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Abstract— In this paper bandpass filter has been designed 

and simulated using different windows techniques. 

Blackman-Harris, Bartlett-Hanning, Nuttall and Taylor 

Windows techniques are used for the design of the bandpass 

filters using Matlab's. The performances of all designs have 

been compared in terms of side lobe attenuation and main 

lobe width. In the processing of Digital Signal Finite 

Impulse Response (FIR) filter plays an important role. Using 

MATLAB the FIR filter is designed and simulated. Through 

this paper, the intricacies of the window methods are 

explained in a simple and a subtle manner. 
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I. INTRODUCTION 

The developments in electronic technology are taking place 

at a tremendous speed. Recently, Digital Signal Processing 

(DSP) is used in numerous applications such as video 

compression, digital set-top box, cable modems, digital 

versatile disk, portable video systems/computers, digital 

audio, multimedia and wireless communications, digital 

radio, digital still and network cameras, speech processing, 

transmission systems, radar imaging, acoustic beam formers, 

global positioning systems, and biomedical signal 

processing. The selection of FIR or IIR digital filter depends 

on the nature of the problem and specifications of the 

desired frequency response. In designing digital filters, it is 

usually desirable to have an approximately flat frequency 

response, the magnitude in the pass band. Another important 

desirable feature of the digital filter is of linear phase. A 

linear phase with integer slope corresponds to a simple delay 

in the time domain, and it reduces the phase distortion to a 

minimum in the frequency domain [1]. 

Digital filters are important class of Linear Time 

Invariant (LTI) DSP systems designed to modify the 

frequency 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 [2]. 

A. Application of DSP- 

1) Instrumentation and control spectrum analysis, position 

and rate control, noise reduction, data compression, 

digital filter, PLL, function generator, servo control, 

robot control and process control. 

2) Seismology DSP techniques are employed in 

geographical exploration for oil and gas, detection of 

the underground nuclear explosion and the earthquake 

monitoring. 

3) Digital signal processing techniques are widely used in 

the biomedical field to facilitate the monitoring, 

diagnosis, and analysis of abnormalities in the body its 

important areas of application are: 

1) Removal of artifacts. 

2) Electrocardiogram (ECG). 

3) Electroencephalogram (EEG). 

4) Phonocardiogram (PCG). 

5) Speech processing. 

B. Finite Impulse response (FIR) filters--  

Finite impulse response (FIR) filter is a filter whose impulse 

response (or response to any finite length input) is of finite 

duration because it settles to zero in finite time. A FIR filter 

is usually implemented by using a series of delays, 

multipliers, and adders to create the filter's output. FIR 

filters also are known as feed-forward or non recursive, or 

transversal filters. A finite impulse response (FIR) filter is a 

filter structure that can be used to implement almost any sort 

of frequency response digitally. The unit impulse response is 

finite, so FIR filters are stable system [3]. 

C. Infinite Impulse response (IIR) filters— 

IIR filters may be implemented as either analog or digital 

filters. In digital IIR filters, the output feedback is 

immediately apparent in the equations defining the output. 

The design of digital IIR filters is heavily dependent on that 

of their analog counterparts because there are plenty of 

resources, works and straightforward design methods 

concerning analog feedback filter design while there are 

hardly any for digital IIR filters. Note that unlike FIR filters, 

in designing IIR filters it is necessary to carefully consider 

the "time zero" case in which the outputs of the filter have 

not yet been clearly defined [4]. 

II. WINDOWING TECHNIQUES 

Window technique implicates a function called window 

function. It is also known as tapering function. It states that 

if some interval is chosen, it returns with the finite non-zero 

value inside that interval and zero value outside that 

interval. A major effect of windowing is that the 

discontinuities of the frequency response are converted into 

transition bands between values on either side of the 

discontinuity [5]. FIR filter they are many types of window. 

A. Bartlett-Hanning Lowpass Fir Filter 

Bartlett-Hann window in the Like Bartlett, Hann, and 

Hamming windows, this window has a main lobe at the 

origin and asymptotically decaying side lobes on both sides. 

It is a linear combination of weighted Bartlett and Hann 

windows with near side lobes lower than both Bartlett and 

Hann and with far side lobes lower than both Bartlett and 

Hamming windows. The main lobe width of the modified 

Bartlett-Hann window is not increased relative to either 

Bartlett or Hann window main lobes [6]. 
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The window function of Bartlett-Hanning window is 

expressed by 

 

B. Blackman-Harris Lowpass Fir Filter 

Blackman-Harris window is a higher-order generalized 

cosine window. The Blackman-Harris windows form a  

family of three and four-term windows. The variation of the 

coefficient allows a compromise between main lobe width 

and side lobe level. The Blackman-Harris window has one 

degree of freedom which is used to minimize the level of the 

side lobes, and the other is used for the maximization of the 

roll off  rate [6]. It defines the three-term Blackman-Harris 

window as the one which uses both degrees of freedom to 

minimize side lobe level. 

