky peryianoBaHoi 3MinHoi B mporpami Simulink
3 oopanumu B mporpami PID Tuner mapamerpamu I11/-peryasitopa
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Controller Parameters Controller Parameters

Tuned Block Tuned Block
P 2.0887 0.8 P 2,121 0.8
| 0.063738 0.1 | 0.045072 0.1
D 3.7393 2 D 5.0116 2
N 12,1852 10 N 12,1852 10
Performance and Robustness Performance and Robustness

Tuned Black Tuned Block
Rise time 14 seconds 21.3 seconds Rise time 8.55 seconds 17.7 seconds
Settling time 43.3 seconds 70.6 seconds Settling time 28.5 seconds 133 seconds
Overshoot 5.05 % 12.7 % Overshoot 5.88 % 272 %
Peak 1.05 113 Peak 1.06 127
Gain margin 25 dB @ 141 rad/s 37dB @ 1.23 rad/s Gain margin 9.2dE @ 0.311 rad/s  [12.0dB @ 0.164 rad/s
Phase margin 69 deg @ 0.107 rad/s _ |56.1 deg @ 0.0636 rad/s Phase margin 60 deg @ 0.107 rad/s  [41.5 deg @ 0.0636 rad/s
Closed-loop stability  |Stable Stable Closed-loop stability  [Stable Stable

t=1lc¢ t=5c¢

Puc. 5 — Bnuius yacy 3anizHennsi 7 OK na odunciaeni napamerpu IIII-peryasitopa
Ta noka3sHukM sikocti CAP

Controller Parameters Controller Parameters
Tuned Block Tuned Block
P 1.3503 0.8 P 1.1069 0.8
| 0.037951 0.1 | 0.034303 0.1
] 5.3428 2 D 5.7046 2
N 7.2264 10 M 5.3752 0
Performance and Robustness Performance and Robustness
Tuned Block Tuned Block
Rise time 12.8 seconds 15.8 seconds Rise time 15.4 seconds 13.5 seconds
Settling time 75.9 seconds 280 seconds Settling time 93.6 seconds 1.7%e+03 seconds
Overshoot 3.96 % 35.9% Overshoot 103 % 91.6%
Peak 1.06 1.56 Peak 1.1 1.92
Gain margin 7.19dE @ 0.166 rad/s  |4.67 dB @ 0.092 rad/s Gain margin 592 dB @ 0.118 rad/s  |0.793 dB @ 0.068 rad/’s
Phase margin 64.5 deg @ 0.0632 rad/s|23.3 deg @ 0.0636 rad/s Phase margin 645 deg @ 0.047 rad/s |5.00 deg @ 0.0636 rad/s
Closed-loop stability  |Stable Stable Closed-loop stability  |Stable Stable
t=10c¢c t=15¢
Controller Parameters
Tuned
P 0.42457
| 0.05385
D 0
N 100
Performance and Robustness
Tuned
Rise time 36.4 seconds
Settling time 121 seconds
Overshoot 7.5 %
Peak 1.07
Gain margin 8.22 dB @ 0.0649 rad/s
Phase margin 60 deg @ 0.0236 rad/s
Closed-loop stability Stable
t=20c

Puc. 5 — (3akinyennsi) Brums uacy 3amisnennst ¢ OK Ha o6uucieni mapamerpu I11/l-peryastopa
Ta NoKka3HukHM sikocti CAP

6. O6roBopeHHs pe3yJIbTATIB

[lix yac excriepuMeHTIB OyJI0 BHUABIICHO, 10 3MiHa Koedimienta nepemaui OK B miamazoni K = 0,8...1,2 He BIutHBae Ha
poboTocnpomoxkHicTh iporpamu PID Tuner.

Mopemosanus CAP B Simulink mposoauiiocs i3 kpokoM kBauTyBaHHs 3a yacoM At = 0,1 cek. Takuit kpok OyB 0OpaHmHit
CBIJIOMO SIK HAMIOINIMPEHININMN, 1[0 BCTAHOBIIIOETHCS HA MPOMUCIOBHX KOHTposiepax mpu peanizamii [1I/-perynstopa. Ha
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*Kaib, mporpama PID Tuner He BpaxoBye 0OMEKEHHS, sIKi HAKIAAIOThC KPOKOM KBAaHTYBAHHS, 1 TOMY [UIS ISSKAX BapiaHTIB
obuwmcienHs [I-CKIaa0Boi alropuTMy MOXKHA OTpUMaTH (Gi3uvHO He3milcHeHH] 3HaueHHs mapametpy N - Filter Coefficient.

7. BUCHOBKH

TectyBarns nporpamu PID Tuner migTBepamio ii poOOTOCTIPOMOXKHICTD Tpu BU3HadeHHI mapametpi [II/I-perymsaropa
HeniHiiiHoi CAP npu pi3HMX 3HAUEHHSIX 3alli3HEHHsS B KaHaJIl peryioBanHs. JlaHa nmporpama KoM(OpTHA Uil BUKOPUCTAHHS 1
MoOke OyTH peKOMEHAOBaHa IS IMIATOTOBKM CIEIIaJiCTIB 3 aBTOMAaTH3allii BHPOOHHYUX TPOIECIiB B OTPUMaHHI HABUYOK 3
HaJlaIITyBaHHs mapamerpis peryisitopa CAP.

