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Siirekli zaman durum denklemlerinin ayriklastiriimasi

x,(t) y(nT)
/».lulucu
T T
SUREKLI
—
SISTEMI
— - ——

v =A.v+ Bx

y = Ccv+ Dcx
Burda v € R", x € R" ve y € R™ alinmistir (Cogunlukla durum olarak x
giris olarak u kullanilir. )
Yukardaki sistemin ¢cozimiu

t
(6) = O (t) + [ A DBx(r)dr

to

Bu ¢ozum gecici hal ve kalici hal ¢cozumlerinin toplamidir !
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u nun par¢a parca strekli oldugunu diisinerek nT <t < (n+1)T
araliginda x(t) = x(nT) alinmakta ayrica to = nT ve t = (n+1)T
alindiginda

(n+1)T
v((n+1)T) = e?Tv(nT) + / Al DT=71B x(nT)dr
nT
t =(n+1)T — 7 alip integralde degisken doniisimii yapildiginda
0
v((n+1)T)=e*Tv(nT) —I—/ et B.x(nT)(—dt)
T
burdan
v(k+1) = Av(k)+ Bx(k)
y(k) = Cv(k) + Dx(k)

T .
A=eAT ve B= fo et B.dt olmak lizere bulunur.
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Laplace donustimu yardimiyla durum denklemlerinin

bulunmasi

sV(s) —v(nT) = A V(s) + %ch(nT)
V(s) = (sl —A) tv(nT) + %(sl — A)1B.x(nT)

v((n+1)T) =d(7)v(nT) + /OT O(7 — N)Bx(nT)dA

vi(n+1)T)=®(T)v(nT) + /T O(T — N)Bex(nT)dA
0
burdan A ve B bulunabilir.
-1 -1 1)1 -1
A={Z {(sl —-A) " hB={Z {S(sl —Al) "B}

Katsuhiko Ogata, Discrete-Time Control Systems, Pearson Education (1994)
Chapter 5

Prof. Dr. Miistak E. Yalgin (ITU) Sayisal Filtreler ve Sistemler Spring, 2020

5/

20



Transfer fonksiyonun (matrisinin) durum denklemlerinden

bulunmasi

v(k+1) = Av(k)+ Bx(k)
y(k) = Cv(k) + Dx(k)

Y(z) = H(z)X(z)

z-dontistimiint kullanarak (x(0) = 0)

zV(z) = AV(z)+ BX(2)
Y(z) = CV(z)+ DX(z)
burdanda
Y(z) = [C(zl — A)"1B + D]X(2)
Ornek :
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Ornek : Asagida Ac ve B matrisleri verilen siirekli zaman sistemi
ayriklastinldigr durumda elde edilen ayrik zaman sisteminin A ve B
matrislerini bulun.

Ac_{;a 8] Be=[1 0 Cc=[0 1]

-1
1 s+a 0 o1 1 s 0
A=Y [_1 S:| }_"g {s(s—i—a)[l 5+a}}
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function dy = primel(t,y)

a=.2;A=[-a 0;1 0];B=[1;0];

dy= Axy+Bx*1;

tt,¥= ode23(’primel’, [0, 50], [0.1;0.2]);

a=0.2;T=.001;

Ak=[exp(-a*T) 0; (l-exp(-axT))/a 11;

Bk=[(1-exp(-a*T))/a; (T+(exp(-axT)-1)/a)/al;
yd(:,1)=[0.1;0.2];

for i=1:50000,yd(:,i+1)=Ak*yd(:,1i)+Bk*1;end

>> plot(T.*[1:1:50001],yd(1,:));hold on;plot(tt,Y(:,1),’x?)

