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MoaeawoBanHa cucteM B maker Control System Toolbox

1. 3arampHa xapakrepuctuka nakety Control System Toolbox.
2. Han yum mpaitroe Control System Toolbox.



1.3araabpHa xapakrepucTuka nakery Control System Toolbox

Control System Toolbox nagae amroputmMm Ta gomaTkk IS
CHCTEMATUYHOI0 aHall3y, IPOCKTYBaHHS Ta HaJallTyBaHHS JIHIMHUX
CHCTEM YyIIpaBI1HHSI.

Control System Toolbox™

User's Guide

Cucmema Mmooce Oymu npeocmasieHa K
nepedamouna  (yHKYis, HNpocmip  CMAmy,
BUKOPUCMAHHS HYIbOB020 NOAs abo MoOenb
yacmomuoi xapakmepucmuku. Jlooamxu ma
QyHKuii, maxi aK 2pagix peakuiu HA
cmynenuamuu  enaue i epaghix  booe,
00360/IAIOMb  AHANIZYEAMU MA  813)ANi3)6aAMu
NOBEOIHKY  cucmemMu 68  MUMYacosiu ma
YacCmomHiu 0o1acmsx.




€  MOXIMBICT  HaJaIITyBaHHS  IapaMeTpIB  KOMIICHCATOPa,
BUKOPHCTOBYIOUM I1HTEPAKTHBHI METOJM, Takl AK (opmyBaHHs JIUX
Pa30MKHYTOI CHCTEMM 1 MeTond KopHeBoro romorpada. Control System
Toolbox aBromatnuno HamamToBye KommeHcatopu SISO 1 MIMO,
Brirouarouu I11J1-perymsropn.

KomMmmieHcaTopr MOXKYTh BKJIIOYATH KlJIbKa II€peOylI0ByBaHUX OJIOKIB,
OXOIUTIOIOYM KUJIbKa KOHTYPI1B 3BOPOTHOI 3B's3Ky. MokHa 1oOymyBaTu
KOHTPOJJICpH 3 TaOIWYHUM VIIPABIIHHSAM 1 BKa3aTH LI, TakKl SK
B1CTSKCHHS TaJ0HA, IOAABJICHHS IIOMEX 1 JOMYCTUMI MEX1 CTIMKOCTI.

J114 mepeBIpKU MPAaBUIIBHOCTI HAJAIITYBaHHS JOCTYIIHI IIEPEBIPKU Yacy
HApOCTaHHS, IIEPEPETYIIOBAHHS, YaCy BCTAHOBJICHHS, BUKOPHUCTAHHS Ta
3aIacy Ha €Talll, a TAKOK 1HII1 HEePEBIPKH.



2.Hang ynm mpamoe Control System Toolbox

» JliH1MH1 MOome;

» JIiHiiiHui aHammi3;

» 11 [I-perynsaropwu,

» Po3poOka KOMIICHCATOPIB;

» ABTOMaTHYHE HaJAIITYBaHHS CUCTEM YIIPABIIHHS;
» TabnuuHe yrpaBaiHHS;

» Oriaka ctany Ta npoektyBanHsa LQG-perynsaTopis;
» Po3pobOka cuctemu ympasiaiaasa B Simulink.




Control System Toolbox mo3Boisie cTBOproBaTH JIiHiHHI MoAei CHCTEMH YIIPaBIIHHS,
BUKOPHCTOBYIOUM IIepeaaBajibHl (DYHKI[I, IPOCTOPU Ta 1HII IPEJACTABICHHS JIIHIMHHUX
cucreM. Mogemoroteest SISO abo MIMO  HempepuBHI 200 TUCKPETHI CHCTEMH.
HenpepuBH1 Mojien MOy Th OyTH JTMCKPETH30BaHUMH 32 foroMororo komanan MATLAB
abo inTepaktuBHux 3amad Live Editor. Tlopsmok cuctemm Moxe OyTd CKOpPOYEHHM i3
30epekeHHIM TUHaMIKM 3a nonomororo goxarkie Model Reducer.

Comparison Between Capacity of SISO and MIMO
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Continuous to Discrete Conversion
Define second order transfer function with time delay.

