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LTI System
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Computing y(t;) : Output at t = t,
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Computing y(t;) : delayed impulse response h(t)

delayed impulse response — h(t)
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x(z‘) :h(O)
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t—1 =514 1 7 t+1
x(¢) = 8(t—t,+1)+ 8(¢t—t,+.5)+ 6(t—1,) y(t,) = h(1)+h(.5)+ h(0)
A x(1) A y(1)
L=l =500 g 1 t tT-Fl
x(t) = 8(t—t,+1)+ 8(t—t,+.5)+ 65(t—1,) y(t) = h(t—t,+1)+ h(t—t,+.5)+ h(t—1t,)
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Computing y(t,) : flip and shift x(t)

x(t) = 8(t—t,+1)+ 8(t—¢t,+.5)+8(¢t—¢,)

I Change of variables t > v
x(v) = d(v—t,+1)+ d(v—¢t,+.5) + 8(v—1t,)

I Flip around y axis and then shift to the right by ¢ v o t—v

x(t=v) = 8(t—v—t,+1)+ 8(t—v—t,+.5) + d(t—v—1¢,)

y(t) = Jx(t=v)h(v)dv
(S (f—y— t+1) h(v) dv — h(t—t,+1) impulse response delayed by ¢ —1

5 (
+ : d(t—v—t,+.5) h(v) dv — h(t—t,+.5) impulse response delayed by ¢ —.5
S (

t—v—t,) h(v) dv — h(t—t,) impulse response delayed by ¢,

y(t) = h(t—t,+1)+ h(t—t,+.5)+ h(t—t,)
y(t)) = h(1) +h(5)+ h(0)
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Computing y(t,) : flip and shift h(t)

h(1)

I Change of variables t - v

h(v)

I Flip around y axis and then shift to the right by ¢ v — iV

h(t—v)

y(t) = [x(v)h(t=v) av

_ :6(v—t1+1)h(z‘—v) dv — h(t—t,+1) impulse response delayed by ¢ —1
+ :6(v—t1+.5)h(t—v) dv  — h(t—t,+.5) impulse response delayed by ¢ —.5
+ :5(\/—1‘1)}1(1_—1/) dv — h(t—t,) impulse response delayed by ¢,

y(t) = h(t—t,+1)+ h(t—t,+.5)+ h(t—t,)

y(t;) = h(1) +h(.5)+ h(0)
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Computing y(t;) : commutativity (1)

y(t) = [x(v)h(t=v) dv y(t) = [x(t=v)h(v) dv

= [s(v—t,+)h(t=v)dv w h(t—t,+1) @ = [8(t—v—1,+1)h(v) dv

+ [s(v—t,+5)h(t—=v)dv ™ h(t—t,+.5) = + [ 8(t=v—t,+.5)h(v) dv
[S(v—t)h(t=v)dv = h(i—) = 5 (t=v—t,)h(v) dv

Flip and Shift h(t)

Ax(v) 5(t—t,+.5) Ah(l‘l—v)

tt+1

bry i e N

f—l tl—.S t 11_1 tl 4
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Computing y(t;) : commutativity (2)

y(t) = [x(v)h(t=v) dv y(t) = [x(t=v)h(v) dv

= [s(v—t,+)h(t=v)dv w h(t—t,+1) @ = [ s(t=v—t,+1)h(v) dv

+ [s(v—t,+5)h(t—v)dv ™ h(t—t,+5) = + [ 8(t=v—t,+.5)h(v) dv
[S(v—t)h(t=v)dv = h(i—) = 5 (t=v—t,)h(v) dv

Flip and shift input x(t)

8(t—v—t,+.5) x(tl—v) A h(")
S(t—vt,+1) S(t—v—t,)
T T h(0)  A(.5)  h(1)
> >
1
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Computing y(t;) : commutativity (3)

—v—1,+.5) A (v—t,+.5) Flip around y-axis
-V — t+1 v l+1
—t, —t,+.5 —t+1 —1 t,-.5 t1

Shift to the right by t,

—v—t,+.5) d(—v+.5)
—v—t,+1) 8(—v) 8(—v+1)
T p T P i
—t, —t,+.5 —t+ 5 1
S(t—v—t,+.5) A
S(t—vt,+1) d(t—v—t,) )C(tl—V> h(V)
T T h(0) (.5 hK(1)
L >
1
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Computing y(1), y(t)

x(t)

£

delayed impulse
response at t=1
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%

delayed impulse
response at t=1

h(t—.5)

>

delayed impulse
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>
1
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delayed impulse
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1 >
delayed impulse

response att  x(.5)h(z —.5)

1 >
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response att=1 x(1)h(z — 1)
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delayed impulse
response att=1 x(0)A(1)

h(t)

delayed impulse
response at t=1 x(.5)h(.5)

h(t—.5)

>

x(1)

delayed impulse

response at t=1 x(1)h(0)
l h(t—1)
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Computing y(1) : shift & flip x(t)

X(1 = v) h(v)

y ()
x(0)A(1)
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Computing y(t) : shift & flip x(t)

x(1=v)h(v) y(1) , X(t=v)h(v) y (t)

x(0)A(1) (‘- x(t —t)h(t)
xle=w — x(0)h(¢)
h(v)
> >
1 v 1 v
t
A
1) x(.5)h(.5) =) x_t—t+1;5)h(t— 5)
hy) _ h(v) = rBRle= )
1 v b
t
A
1) x(1)A(0) i) x(t—t+1)h(t—1)
o x(t—v
= x(1)hlt =1
L h(v) - h(v) > ( ( )
1 v 1 ? v
t
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Computing y(t) : the earliest and latest inputs

X (t-v)  the earliest input value y (t)

A x (0)

x(0)h(t)

A x(1)h(t — 1)
~ the latest input value
x (1)
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Computing y(t), y(s)

X (t-v)

y (t)

x(t—1t)h(t)
= x(0)A(t)

x(t—v)

x(t—t+1)h(t —1)
x(1)h(t—1)

Y
t
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A
x(s—s+.5)h(s—.5)
x(s =) = x(.5)h(s —.5)
h(v) l >
1 v

x(s—s+1)h(s—1)
= x(l)h(S_ 1)
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Computing y(t) : earliest and latest inputs

the latest input value
that affects the output value y(t)

the earliest input value
that affects the output value y(t)

h(v)

L
: k
this value of h(t)

is used first
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Computing y(t) : delayed impulse response

) y(t)=2
T A
///
f Wﬁv |
> >
L(—f v 1 ? |4
f these inputs affects f
T the output value at ¢
lTA
% |
e delayed impulse response
the earliest
input value
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Computing y(t) :

Convolution (1B)

multiplication sequence

x(v)
A
fl W
K
t
h(t—v)
A

47
>
1

21
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