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Anomauin. Axmyanvuicme. Bushauenns napamempie mooleneil 00’ckma Kepy8aHHa 3d 1020 NepexiOHuMu
Xapaxmepucmukamu, OMpUMAHUMU @ Pe3yIbmami aKmMu8Ho20 eKCNePUMEHMy, WUPOKO 3aCMOCO8YEMbCL 8 THHCEHEPHIT
npakmuyi npu HAIAWMYaHHI napamempis pecyiamopa cucmemu Kepyeanus. OOHax pyuHa obpobka epagikie
nepexioHux XapaxKmepucmuk MAe neeHi HedoliKu i oMy akmyaibHUM € 3dCMoCy8aHHs cneyianizoéanux npoepam xa I1K.

Mema. Poszensmymu na npuxnadax OoyinbHicme idewmugpixayii napamempie mooeiei 00’ €Kma KepyeawHs 3d
pesyromamamu 06poOKu nepexionux xapakmepucmuk 6 nakemi npoepam System Identification Toolbox cepedosuwa
Matlab ma nposecmu mooemosanns cucmem pezymosanns, napamempu pezyiamopié SKUX pPO3PAXO6AHI 3d
pesyromamamu yiel idenmugpikayii.

Memoo. B sxocmi memodis 00caioxcenHss 0b6pami Oenmuikayiss ma MoO0en08anHs 00’ekma ma cucmemu
pezymosanns i3 3acmocysannsim npozpam System Identification Toolbox ma Simulink.

Pezynomamu. Haseoeni npuxnadu susnauenns napamempie mooeneil 00 €Kmie KepysanHsa 3 CAMOBUPIGHIOBAHHAM |
be3 camosupien0ants iz 3acmocysannam npoepamu System Identification Toolbox ma niomeepdoicena kopekmmicmo ix
BUBHAYEHHST WISIXOM MOOETIOS8AHHSL Yux MoOeell i cucmem pe2yniogants Ha ix ochoei ¢ npoepami Simulink.

Bucnoexu. Hasedeni npuxnaou niomeepounu doyinbHicms sukopucmaris npoepamu System Identification Toolbox
011 BUBHAYEHHS napamempis mooeneti 00 €Kmy Kepy8aHHs 3d 1020 NepeXiOHUMU XAPAKMepUCmMuKAMy, OMPUManuMu 8
aKmu@HOMY eKCnepumenmi no Kanaxy peeyniosamus. Lla npoecpama modce Oymu pexomeHo08ana 07 Ni020mosKu
cneyianicmie 3 agmomamu3ayii UPOOHUYUX NPOYecié 6 OMPUMAHHI HABUYOK 3 i0enmudpikayii moodenetl 06’exmy
Kepy6amHs.

Abstract. Topicality. Control object model parameters calculation using its transient responses, which were obtained
as a result of an active experiment, is widely used in engineering practice when adjusting the parameters of automatic
control system controller. However, manual processing of transient responses graphs has certain disadvantages and,
therefore, usage of special PC software is relevant.

Goal. Is to consider the expediency of control object model parameters identification using the results of transient
responses processing in MatLab ’s System Identification Toolbox program and conduct control systems simulations with
the controller’s parameters which were obtained based on the results of this identification.

Method. Identification and simulation of control object model and automatic control system model using System
Identification Toolbox and Simulink programs were chosen as a method of research.

Results. Control object parameters determination examples with static and astatic properties using System
Identification Toolbox were provided and correctness of their determination was verified by simulation of these control
object models and control systems models in the Simulink program.

Conclusions. Examples, which were given, confirmed the expediency of using System Identification Toolbox program
to determine the control object model parameters based on its transient responses obtained in an active experiment
through the control channel. This program can be recommended for the training of specialists in automation in acquiring
of skills for identification of control object models.

Kurouogi ciioBa: mapameTpuyHa iIeHTU(IKALsL, aKTHBHUIA eKCIIepUMeHT, mporpama System ldentification Toolbox.
Key words: parametric identification, active experiment, System Identification Toolbox program.

