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Abstract— The design and analysis of infinite impulse 

response (IIR) peak and notch filter has been performed, 

which is employed various communication systems to 

eliminate unwanted narrow band interference. In 

communication system, radio frequency band for FM lies 

between 88MHZ - 108MHZ. A method for design of digital 

peak and notch filter of center frequency 90MHZ has been 

presented. Two parametric values like pass band ripple & 

stop band attenuation have been calculated by using 

mathematical modelling. Various transposed second order 

system (SOS) algorithm such as direct form I and II elliptic 

design method have been applied. By tuning quality (Q)-

factor, peak filter (order 4) and notch filter (order 2) for 

range of Q between 2 -18 and 2 –100000 respectively have 

been generated with the help of different RF & AF 

oscillator. Filter approximation and order of the notch and 

peak filter determines overall performance in terms of 

multiplier, adder, no. of states, multi per input sample 

(MPIS) and add per input Sample (APIS) narrow band 

interference. From the realization perspective, the filter 

consumes more power and becomes more complex with 

increase in filter order. It is easy to implement in 

communication at transmitter or receiver point and has good 

communication system response. The observed settling time 

& fixed bandwidth gain confirms the performance of 

designed filter. 
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I. INTRODUCTION 

Digital filters play an important role in digital signal 

processing and communication system.  A considerable 

number of design algorithms have been proposed for finite-

duration impulse response (FIR) digital filters and (IIR) 

infinite-duration Filters which are analog circuits to perform 

signal processing function. 

These papers presents performance analysis of 

Peak filter which is a type of band add filter to allow single 

frequency considering the effect of noise. An ideal peak 

filter is a linear filter whose frequency response is 

characterized by a unity gain at all frequencies except at a 

particular frequency called the peak filter its gain is zero.  

Notch filter is able to remove narrowband or single 

frequency sinusoidal interference while leaving broadband 

signal unchanged. Filter approximation and order of the 

Notch filter determine overall performance improvement in 

presence of narrowband interference. 

II. LITERATURE SURVEY 

The filter performs a selection of the partials according to 

the frequencies that we want to reject, retain or emphasize. 

Filter is a linear transformation. As an extension, linear 

transformations can be said to be filters. The vocal cord 

produces a signal with a fixed harmonic spec- trump 

whereas the cavities act as acoustic filters to enhance some 

portions of the spectrum [1]. The digital fixed notch and 

peak filters which are rated based on value of their q-factor. 

Generally, the higher the Q-factor, the more exact the notch 

and peak filter. A notch and peak filter with a low Q-factor 

may effectively notch and peak out a range of frequencies, 

whereas a high Q factor filter will only delete the frequency 

of interest [2].  

Fixed notch and peak filter is designed to remove a 

single fixed noise present at single frequency in 

communication system which is either at transmitter or at 

receiver .The design of a filter starts with specifying the 

desired two basic parameters (APASS AND ASTOP) have 

to be determined[3].We know in communication system for 

example frequency of FM lies between (88MHZ-108MHZ) 

and our frequency of interest is to remove noise existing at 

90MHZ.To achieve this we keep the frequency constraints 

factor like center frequency or fixed notch frequency at 90 

MHz and fix order of the system to be 2nd.  we select direct 

form –l and II order section as our filter structure because it 

uses less number of delay elements and elliptic design 

algorithm [4]. 

Amandeep kaurmaan et. al. worked on the 

performance of Notch and Peak filter of order 2 and 4 

respectively have been analysed for different values of Q-

factor we change another frequency constraints factor like 

quality factor notch filter from (2 -100000) and peak filter 

from (2-18) .There is variation in output gain of notch and 

peak filter from (25.0663-16029.0728) ,(1.05930-102249)  

and fixed bandwidth gain to be - 3.0103db for every value 

of Q’s factor[5].  