CnHcoK BUKOPHCTAHUX JKepeJ

[1] https://mwww.mathworks.com/help/control/ug/getting-started-with-the-control-system-designer.html

[2] Karl Johan Astrom and Tore Hagglund. Advanced PID control. USA: ISA, 2006.

[3] Sigurd Skogestad, “Simple analytic rules for model reduction and PID controller tuning ” Journal of Process Control,
no. 13, pp. 291-309, 2003. https://doi.org/10.1016/S0959-1524(02)00062-8

[4] Oesixonos B. Simulink 5/6/7: Camoyuumens. Mocksa: JIMK-IIpecc, 2008.

References

[1] https://ww.mathworks.com/help/control/ug/getting-started-with-the-control-system-designer.html

[2] Karl Johan Astrom and Tore Hagglund. Advanced PID control. USA: ISA, 2006.

[3] Sigurd Skogestad, “Simple analytic rules for model reduction and PID controller tuning ” Journal of Process Control,
no. 13, pp. 291-309, 2003. https://doi.org/10.1016/S0959-1524(02)00062-8

[4] Dyakonov V. Simulink 5/6/7: Samouchitel. Moskva: DMK-Press, 2008.

Orpumana B pepaxuii 31.01.2022. IMpuitasita 1o apyky 22.02.2022. Received 31 January 2022. Approved 22 February
2022. Available in Internet 15 March 2022.

VIIK 004.42

PO3POBKA ABTOMATH30BAHOI CUCTEMU
JO3YBAHHS PIIKUX ITPOAYKTIB

Toay6es JLIL!, Pesnikos C.A.

YHanionansauii Texniunmii yuisepenrer Yipainu “KuiBchkuii momitexiunmii inctutyT iMeni Irops Cikopchkoro”, mpocrexT
ITepemornu, 37, Kuis, 03056, Ykpaina

ORCID: * 0000-0002-2980-8017, 20000-0002-0323-4457

E-mail: lgolubevl@ukr.net, 2reznikov_sa@ukr.net

Copyright © 2021 by author and the journal “Automation of technological and business — processes”.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licanses/by/4.0

@ @ & | ONAFT
1kl Open Access

DOI: 10.15673/atbp.v14i1.2276

Anomayia. Y craTTi BUKOHAHO JIOCIHIKEHHS JO3YBaHHSA PIAKUX TMPOAYKTIB. Y poOOOTI Xap4oBHX, TEKCTHIBHHUX Ta
(acyBabHUX MIANPHEMCTB OTEpalii JO3yBaHHSI BUKOHYIOTHCS IyXe dacTo. Tomy mpoOieMa aBTOMATH3aIlil NUX OIlepamii
CTOITH OCOOJMBO TOCTPO. ABTOMATH3AIlisl HO3YBaHHSA O3BOJISE BUBUIFHUTH POOITHWKIB JJIs BUKOHAHHS IHIINX OMeEpariii,
3a0e3neunTH OUTBII TOYHE J03YBaHHS MPOIYKTY. ABTOpaMH PO3POOJICHO HOBHIA MiAXIA 10 BUKOHAHHS OINEpallii HOPIIHHOTO
JIO3YBaHHS PIJIKMX MPOJYKTIB. BiH 3aCHOBaHUiI HA 3aCTOCYBaHHI JUIsl YIIPABIIHHS JJ03yBaHHIM MiKPOIPOLIECOPHOI CUCTEMH, a
SK TOPUIHHMNA JaT4MK BUKOPUCTAHUM TEH30/1aTUMK, M0 3a0e3nedye BHCOKY TOYHICTh BHMIpIOBaHb. B sikocTi
MiKpornporecopHoi cuctemMn Oyna BukopucraHa miara Arduino UNO. Po3poOiieHO MakeT aBTOMAaTH30BaHOI CHCTEMH
JI03YBaHHS PiAKKUX NPOAYKTiB. [IpoekTyBaHHS MIKpOIIPOLIECOPHOT CUCTEMH YIIPABIiHHS BUKOHYBAJIOCH 3@ JIOIIOMOTOI0 CUCTEMH
FIProg, sika 103BOJIsSE BUKOPUCTOBYBATH 3aCO0M Bi3yaJlbHOTO TPOrpaMyBaHHS, IO CYTTEBO HMPUCKOPIOE Ta CIIPOIILY€E MPOILEC
npoekTyBaHHA. [lepen moyatkoM poOOTH CUCTEMH BHKOHYETHCS KaiOpyBaHHs TEH30JaT4YMKa, BCTAHOBJICHHS Bard B HYJbOBE
MTOJIOKEHHS Ta OOJIK Barw Tapu. Y TIpoleci poOOTH 3IIHCHIOETHCS 3BaKyBaHHS TOPIIi PITUHA i, SKIIO JOCATHYTO 3aJaHe
3HAYCHHS, NPUIUHAETBCA 1i mojava. [Hpopmalis mpo NOTOYHE 3HAUCHHS Bard PilllHU, IO J03YEThCs, 1 KUIBKICTh BUKOHAHHX
no3yBaHb BimoOpaxaetbcs Ha LCD expani. Po3pobrnena cuctema € yHiBepCcalnbHOIO — ii MOKHAa BHUKOPHCTOBYBATH IS
BEJIMKOTO CIIEKTPY PiIUH, IO JO3YIOTHCS, @ TaKOXK, IMICIS HEBEIHMKOi JOPOOKH, 1 UII CUIKUX MPOXyKTiB. HeBennka BapTicTh
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