1. Beryn

HanamryBanHs mnapaMeTpiB perymsaropa cucteMd aBTomMaTuuHoro perymoBanas (CAP) 3a  imkeHepHHMH
METOJMKAMH OYJIO 1 3aJIMIIAETHCS aKTyaJbHOIO 3a/1a4€0 IPH MiArOTOBII CTYJCHTIB BiIMOBIIHUX CIIEIiaTbHOCTEH. Takox
i METOAWKH IIMPOKO 3aCTOCOBYETHCSI 1 Ha MPAKTHIl, OCKUIBKH O3BOJISIOTH OTPUMATH TMapaMeTpH peryJsiTopa 3a
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BiIOMHMH, TI0 pe3yJIbTaTaM aKTHBHOTO €KCIIEPUMEHTY, apameTpaM 00’ ekTa kepyBauHs (OK).

2. AHaqi3 JiTepaTypHUX AaHHX i IOCTAHOBKA MPo0JaeMH

BusHauyeHHs mapameTpiB 00’€KTa 3a HOTO MEPEXiTHOK XapaKTEPUCTUKOIO, SKa OTPUMaHa B PE3yJbTaTi aKTHUBHOTO
EKCIICPUMCHTY 110 KaHaly KepyBaHHsI, IIMPOKO BUCBITICHO y MiJPyYHUKAX 3 TEOPil aBTOMATUYHOTO PETyNIIOBAHHS Ta
inenTudikarii, nHanpukiaan B [1, 2, 3, 4]. BinbIIicTh 3 HaBeIEHUX METOAMK 0a3yIOThCs Ha 00poOILi rpadikiB mepexiqHol
xapakrtepuctuku OK, 3a pe3ynpTaramu kol OTpUMYIOTh apaMeTpu Moaeneii OK nepiioro abo Ipyroro nopsiikiB BUAY:

VVO(S) = ko exp(—ToS)/(TmS + 1); (1)
W, (5) = ko exp(—7,5)/(To15 + 1) (Tozs + 1); (2
W,(s) = exp(—7,5) /T;s; (3)
W, (s) = exp(—1,5)/Tys(Tys + 1), 4

ne Ko, To1, Toz — KoeiriieHT nepeaayi ta moctiiHi yacy B mogensx OK 3 camoBupiBHIOBaHHSAM; T1 - mocTiiiHa Ta To —
nocriiina yacy B Mmonensax OK 6e3 caMOBHPIBHIOBAHHS, To — YaC 3aMi3HCHHS; S — oneparop Au)epeHIiFOBaHHS.

IIpn mpomy ciif Big3HaYMTH, 10 0OpOOKa rpadikiB NepexiHOi XapaKTepUCTHKU Ul OTPUMAaHHS NapaMeTpiB
mopenei (1), (2), (3) nocrarHbo npocTa, a 00podKa rpadiky s Moaeni (4) ckianHima Uit pydHoi 00poOku, 60 Moxe
NOTpeOyBaTH MONEepeIHHOT0 rpadiyHOro qudepeHIiIoBaHHS.

B ycix Bumagkax pygHa o0poOka rpadikiB mepexigHoi XapaKTepUCTHKH OTPeOye IEBHUX HABIMYOK 1 yCKIIATHIOETHCS,
KO Tpadiku KpiM JETepMiHOBAaHOI CKJIAOBOI, fKa BUKIMKAHA KEPYIOUMM BIUIMBOM, MICTATH TaKOX BHITQJKOBY
CKJIaJIOBY, 10 00yMOBJICHA Ji€F0 HEKOHTPOIBOBAHUX 30ypeHb. JOIIIBHOO albTePHATHBOIO PYUHiit 00poOIIi pe3yIbTaTiB
AKTHBHOTO EKCIEPUMEHTY € 3aCTOCYBAHHSI CIIellianizoBaHuX nporpam Ha [1K.

