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Abstract 
    The design of a 5th order Chebyshev low pass filter in this paper presented. This paper discuss the different 

design digital IIR filter mostly Chebyshev. Results obtained are provides the magnitude resonance, phase response, 

impulse response and pole-zero for each type filter. Digital IIR filters have been derived from the analog  filters  i.e. 

Chebyshev. Parameters required designing IIR filters are sampling frequency, pass band edge frequency, stop band 

edge frequency, pass band and stop band ripples. 
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Introduction
With the advancements in scientific research 

and user friendly software, a user friendly graphical 

user interface was developed using MATLAB 

graphical user interface for the design and analysis of 

digital filters like FIR and IIR. This GUI will 

overcome the complexities in  Developing a 

Chebyshev type-II and help the user  to  analyze  the  

different order in  an  efficient  manner.  In this thesis 

we develop Chebyshev type-II and Type I with low 

pass filter consideration [1-3]. Digital filters are more 

versatile filters in their characteristics to  handle  both  

low  as  well  as  high  frequency  signals  and the 

hardware relatively simple and compact. In real world 

signals are analog in nature[2]. A simple signal flow 

for the signal processing is shown in figure 1. 
 

 
Figure 1 signal flow diagram 

Analog  to  digital  enables  digital processor  to 

interact with real world signals. The input to the 

processor sampled and quantized.  Sampling  and  

quantization  restrict  the  amount  of  information  a  

digital  signal contain. In the figure1 an interface is 

provided between analog signal and the digital signal 

processor called analog to digital converter (ADC). 

The output from ADC is input to the processor. In 

applications output from the processor is given to user 

in analog form such as speech. This interface is called 

digital to analog converter (DAC). The processor can 

be anywhere  from  a  large  programmable  digital  

computer to  a  small  microprocessor  which contains 

digital filters [4]. 

                    Two  types of  digital  filters  are  based  

on  their  impulse  response;  finite  impulse  response 

(FIR)  and  infinite  impulse  response  (IIR)  filters 

[5].  FIR filters have same time, insensitive  to  

quantization  and  always  stable [6].  FIR filters can 

be designed in different ways, the window technique 

is most conventional method for designing FIR filters. 

 

Chebyshev Filter 
Chebyshev filters are analog or digital filters 

having a steeper roll-off and more passband ripple 

(type I) or stopband ripple (type II) than Butterworth 

filters. Chebyshev filters have the property that they 

minimize the error between the idealized and the 

actual filter characteristic over the range of the filter, 

but with ripples in the passband. This type of filter is 

named in honor of Pafnuty Chebyshev because their 

mathematical characteristics are derived from 

Chebyshev polynomials [7].  

Chebyshev filters are of two types:  

(i) Chebyshev type I  

(ii) Chebyshev type II 

 

The Chebyshev Type I filters are all pole filters which 

are equiripple in the pass band and are monotonic in 

the stop band. These minimize the absolute difference 

between the ideal and actual frequency response over 
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the entire pass band by incorporating an equal ripple 

of Rp dB in the pass band. Stop band response is 

maximally flat. The transition from pass band to stop 

band is more rapid, poorer transient response. It 

features superior attenuation in the stop band, at the 

expense of ripple in the pass band. A ripple depth of 

between 0.1 dB and 3 dB. The Chebyshev Type II 

filter contains both poles and zeros exhibiting a the 

passband and equi ripple of RS dB in the stopband and 

minimizes difference between the ideal and actual 

frequency response and passband response is 

maximally flat. The stopband does not approach zero 

as quickly as the type I filter. 

Type I Chebyshev filters 

The order of a Chebyshev filter is equal to the number 

of reactive components, inductors needed to realize 

the filter using analog electronics.The ripple is often 

given in dB: 

Ripple in dB =  

 

so that a ripple amplitude of 3 dB results from 

 
Type II Chebyshev filters 

Also known as inverse Chebyshev, does not roll off as 

fast as type I, and requires more components, no ripple 

in the passband, but does have equiripple in the 

stopband. The gain is: 

 
...(2) 

1. SIMULATION RESULT  

In order to demonstrate the versatility of using active 

inductor in filters, a fifth-order Chebyshev type low 

pass filter has been designed. The Chebyshev filter has 

an equal-ripple frequency response in the pass band 

 

 

 
Figure 2 Frequency response of 5th order chebyshev filter 

 

Result using signal processing tool box 

 For 5th order Chebyshev filter:-  

 
Figure 3 Magnitude plot for 5th order Chebyshev filter 

 
Figure 4 Phase response of chebyshev 5th order filter 
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Figure 5 Magnitude & phase response of Chebyshev 5th 

order filter 

 

 
 

Figure 6 Group delay of Chebyshev 5th order filter 

 
Figure 7 Phase delay of Chebyshev 5th order filter 

 

 
 

Figure 8 Impulse response of Chebyshev 5th order filter 

 
Figure 9 Round off Noise power spectrum Chebyshev 5th 

order filter 

 
Figure 10 Step response of Chebyshev 5th order filter 

 

 
Figure 11 Pole- zero plot of Chebyshev 5th order filter 
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Figure 12 Magnitude estimate of Chebyshev 5th order 

filter 

Conclusion 
A 5th order Chebyshev low pass filter is 

designed here in this work. The designed has been 

found to provide the good accuracy and also 

promisingly applicable to low pass filter. Simulation 

results are showing the basic performance of the filter. 

The chebyshev filter shows better performance over 

other conventional fiters in terms of frequency, 

mangnitude, pole zero reponse.  
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