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Abstract: Digital filter plays a significant role in the advanced area of communication system as it provides high 

attenuation to the unwanted signals and at same time offers very low attenuation to the desired signals. In this paper, 
Low pass filter is designed using different window techniques namely Bartlett Hanning, Blackman Harris and Nuttal. 

Design of FIR filter is done in MATLAB by FDATOOL low pass filter is designed with sampling frequency 48000Hz 

and cut-off frequency 10000Hz magnitude, phase impulse, step response and pole, zero plot. Here the Magnitude and 

phase response in time and frequency domain ofthese window techniques have been compared using MATLAB 

simulation.  

 

Index Terms:  FIR, Digital filter, DSP, Low pass filter, MATLAB, FDATOOL in MATLAB, Bartlett Hanning 

Window, Blackman Harris Window, Nuttal Window techniques. 

 

1. INTRODUCTION 

 

Digital signal processing is an area of science and 
engineering that has developed rapidly over the past 40 

years. This rapid development is a result of the significant 

advances in digital computer technology and integrated 

circuit fabrication [2]. It comprises the presentation, 

evaluation, transformation and manipulation of signals. 

This signal processing measures can, for instants, serve 

efficient storage and transmission of signal. Digital filters 

play animportant role in digital signal processing 

applications. A digital filter is a mathematical algorithm 

implemented in hardware / software that operates on a 

digital input to produce a digital output. In signal 
processing, a filter is Digital filter are important class of 

Linear time invariant DSP systems designed to modify the 

frequency characteristics of the input signal x(n) to meet 

certain specific design   requirements. Digital filters are 

widely used because of certain advantages over Analog 

filters. Digital filters have the potential to attain much 

better signal to noise ratios than Analog filters. Digital 

Filters have emerged as a strong option [1]. 

 

Signal processing is a method of extracting information 

from signal m the signal which in turn depends on the type 

of signal and the nature of information it carries. Thus 
signal processing is concerned with representing signals in 

mathematical terms and extracting the information by 

carrying out the algorithmic operation on the signal [1]. 

Digital signal Processing is used in various applications 

such as digital set top box, cable modems, video 

compression, robotic vision, image enhancement, 

facsimile, speech recognition, radar processing, spread 

spectrum, digital cameras, ECG, EEG[3]. 

 

 

 

There are two types of filters i.e. 
1. Finite Impulse Response (FIR) filter 

2. Infinite Impulse Response (IIR) filter 

 

Infinite Impulse Response (IIR) digital filter has the 

problems of phase non-linearity. Therefore it is a low 

order filter which becomes highly unstable. Due to these 

factors, the Finite Impulse response (FIR) filter can be 

used to design a linear phase digital filter which is 

convenient for image processing and data transmission 

applications [3]. As compare to IIR filter, the FIR filter is 

a non-recursive (without feedback) structure, finite 
precision mathematical error is very small, while IIR filter 

is recursive (with feedback) structure and parasitic 

oscillation may occur because of IIR filter. FIR filter gives 

better amplitude and linear phase characteristics and also 

avoid the drift, noise and distortion as compare 

to IIR filters [4]. 
 

Table 1: Types of filter (response) 
 

SN Type of Filter Duration No. of non-

zero term 

1. IIR FILTER Finite Finite 

2. IIR FILTER Infinite Infinite 

 

FIR filters have the following advantages over IIR filters- 

1. They can have an exact linear phase. 

2. They are always stable. 

3. The design methods are generally linear. 

4. They can be realised efficiently in hardware. 

5. The filter start-up transients have finite duration. 
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FIR filters are employed in filtering problems where linear 

phase characteristics within the passband of the filter are 

required. If this is not required, either an IIR or an FIR 

filter may be employed. An IIR filter has lesser number of 

side lobes in the stopband that an FIR filters with the same 

number of parameters. For this reason, if some phase 

distortion is tolerable, an IIR filter is preferable. Also, the 

implementation of an IIR involves fewer parameters, less 

memory requirements and lower computational 
complexity [1]. 
 