3. Mera i 3aBJaHHSA JOCJIIKEeHH:

PO3TIIIHYTH Ha MPUKIagaxX JIOIUIbHICTE ineHTHdikamii mapamerpiB Mozaeneii OK 3a pesymbpratamMmu oOpoOKH
MEepexiJJHUX XapakTepHCTHK B makeTi mporpam System Identification Toolbox cepemosumia Matlab Ta mposectu
MmojentoBanHs CAP, mapameTpu peryssiTopiB SKUX po3paxoBaHi 3a pe3yJibTaTaMu Li€l i1eHTudikaii.

4. MeTonu i MmaTepiaju 10CJHiIKeHb

B skocTi MeToniB mociimkeHHs oOpaHi ineHTudikais ta MoaemoBands OK ta CAP i3 3acTocyBaHHSAM Mporpam
System Identification Toolbox ta Simulink [5, 6]. IlepexinHi XapakTepUCTHKH TeCTOBOTO abo «peanbHOro» OK Oyimu
OTpHMaHi IIpY MOJIEIIIOBAHHI 3a CXeMaMH, sIKi HaBeJieH1 Ha puc. 11 2.
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Puc. 2 Cxema moaemoBanns Tectoporo OK 0e3 caMoBHpiBHIOBAHHS
Ta iforo moaedeii (3), (4) B mporpami Simulink

[Ticns MoxemoBanHs B porpami Simulink kepyroua ais u(t) Ta kepoBana 3minHa Y(t) 3 pobodoro npocropy Matlab
iMmoptyBanuce g0 mporpamu System Identification Toolbox (puc. 3), ne y posnini Process Models mpoBonuiach
ineHTudikaris mapamerpis Mmoaeneir OK.
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Puc. 3 Burasa Bikna nporpamu System Identification Toolbox

VY mopmanmpmomy mi mapamerpu Moxeneid OK Oymm BHKOpHCTaHI UIA PO3paxyHKY ITapaMeTpiB PeryiasTopiB Ta
nposeaene MoaenoBaras CAP 3 TecroBum OK Ta #ioro mozgemsmu B mporpami Simulink 3a HactynmanMEu cxemamu.
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Puc. 5 Cxema mopemoBannsi CAP 3 tecropum OK 0e3 camoBUpiBHIOBAHHS
Ta iioro Mmoaesio (4) B mporpami Simulink

5. Pe3yabTaTH 0CaiTKeHb

Ipu monenroBanHi B mporpami Simulink 3a puc. 1, 2 B skocTi BXifHOro curHany Oyia obpaHa cTyneHeBa QyHKIis
3pocTaHHs Ta crnaay kepyroudoro BmimBy U(t). Ipuknagu pe3ysbTaTiB BU3HA4YEHHs mapameTpiB mozenei (2) Ta (4)
tectoBoro OK B mporpami System Identification Toolbox HaBeneHi Ha puc. 6a i 7a BiAmoBiAHO. Sk BHIHO 3 puc. 60 Ta
70, ineHTndikamis npoBeeHa KOPEKTHO, OCKIIBKH IepexiHi Xxapakrepuctuku mogeiei (1), (2) Ta (3), (4) noBoi TouHO
MOBTOPIOKOTH TepexifHi xapakrepucTuku TectoBux OK mpu mozmemoBanHi B mporpami Simulink 3a cxemamu, mio
HaBezeHi Ha puc. 11 2.
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Puc. 6. Pe3yabTaTn inentudikanii mapamerpis moaeneii OK 3 caMoBUPiBHIOBAHHSM Ta HACTYITHOTO

MOJAC/IIOBAHHA:

a) - BU3Ha4YeHHA napametpis mogedi (2) OK B nmporpami System Identification Toolbox;
6) - cymicHi mepexigni xapakrepucruku mogeneit OK, orpumani B mporpami Simulink 3a puc. 1
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| l | | "
AR Par Known Value  Initial Guess  Bounds S B
K 0.050883 Auto [nf Inf]
K exp(-Td s) ™ O 11.2525 Auto [0 21168 324 -
s(1+Tpis) 0 0 [0Inf) -1
0 0 [0 Inf] 1
Poles. 0 0 [-nf Inf] | |
| | |
1 ~| | Allreal - ™ O 10.4925 Auto [015) | T i : :
L 1 ; | ——
Initial Guess 1
[ zero bes- | A8
(@) Auto-selected 7 —
Delay <0
() From existing model: 4 i
Integrator 5
() User-defined Value—>Intial Guess Bia 1
£ |
Disturbance Model | . - Inttial condition: | eopinate - Regularization : il | |
E Ed i i
Roas Simulstion Covariance: | pgfimate Options... R T
eady Sampis bosed T=150.000

