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To makéto PuBpion¢ Zvotnudtwy (Control System
Toolbox)umootnpiCel povtéha ouvexoic Xpovou Kat Hovtéha
OLaKPITO XPOVOU, TWV MAPAKATW TUMWV™:

= 2UVOAPTNOEIG HETAPOPAC

- Lero-pole-gain (Mndevikéc B¢acig — Moot — Evioyuon)

- State Space (Xwpo¢ Kataotdoswv)
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LUVOPTHOELC HETAPOPAC CUVEXOUC XPOVOU ees

Yuvaptnon: Xprion tne ovvaptnone t£ yia dnpovpyia ouvaptnong
LUETAPOPAC TNC MAPAKATW HOPONC :

Mapddeypa H(s) = 25+1

s° +35+2

>>num = [2 1];
>>den = [1 3 2];
>>H=tf (num, den)
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LUVAPTIOELC PETAPOPAC CUVEXOUC XPOVOU °se’
Eloaywyr kaBuotépnon¢ (petatomon) os ouvaptnon
HETAQOPAC CUVEXOUC XPOVOU  H(s)=e ™ 2+83:]J-r .
Napadetypa
>>num = [2 1],

>>den = [1 3 2];
>>H=tf (num, den, ' 1nputdelay’, 2)

Amotéleopa Matlab
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LUVOPTHOELC HETAPOPAC CUVEXOUC XPOVOU ees

2uvaptnon: Xpnon e ovvdptnong zpk yia tn dnuiovpyia ouvaptnong
LETAPOPAC TN TTAPAKAT®W HOPPNC

, H(s) = 2s+1 _5 s+0.5
lapaoetyua 2 +35+2  (s+1)s+2)

AmotéAeopa Matlab

>>num = [-0.5];
>>den = [-1 -2];
>k = 2;
>>H=zpk (num, den, k)
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Movtého Xwpou Kataotdoswy yia duvapiko ocuotnpa
X=AX+Bu
y =Cx+Du
Mivakeg: A ivat o mivakag katdotaong; B ivat o mivakag elo0dov; C eivat o
mivakag €¢060v ; Kat D givat o mivakag apeong petadoong
Awavoopara: X ivai o didvuopa Katdotaonc; u 1o dldvuopa e006ov; y gival
10 O1avuopa €¢060v
2nueiwon: Epappolovtal o€ yPAUPIKA GUOTAHATA KAl XPOVIKWC
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LUVOPTHOELC HETAPOPAC CUVEXOUC XPOVOU

Yuvaptnon: Xprion tn¢ ouvaptnong ss yia dnuiovpyia HOvTéAwv
XWPOU Kataotdoswy. [a mapddeypa:

x:{:j A=LO5 _12} B{g} c=[0 1] D=|0]

Matlab Output

>>A = [0 1;-5 -2];
>>B = [0,;3];

>C = [0 1],

>>D = [0];
>>sys=ss(A,B,C,D)
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Metarpomn amo Metarpomn o€ Yuvaptnon Matlab
Transfer Function Zero-pole-gain [z,p,k]=tf2zp(num,den)
Transfer Function State Space [A,B,C,D]=tf2ss(num,den)

Zero-pole-gain Transfer Function [num,den]=zp2tf(z,p k)

Zero-pole-gain State Space [A,B,C,Dl=zp2ss(z,p,k)

State Space Transfer Function [num,den]=ss2tf(A,B,(,D)
State Space Zero-pole-gain [z,p,k]=ss2zp(A,B,C,D)
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Yuvaptnon: Xprion tne ouvaptnon¢ t£ yia dnuiovpyia ouvdptnong
UETAQOPAG TNG HOPPNG :

Napadenpo: H(z) = — = Vo OeypaTohelpiac 0.4

. = & XPOVO OoclypatoAelylac v.
PAOEIYH 2 43z+2 R " -
>>num = [2 1]; Transfer function:
>>den = [1 3 2]; 2z+1

>Ts=0.4: | = TTTTTTTTTToo
z"2 + 3 z + 2
>>H=tf (num,den, Ts)

Sampling time: 0.4 .
en
cal
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Function: Xprjon ¢ ouvaptnon¢ zpk yia dnuiovpyia ouvaptnong
HETaQOPAC TG HOPPNG :

