
International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-12, Dec.-2014 

An Optimized Design of Uniform-Band and Octave-Band Filter Bank using Variable Window Function 
 

55 

AN OPTIMIZED DESIGN OF UNIFORM-BAND AND OCTAVE-BAND 
FILTER BANK USING VARIABLE WINDOW FUNCTION 

  
1SANDHYA SHAKYA, 2JYOTSNA V. OGALE   

 
1PG Student SATI Vidisha (M.P), 2Associate Professor SATI Vidisha (M.P)  

E-mail: 1sandhya.shakya90@gmail.com, 2jyoti.ogale@yahoo.com 
 

 
Abstract- In this paper tree-structure approach is used for designing uniform-band and octave-band filter bank (FBs). In 
tree-structure approach normally perfect-reconstruction (PR) is used but PR is not always feasible due to some limitations. 
Therefore in this proposed work filter banks are designed with NPR by allowing small amount of distortion at the output. A 
single variable linear optimization is used to minimize the amplitude distortion. The prototype filter designing become more 
efficient by the windowing technique. The variable window functions are used for windowing. In this way filter banks are 
design with high efficiency. Further, several design examples are included to show improved performance of designed FBs 
over existing methods. 
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I. INTRODUCTION 
 
In several areas of digital signal processing such as 
sub-band coding, transmultiplexer, image, video and 
audio compression multirate filter banks find wide 
applications. Depending on the pass band width filter 
bank can be classified in two types i.e., uniform-band 
filter bank and octave-band filter bank. Uniform-band 
filter bank is normally used for processing the signals 
of same nature because these filter bank consist of 
band pass filters of uniform pass band. In some of the 
application like audio analysis and coding octave-band 
filter bank is used for signals of different nature. 
Therefore efficient structure and design procedures for 
both the filter banks are highly desirable. Our study 
and analysis deals with both type of filter banks. 
 
The M-band tree structure filter bank is commonly 
used uniform-band filter bank. The tree-structure can 
provide a filter bank having M =  2  bands, where n is 
an integer.  On the other hand the M-band octave-band 
filter bank is very popular among the filter banks 
designs. Uniform-band filter bank have many 
constraints like integer and uniform decimation in 
each sub-band and limited time frequency resolution. 
Octave-band filter banks may have any kind of 
rational decimation in each sub-band, less 
quantization error, low computational complexity and 
any extent of time frequency resolution as per 
requirement of the application.  
 
Several methods have been developed by different 
authors for designing multirate filter bank. In this 
paper an optimized tree-structure approach is 
proposed for the design of NPR uniform-band and 
octave-band filter bank and comparison has been 
made with earlier reported publications. Windowing 
technique is used for design the prototype low pass 
filter. Variable window functions like Kaiser window, 
Dolph-Chebyshev (DC) window, Cosh window and 

Exponential window. In tree-structure approach 
two-band filter bank is used as a basic building block. 
Initially for the given input parameters a linear phase 
FIR low pass filter and its complementary high pass 
filter is designed. Then using these two filters 
two-band maximally decimated QMF filter bank is 
designed shown in Fig 1. If this two-band filter bank is 
perfect-reconstruction (PR) filter bank then the 
proposed design formed using this two-band filter 
bank is also PR and if this is NPR then the proposed 
filter banks using this is also NPR filter bank. The 
filter bank in PR condition is very complex and also in 
PR condition it is difficult to achieve high stop band 
attenuation. Therefore NPR is a practical and 
realizable approach and NPR condition relaxed the 
constraints and complexity of PR and provides better 
stop band attenuation. But it suffers with problem of 
distortion at the output. To reduce this amplitude 
distortion an iterative linear optimization technique is 
used. 

 
 

Fig. 1. Two channel filter bank 
 

II. WINDOW FUNCTIONS 
 
The impulse response coefficients of a causal 
Nth-order linear phase FIR filter p(n) using window 
technique is given by, 
 

 p(n) = h (n)w(n)                                                               (1) 
 
where, h (n) is the  impulse response of  ideal low 
pass filter expressed as, 
           
h (n) = ( . )

( . )                                                 (2) 
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where ω  is the cutoff frequency of the ideal low pass  
filter and  w(n)  is the impulse response of used 
window function. For variable window family, the 
different design parameters like stop-band attenuation, 
window shape parameter, window lengths becomes 
variable and can be chosen based on the design 
requirement. In this category, some window functions 
are having closed form expressions in time domain 
(e.g. Kaiser window) while others takes this aspect 
which is sub-classified as spectral window 
(Dolph-Chebyschev window). Different window 
functions are as follows:  
 