C. Charoenlarpnopparut et. al. has been done we 

check all the responses for different value of quality and the 

performance of notch filter that worst response is observed 

at Q=2 and best response is observed at Q=90000 and peak 

filter performance of  that worst response is observed at Q=2 

and best response is observed at Q=16. We find the settling 

time to be 13.8 nsec and fbw 20db to be 9045.3 kHz. The 20 

dB bandwidth is an indication of the attenuation.  For 

minimum settling time the filter order should be as low as 

possible. From the realization perspective, the filter 

consumes more power and becomes more complex with 

increasing filter order due to the growing number of 

multipliers, adders and delay elements [6].Therefore this 

paper presents discussion of digital fixed notch and peak 

filters which are rated based on basis of their Q-factor. 

III. DETERMINATION OF APASS AND ASTOP-BY 

MATHEMATICAL EQUATION FOR PEAK AND NOTCH FILTER  

Two parametric values like (APASS & ASTOP) have been 

calculated by using mathematical modelling for a given 

order, we can obtain sharper transitions by allowing for 

Apass band ripple and/or Astop band attenuation. 
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Astop band ripple (As) =
1−√1+(𝑘2−1)2

(1−𝑘2)
   ……… (1) 

Apass band attenuation (AP) = (
𝐾2

2√𝐾2−1
-1)         … (2) 

A. Design of Peak and Notch Filter Astop Band Ripple and 

Apass Band Attenuation 

K 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 

𝐀𝐒 
0.54

88 

0.57

29 

0.59

37 

0.61

17 

0.62

75 

0.64

13 

0.67

41 

0.66

33 

Table 1: Peak filter plot of Astop band attenuation verses K 

K 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 

Ap 
0.39

40 

0.43

49 

0.47

70 

0.52

00 

0.56

38 

0.60

83 

0.64

47 

0.65

35 

Table 2: Peak filter Plot of Apass band ripple verses K 

 
Fig. 1: Peak Filter BT and AP verses k 

K 1.1 1.2 1.3 1.4 1.5 1.8 1.9 2.0 

𝐵𝑡  
1.46

67 

1.35

89 

1.25

40 

1.15

68 

1.06

94 

0.86

49 

0.81

24 

0.76

59 

Table 3: Notch filter plot of Astop band ripple verses K 

K 1.1 1.2 1.3 1.4 1.5 1.8 1.9 2.0 

𝐴𝑝 
0.32

02 

0.08

54 

0.01

73 

0.00

02 

0.00

62 

0.08

24 

0.11

73 

0.15

47 

Table 4: Notch filter plot of Apass band attenuation verses 

K 

 
Fig. (2): Notch Filter BT and AP verses k 

B. Q-Tuning By Crystal Oscillator 

To generate quality factor of order hundred thousand to get 

sharp notch we use crystal oscillator .A major reason for the 

wide use of crystal oscillators is their high Q- factor. A 

typical q value for a quartz oscillator ranges from 104 to 

106, compared to perhaps 102for LC oscillator. The 

maximum q for a high stability quartz oscillator can be 

estimated as q = 1.6 × 107/f, where f is the resonance 

frequency in megahertz [7]. 

 
Fig. 3: symbol of piezoelectric crystal resonator 

 
Fig. 4: Equivalent circuit for a quartz crystal in an oscillator 

C. Description of elliptic design method   

1) Second Order peak filter and notch filter settling time & 

bandwidth 

The attenuation at the notch and peak frequency is ideally 

infinite. However, in practical circuits the attenuation is 

finite. Therefore, the filter is modelled by the following 

transfer function: 

H(s) = 
𝑠2+𝜔𝐵𝑤∗𝐴𝑁+𝜔𝑜

2

𝑆2+𝜔𝐵𝑊∗𝑆+𝜔𝑜
2  

AN is the attenuation at the frequency, 𝜔𝐵𝑊is the 

notch bandwidth and ω0 is the notch frequency in rad/s. The 

time response of the filter output for a sinusoidal input is 

YS (t) =ANsin(𝜔𝑜∗t) +2
𝜔𝑂(𝐴𝑁−1)𝑒

−𝑡∗𝜔𝐵𝑊
2 sin(𝑡∗√4∗𝜔𝑂

2−𝜔𝐵𝑊
2

√4∗𝜔𝑜
2−𝜔𝐵𝑊

2
 (4) 

The second part is the transient solution, which 

decays exponentially and where the decay time is only a 

function of the notch bandwidth the 2% settling time is 

written as follows[8]. 