, z+0.5
Napddeypa: H(z)=2 (z N 1)(2 N 2) le xpovo detypatoAewpiag 0.4
>>num = [-0.5];
>>den = [-1 -21; Zero/pole/gain:

2 (z+0.5)

>>k = 2; e
>>Ts=0.4; (z+1) (z+2)
>>H=zpk (D.U.m, den, k, TS) Sampling time: 0.4

cal
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e Movtélo Ywpov Kataotdoswy yia duvapiko ovotnua

X[n+1] = Ax[n]+ Bu[n]
y[n]=Cx[n]+ Du[n]

Mivakeg: A ivat o mivakag katdotaong; B ivar o mivakag el00dov; € eivat o mivakag
€¢060v ; Kat D eivat o mivakag apeong petadoong

Awavoopara: X ivai o d1dvuopa Katdotaong; u 1o dldvuopa £16060v; y givai to
dlavuopa €€0dov

n €ivat o d1akpIto¢ Xpovog (1 deikTng Xpovou)

2nueiwon: Epapudloviai o€ ypauuikd ouaThiaTa Kat XpovIKaS
avatoiwta
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2uvaptnon: Xprion ouvaptnong ss yia dnuiovpyia HovIEAWY Xwpou
Kataotdocwv. Na mapadeypa:
X [n] 0 1 0
= A= B = c=[0 1] D=]o
30 o 2] oY e 0 oo
>>A = [0 1:-5 -27; Matlaboll:tput
a = =
>>B = [0,;3]; x1 x2 ul
>>C = [0 1]; -
>>D = [0]; . -
>>Ts= [0.4]; x1l x2
>>sys=ss(A,B,C,D,Ts) yi 0 1

Sampling time:
Navvng Anpakémovhog & Lradpog Navhou- Tprpa Xnpikwv Mnyavikov — Mavemdtrpo atpa
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- Eva povtého pmopei va givat pia dopn pe £10060ouc Kat e¢600U¢
(O1dypappa dopwv) OV TEPIEXEL Pia OLVAPTNON HETAPOPAC I
VA OVTENO XWPOU KATAOTAOEWV HEQ TO.

- Eva ooppodo yia Ti¢ pabnuatiké mpaceig ato ona 10660v
1po¢ T dour mou mapayet thv €060

20vapTnon
Fi0000( =y METOQOP(( |y ‘E€ 0O 0C
G(s)

2totyeia Alaypappatog Aopwv

Department
Of Chemical

Engineering
MNavvnc Anpakoémovhog & 2tavpog Mavhou- Tpfpa Xnpikav Mnyxavikwv — Mavemotrpio Mdtpag GhemEng .




O1mapakdtw ouvaptiioelc Tov Matlab pmopotv va xpnotpomomBouv yia  dlaxeipnon
TOU dlaypdupatog dopwy

Combination Matlab Command

— G,(S) ¥ G,(s) — sys = series (Gl,G2)

—T"{ Gi(S) jr_’
Sys
—> G,(S)
—»t G4(s) -
) sys feedback (G1l,G2)
G,(s)

— ——

parallel (G1,G2)
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ApBuntikn Mpadn 2ovtaén Matlab
[lp6oBeon sys = Gl+G2;
sys = G1*GZ2;
loAamAaotaopog
, sys = 1nv (Gl);
Avtiotpon
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Avaluon
UETAPATIKAC
AMmOKPIONC

Department
Of Chemical

Engineering
MNavvnc Anpakoémovhog & 2tavpog Mavhou- Tpfpa Xnpikav Mnyxavikwv — Mavemotrpio Mdtpag GhemEng .




- H petafatikn amokpion avagépetat otn diepyaoia mou
TeNeiTat yia m petapaon amd pia apXkn o€ pia TEMKR
Kataotaon

. OupetaPatikég amokpioelg xpnaotomotoovtal yia va
epeuvnBouy Ta XPOoVvIKA XapaKTNPIOTIKA TwV OUVAPIKWY
ouoTNUATWY

. 2uvnh0ei¢ Anokpiosi¢; Bnpatikry Amokpion, Mahpixn Amokpion,
KOl YPAUUIKN (ramp) amokplon
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Movadiaia Bnpatikn amdkpion tov 6uoTHPATOC CLUVAPTNONG

HETaQopac. Ocwpeiote 1o ouoTnua: H(s)= 25
s? +4s+25

gx****Numerator & Denominator of H(s)
>num = [0 0 25];den = [1 4 25];

