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Convolution Integral
)
x(0) = x(r) 8(t-7)dz

y(1) = Hix(1)} = H{[:x(r) 5(t—7) dr}
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y(t) = Hix(t)} = [ x(c) H{5(t - 7)} dr

H{5(t)}= h(t)

H{S5(t—1)}=h(t-7)

LTI

y(t)= [ "x(z) h(t=7) d = x()* h(r)



‘qe71 dsa % oipny

y Audio & DSP Lab.

Convolution Integral
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Convolution Integral
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EX2.6: y(t) = x(t) * h(t) = ?
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Find and x(t) and the reflected, time-shifted impulse, h(t-7).
Find the product signal w(t) for 1 <t < 3.

Find the product signal w(t) for 3 <t <5.

Find the system output y(t).
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EX: A RC circuit system with the voltage source x(t) as input and
the voltage measured across the capacitor y(t), as output.

R

x(1) 1(1) C y()
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Ex 2.7:

(a) The input x(t) superimposed over the reflected and time-shifted impulse
response h(t — t), depicted as a function of t.

(b) The product signal w(t) for 0< t < 2.

(c) The product signal w,(t) for t > 2.

(d) The system output y(t).
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x(T) iInput "“Reflected and time-shifted impulse response
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Ex 2.8:

(a) The input x(t) superimposed on the reflected and time-shifted impulse response
h(t — 1), depicted as a function of .

(b) The product signal wy(t) for 0 <t < 2.

(c) The product signal w(t) for 2 <t < 3.

(d) The product signal w(t) for 3 <t <5.

(e) The product signal wy(t) for t > 5. The system output y(t).
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(b) w(t) for0 <t < 2,
X(T) (c) w,(t) for 2 <t< 3.
,, (d) w(t) for 3<t<5.
i /| (e) w,(t) for t > 5.
| T
W] 1 3 Wt (T) Wt (T)
h(t — T) 2- 2
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SO.

3

° P25 y(t) = X(t) * h(t)
x(r)
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Step 1.

Produce new set of dependent variables, x(r)
and h(t) with replace t by .

(@)
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Step 2:
Obtain the h(-t) from h(z) by reflection operation.

x(2)|
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Step 3:
Obtain the h(t-t) from h(-t) by time-shifting operation.
x(7)|
1
4
1 1 ]
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e.g.,
if —4<t<-3,
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Radar range measurement

(a) Transmitted RF pulse.
(b) The received echo is an attenuated and delayed version of the transmitted

pulse.

r(t) = a-x(t - f)

| att.. a

-

delay. [

(b}
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Radar sends an impulse é(t) to target, and the imgulse response is an
attenuated “ ” and delayed

g h(t)= a5(t ,3)

ch(t)=ao(t—p), h(t)=ao(r—f)
h(-7)=ad(-7-f)=ad(-(r+ p));

r(t) =x() % h(t) = [ x(e)h(t-7)dz

= roox(r) a5(t—(2'+,8))dr

—aj x(r)[5( T+ (1 — ,B)]dz':ax(t—ﬂ) “
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Match Filter for Radar Range Measurement

(a) Impulse response of the matched filter for processing the received
signal.

The impulse response of a match filter
h
B () = x(1) ™

(a)
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(b)
The received signal r(t) time-shifted
matched filter impulse response h(t— ®

7)

(c)
Matched filter output y(t).

y(t) =r(t)*h, ()
- f:r(r)hm (t—7)dr

il “

wilh

1+T, T
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