G = tf([1 -2],[1 3 2@], 'inputdelay’,1)

Compute zero-order hold (ZOH) discretization with sampling rate of 10 Hz.

Ts = @.1; % sampling interval
Gd = c2d(G,Ts)

Compare the continuous and discrete step responses.

step(G, 'b’,Gd, 'r")
legend('Continuous’, 'Discretized’)

o=
exp(-1*s) *
s"2 + 35 +20

Continuous-time transfer function.

©.07462 z - 9.09162
z#2 - 1.571 z + 0.7408

Sample time: 8.1 seconds
Discrete-time transfer function.




cooooopoon

JIiHivHl MoaeJi

[TepenaBanphi dpyHkmii B MATLAB (anr.);

MojenroBaHHS CUCTEMH YIIPaBIIIHHS 3 00'€eKTaMu MOJICIICH (aHIIL);

OO0'eqHaHHS MojeeH (aHTvI.);

CTBOpEHHS MOJICNICH B IUCKPETHOMY Yacy (aHII.);

JIuckpeTH3aliis MoaeIIeH 1 3MIHH YaCTOTH JUCKPETH3aIIii (aHI.);

JIuckpeTuzariis peryiasaropa (aHri.);

Jluckperuzaris ¢iasTpa (aH.);

[lepeBoa Mozeli B JUCKPETHOMY Yaci B IOCTIHHE Yac (aHIIL);

3MEHBIICHHS OPsIAKa MOJIEII 3 BUKopucTtanasaMm goxarka Model Reducer (anr.).



JIHIMHUHT aHAJII3

Control System Toolbox mo3Boiisie MPOBOIUTH JiHIHHUI aHAJI3 CUCTEMHU Ta BUPAXOBYBATH TaKi XapaKTEPUCTHKH, K
4yac yCTaBKH, IIepeperyIFoBaHHs, Yac HApOCTAHHS TOIIO, a TAKOXK MPOBOJIUTH aHaJII3 CTIMKOCTI. JlOCTYymHUM aHa13 K
y THMYAcCOBi#, TaK 1 B 4acTOTHIH oOmacti. 3a momomororo aoxarkiB Linear System Analyzer mo3Bossie meperisuaTtu

Ta MOPIBHIOBATH Pi3H1 XapaAKTEPUCTUKH JIIHIMHUX CUCTEM.

O TumuacoBi  xapakTepucTHKH  Ha  rpadikax
BIJIKJIMKAHHS (QHIVI.);
O YacroTHi  XapaKTepUCTUKH HA  Tpadikax

BIJIKJIMKAHHS (QHIVI.);
O Omwinka 3amacy mo aMInIiTyi Ta ¢asi (aHnL);
O Ympasniaas BiOpari€ro i THYYKoi Oaiky (aHII.).

) .
B2k System: G
8 Gain Margin (dB): 8.77
= At frequency ( ):1.72
= : AA7
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Po3paxyHok 3amacy 1o ¢azi Ta iHIUX 9YaCTOTHUX XapaKTePHUCTHK

Frequency (rad/s)




PID peryasitopu

Control System Toolbox no3Bonsie aBTOMAaTHYHO MIAOHMpaTH KOCMIMIEHT BUKOPHUCTAHHS
[1I[I-perymsaropa 3a momomororo aoxarkiB PID Tuner, inrepakruBauX 3amau Live Editor
a00 (QyHKIIM KOMaHIHOI CTpoku. Jlis HanamryBanHs [IIJI-perynstopa BBOAMTHCA
ineHTudikaiis ob'ekta ympaBiaiHHS npu gomomororo System ldentification Toolbox.
JlocTynHa HajamTyBaHHS IUCKpeTHUX 1 HenpepuBHuUX III/[-perymaTopiB 3 omHIEO 1
JABOMA CTYIICHSIMHU CBOOO/IH.

1. Po3po6xka I1I-perymsaropa miIst 3aaa4d MIBHIKOIO CKIIagaHHS (aHIIL);

2. InTepakTHBHA PO3POOKa AJITOPUTMIB YIIPABIIHHS 3a JOIIOMOTOK 1IHTEPAKTUBHUX 3a]1a4
Live Editor (anrm.);

3. bararoxkonTypHa cucTeMa yIIpaBIIiHHSI PyKOI pOOOTOO (aHTIL.).



