Al-Mustagbal University

College of Engineering and
Technology

Department of Biomedical
Engineering

Stage: three
Signal Processing
2023-2024

Lecture (9): Recursive
digital filter (1IR)




Asst.Prof. Hamza Mohammed Ridha Yahya Asst.Lec. Huda Hasan Al-Sabari

Transfer Function of Infinite Impulse Response (IIR)

The infinite impulse response (1IR) filter is a recursive filter in that the
output from the filter is computed by using the current and previous inputs
and previous outputs. Because the filter uses previous values of the output,
there is feedback of the output in the filter structure.

Input Signal x(n) Output Signal y(n)
h,(n)

h,(n) Feedback

y[n] = XX obex[n — k] — ¥¥_, apy[n — k] (1) (Difference Equation)

y[n] = bgx(n) + byx(n — 1) + -+ by X(n — M)
—a,y(n—1) ... —ayy(n—N)

OR

M -k
H(z) = 18 = icobir (2) (Transfer Function)

T X(z) 14Xl apzk
where a;, and by, are filter coefficients

Properties of IR filter

IR filters stands infinite impulse response filter.

IR filters are recursive filters.

Feedback system is available in IIR filter.

IR filter sometimes unstable

The transfer function contains both poles and zeros.

Example//Determine the first three samples in the impulse response for
the IIR filter.


https://www.sciencedirect.com/topics/computer-science/infinite-impulse-response
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y[n]-02y[n—1]=x[n] +x[n - 1]
Substituting 6[n] for x[n] and h[n] for y[n] .
hn]-02h[n—1]=6[n]+d6[n—1]
h[n]=02hn—1]+6[n]+6[n—1]
h[0]=0.2h[0-1]+6 [0] + § [0 — 1]
h[0]=02h[-1] +6 [0] + 6 [ - 1]

=00+1.0+00=10
h[1]=02h[1-1]+6[1] + 6 [1 - 1]
=02(1)+00+1.0=1.2
h[2]=0.2h[2-1]+6[2] + § [2 - 1]
=0.2(1.2)+0.0+0.0=0.24
h[3]=0.2h[3-1]+6[3] + § [3—1]
=0.2(0.24) + 0.0+ 0.0 =0.048

IR Filter structures
IR system/filter can be realized in several structures:
1. Direct Form |

2. Direct Form 11
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Example// Realize the infinite impulse response (lIR) filter using the direct
form-1 from the transfer function:

Hz) = 1+3z71
T A2z )A + 2zt —4z72)
y@ 1+3z71

H(z) = x(z) 1—z1—6z"2+82z3
y(z) = z7Yy(2) + 6z7%2y(2) — 827 3y(2) + x(2) + 3z 1x(2)

~F) > y[n]

x[n]

Example // implement the filter represented by following difference
equation

y() =Zx(n) —x(n— 1) +5x(n—2)+;y(n - 1) —y(n—2)

Sol// by using Direct-form |
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