A. Kaiser Window 
 
Kaiser has discovered a simple approximation to these 
variable window functions in terms of the zero-order 
modified Bessel function of the first kind, called as 
Kaiser Window. This window is having a window 
shape parameter (β)  which is used to vary the 
characteristics of the window and its parametric 
values. The expression for Kaiser window is defined 
as, 

w[n] =  
I β 1− 1− (2n N− 1⁄ )

I [β] ,   

                                                  0 ≤ n ≤ (N− 1)              (3) 
 

 
Where I [. ]  is the modified zeroth-order Bessel 
function, and β is a parameter which depends on filter 
order (N) and it can be varied. The empirical design 
equations given by Kaiser is as follows, 
 

β =

⎩
⎨

⎧
0,                                                     for A ≤ 21
0.5842(A − 21) . + 0.07886(A − 21),
                                              for 21 < A < 50
0.1102(A − 8.7),                      for A ≥ 50

     (4) 

 
 

D =
 0.9222,                 A ≤ 21
(A − 7.95)

14.36 ,         A ≥ 21
                                   (5) 

 
where A  is the stop band attenuation. 
 
B. Cosh Window 
 
This window function is defined as, 

w[n] =

⎩
⎪
⎨

⎪
⎧ cosh α 1− 2n

N − 1
cosh(α )

0,                               otherwise

, |n| ≤
N− 1

2   (6) 

 
where 

α =

⎩
⎪
⎨

⎪
⎧

0,                                                   A ≤ 20.8
0.2445(A − 20.8) . + 0.1169(A − 20.8),

                                              20.8 < A < 50
 −8.722 × 10 A + 0.1335A − 1.929,
                                              50 ≤ A ≤ 120

   (7) 

The normalized transition width for Cosh window is 
given by, 
 

D =

⎩
⎪
⎨

⎪
⎧

0,                                                   A ≤ 20.8
3.03 × 10 A + 0.05246A − 0.2397,
                                              20.8 < A < 50

 −7.771 × 10 A + 0.07432A − 0.5402,
                                              50 ≤ A ≤ 120

   (8) 

 
C. Exponential Window 
 
  Exponential window is given by: 
 

w[n] =

⎩
⎪
⎨

⎪
⎧ exp α 1− 2n

N− 1
exp(α )

0,                               otherwise

, |n| ≤
N − 1

2     (9) 

 
α  is the window shape parameter and its relation with 
minimum stop band attenuation A   is given by: 
 
α = −0.0004275A + 0.1808A − 3.516             (10) 

 
An approximate expression for the normalized 
transition width can be given as: 
 

D = 5.118 × 10 A + 0.06617A − 0.1518       (11) 
 
D. Dolph-Chebysev Window 
 
The implementation equation for this window function 
is given as: 
 
w[n]    

=
1

N + 1

1
r + 2 C x cos

iπ
N + 1 cos

2niπ
N + 1

⁄

|n| ≤ N 2⁄

  (12) 

 
r =

A
A  ,                                                                            

 x = cosh
1
N cosh

1
r ,                                        

 

C (x) =
cos Ncosh (x) ,           for |x| ≤ 1

cosh Ncosh (x) , for |x| > 1
   

 
III. PROPOSED DESIGNS 
 
E. Uniform-Band Filter Bank 
 
The uniform-band tree-structured filter bank is formed 
by using the two-band filter bank shown in Fig. 1. In 
this case another two-band filter bank is inserted in 
both upper and lower band of initial two-band filter 
bank.  
 
In similar manner levels are increases using M-band 
equation M = 2 . In each level identical filter banks 
are used to ensure alias-free and phase distortion free 
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M-band filter banks.  Fig. 2(a) shows uniform 
eight-band filter bank. It is convenient to make its 
equivalent shown in Fig. 2(b). 
The transfer functions of analysis and synthesis filters 
can be expressed as, 
 

H (z) = H z , G (z) = G z         (13) 

 
Where i = i(l, k) is either 0 or 1, 1 denotes the levels 
with l = 0  being outermost level. The distortion 
transfer function of the overall design is given by, 

 

V (z) =
1
M G (z)H (z)                                           (14) 

 
Since the parent two-band filter bank is alias-free 
therefore this uniform-band filter bank is also 
alias-free. 
 