5 X
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Siirekli zaman sistemine iliskin durum denklemi;

A= ? 0 BemnoT G=p

X1 Tutucu éf\( ) Sistem »()
x(kT)

v(k +1) = Av(k) + Bx(k); y(t) = Cv(t); x(t) = r(t) — y(t)
v(k +1) = Av(k) + B(r(k) — Cv(k)); v(k +1) = (A— BC)v(k) + Br(k);

e—aT e 271

A = T t > 0
1 —aT ]_ el 1 y b
s(1—e?) 1-2(T+7=)
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A-BC=[exp(-a*T) (exp(-axT)-1)/a; (1-exp(-axT))/a
1-(T+(exp(-axT)-1)/a)]
a=1,T=1;\(A) =0.5000 + 0.6182/
a=1,T =4 \A)={-0.7293, —-1.2707}

Geribesleme sistemi ornekleme frekansina bagli olarak kararsiz olmakta !

| ST
[ | 1
> — Scopel
- o -I_LL Tl s2ss
Step Zer}o_'-Clerder Transfer Fen
0
ol
Scope2
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T =4 ve T =1 i¢in Simulink sonuclari

[ — e e .
4B PP ARE B A= J@E AEL AEE B A & .
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Bilgisayar Ko

1
. >
s2+s
Step Zero-Order Transfer Fcn
Hold
>
4
Scope1
Scope2
File Tools View Simulation Help ‘li File Tools View Simulation Help ~

@- 4OP@® H-A-0- F- Hle- s0onr @ Q- F@-
T 5

q i 8 0
[Feady T=20000 Ready 20000 |
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Bilgisayar Kontrollu sistem

W s

Bilgisayar
r(kT) D(z)

Y(2) = D(2) Z{Gn(s)G(s)}R(2)

s(kT)

Tutucu

x(1)

G(s)

s

Y(kT)
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I"(t) +f-\ e(t) x(t) G(S) y(t)

Tutucu
7 e(kT)
T@
H(s)

Y(2) = Z{Gm(s)G(s)}E(2)
5(2) = Z{Gm(s)G(s)H(s)}E(2)
e(kT) =r(kT) —s(kT); E(z) = R(z) — 5(2)

Y(z) _  Z{Gn(s)G(s)}
R(z) 14 Z{Gm(s)G(s)H(s)}
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Ayrik zaman sistemi tasarimi: Analitik

") s~ ell) Sayisar x() (0
) D) gz}cm Tutucu G(s)
Y(z) D(2)Z{Gm(s)G(s)}

R(z) () =17 D(z)Z {Gm(s)G(s)}
Sistemi kontrol edecek D(z)

o K(2)
D) = F 6 (5)6() 1~ K(2))
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E(z) = R(z) — Y(2) = [1 = K(2)]R(2)
limit teoreminden

e(00) = lim,1(1 — z Y[l — K(2)]R(2)

= lim1(1 - 2711 - K(2)]6F
=0

Bu (1 — z71) = 0 ile saglanmakta ancak belirsizligi ortadn kaldirmak icin
[1 - K(2)] = Q(2)
sarti eklenir. Cikista birim basamak yaniti istensin. Bu durumda

R(z) = —1= icin

1—z-1

1-K(z)]=1-2z"1

esitliginden
K(z)=z"!

elde edilecektir.
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Ornek: T =1

1
6ls) = s(s+1)
1 o)1
Z{GnlG(sN) = (1= D2y ) = o)
K(2)

PlE) = F 6, (5)6() 1~ K(2))

esitliginde K(z) = z~! alinarak
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exp(1).z-1

z+(exp(1)-2)
Step Zero-Order Transfer Fcn
Discrete Hold
Transfer Fcn
Scopel
Bl scop2 L J = B | TR scopet

Sl LLPARE BAE
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alz
1—z-1

Cikista rampa yaniti istensin. Bu durumda R(z) = icin

[1-K(2)]=(1-2z1)?
esitliginden
K(z)=2z1-272
elde edilecektir.

_ K(2)
Z{Gn(5)G(s)} (1~ K(2))

esitliginde K(z) =2z~ — 22 kullanilarak

D(z)

 2e—(2+e)z 4272
S 1+(e—-3)z 1+ (2—e)z2

D(z)
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2exp(1)z2 -(exp(1)+2)z+1
22 +{exp(1)-3)z-(exp(1)-2)

Zero-Order Transfer Fen
Discrete Hold
Transfer Fcn Scopet
Scope
T8 Scope = @] % TPy scopet o = | B |

SB|LEL ABEB B AR 8B QP ARE PA
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