4\ PID Tuner - Step Plot: Reference tracking

Step Plot: Reference tracking

Tuned response
= = = Baseline response

Amplitude

0 5 10 15 20 25
Time (seconds)
Controller Parameters: Kp = 0.7254, Ki = 0.1495, Kd = 0.8801, b = 04251, c= 0 .|

i) Controller was re-tuned because controller type was changed.



Po3po0Oka koMneHcaTopiB

Jlomarok Control System Designer ciayxuth Qs I1HTCPAKTHBHOTO
IPOCKTYBAHHS Ta aHANI3Y CHCTEMH YIPABIIHHSA 3 OJHUM BXOJOM 1
BUx0A0M. Ilo Mipl HaJalITyBaHHS pPEryasaTopa BI3yalll3ylOThbCS Ta

OOHOBJIIOKOTHCS B1J HATHCKAHHS PAa30MKHYTOIO Ta 3aMKHYTOT'O KOHTYDY,
1X 4aCTOTHI Ta 1HII XapaKTEPUCTHUKHU.

d TIlouatox pabotu ¢ Designer System Control (anr.);
1 Amnami3 3a 7oomMoror rpadikiB BIAKINKIB CHCTEMH (aHIIL.);

] CtBOpeHHs1 0araTOKOHTYPHOI CHCTEMH YHOPaBIIHHS B 3aMKHYTOMY
KOHTYP1 (aHII.).



4\ Control System Designer - Root Locus Editor for LoopTransfer_C1

' Data Browser ® | | Bode Editor for LoopTransfer C2 [ Root Locus Editor for LoopTransfer C1 ¢
w Controllers and Fixed Blocks

o Bode Editor for LoopTransfer_C2

1O:rtoy

Settling time (seconds). 0.785
P.M. 85 deg

Freq: 104 rad/s

102

Frequency (rad/s)




ABTOMATHYHA HAJAIUTYBAHHS CUCTEM YIPABJIIHHA

[Iporpama System Control Tuner a6o ¢yHKII KOMaHIZHOTO PsOKa
BUKOPHUCTOBYIOTHCSI JIJIsl MOJICITIOBAHHS Ta HAJAIITYBaHHS apXITCKTYyp
cucrem ympasmuHsS SISO abo MIMO 3a momomororo mpocTux
€JIEMEHTIB, TakuxX sK KoediumieHTu nocuieHHs, III/[-perymstopu ado
(PUILTPH HHU3BKOTO HOPAAKY. ABTOMATUYHE HAJIAIITYBaHHS I1apaMeTpIB
KOHTpOJIEpa 3IIMCHIOETHCS JUJISI 3aJI0BOJICHHS OOOB'SI3KOBUX BHMOT
(OpOEKTHUX OOMEXEHb) 1 HaMKpaIoro 3aJ0BOJCHHS BHMOI, IO
3ATUIITAIACS (IIiIeH).

JHamamryBanHs 6araTOKOHTYpPHHUX CHCTEM KEpyBaHHS (QHIIL);
dVpasaiassg 3B0pOTHIM MasTHHKOM Ha Bi3KY (QHIIL.);

Criiika 10 BiAMOBH CHCTEMa yIPaBIIHHS MTaCAXXUPChKUM PEaKTUBHUM
JTITaKoM (@HIIL. ).



4\ Control System Tuner - rct_suspension - ControlBandwidthGoal

g
s
=
g
3
7

Sample Time: O
Value:

rct_suspension_Controller =

A=
rct_suspensi rct_suspensi
rcT_suspensi -0.0€846 4.013
ct_suspensi -2.321 -2.092
4 15 2 25 3

i) Tuning completed. View Tuning Report’ .-




Ta0au4yHe KepyBaHHS

Control System Toolbox mo3Bonsie mpoekTyBaTH 1 HaIAIITOBYBAaTH
PETYISATOPU 3 KOE(PIIIEHTaMH, IO 3MIHIOKOTHCS, IS HEIIHIMHUX a0o0
3MIHIOBAHHX y 4acl yCTaHOBOK. JlOCTyIIHE aBTOMaTH4YHE HaJlalllTyBaHHS
IIOBEPXH1 KOE(ILIEHTIB IOCUJICHHS JJIs 3aJ0BOJCHHS BHMOI [0
OPOAYKTHBHOCTI Yy BChbOMY poOOYOMY Jlalla30HI CHCTEMH Ta
NOCSTHEHHS MJIABHUX IIEPEX0/IIB MK POOOYMMHU TOYKAMHU.