T ¥* ***Specify the computing time
>>t=0:0.1:7;

>>step (num,den, t)

S * * **Add grid & title of plot
>>grid

>>title('Unit Step Response of H(s)')
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Avalvon petafatiking amokpiong oo

Movadiaia Bnpatikn amokpion me H(s)

Unit Step Response of H(s)
1.4

1.2
L

0.8

0.6 /

0.4

0.2 /

Amplitude

Department
Of Chemical

Engineering
ChemEngl [

MNavvng Anpakdmoulog & Ztavpog Mavhov- TuRua Xnuikwv Mnyavikev — Mavemotipio Mdtpag



EvaAAakTiko¢ Tpomo¢ dnpovpyia povadiaiac fnpatiking
amoKpLoNG TNE ouvaptnong petagopdg, H(s)

sx****Numerator & Denominator of H(s)
>>num = [0 0 25];den = [1 4 25];
$*¥****Create Model

>>H=tf (num,den) ;

>>step (H)

Av n Bnpatiki gicodoc sivar LOU (t) TOTE N Pnpatikn amokpion
TAPAYETAL PE TV EVTOAN

>>step (10*H)
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MaApKn anokpion Tou GUGTAHPATOS OLVAPTNONG LETAPOPAC

Oswpnote 10 oLOTNUA H(s)= 25
P ' () s* +4s+25

sx ¥ ****Numerator & Denominator of H(s)
>>num = [0 0 25];den = [1 4 25];
gr****Specify the computing time
>>t=0:0.1:7;

>>impulse (num,den, t)

$r***x*Add grid & title of plot
>>grid

>>title (‘'Impulse Response of H(s)')
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AvaAvon petapatikng amoxpiong

MaApkn amokpion e H(s)

Impulse Response of H(s)

Amplitude
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[ pappkn anokpLon Tov GUOTARATOC CLUVAPTNONG HETAPOPA(
Aev umapyel «ypappiki» ouvdptnon otnv Matlab

[0t Bpatikn amokpion e H(s), dlaipovpe thv H(s) pe “s” kal
XPNOWOTOLOUPE TN PHATIKR 0LVAPTNHON

25
I I o H —
Oewpniote To ootnpa: H(s) T
[a povadiaia ypappikn i6odo, U (s) =Si2 .Onote

NEA H(s)

1 25 — 25
Y (S) =X 2
s° \8"+4s5+25 s(s +4s+25)
p———— o
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Napadetypa : Kwdikac Matlab yia povadraia Bnpatikn amokpion

%*****Numerator & Denominator of NEW H(s)
>>Snum=[00025];den=[14250];
%*****Specify the computing time
>>t=0:0.1:7;

>>y=step(num,den,t);

%*****Plot input & the ramp response curve
>>plot(t,y,.t,t,/b-)

%*****Add grid & title of plot

>>grid

>>title(‘'Unit Ramp Response Curve of H(s)')
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Avaluon petaBatikng amokpiong

Movadiaia Bnpatiki andkpion m¢ H(s)

Unit Ramp Response Curve of H(s)

7

0 - 1 2 3 4 5 6 7 Department
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Avaluon
OUXVOTIKNC
AMmOKPIONC
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- [0 avdlvon petaPatikng amokpiong- GUoKoAOC TPoadIOPIONOC
akptBoug povréhou (Aoyw BopuPou iy meploplopévou peyéBoug
onparog €1066ov)

- EvaMakTikd: Xprjon ouXvoTIKi¢ amoKpLon TPOKEIEVOU Va
MPOOOIOPIOTE WG CUUMEPIPEPETAL TO OVOTN A OTO TTEDiO
OUXVOTATWV

- Mnopei va tpomomoinBei n YapaktnploTiky 6UXVOTIKN amoKplon
TOU OUOTAPATOC HE pUOUION OXETIKWY TAPAPETPWY (0XEDIAOTIKA
Kprtipta) yia T Aqn anodekti¢ petapatikic amokpong
XAPAKTNPIOTIKIC TOU OUOTHHATOC
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- Aidypappa Bode yia avamapaotacn tn¢ GUXVOTIKIG AmOKPLONG
. Anoteheitat amo 2 ypagrhpata:
Mdypappa Log-Eopoug (mhatouc) tng ouvapong petagopdc
Aldypappa @Aon¢-ywviag tng ouvaptnong HETapopag
- 2uvaptnon Matlab : bode’

sr****Numerator & Denominator of H(s)
>>num = [0 0 25];den = [1 4 25];
sx****Use ‘bode’ function

