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•UNIT – II 

•Infinite Impulse Response Filter design 

(IIR): Analog & Digital Frequency 

transformation. Designing by 

•impulse invariance & Bilinear method. 

Butterworth and Chebyshev Design 

Method. 
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The DTFT is remembered again: 
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X[n] is expressed as a summation of sinusoids with scaled  

amplitude. Using a system with a frequency selective to 

these inputs, then it is possible to pass some frequencies 

and attenuate the others. Such a system is called a Filter. 

What is meant by a filter! 
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The function of a filter is to remove unwanted 

parts of the signal, such as random noise, or 

to extract useful parts of the signal, such as 

the components lying within a certain 

frequency range. 

 

Filtered signal Unfiltered signal 

or raw signal 
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Classification of filters as analog or 

digital 

Analog filters Digital filters 

An analog filter uses analog 

electronic circuits made up from 

as resistors, components such 

capacitors and op 

to produce the required  amps

filtering effect. Such filter circuits 

are widely used in such 

applications as noise 

reduction, video signal 

enhancement, graphic equalizers 

in hi-fi systems, and many other 

areas. 

A digital filter uses a digital 

processor to perform 

numerical calculations on 

sampled values of the signal. 

The processor may be a 

purpose computer -general

such as a PC, or a specialized 

DSP (Digital Signal Processor) 

.chip 
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Design of analog filters 
We need to discuss some of the famous techniques for 

analog filter design due to two main reasons: 

We need them as a prefilter or antialiasing filter before the 

A/D conversion, 

Some techniques for digital filter design are based on the 

transformation of some analog techniques. 
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1-δp ≤ |Ha(jΩ)| ≤ 1+δp     0 ≤ |Ω| ≤ Ωp 

|Ha(jΩ)| ≤ δs    Ωs ≤ |Ω| ≤ ∞  
Pass band 

Stop band 

s

p
k




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Transition ratio, or 

selectivity parameter, it is 

larger than unity 

ap=-20log10(1-δp)   dB 

as=-20log10(δs)     dB 
Peak pass band ripple 

Minimum stop band 

attenuation 

Such filter is completely characterized by 

Ωc, the 3dB point, Ωs, Ωp, δp, and δs. www.mycsvtunotes.in MYcsvtu Notes 



Butterworth Approximation 
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It has a maximally flat magnitude at zero frequency. This clear 

from (2N-1) differentiation of its function gives zeros. 

Ωc is the cut off 

frequency or the -3db 

cut ff frequency 
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Type 1 Chebyshev Approximation 
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TN(Ω)=  cos(Ncos-1Ω)        |Ω| ≤ 1 

         =  cosh(Ncosh-1Ω)    |Ω| > 1 

Type 1 Chebyshev 

filter. It is 

equiripple in the 

pass band and 

monotonically 

decreasing in the 

stop band 

η2 represent the ripples in the pas band 

CHEBY1 Chebyshev type I digital and analog filter design. 

    [num,den] = CHEBY1(N,R,Wn) designs an Nth order lowpass 

digital Chebyshev filter with R decibels of ripple in the pass band. 

CHEBY1 returns the filter coefficients in length N+1 vectors (numerator) 

and  (denominator).  
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Type 2 Chebyshev Approximation 
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Type 2 Chebyshev 

filter. It is 

equiripple in the 

stop band and 

monotonically 

decreasing in the 

pass band 

CHEBY2 Chebyshev type II digital and analog filter design. 

    [B,A] = CHEBY2(N,R,Wn) designs an Nth order lowpass digital 

Chebyshev filter with the stop band ripple R decibels down and stop band edge 

frequency Wn.  CHEBY2 returns the filter coefficients in length N+1 vectors B 

(numerator) and A (denominator).   
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Elliptic Approximation 
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Elliptic filter. It is 

equiripple in the 

stop band and in 

the pass band 

RN(Ω) is a rational function satisfies the property 

RN(1/Ω)=1/RN(Ω) 

ELLIP Elliptic or Cauer digital and analog filter design. 

