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Abstract - This paper is based on comparison of sidelobe roll-
off ratio for Kaiser, Cosh and Exponential window. In filter 
designing application, higher the sidelobe roll-off ratio, higher 
will be the far-end stopband attenuation for any FIR filter. 
Simulation results show that the Exponential window provides 
highest sidelobe roll-off ratio as compared to Kaiser and Cosh 
window functions. A low pass FIR filter is designed using Kaiser, 
Cosh and Exponential window. It is shown that the low pass 
filter designed using Exponential window function provides 
maximum far-end stop band attenuation than the filters 
designed using other window functions. 
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1. INTRODUCTION  

The major applications of window functions in signal 
processing are signal analysis and estimation, digital filter 
design and speech processing [1-2]. Many windows have 
been proposed in literature [3-6]. The important parameters 
of window function are ripple ratio, sidelobe roll-off ratio, 
main lobe width etc. Among these parameters, sidelobe roll-
off ratio is an important parameter. In [6] it is shown that for 
beamforming applications, far end interferences can be 
rejected by higher sidelobe roll-off ratio.  

In filter design applications, it can reduce the far end 
attenuation for stopband energy and for speech processing, it 
reduces the energy leak from one band to another [7]. Kaiser 
window is a well-known flexible window and widely used for 
FIR filter design and spectrum analysis applications [2-3] as it 
achieves close approximation to the discrete prolate 
spheroidal functions that have maximum energy 
concentration in the main lobe. By adjusting its two 
independent parameters, namely the window length and the 
shape parameter, it can control the spectral parameters main 
lobe width and ripple ratio for various applications. Kaiser 
window has a better sidelobe roll-off characteristic than the 
other well-known adjustable windows such as Dolph-
Chebyshev [4] and Saramaki [5], which are special cases of 
ultraspherical window [6]. In this paper comparison of 
spectral parameter namely sidelobe roll of ratio of Kaiser, 
Exponential and Cosh has been done.  

It is shown that the Exponential window function provide 
maximum sidelobe roll-off ratio as compared to other 
window functions. Also, the FIR filter designed using  

Exponential window provides maximum far-end stop band 
attenuation as compared to the FIR filter designed using 
other window functions. 

2. SPECTRAL PARAMETERS OF WINDOW FUNCTIONS 

A window function w(nT) having a length N is defined as: 
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Windows are generally compared and classified in terms of 
their spectral characteristics. The frequency spectrum of 
w(nT) can be found in [8]. 
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where T is the sample period. A typical window has a 
normalized amplitude spectrum in dB as shown in Figure  

 

Fig-1: A typical window’s normalized amplitude spectrum 

Normalized spectrum in (1) can be obtained from 
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The common spectral characteristic parameters that 
distinguish windows performance are the mainlobe width 

, ripple ratio (R) and sidelobe roll-off ratio (S). From 
Figure 1, these parameters can be described as 

Two times half mainlobe width = . 

R = Maximum sidelobe amplitude in dB - Mainlobe amplitude 
in dB = S1. 

S =   Maximum sidelobe amplitude in dB - Minimum sidelobe 
amplitude in dB = S1-SL. 

In some applications, it is desired that a window should have 
smaller ripple ratio and narrower mainlobe width but this 
requirement is contradictory [1]. Because to reduce main-
lobe width the window length should be increased which 
further increases ripple ratio. So there is a trade-off between 
these two parameters. 

3. VARIOUS WINDOW FUNCTIONS 

3.1 Kaiser window 

In discrete time domain, Kaiser window is defined by [3] 
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where  is the adjustable shape parameter, and  is the 
modified Bessel function of the first kind of order zero and it is 
described by the power series expansion as 
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The frequency domain characteristics of Kaiser window is 
shown in Figure 2. It can be seen that the main-lobe width 
increases and ripple ratio becomes smaller as we increase the 
value of . 

 

Fig-2: Frequency domain representation of Kaiser window. 

3.2 Exponential window 

The functions exp(x) and  have the same shape 
characteristic. Therefore, a new window, namely exponential 
window, can be proposed [9]: 
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Where    is the adjustable shape parameter and exp (x) is 
exponential function. The frequency domain representation 
of exponential window is shown in Figure 3 for different 

values of   

 

Fig -3: Frequency domain representation of  exponential 
window. 

3.3 Cosh window 

The hyperbolic cosine of a variable x is expressed as [8] 

2
)cosh(

xx ee
x




    
 

The functions cosh(x) and  have the same shape 
characteristic. Therefore, a new window, namely Cosh window, 
can be proposed as 
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where  is the adjustable shape parameter and cosh(x) is 
the hyperbolic cosine function. Cosh window becomes the 

rectangular window for =0. The frequency domain 
characteristics of  Cosh window is shown in Figure 4. 
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Fig -4: Frequency domain representation of  Cosh window. 

