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LafunzioneQ=obsv(A,C)

functionQ=my_obsv(A,C)

%OBSVCostruiscelamatricedi

%osservabilita'

%Q=obsv(A,C)ritornala

%matricediosservabilita'

%Q=[C;CA;CA^2;CA^(n-1)]

n=size(A,1);

Q=C;

fori=1:n-1

Q=[C;Q*A];

end

return

functionQ=my_obsv1(A,C)

%OBSVCostruiscelamatricedi

%osservabilita'

%Q=obsv(A,C)ritornala

%matricediosservabilita'

%Q=[C;CA;CA^2;CA^(n-1)]

n=size(A,1);

Q=C;

fori=1:n-1,

Q=[Q;C*A^i];

end

return
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LafunzioneQ=obsv(A,C)

myobsv.mfunzioneimplementatadaMatlabecomputazionalmentepi�u

eÆciente

)PerA3�3eC1�3!ops=55

myobsv1.mfunzionenoneÆciente

)PerA3�3eC1�3!ops=99
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LefunzioniQ=obsv(A,C)eP=ctrb(A,B)

Matricidisistema(An�n,Bn�r,Cm�n)

Propriet�adidualit�a:

)P=[B;A�B;:::;A
(n�1)

�B]

)Q
T

=[C
T
;A

T
�C

T
;:::;A

T
n�1

�C
T

]=[C;C�A;:::;C�

A
n�1

]

1)ctrb(A,B)=obsv(A',B')'

2)obsv(A,C)=ctrb(A',C')'
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SimulazionediSistemiDinamici

AnalisidiSistemiLineari

)Possibilelarisoluzioneanaliticadelleequazioni

Analisidisisteminonlineari

)Possibilelarisoluzionenumericadelleequazioni

)AnalogieeDi�erenze

Analisidiuncircuitononlineare

Metodinumericiperl'integrazione

Istruzionidigra�cainMatlab
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Analisidiuncircuitononlineare

_x1(t)=�
R

Lx1(t)+
1
Lx2(t)

_x2(t)=�
1
Cx1(t)+

+
1
C�G1x2(t)�G2x

3
2(t)�+1

Cu(t)

ove

i=�G1�v+G2�v
3

coniseguentivalori

G1=0:8,G2=0:05,R=2,L=1eC=1:

.

.

.

.

.

  

  

    

  x1(t)v(t)=x2(t)
u(t)

T

i
L

C

R
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NuovielementidiMatlab

FileOdeeOdeSuiteSolvers

)UnOde�le�eun�leditipo.mperde�nireunproblemadiequazioni

di�erenzialichesonorisoltedalleOdeSuiteSolvers

Y=odefile(T,Y0,FLAG,P1,P2,...)

)TeY0sonovariabilidiintegrazione

)FLAG�eunastringacheindicailtipodiinformazionerestituitadall'Ode

�le.P1,P2,...sonoparametriaddizionalirichiesti.
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NuovielementidiMatlab

FileOdeeOdeSuiteSolvers

OdeSuiteSolvers:risolutoridiequazionidi�erenziali(sonofunzionali)

[T,Y]=ode45('odefile',TSPAN,YCI,options,P1,P2,...)

)ODE23,ODE113,ODE15S,ODE23S,ODE23T,ODE23TB

)options=odeset('RelTol',1e-4,'AbsTol',1e-4,'Maxstep',1e-5);

)[TSPAN,YCI,options]=odefile([],[],'init')
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NuovielementidiMatlab

Integrazionenumericadiequazionidi�erenzialiordinarie

)options=odeset('RelTol',1e-4,'AbsTol',1e-4,'MaxStep',10);

)RelTol,AbsTol:tolleranzerelativaedassolutasull'errore"peril

controllodellaconvergenza

j"j�RelToljyj+AbsTol

Errore",soluzioney

)maxStep:limitesuperiorealpassodiintegrazione
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IntegrazionediEquazioniDi�erenziali:Problemi

)Esempiodelcircuitotunnel1.meode45:

tolleranzeepassidiintegrazionediversi.

�'-':RelTol=Abstol=10e-1

�'--':RelTol=Abstol=10e-2

�'-.':RelTol=Abstol=10e-6

0510152025303540
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(
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u
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.
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.
0
/
L
)

*
x
(
2
)
;

x
2
d
=
-
(
1
.
0
/
C
)
*
x
(
1
)
+
(
1
.
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;
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u
d
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NuovielementidiMatlab

figure

plot(x(:,1),x(:,2),'-')

title('Traiettoriedellostato')

xlabel('x1'),ylabel('x2')

Apertura�nestragra�ca:figure!figure(n)

Visualizzazionegra�ci:plot()

Titologra�co:title()

Etichetteassi:xlabel(),ylabel()
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Linearizzazionediunsistemadinamicononlineare

)Modellononlineare

8<
:

_x1(t)=f1(x(t);u(t))

_x2(t)=f2(x(t);u(t))

y(t)=g(t)

)Modellolinearizzato

8<
:

Æ_x(t)=AÆx(t)+BÆu(t)

Æy(t)=CÆx(t)

)Æx(t),Æu(t)eÆy(t)gliscostamentidaivaloridiequilibrio
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Linearizzazionediunsistemadinamicononlineare

)Modellolinearizzato

8<
:

Æ_x(t)=AÆx(t)+BÆu(t)

Æy(t)=CÆx(t)

)Matricicalcolatenelpuntodiequilibrio

A=

"@f1
@x1

@f1
@x2

@f2
@x1

@f2
@x2

#
,B=

"@f1
@u
@f2
@u

#
eC=h@g

@x1

@g

@x2i;

)Linearizzazionedelmodellodelcircuitononlineare(tunnel1.m)
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d
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%
%
M
o
d
e
l
l
o
n
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l
i
n
e
a
r
e

o
p
t
i
o
n
s

=
o
d
e
s
e
t
(
'
R
e
l
T
o
l
'
,
1
e
-
6
)
;

R
=
1
;
%
P
a
r
a
m
e
t
r
i

d
e
l
c
i
r
c
u
i
t
o

n
o
n
l
i
n
e
a
r
e
.