F. Octave-Band Filter Bank 
 
In first level of this filter bank another two-band filter 
bank is added either upper or lower band of parent 
two-band filter bank shown in Fig. 1. This results half 
the time and double the frequency resolution. The 
decomposition process for three band octave filter 
bank for (4, 4, 2) decimation factors are shown in Fig. 
3(a). Equivalent structure is obtained by applying 
cascading shown in Fig. 3(b). The z-transform of 
analysis and synthesis filters for three band octave 
filter bank is given as:  
 
H (z) = H (z)H (z ) , G (z) = G (z)G (z )           (15) 
 
H (z) = H (z)H (z ) , G (z) = G (z)G (z )            (16) 
 
H (z) = H (z) , G (z) = G (z)                                         (17) 
 
Proposed octave-band filter bank retains the 
reconstruction properties of two-band filter bank. 
 

 

 
Fig. 2(a) Eight-band uniform tree-structured filter bank 

 
 

 
(a) 

 

 
(b) 

Fig. 3 (a) Three-band octave filter bank (b) Equivalent 
structure of three-band octave filter bank 

 
IV. OPTIMIZATION TECHNIQUE 
 
In perfect-reconstruct (PR) filter bank there is no 
distortion and in case of near-perfect reconstruction 
(NPR) distortions are present in which aliasing and 
phase distortion is easily eliminated by proper design 
of synthesis filters in terms of analysis filters. 
Amplitude distortion can not be eliminated completely 
but it can be minimized. In this paper we have used a 
linear iterative optimization technique to reduce the 
amplitude distortion.  For uniform-band filter bank 
and octave-band filter bank objective functions are 
given by (18) and (19) respectively. 
 
φ = max V e − 1                                                   (18) 

 

φ = max abs abs H e − 1               

     for       0 < ω <                                                              (19) 
 
In optimization algorithm firstly we define input 
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parameters like number of bands  (M) , pass band 
frequency ω , stop band frequency(ω ), sampling 
rate and stop band attenuation (A ) of prototype filter 
and determine the transition width, cutoff frequency 
and filter length. Also initialize, different optimization 
pointers like step size, search direction (dir), flag, 
initial error (ierror) as well as minimum (tol.) possible 
value of objective functions. Design the prototype low 
pass FIR filter and band pass filters for analysis and 
synthesis sections using tree-structure technique 
within the loop. In Optimization technique cutoff 
frequency is gradually changed as per the search 
direction and calculates the corresponding value of the 
objective function. Algorithm halts when it attains 
minimum value of objective function. The flowchart 
for optimization algorithm is given in appendix 
section and implemented on MATLAB 7.0. 
 
V. DESIGN EXAMPLES 
 
In this section three examples are illustrated and 
comparisons have been made with earlier reported 
work. 
 
Example 1:  An eight-band maximally decimated 
uniform filter bank has been designed with decimation 
factor = 8. Stop band edge frequency and filter order 
are ω = 0.59π and N = 41 respectively. The obtained 
values of performance parameters are summarized in 
Table I. Further the application in the field of sub-band 
coding of speech signal has been exploited and quality 
assessment parameters has been measured which are 
summarized in Table II. Magnitude responses of 
prototype low pass filters are shown in Fig. 4(a). Fig. 
4(b) shows the magnitude response of eight analysis 
filters and amplitude distortion plots are given in Fig. 
4(c). Overlapped original and reconstructed speech 
signal is shown in Fig. 5. 
 
Example 2: A three-band octave filter bank with (4, 4, 
2) decimation factors has been designed using variable 
window functions. The prototype filter has the 
following specifications: N = 63 , ω = 0.5π, ω =
0.563.The obtained values of performance parameters 
are summarized in Table IIi. Magnitude responses of 
prototype low pass filters are shown in Fig. 6(a). Fig. 
6(b) shows the magnitude response of three analysis 
filters and amplitude distortion plots are given in Fig. 
6(c).  
 
Example 3:  A five-band octave filter bank with (16, 
16, 8, 4, 2) decimation factors has been designed using 
variable window functions. The prototype filter has 
the following specifications: N = 63 , ω = 0.5π,
ω = 0.563π. The obtained values of performance 
parameters are summarized in Table IV. Magnitude 
responses of prototype filters are shown in Fig. 7(a), 
Fig.  7(b) shows the magnitude response of five 
analysis filters and amplitude distortion plots are given 
in Fig. 7(c).  

