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1. MrouraAng — O. Koouidou

MovTéAd OTO XWPO KATAOTACEWV

» Ta éva Mpappikd Xpovikad ApetaBAnTo (MXA) oloTnua Ye n
KOTAOTACEIG, p E1I0000UG Kal m £€600UG:
MovTéAo xwpou KaTtdoTaong

X(t) = Ax(t) + Bu(t) { x():nx1, wu(t):pxl y(t):mx1l
y(t) = Cx(t) + Du(t) A:nxn, B:nxp, C:mxn, D:mxp

2uvaptnon MeTa@opdc
H(s) = C(sSI-A)'B+D

EuotdBeia ouotrparog: MNoAol ouv. MeTagopag = pifeg XapaKTNPIOTIKOU

MoAuwvupou = I1810TIpéG TTivaka A det(sI _ A) -0
O1 yetaBAnTéc kaTdoTaong dev gival yovadikég: Av z=Px

a(t) = Az(t) + Bu(t) A=PAP?, B=PB

y(t) — éz(t) + ﬁu(t) é _ CP’l, ﬁ _D ‘ MeTaoxnuaTIogog opoIdTNTOG ‘

O11810TIYéEC OeV YETABAAANOVTAI UE TOUC PJETAOXNUATIOUOUC OUOIOTNTAC
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Xe1pIONOG HOVTEAWYV XWPOU KATACTAONG

To Matlab &108éte1 TRV evTOAR ss (state-space) yia Tov opIou6 Kal XEIPIGHO
povTéAwv X.K. Apou opioToUv UTTOPOUNE VA TTAPOUUE KAl AAAEG HOPPEG TWV
OUCTNUATWY, TIG IBIOTNTEG TOUG 1) TN XPOVIKHA TOUG ATTOKPIOoN:

% Script el0 Enter a State-Space model

clear % removes all variables from the workspace
A=[-412;1-53; 20 -6]; % Enter A, B, C, D matrices
B =[1; 0.5; 2]; C=[2 1 2]; D =0;

Gss = ss(A,B,C,D) % create ss model

Gtf = tf(Gss) % convert to transfer function form

pause

Gss_from_tf = ss(Gtf) % convert back to state-space form
Gzpk = zpk(Gss) % convert to ZPK form

eigA = eig(A) % get eigenvalues of system matrix A

% they should be the same as the poles of Gtf

pause

Gss_from_zpk = ss(Gzpk) % convert back to s-s form
pzmap(Gss) % get pzmap from s-s object
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XeIpIOHOG HOVTEAWYV XWPOU KATACTAONG

‘Exovtag opioel govréAa X.K., ymropoUpe va Tédpoue ouvouaouoUg Toug
(serial, parallel, feedback) kai Tn XpOVIKI] aTTOKPICN TOU GUGTHNATOG:

% Script ell Get complex forms and time response of ss
models
clear % removes all variables from the workspace

Al = [0 1; -3 -5]; B1 = [0; 1]; % Gl state matrices
Cl=1]212]; D1 = 0;

Gl = ss(A1,B1,C1,D1) % G1(s) as SS object

pause

A2 = [-3 1; 0 -4]; B2 = [0; 4]; % G2 state matrices
C2 = [3 0]; D2 = 2;

G2 = ss(A2,B2,C2,D2); % G2(s) as SS object
pause; disp(“Series connection Ts(s)");

Ts = G1*G2 %Series connection Ts(s)

pause; disp(“Parallel connection Tp(s)®);

Tp = G1+G2 %Parallel connection Tp(s)

pause; disp(“Feedback connection TFf(s)");

Tf = feedback(G1,G2) %Feedback connection TF(s)
pause; t=[0:0.1:20]"; impulse(Tf,t)

pause

step(Tf,t)
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Alaypdupara EuotdBeiag

» Ta emOTITIKA KPITHPIO EUCTABEING AVAPEPOVTAI OE CUCTAUATA HIAG
€10600U — pIag £€60ou. ATToppéouv aTrd €18IKA diaypdupara, TTou
oxedladovTal atré T ouvapTNon PETAQopdg avolktou Bpodxou G(S)F(s)

CewpeTpIkOG TOTTOC PIWV: MEAETN TNG EUCTABEIOG Kl OXETIKAG EUCTABEIOG
TOU oUoTAUATOG. H oTaBepd evioxuang K Traifel anuavTikd poAo, €TTEIdN
OIAPOPETIKEG TIUEG TNG TTPOKAAOUV PETATOTTION TWV TTOAWV GTO PIYOdIKO
emimedo.

Kpitipio kai diaypdappara Nyquist: Aivel TTAnpo@opia yia Tnv atréAuTn Kai Th
OXETIKY] EUOTABEIO TOU CUCTAPATOG Kal TIPOadIopidel TNV ATTOKPIoH TOU
OuOoTAPOTOG OTO TTEdIO TNG OUXVOTNTAG

Appovikn arékpion kai diaypdupata Bode: H apuovikr) ammokpion pag divel Thv
£€€000 TOU CUOTHNATOG OTN POVIUN KOTAOTACT, 6TaV N €i0000¢ ToU gival KATTOIx
NUITOVOEIBAG oUVAPTNON
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MewPETPIKOG TOTTOG pICWV
To Matlab &1a6¢ter Tig evioAég rlocus kai rlocfind. H mpwtn divel 1o
YEWWETPIKS TOTTO, VW N deUTEPN ETTITPETTEI OTO XPAOTN Va Bpel To KEPDBOG
OTTOIOUBATTOTE ONUEIOU TOU Y.T.p, GTO OTT0IO KAVEI KAIK JE TO TTOVTIKI.