dVpasniaasg xyToBoro mBUAKICTIO Jjs aBTomiinora HL-20 (anr.);

1 Peanizamis 11 JI-perymsTopiB 3 TaOIMIHUM KEPYBaHHSAM (QHIII.);

JPo3pobka cimeiictBa IIII-perymsiTopiB s KUIBKOX POOOYMX TOYOK
(aHr.).



Discrete Varying Trarsfer Function

dx=Ax+Bu
y=Cx+Du

Varying State Space
dx.-Ax.*Bu*Lt

u--Kx.

z-y-Cx.-Du

By mAX +Bu sLe,

"t"K'k
&= Cx,-Dy,




Ouinka crany Tta npoekryBannsi LQG-peryasitopis

Control System ToolboX noseossie po3pobmstn GesnepepBHi Ta IUCKPETHI
niHIAHO-KBaaparndHi (LQR) perymsropu Tta miHIMHO-KBaApaTHYHI- FayCOBl
(LQG) perynsropu. OOUUCITIOTLCS MATPUIll MOCUIEHHS 3BOPOTHHHI 3B'A30K
PO3MILICHHST IOJIOCIB 3aMKHYTOIO KOHTYPY B HEOOXIIHUX MICIUIX. Jlyist
OIIHKA CTaHy IHCTPYMEHT JO3BOJISIE NMPOEKTYBAaTH 1 MOJEIIOBATH JIHIKHI
cTauioHapH1 QuibTpu KanMaHa, 1o 3MIHIOIOTBCS B 4acl. JUist OLIHKY CTaHIB
HEJIHIMHUX CHUCTEM BHUKOPHMCTOBYIOThCA po3mupeHi ¢iasTpu Kamamana Ta
(UIBTPHU YACTUHOK.

U Bukopucranns ¢insrpie Kanmana y Simulink (anrn.); 4" u
Po3podka ¢insrpiB Kanmana (anr.);

UOminka cradiB HENHIAHOI CUCTEMHA 3a IOIMOMOTOIO

MHOKWHHUX 0araTONIBUIKICHUX JaTYUKIB (aHIII.).

L
VopapniHHsS ABUTYHOM HMOCTIHHOIO CTPyMY (@HII.); | :

|

|

|




Po3poOka cuctem ynpaJainas y Simulink

Linear Analysis Tool, mo Bxommte mo Simulink Control Design,
n03BoJsAEe JiHeapu3yBaru Moxeni Simulink aims mopambimoro axamisy.
Iacrpyment Control System Designer no3Boise€ 1HTEPAKTHBHO
HAJIAIITOBYBAaTM  KOHTYpH  3BOpoTHOro  3B'si3Ky  SISO-cucrewm,
smomenboBanux y  Simulink. TIIporpama Control System Tuner
BUKOPHUCTOBYEThCS JJISI HaJallITyBaHHS OaraTOKOHTYPHUX CHCTEM
KepyBaHHS, 3Moenb0BaHux y Simulink.

O OO6piska, niHeapu3allis Ta po3poOKa CHCTEMH T »J
KepYBaHHS IS IIOBITPSHOTO CyIHA (aHII.); g —I -
U 3aBmaHHS CTeXKCHHS JBUTYHAa TIOCTIHHOTO ] )
. . . J_r—h-ngi)—b FID(s) Th-ugi)—b Pllg) | ——»  ©c2 —h@ ' » G » ()
CTPYMYy 31 3MiHHUMH ITapaMeTpaMHu (aHIIL); — _ — J q -
C c2 G2 51 ¥
O Apromarm3oBane HamamTyBaHHS Oioky PID ‘ o

Controller (aurmn.);
O HapmamryBaHHS 0ararOKOHTYpHOI CHCTEMH
KepyBaHHS (aHTI.).