0)

Puc. 7 Pe3yabTaTn inentudikauii napamerpis mogeseii OK 0e3 caMoOBUPiBHIOBAHHS Ta HACTYITHOTO
MO/JeTIOBAHHS

a) - pu3HavyeHHs napametpis moaedai (4) OK OK B nporpami System Identification Toolbox;
6) - cymicHi mepexinni xapakrepuctuku moaeneii OK, orpumani B mporpami Simulink 3a puc. 2

[Monanpuia nepeBipka KOPEKTHOCTI ineHTH(IKAL] rmoJisiraia B MOPIBHAHHI peakiii Ha HEKOHTPOJIbOBAaHE 30ypeHHs
CAP 3 tectoBumu OK Ta ix mozensmu (2) Ta (4) npu ogHakoBux mapamerpax [1l-perynsropis, mo BU3HAYaIKHCh 32
IH)KEHEPHOK0 METOIMKOI0, BUKianeHow B [4]. Biamosiaxi cxemu momemtoBanus CAP B mporpami Simulink Haseneni na
puc. 41 5. Sk BugHO 3 puc. 8a, 9a, peakii CAP 3 tecroBum OK Ta HOro MOJEIUTIO IPAKTHYHO 301iratoThes, MO0 TOJATKOBO
MiATBEPIKYE KOPEKTHICTH OTpUMaHHs mapametpiB moaeneir OK B mporpami System Identification Toolbox.

3|
1] 50 100 150
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a)

&=
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Ready Sample based T=150.000

6)

Puc. 8 PesyabTatn mogenoBans CAP 3 tecroum OK 3 caMoBHpiBHIOBAHHSIM
Ta iioro MoaeTI0 (2) B mporpami Simulink:
a) — npu oagHakoBux napamerpax Ill-peryasitopa;
0) — 3 onTumizoBaHuMu napamerpamu III-peryasitopa 0oqHOr0 KOHTYPY
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Puc. 9 Pesyabratn moaeaoBanns CAP 3 tecroBum OK 0e3 caMoBUpIBHIOBAHHSA
Ta iioro MoaesLIio0 (4) B mporpami Simulink:
a) — npu oqHakoBux napamerpax III-perynsitopa;
0) — 3 onTumizoBanumu napamerpamu I1l-perynsitopa oxHoro KoHTYpy
JlonaTKoBO 10 iH)KEHEPHHUX METOIMK BH3HAUYEHHS [TapaMeTPiB PEryJIsiTOPIB, TAKOXK OyJIM PO3MIISHYTI (DYHKIIOHATIbHI
MosxmBocTi iHcTpymenty Check Custom Bounds 3 6i6miorexn Simulink Design Optimization. Ileii iHcTpymeHT
J03BOJIIE TpadidHO BU3HAYUTH PETVIAMEHTHI 30HW JIA perysiboBaHoi 3MiHHOI CAP i nmami BUKIMKATH TIporpamy
OnTHMI3alil HalAITYBaHb HapaMeTpiB peryistopa Response Optimization (puc. 10).
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Puc. 10 Burasix Bikna nporpamu Response Optimization
npu onTumMizanii napamerpis peryasitopa CAP

B posmini Design Variables Set miei mporpamu Tpe6a BU3HAYMTH iMEHa MApaMeTpiB PErysATopa i MOXKIIMBI JTiama3oHu
X 3MiHM, MICJI YOTO Iporpama MpoBeje MOUIYK ONTUMAaJbHUX MapaMeTpiB, sKi O MOMIM 3a0e3MeYUTH PO3MILCHHS
perysbpoBaHOi 3MIHHOI B periiaMeHTHUX 30HaXx. Ha puc. 80, 96 HaBeneHi npukinanu pesysbrariB moaemoBanus CAP 3
ONTUMI30BaHUMU Mapamerpamu [11-perynsropa 0AHOTO KOHTYDY.

