
IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 149 

Volume : 2 | Issue : 7 | July 2013 • ISSN No 2277 - 8179Research Paper

Engineering

Jyotsna Ogale Department of Electronics and Communication Engineering, Samrat Ashok 
Technological Institute, Vidisha (M.P.), India

Alok Jain Department of Electronics and Instrumentation Engineering, Samrat Ashok 
Technological Institute, Vidisha (M.P.), India

ABSTRACT In this paper an improved and simplified approach is presented for designing multi-channel cosine modu-
lated non-uniform filter bank. The method employs Blackman window family to design prototype filter. The 

amplitude distortion function, which is used as an objective function, is minimized by optimizing the cutoff frequency of the prototype 
filter. The results show significant reduction in amplitude distortion with improvement in stop band attenuation characteristics com-
pared to earlier reported work. 
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1. Introduction
The theory of perfect reconstruction (PR) and near PR (NPR) 
M-channel uniform critically sampled filter bank is well estab-
lished [1-3]. However, uniform filter banks do not provide ap-
propriate time-frequency decomposition in some applications 
like, to approximate the time-frequency resolution of human 
ears, where the filter bank with non uniform frequency spac-
ing is preferred. Therefore, efficient structures and design pro-
cedures for such filter banks are highly desirable. A number of 
design methods have been proposed for non-uniform filter bank 
(NUFB), over the years [4-20]. However, among various availa-
ble methods, only a few poses linear phase (LP) property which 
is crucial in some applications such as image coding to avoid 
artifacts in the reconstructed image. Even though some meth-
ods exist for LP NUFBs [14-15], they are of high design cost and 
implementation complexity. Moreover, their performance may 
be not satisfactory.

In this paper, a design technique for NUFB is presented which is 
derived from a uniform CMFB by merging the relevant filters in 
the associated CMFB. The filters of NUFB so formed do not nec-
essarily have linear phase even for a linear phased prototype 
filter but an alias-free M -channel non-uniform CMFB can be de-
rived from an M -channel uniform CMFB by combining consecu-
tive analysis/synthesis filters that follow certain criteria.

2. Non-uniform CMFB
In this section we consider the alias-free design procedure for 
non-uniform CMFB which is derived from a uniform M- channel 
CMFB by merging the ( 1)il ≥ adjacent analysis/synthesis filters, 
i.e., ( )kH z ’s and ( )kF z ’s , for ik n=  through 1i ik n l= + − , where il  
and in are chosen such that in is an integral multiple of il for all 

0,1... 1i M= −  which results in alias-free design of NUFB. 

If ( )p n  is impulse response coefficients of the prototype filter 
than the analysis/synthesis filters of M- channel CMFB take the 
closed from expressions:
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and we define ( )H zi or ( )iF z , analysis/synthesis filters of NUFB 
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where ( )H zk  and ( )F zk are frequency responses of the filters of 
analysis/synthesis section of the uniform CMFB. ( )iH z  and ( )iF z  
form a new set of analysis and synthesis filters in the M -channel 
non-uniform CMFB. Here, we assign the M  number of integer 

Fig.1 M -channel non-uniform filter bank
set li (i = 0,1,2….. 1M − ) to each band on the positive frequency 
range from 0 to π. Let L be defined as :
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Then, the bandwidth of the analysis filters becomes
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 Note that n0 = 0< n1 < n2 < ….<nM = M , and l0+l1+l2+……+lM -1 = M .

Fig. 1 shows the resulting overall structure of the M -channel 
non-uniform CMFB. In this figure L

ri li
= for i = 0,1,2….. 1M − , rep-

resents the maximum factor of decimation and interpolation on 
the i-th channel. When li is the divisor of L, the decimation factor 
becomes an integer. 

Under alias-free condition distortion function takes the form:
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3. Design and Optimization Procedure
If the prototype filter ( )jP e ω  has linear phase, the condition for 
approximate reconstruction can be stated in terms of ( )jP e ω  as 
follows [1,2]: 

The chosen objective function is given below:
2 2( / )max ( ) ( 12

j j MP e P eω ω πφ −= + − , for 0 / Mω π≤ ≤  (7) 

Design approach for the optimized prototype filter involves lin-
ear optimization as described in Fig. 2 with the final objective 
function that is weighted sum of distortion function 1φ  and ob-
jective function 2φ  given by (8) 

( )11 2φ αφ α φ= + − , for 0 1α≤ ≤  (8)

The objective function given by (8) is used to obtain the alias-
free NUFB.
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An iterative linear optimization algorithm developed in [21,22] 
is modified to minimize the objective function φ . Initially, input 
parameters, i.e., sampling rate, number of channels ( M  and M
), pass band ( pω ) and stop band ( sω ) frequencies and filter 
length ( N ) of prototype filter are specified. Cutoff frequency (

cω ) and transition band ( ω∆ ) is than determined. Initialize, 
different optimization pointers like step size (step), search di-
rection (dir), flag and initial (ierror) as well as expected mini-
mum possible values (tol) of the objective function (8). Inside 
the optimization loop, design the prototype low pass filter and 
determine the corresponding band pass filters for analysis and 
synthesis sections using cosine modulation. Obtain the desired 
NUFB using merging of relevant band pass filters. The cutoff fre-
quency of the prototype filter is gradually changed as per the 
search direction and calculates the corresponding value of the 
objective function (8). Algorithm halts when it attains the mini-
mum value of the objective function. 

Fig. 2 Flow chart for design and optimization algorithm

4. Design examples

In this section, two design examples are presented to dem-

onstrate effectiveness of the design over the reported results 
[11,12,16,20,23]. The optimization algorithm is initialized with 
tol = 2.0E-04, dir = 1, step = 0.05, ierror = 500. 