2. WINDOW TECHNIQUES 

 

2.1 BARTLETT HANNING WINDOW 

FUNCTION 

The window function of Bartlett Hanning window is 

expressed by 

w(n) = a0 – a1 |
𝐧

𝐍−𝟏
−

𝟏

𝟐
| - a2  𝐜𝐨𝐬(𝟐𝛑

𝟐𝛑𝐧

𝐍−𝟏
) 

 

2.2 BLACKMAN HARRIS WINDOW FUNCTION 

The equation for the symmetric 4-term Blackman-

Harriswindow of length N is 

w(n) = a0 – a1𝐜𝐨𝐬  
𝟐π𝐧

𝐍−𝟏
 + a2 𝐜𝐨𝐬(

𝟒𝛑𝐧

𝐍−𝟏
)  -  a3 

                 𝐜𝐨𝐬(
𝟔𝛑𝐧

𝐍−𝟏
)   0 ≤ 𝐧 ≤ 𝐍− 𝟏 

 
The equation for the periodic 4-term Blackman-Harris 

window of length N is 

w(n) = a0 – a1𝐜𝐨𝐬  
𝟐𝛑𝐧

𝐍
 + a2 𝐜𝐨𝐬(

𝟒𝛑𝐧

𝐍
)  -  a3 

                  𝐜𝐨𝐬(
𝟔𝛑𝐧

𝐍
)   0 ≤ 𝐧 ≤ 𝐍− 𝟏 

 

The periodic window is N-periodic. The following table 

lists the coefficients: 

 

Table 2: Coefficient of Blackman Harris window 

 

Coefficient Value 

a0 0.35875 

a1 0.48829 

a2 0.14128 

a3   0.01168 

 

2.3 Nuttall Window 

The Nuttall window has the widest main lobe and lowest 

maximum side lobe level among the Blackman, 
ExactBlackman and the Blackman-Harris window. The 

equation for the Nuttall window is 

w(n) = a0 – a1𝐜𝐨𝐬 𝟐𝛑
𝐧

𝐍−𝟏
 + a2 𝐜𝐨𝐬(𝟒𝛑

𝐧

𝐍−𝟏
)  -  a3 

                𝐜𝐨𝐬(𝟔𝛑
𝐧

𝐍−𝟏
)  . . . . . . . . . . . . . 

 

Where n=0,1,2, … N-1 

 

The equation for the periodic Nuttall 

w(n) = a0 – a1𝐜𝐨𝐬  𝟐𝛑
𝐧

𝐍
 + a2 𝐜𝐨𝐬(𝟒𝛑

𝐧

𝐍
)  -  a3 

                𝐜𝐨𝐬(𝟔𝛑
𝐧

𝐍
)  . . . . . . . . . . . . . 

where n= 0,1,2, ... N-1. The periodic window is N-

periodic. 

 

The coefficients for this window are given in table 

 

Table 3: Coefficient of Nuttall window 

 

Coefficient Value 

a0 0.3635819 

a1 0.4891775 

a2 0.1365995 

a3  0.0106411 

 

3. DESIGN SIMULATION 

 
To design the low pass FIR filter using MATLAB Bartlett 

Hanning, Blackman Harris and Nuttal Window the 

parameter specifications are given in table 2. As 

 

Table 4: Parameter Specification 

 

PARAMETER VALUE 

Sampling Frequency(fs) 48000 Hz 

Cut off Frequency(fc) 10800 Hz 

Order (N) 20 
 

Table 5: Frequency and magnitude 

 

Frequency Window Technique 

kHz Bartlett 

Hanning 

Blackman 

Harris 

Nuttal 

Magnitude 

1 0.0062 -1.8707 -6.7056 

2 0.0107 -0.0002 -0.0004 

3 -0.0036 -0.0048 -0.0036 

4 -0.0245 -0.0233 -0.0224 

5 -0.0162 -0.0978 -0.0877 

6 0.0101 -0.2968 -0.2668 

7 -0.0718 -0.6818 -0.6636 

8 -0.5089 -1.3980 -1.3632 

9 -1.5485 -2.5444 -2.4949 

10 -3.5321 -4.2088 -4.1636 
 

 