L
=
1
;

C
=
1
;

G
1
=
0
.
8
;

G
2
=
0
.
0
5
;

p
a
r
a
m
=
[
R
,
L
,
C
,
G
1
,
G
2
]
;

%
P
a
r
a
m
e
t
r
i

d
e
l

%
c
i
r
c
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o

n
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l
i
n
e
a
r
e
.

c
i
=
[
0
.
5
0
.
5
]
;
%
C
o
n
d
i
z
i
o
n
i

i
n
i
z
i
a
l
i

t
i
=
0
;

t
f
=
4
0
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t
i
m
e
=
[
t
i
t
f
]
;
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I
s
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e
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e
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d
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5
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l
1
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,
t
i
m
e
,
c
i
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o
p
t
i
o
n
s
,
p
a
r
a
m
)
;

%
I
n
t
e
g
r
a
z
i
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n
e

d
e
l
s
i
s
t
e
m
a
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=
x
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2
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c
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d
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A
=
[
-
R
/
L

1
.
0
/
L
;

-
1
.
0
/
C
G
1
/
C
]
;

B
=
[
1
.
0
/
C
0
]
'
;

C
=
[
0
1
]
;

D
=
0
;

S
y
s
=
s
s
(
A
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B
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C
,
D
)
;
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d
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z
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%
d
e
g
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i
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i

t
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=
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:
0
.
0
1
:
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f
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l
=
z
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o
s
(
s
i
z
e
(
t
l
)
)
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[
y
l
,
t
l
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x
l
]

=
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c
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)
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p
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i
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b
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Simulazionedisistemidinamici

Lafunzione[Y,T,X]=lsim(SYS,U,T,X0)

)SimulalarispostaneltempodiunsistemaLTIperingressiarbitrariU

)SYS=ss(A,B,C,D)

)Uvettoredegliingressi,Tistantidisimulazione

)X0condizioniinizialidellasimulazione

)Y,uscitedelsistema:length(T)righeemcolonne

)X:length(T)righe,ncolonne
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EserciziProposti(1)

ModellomatematicodiLotka-Volterra

8<
:

_x1(t)=a1(1�x1(t)=k)x1(t)�a2x1(t)x2(t)+u(t)Prede

_x2(t)=�a3x2(t)+a4x1(t)x2(t)Predatori

)x1(t)ex2(t)numerodiprededipredatori

)u(t)ciboperleprede

)k,numeromassimodipredeinassenzadipredatoriedicibo

(u(t)=0)
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EserciziProposti(1)

ModellomatematicodiLotka-Volterra

8<
:

_x1(t)=a1(1�x1(t)=k)x1(t)�a2x1(t)x2(t)+u(t)Prede

_x2(t)=�a3x2(t)+a4x1(t)x2(t)Predatori

)a3(>0),tassodicrescitadelpredatore

)a1(>0),tassodicrescitadelleprede

)�a2x1(t)x2(t),decrementodellepredeperlapresenzadeipredatori

)a4x1(t)x2(t),incrementodeipredatoriperlapresenzadelleprede

Universit�adiFerrara,Dip.diIngegneria

v.Saragat,1,I-44100,Ferrara,Italia
SilvioSimani



MATLABIntro:AutomaticaI(Laboratorio)-Pag.29

EserciziProposti(1)

ModellomatematicodiLotka-Volterra

)Sea1=20,a2=1,a3=7,a4=0:5ek=30,sideterminino:

1)l'andamentoneltempodelnumerodipredeepredatori,supponendonullol'ingresso

u(t)enelleipotesidipartiredaunecositemacontenente10predee10predatori.

Sicalcolianchelatraiettoriapercorsadalsistemanellospaziodeglistati.

2)glistatidiequilibriodelsistemainassenzadiingresso.

3)ivaloridiregimeraggiuntidalnumerodipredeepredatorinelleipotesicheu(t)

siaungradinodiampiezzau(t)=20eapartiredallestessecondizioniproposte

alpunto1).Sideterminipertentativil'ampiezzadelgradinocheconsentedi

mantenerearegimeunnumerodipredatoriparia15.
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EserciziProposti(2,facoltativo)

Sistemaibrido

_x(t)=

8<
:

A1x(t)sex1(t)�x2(t)<0

A2x(t)sex1(t)�x2(t)�0

)x(t)=�x1(t)

x2(t)

�,duratadellasimulazione10s

)Condizioniiniziali(1;0),(0;1),(10
�6

;10
�6

)
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EserciziProposti(2,facoltativo)

Datelematrici:

)A1=��0:11:0

�10:0�0:1

�,A
2=��0:110

�1:0�0:1

�

Disegnareletraiettoriedellostatoperisingolisistemieperquelloibrido,per

lediversecondizioniiniziali

Disegnarel'andamentodellostatoneltempoperisingolisistemieperquello

ibrido,perlediversecondizioniiniziali
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