3 K(s+5)
COHE) = (s+1)(s+3)(s+12)

% Script el2 Root locus for a system with real poles
clear % removes all variables from the workspace
disp("Create zero and pole arrays of G(s)")

z0L = -5 % open-loop zero
poL = [ -1; -3; -12 ] % open-loop poles
pause

G = zpk(zOL,pOL,1) %Create G(s) as a ZP object with gain K=1
pause; disp(">>> Next, draw root-locus plot with default area")
rlocus(G); grid; title("Root Locus with default area®)
pause

disp("Redraw root-locus plot with smaller area ")

axis equal

axis([-10 10 -10 101);

title("Root Locus with smaller area®)

disp("Use mouse or arrow keys to select ")

disp("a point on the locus that will appear.®)

[kk,clroots] = rlocfind(G)
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MewPETPIKOG TOTTOG pIWV
Mapddeiypya cUCTAPATOG PE TTPAYUOTIKOUG KAl HIYadIKoUg TTOAOUG OTN
ouvapTnon PETAPOPAg avolktou Bpodxou

K(s+8)
s(s+2)(s*+8s+12)

G(s)H(s) =

% Script el3 Root locus for a system with real and complex poles
clear % removes all variables from the workspace

den = conv([1 2 0],[1 8 32]) % denominator coefficients (4 poles)
G = tf([1 8].den)

pause

disp(“zero, poles, and gain of G(s)")

Gzp = zpk(G)

pause

rlocus(G) % compute root locus

axis("equal™) % same scaling for both axes

axis([-15 5 -10 10]); % adjust plotting area
grid;title("Root Locus plotted for -15 < real < 5 & equal scaling”)
[kk,clroots] = rlocfind(G) % calculate gain values and poles
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AlaypdupaTta aroKpIong ouxXvoTnTag

» To Matlab &ivel Tn duvardtnTa oxediacuou diaypaupdtwy Bode,
Nichols, ka1 Nyquist.

Aidypaupa Bode : H gvioAfj bode (G, omega) mapdyel nuiAoyapiOuikéd
diaypaupa Tou peyéBoug |G(jw) | (o€ decibels) o€ axéon ue 1o w Kai
EexwpioTo nuINoyapIBuIkéd didypaupa arg(G(jw) ) (o€ Poipeg) ae axéan Ye TO
w

Aidypappua Nyquist: H evioAl nyquist(G, omega) mapdyel didypauua Tou
G(jw) pe agoveg 1a Re[G(jw) ] kar IM[G(jw) ]

Aiaypappua Nichols: H evioAf nichols(G, omega) mrapdyel didypauua Tou
peyéBoug |G(jw) | (o€ decibels) og oxéon pe Tn ywvia ¢dong arg(G(jw) ) (o€
MOipEG)
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ATTOKpION O€ NUITOVOEION €i0000

H ammékpion (uéviun kaT@oTaon) oe NUITOVOEIdr €i00d0 U(t) =acos(wm,t + &)
Aivetar amé T oxéon V. (t) =a|G(jo,)|cos(w,t + 6 +arg[G( ja,)])

Bpiokoupe Tnv G(s) = M otnv gicodo U(t) =2cos(5t+30°%)

aTréKpIon TOU: T 244543

% Script el4 Sinusoidal state space response
clear % removes all variables from the workspace

G =tf([ 10 50 ]1,[ 1 4 3 1) % "Create G(s) as a TF object
t = [0:0.06:6]"; % time vector with 0.06 sec. increment

u = 2*cos(5*t + 30*pi/180);

y = Isim(G,u,t);

disp("magnitude and phase of frequency response at w = 5 rad/s")
[mag,phase] = bode(G,5)

pause

disp("magnitude and phase of steady-state response®)

y_mag = 2 * mag

y_phase = 30 + phase

y_ss = 2*mag*cos (6*t + (30+phase)*pi/180);
plot(t,u,"-",t,y,"--",t,y_ss,"-.")

grid, title("u (solid), y (dashed) & yss (dashdot)")

xlabel ("Time (secs)"), ylabel("u, y, yss"), text(0.7,2,"u(t)")
text(1.1,-6,"y(t)"), text(0.4,4,%yss(t)")
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Alaypdaupara Bode-Nichols-Nyquist
XpnoiyotroloUpue TIg evTOAéG bode, nichols kal nyquist yia va TTapoupE
TNV ammokpion ouxvoTnTag G(jw) TOU CUCGTAPATOG PUE TUVAPTNON UETAPOPAG:

1280s + 640
s* +24.2s +1604.81s* +320.24s +16

G(s) =

% Script el5 Bode, Nichols, Nyquist plots

clear % removes all variables from the workspace

numG = [ 1280 640 ]; denG = [ 1 24.2 1604.81 320.24 16 ];

G = tf(humG,denG) %Create G(s) as a TF object

pause

disp("Make Bode plot directly from the bode command®)

w = logspace(-2,3,100)"; % logarithmically-spaced points as column
bode(G,w);

pause

disp("Make Nichols plot directly from the nichols command®)
disp(®™ The encirclement direction is indicated”)
nichols(G,w), grid, ngrid

axis([-270 0 -40 40])

pause

disp("Make Nyquist plot directly from the nyquist command®)
nyquist(G);

grid, axis([-10 50 -30 30]), axis equal
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