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ABSTRACT:
In area of DSP, the function of filters is to eliminate the selected range of signal such as
noise or to extract meaningful data from the signal. A filter is a device which is designed to
pass frequencies within a specific range while rejecting all other unwanted frequencies that
fall outside this range. Filters are widely in use in the field of image processing,
communication and signal processing applications such as radar, video operations, audio
processing, ECG, EMG, EEG, channel equalization, signal filtering, noise reduction,
analyzing of financial and economic data. Depending upon the components used in a filter,
they are classified as low pass filter, high pass filter, band pass filter and band stop filter. In
this paper, we demonstrate three types of IIR (infinite impulse response) filter namely
Butterworth, Chebyshev type 1 and elliptic, applying MATLAB software as it provides figure
demonstration. In this paper we analyze all the three variety of filters.
Keywords: IIR Filter, Butterworth, Chebyshev 1, Elliptic filter.
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The filter plays a vital role in analog and digital signal processing. Analog filters basically
consist of resistors, capacitors and inductors which are also called passive components. The
digital filter system has two types which includes the IIR or recursive filter and FIR or nonrecursive filter. FIR digital filter designed a linear phase digital filter which is convenient for
data transmission, telecommunication system and image processing applications. Whereas
IIR filter is used much in application such as high speed and low-power communication
transceivers systems. As FIR requires large memory in order to store the previous input and
previous output but FIR require less memory space to store present and past value of input.
IIR pursue following properties that is the width of the pass-band, stop-band, limited ripple at
pass-band and limited ripple at stop-band. Each filter (Butterworth, Chebyshev, Elliptic etc.)
have different ripples in the pass-band and stop-band, stop-band attenuation and transition
width. Here designing of IIR filter with Butterworth, Chebyshev 1 and elliptic became
possible with MATLAB software and fundamentals of analog and bilinear transformation.
The analog IIR Filter can be designed using Butterworth, chebyshev and elliptic and then
transform it into digital IIR filter using Bilinear transformation or optimization method.
Filters have much practical usage.
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MATLAB is the one of the strongest scientific computing and graphics software programmer
which provides accuracy in mathematical calculations, designing filters and many other
formations. It is very convenient in use, so realization of MATLAB program is easy to
perform. The hardware requirement is not much in order to implement it ordinary machine. It
consists of numerous tool boxes which prove very helpful in designing filters such as FDA
tool Box, GA, and PSO etc.
The intent of this paper is to design IIR filter with the Butterworth, Chebyshev 1 and elliptic
and comparing all to determine one of the better with low or no ripple, high- speed etc using
MATLAB Simulation.
This paper is organized as: Section 2 describe the IIR filter designing. Section 3 describes the
differences between IIR and FIR. Section 4 shows the overview of Butterworth, Chebyshev
type 1 and elliptic filter. Then results of different filters are evaluated in section 5. And
section 6, prescribes the Conclusion followed by references.
2. IIR FILTER
In IIR filter structure there is feedback line pointing from output to input due to which it is
also called recursive filter. It consist of present and past values which is described below in
the form of equation,

H(z)=
Or H (

)=

,

Digital filters are often described and implemented in terms of the difference equation that
defines how the output signal is related to the input signal:

M is the feed-forward filter order
are the feedforward filter coefficients
N is the feedback filter order
are the feedback filter coefficients
X (n) is the input signal
Y (n) is the output signal.
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Where:
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Figure 2: IIR Filter

3. DIFFERENTIATE BETWEEN FIR AND IIR FILTER
As we have gone through various techniques for designing purpose of both the filters IIR &
FIR. So one wonders to choose which of the filter will be suitable whether IIR or FIR and
which procedure should be select to design appropriate filter for given application. However,
it is possible to attempt some meaningful comparisons between these two filters.
Advantages of IIR Filter over IIR Filter1.
2.
3.
4.
5.
6.

IIR can achieve a given filtering characteristic using less memory and calculations
than a similar FIR filter.
In the stop-band of IIR filter it contains less number of side lobes.
Shorter or no time delay in IIR filter than the FIR filter.
In designing the same filter, IIR requires low order than the FIR.
It can achieve all the desired specification by low computational cost.
Long impulse response with feedback.