 
Figure (1): Time Domain and Frequency Domain of 

Bartlett Hanning window technique 
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Figure (2): Magnitude Response of Bartlett Hanning 

window technique 

 

 
Figure (3): Phase Response of Bartlett Hanning window 

technique 

 

 
Figure (4): Magnitude and Phase Response of Bartlett 

Hanning window technique 

 

 
Figure (5): Impulse Response of Bartlett Hanning window 

technique 

 

 
Figure (6): Step Response of Bartlett Hanning window 

technique 

 
Figure (7): Pole Zero Plot of Bartlett Hanning window 

technique 
 

 
Figure (8): Filter Coefficient of Bartlett Hanning window 

technique 
 

 
Figure (9): Time Domain and Frequency Domain of 

Blackman Harris window technique 

 

 
Figure (10): Magnitude Response of Blackman Harris 

window technique 
 

 
Figure (11): Phase Response of Blackman Harris window 

technique 
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Figure (12): Magnitude and Phase Response of Blackman 

Harris window technique 
 

 
Figure (13): Impulse Response of Blackman Harris 

window technique 
 

 
Figure (14): Step Response of Blackman Harris window 

technique 
 

 
Figure (15): Pole Zero Plot of Blackman Harris window 

technique 
 

 
Figure (16): Filter Coefficient of Blackman Harris window 

technique 

 
Figure (17): Time Domain and Frequency Domain of 

Nuttal window technique 
 

 
Figure (18): Magnitude Response of Nuttal window 

technique 
 

 
Figure (19): Phase Response of Nuttal window technique 

 

 
Figure (20): Magnitude and Phase Response of Nuttal 

window technique 
 

 
Figure (21): Impulse Response of Nuttal window 

technique 
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Figure (22): Step Response of Nuttal window technique 

 

 
Figure (23): Pole Zero Plot of Nuttalwindow technique 

 

 
Figure (24): Filter Coefficient of Nuttal window technique 

 

4. COMARARTIVE ANALYSIS 

 

Bartlett Hanning and Blackman Harris windows 

techniques are used along with Nuttal windows techniques 

for design analysis and comparison by using matlabs. 

 

 
Figure (25): Magnitude and Frequency Plot of Bartlett 

Hanning, Blackman Harris and Nuttal window techniques 

 
Figure ( 26): Phase and Frequency Plot of Bartlett 

Hanning, Blackman Harris and Nuttal window techniques 

 

 
Figure (27): Magnitude comparison of Bartlett Hanning, 

Blackman Harris and Nuttal window techniques 
 

 
Figure (28): Phase comparison of  BartlettHanning, 

Blackman Harris and Nuttal window technique 

 

 
Figure (29): Magnitude and Phase comparison of Bartlett 

Hanning, Blackman Harris and Nuttal 
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Figure (30): Impulse Response of Bartlett Hanning, 

Blackman Harris and Nuttal window technique 

 

 
Figure (31): Pole Zero Plots of Bartlett Hanning, 

Blackman Harris and Nuttal window technique 

 

5. RESULT 

 

Table 6: Simulation Result in MATLAB 
 

Window 

Technique 

Leakage 

Factor 

Relative 

sidelobe 

attention 

Mainlobe 

width  

(-3 dB) 

Bartlett Hanning 0.03 -35.6 dB 0.14063 

Blackman Harris 0 -90.9 dB 0.19531 

Nuttal 0 -85.1 dB 0.19531 

 

6. CONCLUSIONS 

 

In this research paper, Low pass filter has been designed 

and simulated using three different Window Techniques 

namely Bartlett Hanning, Blackman Harris and Nuttal. 

After analysing the performance of proposed FIR filter by 

their magnitude and phase response using MATLAB 

simulation at same values of sampling frequency 48kHz, 
cut off frequency 10.8kHz and order of 20, we conclude 

that Nuttal window has better pass band response as 

compared to Bartlett Hanning and Blackman Harris 

Window. So it is clear that Nuttal window technique is 

more powerful and perfect than the FIR filter designed 

with other windows i.e. Bartlett Hanning, Blackman 

Harris and Nuttal. 
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