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Abstract 
 
In design of antenna arrays, one of the most important parameter is sidelobe 

level (SLL). High sidelobes are major drawback as they result in overall 

performance which degrades the overall system performance.Some of the 

applications, single element antennas are not able to have the required gain or 

radiation pattern so combining several single array antenna elements can 

reduce the problem.Large antenna arrays are designed with an intention to 

increase directivity; here most of the energy will be maintained in the main 

beam. This implies that the radiation should be minimized in remaining other 

directions. Antenna arrays designed with low SLLs find several applications 

in radar, satellite communications, and remote sensing and radio astronomy 

etc. In order to minimize the side lobes in the radiation pattern, different 

methods may be used. Here, for the reduction of side lobes, we apply 

windowing techniques. In this paper some of the windowing techniques used 

are Blackman, Hamming, Taylor and Chebyshev windowing techniques. 

Among these techniques which will be the best suitable to reduce the side 

lobes will be compared in detail. So here compare the mainlobe widths and 

the sidelobes of windows with their functions and parameters.  
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1 Introduction 

 
An antenna array is a group array element so that the currents running 

through them are with different amplitudes and with different phases. These 

array antennas will be responsible to radiatethe electromagnetic frequency 

and energy [1]. Antenna arrays are the solution for the single array antenna 

limitation.Here we use the windowing techniques to reduce the side lobe 

levels. Side lobes are to be reducedin order to avoid the interference and to 

increase gain of the antenna [2]. This will even makes the antennas more 

effective. So, there are some good variety of techniques to used reduce the 

side lobes. Here we have mainly concentrated on the Windowing techniques 

[3]. By using different types of windowing techniques, the side lobe levels 

will be reduced to the maximum required extent.The Chebyshev window 

minimizes the main lobe width for a particular sidelobe level and exhibits 

equi-ripple sidelobe behaviour.The Blackman window has more sidelobe and 

wider main lobe attenuation than other windowing techniques [4]. 

Taylor window, Hamming window, Hanning window, Blackman Harris 

window, are the window techniques selected for comparison. Eight and 

sixteen are the number of elements in the array [5], respectively. Finally, in 

terms of the level of side lobes (SLL), we compared the output of each 

window and created polar plots and radiation patterns for each window. 
 

2 Literature Survey 

 
For many audio applications, the Blackman window is considered the 

best window. We understand from the dual convolution theorem that 

windowing leads to smoothing in the frequency domain in the time domain 

[6]. Specifically, with the Blackmans window transform, the complex 

spectrum or the signal with its magnitude has been transformed. Therefore, 

as a smoothing of the signal to the Fourier transform of the rectangular 

window sinusoid, the Blackman window Fourier transform was applied to 

achieve the exact results with a reduction of the sidelobe stage. The 

Blackman window has more sidelobe and wider mainlobe attenuation than 

other windowing techniques [7]. 

In the column vector w, it returns the L-point symmetric Blackman 

window where L is a positive integer. Blackman windows have slightly 

wider central lobes and less leakage of the sideband than Hamming and the  
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same length Hanning windows. Blackman window is used to reduce the 

sidelobe levels which decrease the wastage of band and interferences in the 

transmission of  

signal Blackman window function: A Blackman window of length N is 

defined by the following equation [8] 

w(n)=0.42−0.5cos( 2πnL−1)+0.08cos(4πnL−1), 0≤n≤M−1  (1) 

The Blackman window will exhibits even more lowerstopband ripple 

which is about 74 dB downin the resultingfilter.Its magnitude and 

frequencies are plotted.Note that the width of the mainlobe in the magnitude 

response is about 50% wider than that of the Hamming window. 
 

3 Mathematical model 
 

The 4
th
 term blackmann window technique minimizes the maximum 

sidelobes. The equation for the estimation of a minimum 4-term Blackman-

harris window's coefficients is 

 (2) 

Almost the sidelobe plummets to a range of -60db which is the main 

purpose of 4
th
 term Blackman window. 

Here the cosine signal is raised so high that the negative peak is above 

zero. At the endpoints there is a discontinuity in amplitude that is from 0.08 

to 0.This makes the sidelobe level rate to fall down as shown in Fig.3. 

Almost the sidelobe plummets to a range of -41dbwhich is the main purpose 

of hamming window. 

