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Ayrik zamanli sistemlerin durum denklemleri

vk +1) = f(v(k),x(k), k)
y(k) = g(v(k), x(k), k)

v durum degisken, x giris ve y cikis olarak tanimlanir. Lineer sistem :

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

Fark denkleminden

y(m)+ aiy(n—1)+ay(n—2)+---+ any(n— N) = box(n)
+bix(n—1)+ -+ byx(n— N)

durum denklemini elde edebilirmiyiz ?
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y(n) = —ay(n—1)—ay(n—2)— - —any(n— N)+ box(n)
+bix(n—1)+ ...+ byx(n— N)
)

vn(n) = —aiy(n—1)—ay(n—2)—---—any(n— N)+ bix(n—1)
+--- 4 byx(n— N)
y(n) = vn(n) + box(n)
w(n+1) = —aiy(n)—ay(n—1)—---—any(n—N+1)+ bix(n)
+...+ byx(n—N+1)
vw—1(n) = —ay(n—1)—---—any(n—N+1)+ byx(n—1)

4o+ byx(n— N +1)

vw(n+1) = wvny_1(n) — ary(n) + bix(n)
= vy-_1(n) — a1(vn(n) + box(n)) + bix(n)
vw—1(n+1) = —agy(n)—asy(n—1)—---—any(n— N+ 2)+ box(n)
+--- 4 byx(n— N +2)
vn—1(n+1) vn—2(n) — azy(n) + bax(n)

vn—2(n) — az(vn(n) + box(n)) + bix(n)
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Gozlenebilir Kanonik Yapi

Asagidaki sekilde yazilabilir ;
v(k +1) = Av(k) + Bx(k)

burda v =[viva---vy]" ve A€ RVXN B ¢ RN olmak iizere

_ B . by — anbo
000 .. 00 —ay R

—an-1
1 0 ... 00 —dn-—2

[ay
o
o
o
o

000 .. 10 —a |
. b2—82b0
(000 .. 01 —a | by — mib,

y = Cv(k) + Dx(k)
C=1[000..0 1] ve D = [b]
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Baslangi¢ kosullari yukarida bulunan denklemler yardimiyla bulunur.

VN(O) = —aly(—l) — agy(—2) — = aNy(—N) + blx(—l)
+... + byx(—N)

VNfl(O) = —a2y(—1) — . — aNy(—N + 1) + ng(—]_) 4+ ...+ bNX(—N =

Matris formunda yazildiginda v(0) = Eyo + Fxo

—an 0 0 .. 0 0 by 0 O 0 0
—danN—1 —an 0 ... 0 0 bN_1 b/\/ 0 0 0
E=|. . . o . lF=|. e .
—ar —as —da4 ... —an-1 0 b2 b3 b4 bN_1 0
—ail —as —asz ... —an—-1 —a bl b2 b3 bN,1 bN
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Ornek : Asagida transfer fonksiyonu verilen sistemin durum denklemlerini
elde edin
42834241

:z4+3z3—|—222+z+2'

H(z)

Cozim :

y(n)+3y(n—1) + 2y(n—2)+y(n—3)
+ 2y(n—4)=x(n)+2x(n—1)+x(n—3)+x(n—4

buradan
V4(n) = ...

den baslayarak durum degiskenleri tanimlanir.
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Yonetilebilir kanonik form

_Y(2)  bo+ bzt bz 24 b3z ?
C X(z) 1+ aizl4apz2+4a3z3
B X
1 + 312_1 + 322_2 + 332_3

e(n) = x(n) — are(n — 1) + aze(n — 2) + aze(n — 3)

H(z)
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Yonetilebilir kanonik form

C = [bm — anbo bpy—1 — an—1bo...] ve D = [by]

0
1
0
—dp-1 dpn—2
0
0
B =
0
[ 1]
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Ayrik Zaman Sistemi

T T
/\/\ / ADC Isaret Islemci DAC

x(t) x(kT) Y(kT) ¥

ADC: Ornekle ve Tut Devresi (Sample and Hold (S/H))

o >H ) cikis girs
il

Ornekleme
'

