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Infinite Impulse Response (IIR) Filters Al-Mustagbal (&)

> |IR filters are recursive filters.

» Difference equation for IIR filters

N M
y[n]:—z ar yln — k] + Zbkx[n—k]
K=1 K=0

a, and 4, are the filter coefficients
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Infinite Impulse Response (IIR) Filters Al-Mustagbal (&)

> |IR filters outputs depends on N past outputs and M past Inputs.
» The Impulse response samples getting smaller and smaller but they never

settle to zero.
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Determine the first four samples in the impulse response for the IIR filter.

y|n]l-02y[n—1] =x|n]+x[n—1]

Sol:
Substituting 6[n] for x[n] and h[n] for y[n] .

hn]-02h[n—-1]=6[n] +6 [n—1]

hn]=02h[n—1]1+6[n] +6[n—1]
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h[0] =0.2h[0—1] +&[0] + & [0 — 1]

h[0] =0.2h[-1] +8[0] + & [ 1]

=00+1.0+0.0=1.0

h[1] =0.2h[1—1] +8[1] + 8 [1—1]

=0.2(1)+0.0+1.0=12
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h[2] =02h[2-1] +6[2] + 8 [2-1]

=02(1.2)+0.0+0.0=0.24

h[3] =0.2h[3-1] +8[3] + 6 [3 1]

= 0.2 (0.24) + 0.0 + 0.0 = 0.048
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Determine the first six samples in the impulse response for the IIR filter.

yIn]-04yn—1] =x|[n] —x|[n—1]

Sol:

Substituting 6[n] for x[n] and h[n] for y[n] .

hn] -04h[n—-1]=6[n] —6 [n—1]

hn]=04h[n—-1]1+6[n] —6[n—1]
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h[0] =04k [-1] + 8 [0] — 6 [n—1]

=0.4 (0.0) +1.0-0.0=1.0
h [1] = 0.4h [0] + & [1] — & [O]

=0.4(1.0) +0.0 - 1.0=—0.6
h[2]=0.4h [1] + 6 [2] -6 [1]

= 0.4 (—0.6) + 0.0 — 0.0 = — 0.24
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h[3]=0.4h[2] +68[3] -6 [2]

= 0.4 (-0.24) +0.0 — 0.0 = — 0.096
h [4] = 0.4h [3] + 6 [4] — 6 [3]

= 0.4 (~0.96) + 0.0 — 0.0 = — 0.0384
h [5] = 0.4k [4] + 6 [5] — 6 [4]

= 0.4 (—0.0384) + 0.0 — 0.0 = — 0.01536
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Given the difference equation

yin) =0.25v(n — 1)+ x(n) forn=0 and y(-1) =0,

a) Determine the unit-impulse response i(n).
b) Draw the system block diagram.
c) Write the output using the obtained impulse response.

d) For a step mput x(m) = wu(n), verify and compare the output
responses for the first three output samples using the difference
equation
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a) Letx(n) = o(n), then

hn) = 0.25h(n — 1) + &(n).

To solve for hrn), we evaluate

MO)=025 —-1)+6(0)=025x0+1=1
M1)=02540) +8(1) =025 x1+0=0.25
M2) =0.25h(1) +-86(2) =0.25 x 0.5+ 0 = 0.0625

With the calculated results, we can predict the impulse response as

h(n) = (0.25)"wu(n) = &(n) +0.258(n — 1)+ 0.06256(n — 2) +....
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b) The system block diagram is given in Figure below.

x(n) y(n)

—>| h(n)=&(n)+0.255(n—1) +-- [—>

c) The output sequence is a sum of infinite terms expressed as

wn) = MO)x(n) + M Dx(n — 1)+ h(2)x(n —2)+ ...
= x(n)+025x(n—1) +0.0625x(n - 2)+ ...
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d) From the difference equation and using the zero-initial
condition, we have

wWn)=025v(n—-1)+x(n) forn>0and y(—-1) =0
n—0,y(0) —025v(—1)+ x(0) — u(0) — 1
n=1y(1)=0250(0) + x(1) = 0.25 x w(0) + (1) = 1.25
n=2y2)=0.25v(1)+ x(2) = 0.25 x 1.25 + u(2) = 1.3125
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n=0 W0)=x0) | 025x( 1)1 0.0625x( 2) | ...
—u(0)+025xu(—-1)4+0.125 x u( —2)+... - |

n=1, y(I)=x(1)=025x(0) + 0.0625x( - 1) +...
=uw(l)+ 025 xw(0)+0.128 xw(—1)+.. =125

n=2, W2)— x(2)+ 0.25x(1) +0.0625x(0) +. ..
= u(2) | 0.25 > w(1) | 0.0625 x (0) | ...=1.3125
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