 
4 Proposed Method 
 

Chebyshev filters are analog or digital filters with a steeper roll-off than 

Butterworth filters, which have passband ripple. The Dolph-Chebyshev 

window or Chebyshev window or Dolph window minimizes the side lobes 

for a given main lobe, so it functions as a filter and eliminates interferences 

that increase the accurate signal without side lobes. Chebyshev filters have 

the property of reducing the error over the filter range between the idealized 

and the real filter characteristic, Type I Chebyshev filters are usually referred 

to as just "Chebyshev filters" Type II filters are usually referred to as 

"inverse Chebyshev filters"[13] The Chebyshev window can be referred to as 

the impulse response of an optimal Chebyshev lowpass filter. The zero-phase 

Dolph-Chebyshev window function w0 (n) is generally defined in terms of 

its real-value discrete Fourier transformation [14]. Almost the sidelobe 

plummets to a range of -32db, which is the main purpose of the Chebyshev 

window. The Dolph-Chebyshev window minimizes the Chebyshev norm of 

the side-lobes for a given main lobe width.
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Taylor method is one of them in Windowing techniques, it functions as a 

filter and reduces side lobes, Taylor window allows the relation between the 

width of the mainlobe and the level of the sidelobe [8] to be created. In a 

main signal, the Taylor distribution eliminates or decreases the edge 

discontinuities and decreases the level of the side lobe. In radar applications, 

such as weighting synthetic aperture radar images and antenna construction, 

the Taylor window is usually used. It is a better windowing technique 

compared to Chebyshev window technique which reduces the sidelobes level 

around -35db that is similar to hamming window technique [9]. This 

technique is similar to hamming window technique for designing the filters 

using window techniques. This returns the Taylor window n-point in the 

column vector w. The values are the window weights or coefficients in this 

vector. N must be an integer that's positive. Almost the sidelobe plummets to 

a range of -35db which is the main purpose of Taylor window technique as 

shown in Fig. 2. 

Hamming Window is a windowing technique used to reduce the side 

lobes in a audio signal. It will be more than 40 dB down with the use of 

Hamming window side-lobe level, so it is a good option for 1% accurate 

systems such as 8-bit audio signal processing systems [10]. This is because 

there is no need to enable the window side lobes to lie well below the noise 

floor of signal quantization. In telephone communications, signal processing, 

the Hamming window is used more. For higher quality audio signal 

processing, higher quality windows might be needed, particularly when those 

windows serve as low-pass filters [11]. In the column vector w, it returns an 

L-point symmetric Hamming window. A positive integer should be L. The 

Hamming window coefficients are evaluated; to minimize the maximum side 

lobe, the Hamming window is optimized [12]. 
               

5 Results and Discussion 
 

By comparing all the above techniques, the 4
th
 term blackman window 

techniques will minimize the maximum sidelobes. Almost the sidelobe 

plummets to a range of -60db which is the main purpose of 4
th
 term 

Blackman window and taylor window are shown in Figure 1 and 2. 

 
 

                       Figure 1 Sidelobe Patterns of Blackman Window 
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Figure 2 Sidelobe Patterns of Taylor Window 

 

 
 

Figure 3 Sidelobe Patterns of Hamming Window 

 

 
 

            Figure 4 Sidelobe Patterns of Chebyshev Window 
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Figure 5 Sidelobe Patterns of Fourth Term Blackman Window Only 

 

 
 

Figure 6 Sidelobe Patterns of Fourth Term Blackman Window, with All Other 

Windows 

 

In the above figures shown, blackman fourth order window reduces the 

side lobe to a greater extent. By using any optimization techniques, the 

sidelobe level can be reduced only upto -30dB. But, by using windowing 

techniques, it can be reduced further. Even in windowing techniques, out of 

Taylor window, hamming window, chebyshev window and normal blackman 

window, blackman fourth term window is still reducing the sidelobe levels 

which is shown in Figure 3, 4 and 5. Hence from the above results, proposed 

backman fourth term window can be considered as the better technique in 

windows and the result graph is shown in Figure 6. 
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6 Conclusion 
 

Windowing techniques are most suggestible for reducing side lobe levels 

in antenna arrays. Conventional as well as evolutionary techniques are most  

complex techniques and implementation becomes tough when compared to 

the windowing techniques. Results justify that remarkable amount of 

sidelobe levels that is -60dB is reduced by using windowing techniques 

which is very much required for environmental antennas. 
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