Anabhtar kapandi Anahtar acildi
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DAC & Sifirici derece tutucu

011,101,001,010

3,-2,1,2 \‘

y(kT) —| DAC

tutucu

=y

|l zoH | __

Yiiksek dereceli tutucular isareti ZOH kiyasla daha yiiksek dogrulukla

sekillendirir.
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Tutucuya iliskin transfer fonksiyonu

x(1) kT,
7\ D | rurueu RGN

v

(1)
=
u(t)
k=00
x(kT) = x(t)o(t — kT)
k=0
k=00

y(t) =Y x(kT)(u(t — kT) — u(t — kT — T))
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Tutucuya iliskin transfer fonksiyonu

x(t) — xng) — y(t)
X(s) — Gs(s) = X(s) Gr(s) = Y(s)
k=00 k=00
X(s)=¢ { x(kT)5(t — kT) } / x(kT)3(t — kT)e Stdt
k=0 0 k=0
k=00 o0 k=00
X(s)=> / x(£)5(t — kT)e dt = > x(kT)e T
k=0 70 k=0
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Tutucuya iliskin transfer fonksiyonu
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Ornek Dizisi ile Sistem

s A
x(t) — xng) = h(t) = y(t) — yEnT)
X(s) = X(s) —H(s)— Y(s) —=Y(s)
k=00
x(kT) = x(t)o(t —kT),  h(t)*d(t — kT) = h(t — kT)
k=0
k=00
y(t) =Y x(kT)h(t — kT)
k=0
k=c0
y(nT) = x(kT)h(nT — kT)
k=0

Y(z) = H(z)X(z)
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Ornek Dizisi ile Sistem

Ornek:

xw__ /| Sistem w S
(kD) h(t) Y(kT)
k=00
y(nT) = x(kT)h(nT — kT)
k=0

Y(z) = H(z2)X(z)
H(z) = 2 {ZL 1 {H(s)}}

He = 242 g )}

s@+@}:$4{i‘@i@}:“—éﬂww
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Ornek Dizisi ile Sistem

O o) AR ER e | BB l0

— i(l _ e—akT)Z—k _ 1 _ 1
k=0

1—z71 1—eaTz1

Ornek: 21300
s

H(s) = —"—

(8) = 2300

1

H(Z g{f {H }} = 1 .—2m 300
— z71e™“T 5000
[h,w]=freqs ([0 2%pi*300],[1 2*pi*300]); plot(w/(2*pi),abs(h))
[hd,f]l=freqz([1-exp(-(2%pi*300)*T) 0], [1

-exp (- (2*pi*300)*T)],10000,1/6000); plot(f,abs(hd))

Not: w=0'da genlik 1 olmasi icin kazang¢ terimi eklenmistir!
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Bilineer doniisim kullanarak H(z)'yi elde etmeye ¢alisalim (a = 27300
T =1/60000).

21—z aT(1+2z71)

C T1l+4+z71 (2+aT)+(aT —2)z !
[hdl,wdl]=freqz([a*T a*T], [(2+a*T) (T*a-2)],10000,1/T);

H(s) —'s — H(z) =

100 200 300 400 500 600 700 800 900
f
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Tutucu kullanirak sayisallastiriimis sisteme iliskin tf.

Dijital X(kT) u(t) (1) Y(KT)
Bilgisayar ; TUTUCy GQY ) \l
Y(5) _ 6(s) = Grumuen(s)6o(s) = L7 DG ()
X(S) Tutucu c s c
Y(2) _ -1
X = 212 HeEN
Ornek: G.(s) = G
1 _ —Ts 1 1 _ —Ts
e 0me™ 1 e

s (s+a) s(s+a)

L e Tyu(t) - (1-e D)t~ T)

h(t) = (1—e ") (= —

(=0 1y
Katsuhiko Ogata, Discrete-Time Control Systems, Pearson Education (1994)
Chapter 3
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Tutucu kullanirak sayisallastiriimis sisteme iliskin tf.

X(kT) u(t) 1) WKT)
TUTUCU G(s)
c

Dijital
Bilgisayar

T

Z{L 1 -eT5)

Celoyy

S R S L 2E U
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