 
(a) 

 

 
(b) 

 

 
(c) 

Fig.  4 (a) Magnitude responses of prototype filters using 
variable windows (b) Magnitude response of eight analysis 

filters (c) Amplitude distortion for variable windows 
 

 
Fig. 5 Overlapped original and reconstructed speech signal 
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(a) 

 

 
(b) 

 

 
(c) 

Fig. 6 (a) Magnitude responses of prototype filters using 
variable windows (b) Magnitude response of three analysis 
filters for DC window (c) Amplitude distortion for variable 

windows 
 

 
(a) 

 
(b) 

 

 
(c) 

Fig. 7 (a) Magnitude responses of prototype filters using 
variable windows (b) Magnitude response of five  analysis filters 

for Kaiser  window (c) Amplitude distortion for variable 
windows 

 
TABLE I PERFORMANCE COMPARISON WITH 

EARLIER REPORTED WORK FOR UNIFORM 
EIGHT BAND 

 
 

TABLE II PERFORMANCE PARAMETER OF 
SPEECH SIGNAL FOR EIGHT-BAND UNIFORM 

FILTER BANK 
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TABLE III PERFORMANCE COMPARISONS 
WITH EARLIER REPORTED WORK FOR 

THREE-BAND 
Work   Band 

    (M) 
Technique/ 
Windows 

N  A  
(dB) 

       RE 

 
Xie et al. 
[11] 
 
Li et al 
[12] 
 
Soni et al 
[13] 
 
 
 
 
 
Ogale et 
al [17] 
 
 
 
 
 
Kumar et 
al [18] 
 
Proposed 

 
 Three 
(4,4,2) 
 
 Three 
(4,4,2) 
 
 Three 
(4,4,2) 
 
 
 
 
 
Three 
(4,4,2) 
 
  
 
 
 
Three 
(4,4,2) 
 
 Three 
(4,4,2) 

 
PM Method 
 
 
PM Method 
 
 
Blackman 
Blackman 
Nuttall 
Blackman- 
Harris 
3-term 
 
Blackman 
Blackman 
Nuttall 
Blackman- 
Harris 
3-term 
 
Modified 
Method 
 
Kaiser 
Cosh 
Exponential 
DC 
 

 
63 
 
 
64 
 
 
63 
63 
 
63 
 
 
 
63 
63 
 
63 
 
 
 
63 
 
 
63 
63 
63 
63 
 

 
-110 
 
 
-60 
 
 
-75 
-110 
 
-70 
 
 
 
-75 
-110 
 
-83 
 
 
 
-78 
 
 
-88 
-102 
-100 
-85 

 
7.803×10-3 
 
 
7.803×10-3 
 
 
8.60×10-4 
3.85×10-3 
 
1.1×10-3 
 
 
 
9.69×10-4 
3.80×10-3 
 
1.57×10-3 
 
 
 
2.82×10-3 
 
 
1.1×10-3 
2.7×10-3 
2.6×10-3 
1.0×10-3 

 
TABLE IV PERFORMANCE COPARISONS WITH 
EARLIER REPORTED WORK FOR FIVE-BAND 
Work Band 

  (M) 
Technique/ 
Windows 

N   A  
(dB) 

RE 

 
Kumar et 
al [18] 
 
Proposed 

 
(16,16,8,4,2) 
 
 
(16,16,8,4,2) 

 
Modified 
Method 
 
Kaiser 
Cosh 
Exponential 
DC 

 
63 
 
 
63 
63 
63 
63 
 

 
-78 
 
 
-87 
-102 
-100 
-86 

 
3.01×10-3 
 
 
1.0×10-3 
2.7×10-3 
2.6×10-3 
1.0×10-3 

 
Further the above mentioned filter bank has been 
utilized for sub-band coding of speech signal obtained 
from MATLAB tool-box of speech processing. The 
speech signal is of duration 4001 samples sampled at 
7418 Hz. From Table I it is clear that keeping stop 
band attenuation and stop band edge frequency fixed 
at filter length N = 41, DC window gives minimum 
reconstruction error (RE) 1.20×10-3 while Cosh 
window gives higher stop band attenuation.  
 
Table II summarizes the quality assessment 
parameters like MSE, ME, PRD and SNR for speech 
signal. It is clear that error between original and 
reconstructed speech signal is very low. It is also 
evident from Table III and Table IV that DC window 
and Kaiser window gives minimum reconstruction 
error (RE) 1.0×10-3 in both three-band and five-band 
case and Cosh window gives higher stop band 
attenuation.  

CONCLUSION 
 
We have seen the significance and requirements of 
filter bank in the multirate filtering. We have also seen 
the importance and utility of uniform-band filter bank 
and octave-band filter bank.  
 
An optimized design of uniform-band and 
octave-band filter bank with tree-structure approach 
using variable window functions is presented. 
Compared to the earlier reported work proposed 
designs provide very small reconstruction error and 
higher stop band attenuation at same computational 
cost. Proposed designs are used in various applications 
like image and audio coding, broadband array signal 
processing. These Proposed filter banks are also used 
in application where minimum distortion with high 
stop band attenuation is required. 
 