SIDE LOBE ROLL-OFF RATIO COMAPRISION BETWEEN 

KAISER, COSH AND EXPONENTIAL WINDOW 

Side lobe roll-off ratio for Kaiser, Cosh and Exponential 
window are calculated for window length N=51, main lobe 
width .40 rad/sample and same value of parameter . 
It is seen that for the same value of parameters the 
Exponential window provides maximum side lobe roll-off 
ratio, while Kaiser window provides minimum Side lobe roll-
off ratio. Table I illustrates the result for the given data. 

TABLE -1: Data  for comparison between Kaiser, Cosh And    
Exponential window 

Window 
k  N Side 

lobe 
roll-
off 
ratio  
S 
(dB) 

Mainlobe width 

MW (rad/sample) 

Kaiser 2 51 20.77 .039 

Cosh 2 51 21.84 .041 

Exponential 2 51 32.94 .042 

 
The Figure 5, 6, and 7 show the sidelobe roll-off ratio for 
Kaiser, Cosh and Exponential window functions. 

 

Fig -5: Sidelobe roll-off ratio  for Kaiser window 

 

Fig -6: Sidelobe roll-off ratio  for Cosh window 

 

Fig -7: Sidelobe roll-off ratio  for Exopnential window 

FIR FILTER DESIGN USING WINDOW METHOD 

5.1 Window design method 

To design FIR filters we use Fourier series method with 
windowing. This technique is straightforward and requires a 
minimal amount of computation compared to the 
optimization methods. In Fourier series method Window 
function is used to truncate and smooth the infinite duration 
impulse response of the ideal prototype filter. The impulse 
response of a realizable noncasual FIR filter using a window 
function, w(nT ), is obtained as [8]. 

)()()( nThnTwnTh idnc 
  


 

Where 

( )idh nT
 is the infinite duration impulse response of the 

ideal filter. For a low pass filter with a cut-off frequency , 
and sampling frequency , it can be found as [1] 
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Delaying the noncausal impulse response ( )nch nT by a 

duration ( 1) / 2N  , a casual filter can be obtained as 
   TNnhnTh nc 2/1)(  .  

The ripples in both passband and stopband regions of the 
filters designed by the window method are approximately 
equal to each other [6]. 

5.2 Comparison of  FIR filter design by various windows  

For designing of low pass non recursive filter we need to    
define following specifications: 

 Sampling frequency:   (radian/sample). 

 Order of the filter: N. 

 Normalise cutoff frequency:  (radian/sample). 

 Type of window used. 

 Main lobe width. 

Here an example is being analyzed, which shows that the FIR 
Filter designed by Exponential window provides the better 
far end stop band attenuation (maximum stop band 
attenuation) than the filter designed by the well known 
Kaiser window and Cosh window, which is the figure of merit. 
The specifications for designing a low pass FIR filter by 
exponential window are: Order of the filter (N=51), 
Normalized cutoff frequency: = 0.4 rad/sample and = 2. 
The results of FIR filter designed by Exponential window 
with the FIR filter designed by Kaiser and Cosine hyperbolic 
windows were compared. For the above example, we find the 
various spectral parameters as listed in Table II. 

TABLE -2: Data for LPF design using window functions 

S.No Parameters Kaiser Cosh Exponential 
1 c  .4 .4. .4 

2 k  2 2 2 

3        N 51 51 51 

4  MW  .77 .77 .77 

5 FSA -48.17 -52.45 -56.21 

 
From Table II we can see that the filter designed by 
Exponential window provides better far end stop band 
attenuation than filter designed by Kaiser and Cosh  window. 

This is the greatest advantage of filter designed by the 
Exponential window than that designed by Kaiser  and Cosh 
Window.  

The frequency response of filters designed by Kaiser, Cosh, 
and Exponential Windows are shown in Figure 8, 9 and 10 
respectively. 

 

Fig -8: LPF FIR Filter designed using Kaiser window 

 

Fig -9: LPF FIR Filter designed using Cosh  window 

 

Fig-10: LPF FIR Filter designed using Exponential window 
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6. APPLICATIONS OF HIGH SIDELOBE ROLL-OFF RATIO 

In Beamforming applications, the higher sidelobe roll-off ratio 
results in better rejection of the far end interferences [2]. In 
filter design applications, it reduces the far end attenuation for 
stopband energy [7] which can be used in sub-band coding 
and speech processing applications. For Speech processing 
applications, it reduces the energy leak from one band to 
another [8]. 

7.CONCLUSION 

In this paper the spectral properties of different window 
functions have been studied. Sidelobe roll-off ratio is 
calculated for a given specification for Kaiser, Cosh, and 
Exponential window. The simulation results show that the 
Kaiser window provides lowest sidelobe roll-off ratio while 
Exponential window provide highest sidelobe roll-off ratio. It 
is shown that the FIR low pass filter designed using 
Exponential window function provides highest far-end stop 
band attenuation than that designed using other window 
functions. The better far-end stopband attenuation in case of 
exponential window is its figure of merit.  
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