    [B,A] = ELLIP(N,Rp,Rs,Wn) designs an Nth order lowpass digital 

    elliptic filter with Rp decibels of ripple in the passband and a stopband Rs 

decibels down.  ELLIP returns the filter coefficients in length N+1 vectors B 

(numerator) and A (denominator).  
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Classification of filters According to 

frequency response 

wc w π 

H(ejw) 

0 

LPF 

wc w π 0 

HPF H(ejw) 

wc1 w 
π 

0 

BPF H(ejw) 

wc1 w 
π 

0 

BSF H(ejw) 

wc2 

wc2 
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LPF 

Pass band  0 ≤ w ≤ wc 

Stop band  wc ≤ w ≤ π  

HPF 
Stop band  0 ≤ w ≤ wc 

Pass band  wc ≤ w ≤ π  

Pass band  wc1 ≤ w ≤ wc2 

Stop band  0 ≤ w ≤ wc1, wc2 ≤ w ≤ π  
BPF 

Stop band  wc1 ≤ w ≤ wc2 

Pass band  0 ≤ w ≤ wc1, wc2 ≤ w ≤ π  
BSF 

Wc, wc1, and wc2 are called the cut off frequencies. 
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Design Of Digital Filters 
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1. A digital filter is programmable, i.e. its operation is 

determined by a program stored in the processor's memory. 

This means the digital filter can easily be changed without 

affecting the circuitry (hardware). An analog filter can only be 

changed by redesigning the filter circuit. 

2. Digital filters are easily designed, tested and 

implemented on a general-purpose computer or workstation. 

3. The characteristics of analog filter circuits (particularly 

those containing active components) are subject to drift and 

are dependent on temperature. Digital filters do not suffer 

from these problems, and so are extremely stable with 

respect to both time and temperature. 

Advantages of using digital filters 
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4. Unlike their analog counterparts, digital filters can handle low 

frequency signals accurately. As the  speed of DSP technology 

continues to increase, digital filters are being applied to high frequency 

signals in the RF (radio frequency) domain, which in the past was the 

exclusive preserve of analog technology. 

5. Digital filters are very much more versatile in their ability to 

process signals in a variety of ways; this includes the ability of some 

types of digital filter to adapt to changes in the characteristics of the 

signal. 

6. Fast DSP processors can handle complex combinations of filters 

in parallel or cascade (series), making the hardware requirements 

relatively simple and compact in comparison with the equivalent analog 

circuitry. 
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1- Filter Characteristics Specification 

w≤wp 

1-δp≤|H(ejw)|≤1+δp 

δp Pass band deviation 

wp Pass band edge frequency 

Pass band 

Stop band 

ws≤w ≤π 

|H(ejw)|≤δs 

δs Stop band 

deviation 
ws Stop band 

edge frequency 
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Normalized LPF specs 
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k, and k1 will be 

used to estimate 

the degree of IIR 

filter 
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Classification of filters according to 

impulse response length 

Finite Impulse 

Response, FIR 

filters 

Infinite Impulse 

Response, IIR 

filters 
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2- Selection of filter type 

FIR or IIR 

1. FIR can have an exactly linear phase response. 

2. FIR realized nonrecursively is always stable. 

3. Quantization effects are less severe in FIR than in IIR. 

4. FIR requires more coefficients for sharp cutoff than IIR. 

5. Analog filters can be transformed into IIR. 

6. FIR is easier to synthesize if CAD support is available. 

agk 

An FIR system is always stable, But an IIR system may 

be stable or not, and it must be designed properly. 
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An originally stable IIR filter with precession coefficients may 

become unstable after implementation due to unavoidable 

quantization error in its coefficients. !!! 
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Stable IIR filter 

After quantization 

unstable IIR filter 
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Filter degree 

1- IIR filter 
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There are another 

approximation for very 

narrow pass band and 

very wide pass band 

      agk 
www.mycsvtunotes.in MYcsvtu Notes 



Example 

LPF with 1dB at wp=1kHz, and 40dB at ws=5kHz 

1- Butterworth filter 

1
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2- Chebyshev filter 
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DESIGN OF  
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DESIGN OF ANALOG  BUTTERWORTH FILTER 

DESIGN METHOD: 
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ALL PROCEDURE OF TYPE-II IS SIMILAR TO TYPE –I ACCEPT ABOVE  
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END OF PPT 

NAMASKAR 
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