6. O0roBopeHHs pe3yJbTaTiB

JlonaTKOBI eKCIIEpUMEHTH 3 IMITalliHHIMHU MOJIEJIIMH TIOKA3aJIH, 110 TOYHICTh BU3HAUCHHS mapameTpis mozaeneid OK
3 CaMOBHPIBHIOBaHHAM MPAaKTUYHO OJHAKOBA SIK IPU CTPUOKOMOIiOHIN a00 0AHOOIYHIH 3MiHI KePYIOYOTo BILIUBY, TaK 1
npu aBoOivyHild abo I1-moniOHii 3MmiHi. A oT mapamerpu mozeneit OK 6e3 camoBHpIBHIOBaHHS Kpalle BH3HA4aTH 3a
NepexiIHUMH XapaKTepUCTHKaMHU, SIKi OTPUMaHi Ipy ABOOIYHIH 3MiHI KEpyIOUOro BIUIMBY.

Jo HemomikiB mporpamu onTHMi3alii HalalITYBaHb apaMeTpiB perymistopa Response Optimization cnin BigHecTH
Te, 110 B Hilf IBHO HE 3aJIAI0THCS BUJ KPUTEPIIO ONTHUMI3allii, HOro I0YaTKoBI 1 KiHIeBI 3HAUYCHHSI.

7. BucHOBKHM

Hageneni npukianu Bu3HaueHHS napamerpiB Mogeneit OK 3a Horo nepexigHuMu XapakTepUCTHKaMH, OTPUMaHUMH
B aKTHBHOMY EKCIIEPHMEHTI MO KaHAJIy DPEryJIIOBaHHS, MiATBEPIWIN AOINBHICTP BUKOPHUCTAHHS MporpamMu System
Identification Toolbox. Ils mporpama Moke OyTH pEeKOMEHIOBaHA MJs MIATOTOBKH CIEMIalliCTiB 3 aBTOMaTH3allii
BHPOOHHWYHX NPOILIECiB B OTPUMAaHHI HABUYOK 3 ifeHTHdikarii mogeneir OK.
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Abstract. Recen tdecades have marked by revolutionary changes, including the emergence of software-defined radio
equipment (SDR). However, there is virtually no training in this area, which does not allow for the full realization of the
benefits of new, more advanced communication systems. Therefore, this work aimed at solving this problem. It presents
the results of the development of a set of laboratory work on modeling new generations of mobile communication and
digital television systems implemented using SDR technology and the methodological instructions necessary for students
to perform these works.

Keywords: SOFTWARE DEFINED RADIO, SOFTWARE DEFINED RADIO SYSTEMS, WIRELESS
COMMUNICATION, DIGITAL TELEVISION, BASE STATION, LimeSDR.

I. Introduction

Technology development does not stand still. If earlier a set of various task-oriented electronic circuits was used to
process and convert signals, now it is possible to do all this with the help of software. For example, to set or change the
frequency range, modulation type, signal output power, etc. At the same time, most of the work of SDR radio platforms
performed on a regular personal computer or an FPGA controller that provides the necessary software configuration of
the radio system. Due to the flexibility of the technology, it is possible to programmatically implement virtually all known
methods of signal generation and processing used in mobile communications, television, radio broadcasting,
radiomonitoring and information security systems.

I1. Using sdr technology in mobile communications

2.1 Features of SDR technology and its current state

SDR (Software Defined Radio) is radio equipment with software-defined radio frequency parameters. This feature
increases the flexibility and versatility of communication systems. At the same time, any changes in signal processing
and generation can quickly implemented with just a program that describes the operation of the SDR [1].

In the simplest "ideal" case of an SDR transceiver (Fig. 2.1), the antenna is connected to the input of an analog-to-
digital converter (ADC) or the output of a digital-to-analog converter (DAC). The output signal of the ADC converted
into the required form of data representation after software digital processing. The DAC input receives a programmatically
synthesized digital signal to be transmitted.
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