REFERENCES 
 

[1] J. D. Johnson, “A Filter Family Designed for use in 
Quadrature Mirror Filter Banks”, Proceedings IEEE 
International Conference on Acoustics , Speech ,and Signal 
Processing , pp. 291-294, April 1980. 

[2] Y. D. Jou, “Design of Two-Channel Linear Phase QMF Bank 
Based on Neural Networks”, Signal Processing, Vol. 87, pp. 
031-1044, 2007. 

[3] P.P Vaidyanathan, Multirate Systems and Filter Banks, 
Prenticc-Hall, Englewood Cliffs, NJ, 1993. 

[4] Saghizadeb P. Willson A. N, “A New Approach to The 
Design of Critically Samples M-channel Uniform-Band 
Perfect Reconstruction Linear Phase FIR Filter Banks”, 
IEEE Trans Signal Processing, Vol. 46(6), pp. 1544-57, 
1998. 

[5] S. C. Chan and X. M. Xie, “A Rational Sub-Division Scheme 
Using Cosine Modulated Wavelets”, Proceeding of Int 
Symm On Circuits and Systems, Vol. 03, pp. 409-412, 2004. 

[6] S. C. Chan, X. M. Xie and T. I. Yuk, “Theory and Design of a 
Class of Cosine Modulated Non Uniform Filter Bank”, IEEE 
Int Conf. on Acosutic, Speech and Signal Processing, Vol. 1, 
pp, 504-507, 2000.  

[7] R. K. Soni, A. Jain and R. Saxena, “New Efficient Iterative 
Optimization Algorithm to Design the Two-Channel QMF 
Bank”, Transations on Engineering Computing and 
Technology ISSN 1305-5313, Vol. 18, pp. 206-210, Dec  
2006. 

[8] H.H.Kha, H.D. Taun and T.Q. Nguyen, “Efficient Design of 
Cosine-Modulated Filter Banks via Convex Optimization”, 
IEEE Trans. on Signal Processing, Vol. 57, pp. 966-976, 
March 2009. 

[9] J. Ogale, A. Jain, “Design of M-Channel Cosine-Modulated 
Filter Bank by New Cosh Window based FIR Filters”, 
International Science Index, Vol. 4 ,2010. 

[10] Elias. E, Lowenborg P, Johansson H. Wanhanmar L, 
“Tree-Structured IIR/FIR Uniform-Band and Octave-Band 
Filter Banks with Very Low Complexity Analysis Filters”, 
Proc. IEEE Int. Symp. Circuits Sys (ISCAS), Vol. 2, pp. 
533-6, 2001. 

[11] Xie XM Chan XY, Shi GM, “A Simple Design Method of 
Linear Phase Non-Uniform Filter Banks with Integer 
Decimation Factors”, Proc. Int. Symp. Circuits Syst., pp 
727-7, 2005. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-12, Dec.-2014 

An Optimized Design of Uniform-Band and Octave-Band Filter Bank using Variable Window Function 
 

61 

[12] Li J. Nguyen T. Q. Tantaratana S., “A Simple Design Method 
for Near Perfect Reconstruction Non-Uniform Filter Banks”, 
IEEE Trans. Signal Process, Vol. 45(8), 1997. 

[13] R. Soni, A. Jain and R. Saxena, “An Optimized Design of 
Non-Uniform Filter Bank”, International Science Index Vol. 
2, 2010. 

[14] Harris F. J., “On the use of Windows for Harmonic Analysis 
with the Discrete-Fourier Transform”, Proc. IEEE, Vol. 
66(1), pp. 51-83, 1978. 

[15] Mitra S.K., Digital Signal Processing, A Computer Based 
Approach, McGraw-Hill, New York, 1998. 

[16] R. Soni, A. Jain and R. Saxena, “An Optimized Design of 
Non-Uniform Filter Bank using Variable-Combinational 
Window Function”, International Journal of Electronics and 
Communication(AEU), Vol. 67, pp. 595-601, 2013. 

[17] J. Ogale, “Cosine Modulated Non-uniform Filter Bank”, 
Journal of Signal and Information Processing, Vol. 2, pp. 
178-183, 2011. 

[18] S. Anurag and A. Kumar, “An Improved Design Technique 
for Multi-Channel Non-Uniform Filter Bank”, Int. Jr. of 
Advanced Computer Engineering and Architecture”, Vol. 2, 
no.2, June-December, 2012. 

 


 


