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Learning objectives

The learning objective for this section is:

® calculate simple convolutions by superimposing outputs from

Impulses
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Impulse response and convolution

yln] = ) z[k]hn Z hiklzin — k] (1)

k=—00 _;za: k=—00 —

For “simple” signals and filters with “simple” impulse responses we
can sometimes just compute the convolution directly:

@ Interpret the output as scaled and shifted copies of the impulse
response h|n| or as scaled and shifted copies of x|n|.

® Use the “flip-and-slide” view to compute the product h|k|x|n — k]
for each n and add it up to get y|n|.

©® Write out the convolution formula and use formulas such as power
series to simplify the expression for the output.
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Direct calculation by superposition

Look at the formula /cve / \&@f\ AA"'“S’A\O:)\L
yln] = ) x[klh[n — k] (2)
T k=—o0 ——

This is a sum of scaled and shifted copies of h|n|. Sometimes we can
just write these out. For example, take x|{n| = dé|n| — é|{n — 1] and

hin| =30n| + 20jn — 1] —dn—2]: N —

— \ nale e Logq @ TP
n| =3d[n| +20[n — 1] — d|n — 2| bt M@O?i( (3)
—30[n — 1] = 20[n — 2] + 0[n — 3] (4)
= 30|n ]—5[n—1]—35[n—2]+5[n—3] (5)
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Example

Find y|n| = (x % h)|n| when

hin] =uln] —un—3

e-P-

Step 0: d_rw and rewrite the signals if needed:

B 1

1 0<n<3 1 0<n<?2
r|in| = | hin| = S
0 otherwise 0 otherwise
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Direct algebraic approach

@ Write x|n| and h|n| in terms of d-functions:

-

z[n

-

-n-

e ——

® Write scales and shifts of h|n|:

yn| = o[n|+0]
+0]

©® Add them up:

N\VW

| =dln]+dn—1
| :5?;: +d0n—1
n—1 +dn—2
n—1 +dn—2
+dln — 2
d[n] +26n —1
+ 206(n —4

|+oln -2
' — 5
| +d6[n—2 (
el ofl\le
WA
_ - / \l\:m/qj}
—|—5_TL — 3_ y \ACV"BB
+oln —3] +on—4] ./
+d0ln — 3] +d0|n — 4]4+d[n — 5]
A
f t 1
| +35[n—2] +35[n—3]
+ 5[n — 5]
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Try some yourself

Find the convolution

hin| = uln| — un — 4], xn| = =d|n| + 26|n — 2|
hin| = n(un| —uln — 3|), z[n] = 20|n| — 20|n — 1]

h|n| = see figure above

Make up a few on your own!
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