The window function of Blackman-Harness 

window is expressed by 

 

C. Taylor Lowpass Fir Filter 

Taylor windows are similar to Chebyshev windows. 

Whereas a Chebyshev window has the narrowest possible 

main lobe for a specified side lobe level, a Taylor window 

allows you to make tradeoffs between the main lobe width 

and the side lobe level. The Taylor distribution avoids edge 

discontinuities, so Taylor window side lobes decrease 

monotonically. 

Due to the equid ripple condition, the time-domain 

window has discontinuities at the edges. An approximation 

that avoids them, by allowing the equid ripples to drop off at 

the edges, is a Taylor window. This window has a greater 

amplitude level. Taylor windows are widely used in radar 

applications, such as antenna designing. 

D. Nuttall Lowpass Fir Filter 

The Nuttall window has the widest main lobe and lowest 

maximum side lobe level among the Blackman, Exact 

Blackman, and the Blackman-Harris window. The equation 

for the Nuttall window is 

 
The equation for the periodic Nuttall 

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

III. DESIGN SIMULATION 

To design the low-pass FIR filter using MATLAB Bartlett-

Hanning, Blackman-Harris And Taylor Window the 

parameter specifications are given in table 1. As 

PARAMETER VALUE 

Sampling frequency(fs) 48000 Hz 

Cutt off frequency(fc) 10800 Hz 

Order (N) 20 

Table 1: Parameter specification 

 
Fig. 1: Time-domain and Frequency domain of Bartlett-

Hanning  window. 

 
Fig. 2: Magnitude response of Bartlett-Hanning  window 

technique. 

 
Fig. 3: Phase response of Bartlett-Hanning window 

technique. 

 
Fig. 4: Magnitude and Phase response of Bartlett-Hanning  

window technique. 
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Fig. 5: Impulse Response of Bartlett-Hanning window 

technique. 

 
Fig. 6: Stape Response of Bartlett-Hanning window 

technique. 

 
Fig. 7: Pole/Zero Plot of Bartlett-Hanning window 

technique. 

 
Fig. 8: Filter coefficient of Bartlett-Hanning window 

technique. 

Figure (1): Time-domain and Frequency domain of 

Bartlett-Hanning  window. 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) Stape 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. In 

which the relative side lobe attenuation is -35.6 dB and main 

lobe with (-3dB) is 0.14063 

 
Fig. 1: Time-domain and Frequency domain of Blackman-

Harris window 

 
Fig. 2: Magnitude response of Blackman-Harris  window 

technique. 

 
Fig. 3: Phase response of Blackman-Harris window 

technique. 

 
Fig. 4: Magnitude and Phase response of Blackman-Harris  

window technique. 

 
Fig. 5: Impulse  Response of  Blackman-Harris window 

technique. 

 
Fig, 6: Stape Response of  Blackman-Harris window 

technique. 
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Fig. 7: Pole/Zero Plot of Blackman-Harris window 

technique. 

 
Fig. 8: Filter coefficient of Blackman-Harris window 

technique. 

Figure (1): Time-domain and Frequency domain of 

Blackman-Harris  window. Figure (2): Magnitude response 

of Blackman-Harris window technique. Figure (3): Phase 

response of Blackman-Harris window technique. Figure (4): 

Magnitude and Phase response of Blackman-Harris window 

technique. Figure (5): Impulse Response of  Blackman-

Harris window technique. Figure (6) Stape Response of 

Blackman-Harris window technique. Figure (7): Pole/Zero 

Plot of Blackman-Harris window technique. Figure (8): 

Filter coefficient of Blackman-Harris window technique. In 

which the relative side lobe attenuation is -90.9 dB and main 

lobe with (-3dB) is 0.19531 

 
Fig. 1: Time-domain and Frequency domain of Taylor 

window. 

 
Fig. 2: Magnitude response of  Taylor window. 

 

 
Fig. 3: Phase response of Taylor window technique. 

 
Fig. 4: Magnitude and Phase response of Taylor window 

technique. 

 
Fig. 5: Impulse Response of  Taylor window technique. 

 
Fig. 6: Stape Response of Taylor window technique. 

 
Fig. 7: Pole/Zero Plot of Taylor window technique. 
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Fig. 8: Filter coefficient of Taylor window technique. 