TS=
−2∗LN⁡(.02)

2∗𝜋∗𝑓𝐵𝑊
           (5) 

Elliptic design is simple method.  Elliptic filters 

offer steeper roll off characteristics than Butterworth or 

Chebyshev filters, but are equiripple in both the pass- and 

stopband. In general elliptic filters meet given performance 

specifications with the lowest order of any filter type. 

Frequency is much higher than the bandwidth and 

the attenuation at the notch frequency is much greater than 

20 dB, the 20 dB bandwidth of the notch filter can be 

approximated as: 

Fbw20db ⁡≈ ⁡
fbw⁡⁡⁡

√99
      (3) 

IV. SIMULATION PARAMETER AND RESULT 

At peak filter Q=2 & Q=16 and notch filter at Q=2 & 

Q=90000 responses like pole zero, phase delay, magnitude 

response, unit step response, impulse response etc were 

plotted and the results has been shown. 

A. Q-Factor Variation in Peak Filter for Q=2 

 
Fig. 5: Magnitude response for Q=2 

 
Fig. 6: Phase response for Q=2 

http://en.wikipedia.org/wiki/File:Crystal-oscillator-IEC-Symbol.svg
http://en.wikipedia.org/wiki/File:Crystal_oscillator.svg
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Fig. 7: Group delay for Q=2 

 
Fig. 8: Phase delay for Q=2 

 
Fig. 9: Impulse response for Q=2 

 
Fig. 10: Step response for Q=2 

 
Fig. 11: Pole zero plot for Q=2 

 
Fig. 12: Magnitude and phase response for Q=2 

 
Fig. 13: Magnitude response estimate for Q= 2 

 
Fig. 14: Round off noise power spectrum for Q=2 

Q-FACTOR VARIATION IN PEAK FILTER FOR Q=16 

 
Fig. 15: Magnitude response for Q=16 

 
Fig. 16: Phase response for Q=16 
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Fig. 17: Group delay for Q=16 

 
Fig. 18: Phase delay for Q=16 

 
Fig. 19: Impulse response for Q=16 

 
Fig. 20: Step response for Q=16 

 
Fig. 21: Pole zero plot for Q=16 

 
Fig. 22: Magnitude and phase response for Q=16 

 
Fig. 23: Magnitude response estimate for Q=16 

 
 

Fig. 24: Round off noise power spectrum for Q=16 

B. Q-Factor Variation In Notch Filter For Q=2 

’ 

Fig. (25): Magnitude response for Q=2 

 
Fig. (26): Phase response for Q=2 
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Fig. 27: Group delay for Q=2 

 
Fig. 28: Phase delay for Q=2 

 
Fig. 29: Impulse response for Q=2 

 
Fig. 30: Step response for Q=2 

 
Fig. 31: Pole zero plot for Q=2 

 
Fig. 32: Magnitude and phase response for Q=2 

 
Fig. 33: Magnitude response estimate for Q=2 

 
Fig. 34: Round off noise power spectrum for Q=2 

C. Q-Factor Variation In Notch Filter For Q=90000 

 
Fig. 35: Magnitude response for Q=90000 

 
Fig. 36: Phase response for Q=90000 
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Fig. 37: Group delay for Q=90000 

 
Fig. 38: Phase delay for Q=90000 

 
Fig. 39: Impulse response for Q=2 

 
Fig. 40: Step response for Q=2 

 
Fig. 41: Pole zero plot for Q=16 

 
Fig. 42: Magnitude and phase response for Q=16 

 
Fig. 43: Magnitude response estimate for Q=16 

 
Fig. 44: Round off noise power spectrum for Q=16 

At filter bandwidth gain= -3.0103db, settling time 

=13.8nsec, frequency bandwidth (𝑓𝐵𝑊) = 9045.3 kHz 

comparison of the performance-peak filter and notch filter, 

have been given below 

 PEAK FILTER NOTCH FILTER 

Sl 

no. 

