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Objective

The purpose of this paper is to develop a practicgthod to design Digital IIR
Chebyshev Filters. This document explains all Hwpuired steps using a specific filter
design that is calculated, realized and verifiethwai program written in MATLAB.

Filter Specifications

A Chebyshev Digital Bandpass Filter is to be desihjto meet the following
specifications:

a) A 1dB ripple in the frequency range of 600 to 900 H

b) A sampling frequency of 3000 Hz

c) A maximum gain of —40dB for 0 <= f <= 200 Hz

Solution
Step 1.
We assume that the filter is symmetric, that is,ftlher should have an attenuation of

40dB for frequencies >= 1300 Hz. Therefore, thalideagnitude response sketch is as
follows:
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Step 2.

Transform the Bandpass Filter specifications te@mvalent normalized Lowpass filter.
Then, obtair, the order of the Chebysheuv filter.



»
»

Attenuation (dB

40dB

1dB

F (Hz)

v

Fo=1 Vs

, = fa=fy_1300-200_1100

. ==——"'=3666
f,-f, 900-600 300

So we havef, =10, f, =3.666 A, =40dB, A, =10dB

To calculate the order of the Chebyshev filter we the following equations:

£ =109 _1 =,/10° -1 = 05088

N = cosh*(v/10% "% -1/ )

cosh*(f,/ f,)
N = cosh*(v10""*° -1/0.5089
cosh™*(3.666/1.0)

N = cosh*(v/10* -1/0.5089
cosh* (3.666)

=3.02703

The general rulés to choose the nekiteger number. In this case, we are going to try
N=3 since the result is very close to it. If thefpanance of the filter meets the
specifications we are saving 1 order; otherwise aider will beN=4 and the new
performance will be calculated and verified.

Step 3.

The filter will be specified using digital frequeas as follows:

f,=3000Hz - f,/2=1500Hz - 71



4C

6, = @n: 04,6, = @ﬂ: 06,6, = @ﬂ: 0.1337,6, :@n: 0.866r
150( 150( 150( 150(

Atn(dB)

1.C

0 (rad/s)

0.133n 0.4n 0.6n 0.8661 n

Step 4.

An equivalent Digital Prototype Lowpass Chebyshiegrfis obtained from the standard
table for N=3, ripple=1dBs=0.5088. The Transfer Function is:

0.491(1+ 2)°
3.7172° -1.2772° + 2.2472 - 0.75¢

He, (2) =

Step 5.
We now need to perform the frequency transformattorobtain the transfer function of

the equivalent Bandpass Filter based on the Lowpadstype of the previous step. This
is done using the transformation:

HBP(Z) = HLPN (Z)l 2_@ +ﬁ
_ patpa

The values foo andf3 are obtained with the following equations:
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B =tan@,/2) cot(H—;n —6—;) for a digital prototype filted_, =7 /2therefore,

¢ 7Tl 2
e a5 tan(o25m) _
0677 04, tan(0.17)

tan( > > )

3.077

Substitutinga and we obtain:

Heo(2) =H 5, (2)] 2, B
g

z=-
1+—’B _lzz
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Hee(2) =H g (2)] _ 22+05094
1050047

Lets make the constant k=0.5094 to simplify thessitution.

Hee(2) =

2 3 2 2 2
3.717(—11:25} —1.277(—;;2‘% + 2.247(—&22} ~0.759

Taking (1+ kzz)3 as a common denominator we have

-~0491(1-K) 2 + (k-1))
Z371UZ +K)’ — 12772 +K)2 (L+ kZ2) — 2.247(Z + K)(L+ kz2)? — 0.759(L+ k%)’

Hee(2) =

If we express Ige(z) as a fraction, that isl 5, (2) = D2 and with some further algebraic
z

N(2)
(

manipulation we obtain the following transfer fuoat

N(z) =0.057%° -0.1738&* +0.1738&° —0.0579 and
D(2) = 505z° +10.796%* +8.9365° + 2.7262



Frequency Amplitude Response Plot
The Amplitude Response was obtained with the falbhgWATLAB program:

% Transfer Function Numerator Coefficients:
b=[-0.0579 0 0.1738 0 -0.1738 0 0.0579];

% Transfer Function Denominator Coefficients:
a=[2.7262 0 8.9364 0 10.7969 0 5.05];

%0Obtain Impulse Response and Frequency Vectorsgbih?s, Sampling
Frequency=3000Hz)
[h,f]=freqz(b,a,512,3000);

% Plot the Amplitud Response in dB
plot(f,20*log10(abs(h)));

grid on;

title('Chebyshev Digital Bandpass Filter (1dB ripN=3)";
xlabel('Frequency (Hz)");

ylabel('Amplitude Response - dB");

%Plot the Passband Details (from point 170 thrun{pd#0):
plot(f(170:340),20*log10(abs(h(170:340))));
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Figure 1. Amplitude Frequency Response
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Figure 2. Amplitude Frequency Response — Bandpass Details

Results and Conclusion

Looking at the plots in Figures 1 and 2, we coneltttht the performance specifications
of the filter have been fulfilled.

The required attenuation at 200Hz and 1300Hz hes beeatly exceeded. The
requirement was 40dB and the attenuation obtain28@Hz was 60dB and 57dB at
1300Hz.

In the passband, between 600 and 900 Hz, the iresulbple is exactly 1dB.