Figure (1): Time-domain and Frequency domain of 

Taylor window. Figure (2): Magnitude response of  Taylor 

window technique. Figure (3): Phase response of Taylor 

window technique. Figure (4): Magnitude and Phase 

response of Taylor window technique. Figure (5): Impulse 

Response of Taylor window technique. Figure(6) Stape 

Response of Taylor window technique. Figure (7): 

Pole/Zero Plot of Taylor window technique. Figure (8): 

Filter coefficient of Taylor window technique. In which the 

relative side lobe attenuation is-30.2dB and main lobe with 

(-3dB) is 0.10938 

 
Fig. 1: Time-domain and Frequency domain of Nuttall 

window. 

 
Fig. 2: Magnitude response of  Nuttall window. 

 
Fig. 3: Phase response of Nuttall window technique. 

 
Fig. 4: Magnitude and Phase response of Nuttall  window 

technique. 

 
Fig. 5: Impulse Response of  Nuttall window technique. 

 
Fig. 6: Stape Response of  Nuttall window technique. 

 
Fig. 7: Pole/Zero Plot of  Nuttall window technique. 

 
Fig. 8: Filter coefficient of  Nuttall window technique 

Figure (1): Time-domain and Frequency domain of 

Nuttall window. Figure (2): Magnitude response of  Nuttall 

window technique. Figure (3): Phase response of  Nuttall 

window technique. Figure (4): Magnitude and Phase 

response of Nuttall window technique. Figure (5): Impulse 

Response of  Nuttall window technique. Figure (6) Stape 

Response of  Nuttall window technique.Figure (7): 

Pole/Zero Plot of  Nuttall window technique. Figure (8): 

Filter coefficient of  Nuttall window technique. In which the 

relative sidelobe attenuation is -85.1dB and main lobe with 

(-3dB) is 0.19531. 
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IV. COMPARATIVE ANALYSIS 

 
Fig. 1: Magnitude and Frequency plot of Bartlett-Hanning, 

Blackman-Harris, Nuttall and  Taylor Window technique. 

 
Fig. 2: Phase and Frequency plot of Bartlett-Hanning, 

Blackman-Harris, Nuttall and  Taylor Window technique. 

 
Fig. 3: Magnitude comparison of Bartlett-Hanning, 

Blackman-Harris, Nuttall and  Taylor Window technique. 

 
Fig. 4: Phase comparison of  Bartlett-Hanning, Blackman-

Harris, Nuttall and  Taylor Window technique. 

 

 

Figure (5):  Magnitude and Phase comparison of  Bartlett-

Hanning, Blackman-Harris, Nuttall and  Taylor Window 

technique. 

 
Figure (6):  Impulse  Response  comparison of  Bartlett-

Hanning, Blackman-Harris, Nuttall and  Taylor Window 

technique. 

 
Figure (7): Step Response  comparison of  Bartlett-Hanning, 

Blackman-Harris, Nuttall and  Taylor Window technique. 

 
Figure (8): Pole/Zero comparison of  Bartlett-Hanning, 

Blackman-Harris, Nuttall and  Taylor Window technique. 

Figure (1): Magnitude and Frequency plot of 

Bartlett-Hanning, Blackman-Harris, Nuttall and  Taylor 

Window technique. Figure (2): Phase and Frequency plot of 

Bartlett-Hanning, Blackman-Harris, Nuttall and  Taylor 

Window technique. Figure (3): Magnitude comparison of  

Bartlett-Hanning, Blackman-Harris, Nuttall and  Taylor 

Window technique. Figure (4): Phase comparison of  

Bartlett-Hanning, Blackman-Harris, Nuttall and  Taylor 

Window technique. Figure (5):  Magnitude and Phase 

comparison of  Bartlett-Hanning, Blackman-Harris, Nuttall 

and  Taylor Window technique. Figure (6):  Impulse 

Response comparison of Bartlett-Hanning, Blackman-

Harris, Nuttall and  Taylor Window technique. Figure (7): 

Step Response comparison of Bartlett-Hanning, Blackman-

Harris, Nuttall and  Taylor Window technique. Figure (8): 

Pole/Zero comparison of Bartlett-Hanning, Blackman-

Harris, Nuttall and  Taylor Window technique. 
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V. SYSTEM DESIGN AND ANALYSIS 

A finite Impulse Response (FIR) filter are a type of digital 

filters and consists of weighting sequence (impulse 

response) among non-recursive digital filters which are 

finite in length. The simple form of FIR filters is coming 

through the windowing method. So, in this section, we have 

described mathematical model equation for various window 

functions. Fourier series method with windowing is the most 

straight forward technique to design FIR filters. The desired 

frequency response of any digital filter is periodic in 

frequency and can be expanded in Fourier series, i.e. 