Freq. 

(MHz) 
Order 

Quality Factor 

Tuning 

parameter 

Filter 

(Output 

Gain) 

No. of 

Multiplier, 

Adder, 

States 

Order 

Quality Factor 

Tuning 

parameter 

Filter 

(Output 

Gain) 

No. of 

Multiplier, 

Adder, 

States 

1 90 4 2 1.05930 8,11,8 2 2 25.0663 7,4,2 

2 90 4 4 1.06139 8,11,8 2 20 143.5311 7,4,2 

3 90 4 6 1.06449 8,11,8 2 200 2407.9969 7,4,2 

4 90 4 8 1.06756 8,11,8 2 2000 13390.4653 7,4,2 

5 90 4 11 1.06990 8,11,8 2 40000 15995.8534 7,4,2 

6 90 4 12 1.072322 8,11,8 2 80000 16028.2918 7,4,2 

7 90 4 16 1.07232 8,11,8 2 90000 16028.7471 7,4,2 

8 90 4 18 1.02249 8,11,8 2 100000 16029.0728 7,4,2 

Table 5: Comparison of the performance-peak filter and notch filter simulation result 
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V. FILTER STRUCTURE USED 

Direct form –II structure of IIR   system: an alternative 

structure called direct form-II structure can be realized 

which uses less number of delay elements than the direct 

form –l structure Consider the general difference equation 

governing an IIR system. In general, the time domain 

representation of an  𝑁𝑡ℎ order system is,  

Y(n) = −∑ = 1amy(n − m) +∑ = 0bmy(n − m)
N

M

N

M
 

 
Fig. 45: Direct form I structure 

 
Fig. 46: Direct form II structure 

VI. REALIZATION OF THE NOTCH AND PEAK FILTER   

 For the realization of 2nd order filter it requires multiplier, 

delay and adder elements. it is clear that as the order of the 

filter is high the computational complexity is more i.e. is 

more number of multiplier, adder and delay elements of 

peak and notch filter           

Type 

of 

Filter 

Orde

r 

Multiplier

s 

Adder

s 

State

s 

Mpi

s 

Api

s 

Notc

h 

Filter 

2 7 4 2 7 4 

Peak 

Filter 
4 11 8 8 11 8 

Table 6: Filter information of order=4 and 2 is independent 

of Q-factor 

 
Fig. 47: The performance and cost of all the all designs have 

been analysed 

 
Fig. 48: Peak filter with adder, multiplier and delay element 

 
Fig. 49: Notch filter with adder, multiplier and delay 

element 

VII. CONCLUSION 

The design techniques for modified response of Peak and 

Notch filters have been used and their response has been 

observed. The objective of the work is to remove the noise 

present at 90 MHz fixed narrowband interference signal 

which is unwanted and almost present in communication 

system at this frequency. The performance of Notch filter of 

order 2 has been analysed for Q-factor 2 – 100000 and 

response has been observed as Notch filter sharpness 

increases and best Notch filter has been occurred at Q= 

90000 and worst performance with introduction of error has 

been occurred at Q=2.For Quality factor Q=100000 and 

beyond disturbances and error have been seen in Notch filter 

and hence it has been restricted. The performance of Peak 

filter of order 4 has been analysed for Q-factor having range 

from 2 – 18 and response has been observed as Peak filter 

sharpness increases and best Peak filter has been occurred at 

Q= 16 and worst performance with introduction of error has 

been occurred at Q=2. For Quality factor Q=18 and beyond 

disturbances and error have been seen in Peak filter and 

hence it has been restricted. Comparison between 

performances for Peak and Notch filter show that peak filter 

has better response at lower value of quality factor than that 

of Notch filter.These Notch and Peak filter can be realized 

by a computationally efficient lattice structure with 

minimum number of multiplier (7), adder (4), no. of states 

(2), multi per input sample (7) and add per input sample (4) 

for Notch filter and with minimum number of multiplier 

(11), adder (8), no. of states (8), multi per input sample (11) 

and add per input sample (8) for Peak filter. 
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