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ABSTRACT

Digital filtering plays a significant role in the world of technology. This paper deals with the design of finite impulse
response digital filter using window techniques. Here various wifldows are compared and‘demenstration of the best
window is done, which is the one with minimum side lobes. ThiS is hence the.majorebjective of filtering operation.
The experimental results show that the FIR filters designed in“this paper-are effective for filtering operation.

Through this paper the intricacies of the window methods are explained in a simple and'a subtle manner.
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I. INTRODUCTION

Digital signal processing is the ¢echnique employed for the mathematical manipulation of an information signal so
as to modify or improve it. For this purpose filters are mainly used. The filter is used to describe a linear time —
invariant system used to perform Spectral shapingyor frequency-selective filtering. Filter is used in digital signal
processing is widely‘used in a number\of ways, such‘as removal of undesirable noise from desired signals, spectral
shaping such asfequalization of communication chanfels, signal detection in radar, sonar and communications, and

for performing analysis‘of the spectra of‘@variety of signals.[1]
Theré arestwoymajor types of digital filters‘are:

1) Infinite Impulseyresponse (MIR) filters
2)  Finite Impulse response (FIR) filters.
Infinite Impulse Response (1IR) 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 FIR filter can be used to design a linear phase digital
filter which is convenient for image processing and data transmission applications. The FIR filters are broadly used

in various fields, such as long distance communication, image processing applications etc

The system function of FIR filter is given below:
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L=1
H(z) = Z h[n] ="

n=0

where, L is the length of the filter, and h[n] is the impulse response. [2]

Figurel: Block Diagram of an FIR

The features of an FIR filter are enumerated below:

1) Itisan all zeros filter.

2) Itis non-recursive in nature.

3) It does not use feedback.

4) The complexity in implementing is low,

5) It requires higher order of filter for si

There are various advantages of FIR filter over IIR f
1) FIR filters are inherently
2) FIR filters have linear pha

transition band

pasvhand ® “‘ stophand

Figure 2: Various bands across a frequency range.
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Methods of designing a digital FIR filter:

1) Windowing techniques for digital FIR filter design.
2) Frequency Sampling
3) Optimal or Minimax method.[9]

MATLAB software is used to generate the simulation results. The benefit of using thisseftware is that it enables us

to use various tools to make the work easier.

1. WINDOWING TECHNIQUES

The FIR filter design process using window functions can be enume
1) Define filter specifications.
2) Specify a window function according to the filter specificatio

3) Compute the filter order required for a given set of specificatio

5) Compute the coefficients the ideal filter according to the

6) Compute FIR filter coefficients in accorda e obtained v d the coefficients of the ideal

by decreasing or increasing it i process the steps 4, 5 and 6 are iterated as many
times as needed.

The windows used in

The two rudim cribe a window function are:

1) Width of the

2) Attenuation o

be (i.e., at what frequency bin is the power half that of the maximum response)
e side lobes (i.e., how far away down are the side lobes from the main lobe). This explains

about the spectral leakage in the window.

111. WINDOWS USED AND THEIR EQUATIONS

3.1 Hamming Window
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Hamming window has a bell-like shape. Its first and last samples are not zero. The window is optimized to minimize

the maximum side lobe. [4].

2mn
W(n}=D.54—D.4ﬁcnsN 1 DeN«lL-—1

=0 . elsewhere

3.2 Blackman-Harris Window

Blackman-Hariss window is a higher-order generalized cosine window.
family of three and four term windows. The variation on the coeffici

width and side-lobe level.

Enumerated steps ar d in the simulation of the response:

1) Define total number of sample points (N).
2) Specify the cut-off frequency (wg).
3) Obtain the values of w(n) for the window under consideration.
4) Specify the type of filter and obtain the filter coefficients via passing the defined parameters.
5) Obtain the frequency response of the digital filter.
6) Calculate the amplitude (dB) and the normalized frequency (o/x).
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The three window functions have been utilized to compute the frequency response of low pass filter and its behavior

is justified by appropriate plots as shown below.

4.1 Hamming window

The low pass filter having order N = 40 is designed. The magnitude and phase response i shown below.
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Figure 3: Magnitude response of low pass
filter using hamming window.

4.2 Taylor window

The low pass filter hr’ng order N
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Figure 5: Magnitude response of low pass
filter using taylor window.
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nitude and phase response is shown below.
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Figure 7: Magnitude response of low pass
filters using Blackman-Harris window.
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s (s

pass filter.

VI. ACKNOWLEDGEMENTS

The authors would also like to Pirector, National e of Technical Teachers’ Training & Research,

Chandigarh, India for their constant d support throughout this research work.

[1] J.G. Preakis and Manolakis, Digital Signal Processing Principles, Algorithms and Applications 3rd
Editi rentice- Hall,

[3]Sonika Gupta and anghal, “Performance Analysis of FIR Filter Design by Using Rectangular, Hanning
and Hamming Wi
Software Engineering, Volume 2, Issue 6, June 2012 ISSN: 2277 128X, pp. 273-277.

[4]J. R. Johnson, “Introduction to Digital Signal Processing,”4th ed., Prentice-Hall of India Private Limited, 1997,
pp. 85-95.

[5]Tao Zhang, “Research On Design FIR Digital Filter Using MATLAB And Window Function Method”, Journal

of Theoretical and Applied Information Technology, 2013. VVol. 48 No.1, pp. 607-611.

ows methods”, International Journal of Advanced Research in Computer Science and

399 |Page

WWw.ijarse.com




International Journal of Advance Research In Science And Engineering http://www.ijarse.com
IJARSE, Vol. No.3, Issue No.11, November 2014 ISSN-2319-8354(E)

[6]Md. Saiful Islam, Md. Shariful Islam, Syed Khalid Rahman, Neelanjana Subin Ferdous and Jakeya Sultana
Jyoti, “Design of FIR Filter Using Hamming Window”, International Journal of Emerging Research in
Management &Technology ISSN: 2278-9359, 2014 (Volume-3, Issue-2) pp.13-16.

[71Yadwinder Kumar and Er. Gurpreet Singh Walia “Performance Analysis of FIR Digital High Pass Filters”,
International Journal of Engineering Research and Applications (IJERA) Volume 3, Issue 2, March -April 2013,
ISSN: 2248 pp.1012-1015.

[8]Amanjeet Panghal, Nitin Mittal, Devender Pal Singh, R.S. Chauhan and Sand
various optimization techniques for design FIR digital filters”, Nation
Instrumentation, NCCI 2010, 19-20 March 2010, pp.177-181.

Arya, “Comparison of

onference on Computational

AUTHORS:

Mohd. Sharig Mahboob received the Bachelors of Technology degree inEIectronics and Communication

A
Engineering from M.J.P.Rohilkhand University Bareilly India in 2008. He is pursuing Masters of

rom National Institute of Technical
India. He is Lecturer in Electronics and

He is an Asso partment of Electronics & Communication Engineering,, National Institute of Technical

than 175 research publicat ncluding more than 100 in Journals. Mr. Mehra is member of IEEE and ISTE.

400 | Page

WWw.ijarse.com