HRdR(℮jwP) =∑ h∞
𝑛=−∞ d(n) e-jw 

Where,  Phd(n)= 
1

2𝜋
 ∫ 𝐻(𝑒

2𝜋

0
jw )ejwn Pdω 

There are essentially three well-known methods for FIR 

filter design. 

1) FIR filters design using windows. 

2) FIR filter design using frequency sampling method. 

3) Optimal or Minimax FIR filter design. 

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 realized efficiently in hardware. 

5) The filter start-up transients have finite duration [7]. 

VI. RESULT 

Window 

Technique 

Leakage 

Factor 

Relative side 

lobe        

attenuation 

Main lobe 

width (-

3dB) 

Bartlett-

Hanning 
0.03 -35.6 0.14063 

Blackman-

Harris 
0 -90.9 0.19531 

Nuttall 0 -85.1 0.19531 

Taylor 0.42 -30.2 0.10938 

Table 2: Simulation Result in MATLAB 

Windows techniques are used for design analysis 

and compared these three windows. Table 2 shows the 

comparison of these three windows in terms of leakage 

factor, relative side lobe attenuation and main lobe width. 

The leakage factor is Minimum and main lobe width is 

Maximum. When the beta is increasing then main lobe 

width is the increase but leakage factor is decrease.  

Frequency Windows Technique 

kHz 

Bartlett-

Hanning 

Magnitude 

Bartlett-

Hanning   

Phase 

Blackman-

Harris   

Magnitude 

Blackman-Harris                             

Phase 

Nuttall      

Magnitude 

Nuttall                                               

Phase 

Taylor 

Magnitude 

Taylor 

Phase 

1 0.0061 -1.3345 -1.7328 -1.3345 -0.0001 -1.4227 -0.053 -1.3115 

2 0.0107 -2.6614 -0.0002 -2.7228 -0.0003 -2.6921 -0.110 -2.6307 

3 -0.0038 -3.9346 -0.0037 -4.1954 -0.0039 -4.0458 -0.077 -3.9883 

4 -0.0249 -5.3459 -0.0250 -5.2385 -0.0228 -5.2768 -0.005 -5.2768 

5 -0.0144 -6.5961 -0.0958 -6.5462 -0.0890 -6.6383 -0.248 -6.5884 

6 0.0103 -7.9421 -0.2927 -7.8846 -0.2761 -7.8539 -0.853 -7.9115 

7 -0.0826 -9.1770 -0.6865 -9.2844 -0.6331 -9.2345 -0.669 -9.1655 

8 -0.5007 -10.4924 -1.3555 -10.6765 -1.3526 -10.519 -0.140 -10.534 

9 -1.5919 -11.9343 -2.5611 -11.8998 -2.4701 -11.980 -0.881 -11.869 

10 -3.6755 -13.1385 -4.3710 -13.1999 -4.1994 -13.15 -3.372 -13.107 

VII. DISCUSSIONS 

The low pass FIR filter design with sampling frequency 

=48000 Hz, cut off frequency =10800 Hz, based on Taylor 

window design and specify order is 50. The design of FIR 

low pass filter based on adjustable window design method 

implementing by using filter design and analysis tool 

(FDATool) from MATLAB (R2011a) programs. Leakage 

factor is equal to the ratio of power in side lobes to total 

window power. Side lobe attenuation is equal to the 

difference in height from main lobe peak to the highest side 

lobe peak. Main lobe width (-3 dB) is equal to the width of 

the main lobe at 3 dB below the main lobe peak: 

VIII. CONCLUSIONS 

In this paper FIR low pass filter has been designed and 

simulated using Bartlett-Hanning, Blackman-Harris, Nuttall 

and  Taylor Window technique. In Signal processing 

applications digital filters are more preferable than analog 

filters.The digital filters are easily designed and also easy to 

use in various types of signal filtering applications. The 

choice of technique to design the filter depends on the 

decision of designer whether to compromise the accuracy of 

the approximation or ease of design. Relative side-lobe 

attenuation and main-lobe width   (-3dB) results compared 

at values of sampling frequency 48000 Hz, cut off frequency 

10800 Hz and order of  20, at these values, Nuttall window’s 

Relative side-lobe attenuation is -85.1dB and main-lobe 

width(-3dB) is 0.19531 but Leakage Factor is high 0%. 

Hence it is concluded that purposed design of  Nuttall 

window is better than Bartlett-Hanning, Blackman-Harris 

and Taylor window for designing FIR Low Pass Filter. 
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