4. BUTTERWORTH FILTER
The Butterworth filters have monotonically response which indicates that the magnitude
response of the pass-band and stop-band has maximally flat. It can be notice that by
increasing the order of filter N, it approximates to the ideal response. However, the phase
response of the Butterworth filter becomes more non-linear with increasing.
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The Butterworth filters low-pass filter has a magnitude response given by:

Attenuation,
A = -10log (
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Here

is 3db cut-off frequency and N is the order of filter. Compared to the other filter like

chebyshev and elliptic, the Butterworth filter has more linear phase response in the passband.
5. CHEBYSHEV TYPE 1 & 2- FILTER
Here we have two types of chebyshev filters which are called chebyshev type-1 (regular)
filter and the chebyshev type-2 (inverse) filter. First, we will discuss about chebyshev type-1
filter in which it have equiripple in pass-band and no-ripples in stop-band whereas in
chebyshev type-2 it have equiripple in stop-band and no-ripples in pass-band. It is noted that,
we can obtain a lower order filter by choosing a chebyshev filter which is characterized by
equiripple rather than a Butterworth filter that is characterized by monotonic behavior or
maximally flat magnitude response for the same specification as for the chebyshev
The magnitude response of chebyshev is given below=

=

)

Where = amount of ripple in magnitude,
= cosh (ncos
When
Then

),

if

.

tends to zero in pass-band, then magnitude response is in its peak stage.
=

Similarly to design the equation for chebyshev type-2, put

in the equation of

chebyshev type-1. As equiripples is present in stop-band of chebyshev type-2.

If equiripple are allowed in pass-band then to match the same specification, the Chebyshev
filter’s order will be lower than the desired Butterworth filter. This means that components
required to build Chebyshev filter is lesser than the Butterworth filter. So it concluded that
higher the percent of ripple permitted the lower order filter is required.
6. ELLIPTIC FILTER
This type of filter contains ripple behavior in both the pass-band and stop-band. They have
similar magnitude response characters as FIR ripple filter does. It achieves minimum order of
filter N, and it also has minimum transition bandwidth. It is very difficult to design and
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Then

analyze. It is not so easy to design them with simple tools, program or tables. Sometimes it is
also called Cauer Filter.
The magnitude response is given by:
=
Where

(x) is the order of Jacobean elliptic function

N = order of filter
= constant related to pass-band ripple.
7. SIMULATION RESLULTS
For purpose of designing digital filter such as lowpass, highpass, bandpass and bandstop with
different specifications such as Butterworth, Chebyshev1, Chebyshev2 and Elliptical ,we are
using some frequency parameters which help us in determining digital filter’s responses,
pole-zero etc. By obtaining all the characters of different specifications, we able to decide
which specification is best or more suitable in particular area. In table 1 all the frequency
parameters are given through which obtained result is given below.
Table 1:- Digital filter frequency parameters

FILTER TYPE
Low pass filter

3

60

0.3

0.1

High pass filter

3

60

0.3

0.1

Band pass filer

3

60

3

0.3

0.1

0.2

0.3

0.1

60

0.4
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Band stop filter

0.4
0.2

Figure 3: Butterworth Low-pass Filter
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Figure 4: Butterworth High-pass Filter

Figure 6: Butterworth Band-stop Filter
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Figure 5: Butterworth Band-pass Filter

Figure 7 : Chebydshev1 Low-pass Filter
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Figure 8: Chebyshev1 High-pass Filter

Figure 9: Chebyshev1 Band-pass Filter
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Figure 10: Chebyshev1 Band-stop Filter

Figure 12: Chebyshev2 High-pass Filter
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Figure 11: Chebyshev2 Low-pass
Filte

Figure 13: Chebyshev2 Band-pass Filter

Figure 15: Elliptic Low-pass Filter
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Figure 14: Chebyshev2 Band-stop Filter

Figure 16: Elliptic High-pass Filter

Figure 18: Elliptic Band-stop Filter

CONCLUSION
For LPF, HPF, BPF & BSF Butterworth filter there is no attenuation in pass-band and
stop-band as shown in fig. 3, 4, 5 & 6 which denotes it has good phase response but the
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Figure 17: Elliptic Band-pass Filter

order is 6 which is high as compare to others. The frequency response output shows no or
zero ripple. The condition of roll off is poor. Whereas in case of Chebyshev1, 2 the
attenuation is possible, so the ripple increases. The order of Chebyshev1, 2 filters is 5
which are lower than Butterworth filter so it decreases the large requirement of
components and computational cost. The fig. 7, 8, 9, 10, 11, 12, 13 & 14 shows LPF,
HPF, BPF & BSF Chebyshev1, 2. In elliptic filter there are high non-linear responses due
to having both pass-band and stop-band ripple which makes it very difficult to implement.
In spite of having lower order then Butterworth and Chebyshev1, 2 which is 4, it is
practically difficult to design. The transition region of elliptic filter is smaller than
chebyshev1 filter. The fig. 15, 16, 17 & 18 represents the LPF, HPF, BPF and BSF of
Elliptic Filter.
In this paper among all the above specifications the Chebyshev1, 2 are the best in terms
of order and computational or economic purpose. The magnitude responses, phase
responses, pole-zero, root locus, step response and impulse response is designed for all
type of filters all performed by using MATLAB tool box. It has been found that
chebyshev is better in all terms as an average. The output responses prove the better
performance of chebyshev with respect to others.
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