>>bode (num, den)

sr***x*Add title of plot

>>title (‘'Bode plot of H(s)')
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AvaAuon GUXVOTIKINC AMOKPIONC

Napadetypa : Aiaypappa Bodeyiatny - H(s) 2>

T $2 145+ 25

Bode plot of H(s)
20 T

10 ~

Magnitude (dB)

Bode : Auaypappa Evpoug

-60

-45

-90

Phase (deg)

Bode : Aiaypappa Odong

-135

-180
0 1 2
10 10 10

Frequency (rad/sec)
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Avaluon
euotadelag
Baotopévn
otV
OUXVOTIKN
amoKpLon
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- Havalvon svotaBeiag pmopei va mpaypatomon0ei pe xprjon
dlaypdppatog Nyquist

- Amo 1o d1dypappa Nyquist — mpoadiopietal v to ouotnua ival
£00TA0£¢ KaBw¢ kat 0 BabBuog evotaderag Tov

- Xprion Twv mMAnpo@opiwv yia va amogavioipe mw¢ a pmopoope
va BeAtiwOei n evotadelag

- HevotdBea kabopiletan faoet Tou Kprtnpiov Evotadeiag
Nyquist
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lapadeypa: Kwdikag Matlab yia oxediaon ypagrjpato¢ Nyquist

Oewpeiote To ouoTUA  H(s)= 1
() s*+0.8s+1

sx****Numerator & Denominator of H(s)
>>num = [0 0 1];

>>den = [1 0.8 1];

S*****Draw Nyquilist Plot

>>nyquist (num,den)

gr****Add grid & title of plot
>>grid

>>title('‘Nyquist Plot of H(s)')
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Avaluon svotddeiac Bactopévn 6TV I
OUYXVOTLKI) AIOKPLON 4

’ 1 1
Aaypappa Nyquistme  H (S): s*+0.85+1

Nyquist plot of H(s)

2d8

4dB
6dB
05

10dB8

20dB

Imaginary Axis

-0.5~ i

r r r r r r r
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Department
Of Chemical

Engineering
Cheméng )" [

MNavvng Anpakdmoulog & Ztavpog Mavhov- TuRua Xnuikwv Mnyavikev — Mavemotipio Mdtpag



AMEC
MANPOPOPIEC
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AN\ec MMAnpo@opisc

- Xpnowomotiote tn «Bondeiax - Help yia va mapete mAnpopopieg yia Ti
OUVAPTNOELC IOV TAPOVOIACTNKAY

- Asite 10 Control System Toolbox kat yla GAe¢ ouvaptioei¢ Tov Matlab
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Madikaoia yia Tov oXediaopo prag diepyacieg §§§§'
eAéyyou ecs

-

Xxedraotikéc MNapapetpot Tov Luotiparo¢ & Amaitoelg MaBnpariké Movtélo

‘EAeyyo0¢ TOU oUGTIpaTOC

1. Ikavomolei TI¢ amattovpeveC oxedlaotikéC mapapérpouc?
Avaivon MetaBatiki¢ Amokpiong
Avaluon Luyvotikii¢ Amokpiong

2. [ooo svotabéc ) evpwoto? Eivan votadéc to cvoTnpa?
«  Avalvon EvetaBeiac Baciopévn oTn GUXVOTIKI) amoKpLon

OXI
Ikavomotouvtat ta (1) &(2)? EMVGOXE{SIGOHOC ,
m.Y. Zuvduaopdc Movtéhou

c Department
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KaBopiopo¢ petafatikne ovpmeptpopac

1.4

1.2 |

Amplitude

06|
0.51

041

02|
0.1.....

Unit Step Response of G(S)

08|

I | Steady State
| I\/Ip
| \
.................... T S
! i
I .
I _ I
1 Delay Time i
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I | l
I [l
| I .
Settling Time
i ]
}k Time \
0: 05 1 15 2 2.5
: : Time (sec)
Rise Time
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XapaxtnploTiKd Tov mediov CUYVOTHTWY

- [lo10 €ivat to evpo¢ (wvn¢ Tov ouotrpatoc?
» Tot¢ ivar ot amokoppévec (cutoff) ouxvotnteg?

- [lo16¢ eivat o puBua¢ amokomm¢ Tou?

