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where h(t) (CT) and A[n] (DT) are the system impulse
responses.

h(t) or h|n] completely characterizes an LTI system. #

By knowing h(t) or h|n|, system output can be obtained for an
arbitrary input signal x(t) or x|n]. ¢

How is y(t)/y[n] related to x(t) /x[n] and h(t)/h[n|?



Convolution sum (cont.) @

We will start with DT systems, and then analyze CT systems.

» Any signal z|n| can be expressed as a sum of time-shifted impulses as
(shown oﬁmv:,om_w\ next slide) |
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Convolution sum (cont.)
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Convolution sum (cont.)
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e Convolution sum: z[n] xh[n] = ) z[k]h[n — k]
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E: A system with input-output relationship as "

ylnl = z[n] + (1/2)z[n — 1

-a) System impulse response?
b) Find y[n] for
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Convolution sum (cont.)
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Let w, k] = z[k|h|n — k]|. Then y[n] is expressed as

1. Graph both z|k] and hlk]
2. Time reversal hlk] — h[—k]
3. Time shift h[—k] by n shifts — h[n — k] (Ieft shift)

4. For a specific n, form product z[k|h[n — k]

5. Sum all samples of z[k|h[n — k] —



Convolution sum evaluation procedure (cont.) @

Graphical illustration of the convolution sum: (a) LTI system with
impulse response h[n| and input x[n].

IIIIT ¥[n]

LTI System
(a)
The decomposition of the input x[n] into a weighted sum of

time-shifted impulses results in an output y[n] given by a
weighted sum of time-shifted impulse responses next slide.
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evaluation procedure (cont.)
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Convolution sum evaluation procedure (cont.) C

E: z|n] = é[n] 4+ d[n — 1] + d[n — 2] is applied to an LTI system
with impulse response
hin] = 46[n| + 36[n — 1] 4+ 20[n — 2] + d[n — 3]. Find y[n].

yln] = z[n] * hin]
Exercise:

e Verify this the results using Matlab.

r = [1 1 1];
h = [43 2 1];

y = conv(x,h);



evaluation procedure (cont.)

Convolution sum
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* Graph x[k] & h[k] H—k]
2) H-k] 44
* Form h[-k] & time shift h[-k]
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» For a specific n, form product
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Convolution sum evaluation procedure {(cont.)
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