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Linear Time Invariant (LTI) Systems
Dogrusal Zamanda Degismeyen Sistemler



Definition of a System

X(t) y(t)

Continuous Time

> Systems
Strekli zamanli sistemler

x(t) — yl(t)

x[n] y[n]

Discrete Time

—> Systems

Ayrik zamanli sistemler

x[n] — yIn]



Series Systems (Cascade Systems)

Xq Yi X, Y,
X ——> System 1 —> System 2 > Y
X17Y1 X=Y1 Y,
X, Y, X4 Y1
X ——> System 2 > System 1 > Y
X7Y; Yo, =Xy — Y1



Parallel Systems

Xq Y1

—>] System 1

3 System 2

X3 Y, |

X{= Xy = X

Y=Y1tY;



Feedback Systems

X1 Y1
X —)@—> System 1
Y> X5
System 2
X=X + Y,
Y=Y,

X3=VY;1



Examples of Systems

x[n]
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y|n]

e.g. ideal delay

y[n]=x[n-n,]

e.g. moving av

erage

yln]=T ix{n};

—o0o < n <o



Examples of Systems

e.g. moving average, M; =M, =1 *[n] 1
yln] =2 F‘ l ‘ ‘ e
solution: 1 0
y[n]:1+1+1;1x[n—k]:%{x[n+1]+x[n]+x[n—1]}
n=0 YOl (Wt X0+ x-1]) - 12—
R e N
n=2 y[2EL{x[3]+ x[2]+ x[1]}=1{0+1+1}=2 3
i=3 YRR el xRl xf2l=1 o0+ 1)=3 :
n=4 ylaEL{x[5]+x[4]+x[3]}=1{0+0+0}=0 - %
n>4 ylnko 012 3




Examples of Systems

e.g. moving average, M; =M, =1

y[n}= 2

solution:

n=-1
n=-2
n=-3
n<-3

y[n]=

y

1

1+1+1/=—;

-—1]: {x[0]+x[-1]+ x[-2]}=1{1+1+0}=2

~ 2= -1+ X[ 2]+ x[-3]; =

0+ =1
]:%{x[— 2]+ x[-3]+ x[-4]}=1{0+0+0}=0

:n]: 0
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> x[n—k]=21{x[n+1]+ x[n]+ x[n-1]}
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Examples of Systems

moving average, M; =M, =1

y[n]
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Properties of Systems

Memory (Bellek)

Invertibility (Tersi Alinabilirlik)
Causality (Nedensellik)
Stability (Kararlilik)

Linearity (Dogrusallik)

Time invariance (Zaman Degismezlik)



Memory/Memoryless Systems

* Asystem is memoryless if for every t_ (n,), the
output y(t) (y[n]) depends only on the value of
X(t) (x[n]) at t_ (n,).

Continuous Time: Y(t)@t=t, « x(t)@t =t,

Discrete Time: y[n]@t =1, < X[n]@t =1,



Memoryless Systems

example:

example:

example:

with memory/memoryless?

with memory/memoryless?

with memory/memoryless?