Eivat To ovotnpa evaioBnto o€ petaPoléc / diatapayéc?
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Xuvaptiioei¢ Control System Toolbox —

E¢cpevviote ta!

Creation of LTI models

ss - Create a state-space model.

zpk - Create a zero/pole/gain model.

tf - Create a transfer function model.

dss - Specify a descriptor state-space model.

filt - Specify a digital filter.

set - Set/modify properties of LTI models.

Itiprops - Detailed help for available LTI properties.

Data extraction

ssdata - Extract state-space matrices.

zpkdata - Extract zero/pole/gain data.

tfdata - Extract numerator(s) and denominator(s).
dssdata - Descriptor version of SSDATA.

get - Access values of LTI model properties.

Model characteristics

class - Model type ('ss’, 'zpk’, or 'tf').

size - Input/output dimensions.

isempty - True for empty LTI models.

isct - True for continuous-time models.

isdt - True for discrete-time models.

isproper - True for proper LTI models.

issiso - True for single-input/single-output systems.
isa - Test if LTI model is of given type.

Conversions

ss - Conversion to state space.

zpk - Conversion to zero/pole/gain.

tf - Conversion to transfer function.

c2d - Continuous to discrete conversion.

d2c - Discrete to continuous conversion.

d2d - Resample discrete system or add input delay(s).

Overloaded arithmetic operations

+ and - - Add and subtract LTI systems (parallel
connection).

* - Multiplication of LTI systems (series connection).
\ - Left divide -- sys1\sys2 means inv(sys1)*sys2.

/ - Right divide - sys1/sys2 means sys1*inv(sys2).

'- Pertransposition.

. - Transposition of input/output map.

[..] - Horizontal/vertical concatenation of LTI systems.
inv - Inverse of an LTI system.

Model dynamics

pole, eig - System poles.

tzero - System transmission zeros.

pzmap - Pole-zero map.

dcgain - D.C. (low frequency) gain.

norm - Norms of LTI systems.

covar - Covariance of response to white noise.
damp - Natural frequency and damping of system poles.
esort - Sort continuous poles by real part.
dsort - Sort discrete poles by magnitude.
pade - Pade approximation of time delays.
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State-space models

rss,drss - Random stable state-space models.

$52ss - State coordinate transformation.

canon - State-space canonical forms.

ctrb, obsv - Controllability and observability matrices.
gram - Controllability and observability gramians.
sshal - Diagonal balancing of state-space realizations.
balreal - Gramian-based input/output balancing.
modred - Model state reduction.

minreal - Minimal realization and pole/zero cancellation.
augstate - Augment output by appending states.

Time response
step - Step response.
impulse - Impulse response.

initial - Response of state-space system with given initial state.

Isim - Response to arbitrary inputs.
Itiview - Response analysis GUI.

gensig - Generate input signal for LSIM.
stepfun - Generate unit-step input.

Frequency response

bode - Bode plot of the frequency response.

sigma - Singular value frequency plot.

nyquist - Nyquist plot.

nichols - Nichols chart.

Itiview - Response analysis GUI.

evalfr - Evaluate frequency response at given frequency.
freqresp - Frequency response over a frequency grid.
margin - Gain and phase margins
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System interconnections

append - Group LTI systems by appending inputs and outputs.
parallel - Generalized parallel connection (see also overloaded +).
series - Generalized series connection (see also overloaded *).
feedback - Feedback connection of two systems.

star - Redheffer star product (LFT interconnections).

connect - Derive state-space model from block diagram description.

Classical design tools

tlocus - Evans root locus.

tlocfind - Interactive root locus gain determination.

acker - SISO pole placement.

place - MIMO pole placement.

estim - Form estimator given estimator gain.

reg - Form requlator given state-feedback and estimator gains.

LQG design tools

lgr,dlgr - Linear-quadratic (LQ) state-feedback requlator.

lqry - LQ requlator with output weighting.

lgrd - Discrete LQ requlator for continuous plant.

kalman - Kalman estimator.

kalmd - Discrete Kalman estimator for continuous plant.

lggreg - Form LQG requlator given LQ gain and Kalman estimator.

Matrix equation solvers

lyap - Solve continuous Lyapunov equations.

dlyap - Solve discrete Lyapunov equations.

care - Solve continuous algebraic Riccati equations.
dare - Solve discrete algebraic Riccati equations.
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