4.1. In this example, a 3-channel NUFB has been designed at the 
same filter length as given by Li et al. [11], Xie et al. [16] and 
Soni et al. [23]. The positive frequency range is clearly divided 
into three non-uniform channels. The ratios are set as 

1, 1, 20 1 2l l l= = = and 0, 1, 2, 40 1 2 3n n n n= = = = .The bandwidth and 
the decimation factors become

, ,0 1 22 2BW BW BWπ π π= = = , and 4, 4, 20 1 2r r r= = =

Blackman window based low pass filter with filter length N=63 
is used as prototype filter. The magnitude plot of the designed 
3-channel filter bank with decimation factors (4,4,2) is shown in 
Fig.3. Fig.4 shows the peak amplitude distortion using Black-
man-Nuttal 4 term function. The obtained parameters are re-
ported in tabular form as given in Table 1.

Fig.3 Magnitude plot of 3-channel Fig.4 Peak amplitude dis-
tortion of
NUFB using Blackman-Nuttal 4 3-channel NUFB using 
Blackman term window. -Nuttal 4 term window.

Table 1. Performance comparision with earlier reported 
works for 3-channel non-uniform filter bank (4,4,2)

Work Channels Technique
used

 Filter
length As

(dB)

Peak
amplitude
distortion

Li et al 
[11]
(1997)

Three
channel
(4,4,2)

Cosine 
modulation
(PM Method) 64 -60 7.80E-03

Xie et al 
[16]
(2005)

Three
channel
(4,4,2)

Recombination
(PM Method) 63 -110 7.80E-03

Soni et 
al[ 23]
(2010)

Three
channel
(4,4,2)

Tree Structure
Blackman
Blackman-
Harris 3 term
Blackman-
Nuttal 4 term

63

63

63

-75

-70

-110

8.60E-04

1.15E-03

3.85E-03
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Pro-
posed

Three
channel
(4,4,2)

Cosine
Modulation

Blackman

Blackman-
Harris 3 term
Blackman-
Nuttal 4 term

63

63

63

-75

-83

-110

9.69E-04

1.57E-03

3.80E-03

4.2. In this example a comparative performance has been made 
with the reported work of Zijing et al. [20]. A 5-channel NUFB is 
designed with the same specifications as taken in [20], with 

2, 2, 1, 1, 20 1 2 3 4l l l l l= = = = =  and 4 50, 2, 4, 5, 6, 80 1 2 3n n n n n n= = = = = = .

The bandwidth and the decimation factors become 

4 4
, , , ,0 1 2 3 42 2BW BW BW BW BWπ ππ π π= = = = =

and 44, 4, 8, 8, 40 1 2 3r r r r r= = = = = . For this design Blackman-
Harris 4 term windowed LPF with filter length N =163 has 
been taken to design filter bank. The magnitude response of the 
filter bank and its amplitude distortion is shown in Fig.5 and 
Fig.6, respectively. The obtained values are tabulated in Table 2.
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Fig.5 Magnitude plot of 5-channel NUFB using Blackman-
Harris 4 term window.
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Fig.6 Amplitude distortion plot of 5- channel NUFB using 
Blackman-Harris 4 term window.	

Table 2. Performance comparision with earlier reported 
works for 4-channel NUFB (8,8,4,2)

Work Channels Technique
used

Filter
length

As
(dB)

Amplitude
distortion 
(dB)

Lee &Lee 
[12]
(1995)

Five
channel
(4,4,8,8,4)

Cosine
Modulation
(FIR) 41 -46.3 0.027

Zijing et al 
[20]
 (2007)

Five
channel
(4,4,8,8,4)

Cosine
Modulation
(IFIR) 163 -110 0.0068

Proposed
Five
channel
(4,4,8,8,4)

Cosine
Modulation
(FIR)

Blackman-
Harris 4 
term

163 -110 0.0066

5. Discussion
From the values given in Table 1 and Table 2, it has been ob-
served that, in the proposed work, peak amplitude distortions 
are 9.69E-04 ,1.57E-03 and 3.80E-03 for Blackman, Blackman-
Harris 3 term, and Blackman-Nuttal 4 term window functions, 
respectively, which are at par and better than the previously 
published results.Similarly in case of 5-channel NUFB, the 
peak amplitude distortion provided by the proposed method is 
smaller than the Zijing et al [20] and other results. 

6. Conclusion
A simple and efficient design procedure of NUFB is presented. In 
traditional design approaches, it is difficult to design the NUFB 
at high stop band attenuation above 100 dB. The proposed work 
has eliminated this constraint by exploiting the design process 
of cosine modulation and obtained NUFB with a feasible par-
tition property. The performance comparison of proposed one 
with previously reported work shows that the resulting am-
plitude distortion is smaller at higher stop band attenuation. 
Therefore this method is suitable for large number of channels 
where high attenuation filters with unequal pass bands have 
to be designed with alias free small amplitude distortion. Such 
filter banks are specifically used in geoliogal or financial time-
series analysis.



152 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Volume : 2 | Issue : 7 | July 2013 • ISSN No 2277 - 8179 Research Paper

REFERENCE
[1] P.P.Vaidyanathan, Multirate Systems and Filterbanks, Prentice-Hall, Englewood Cliffs, NJ, 1993. | [2] S.K Mitra, Digital Signal Processing, Tata 
Mc-Graw Hill, India, 2001. | [3] Q.G. Liu, B. Champagne, D.K.C. Ho, Simple design of over sampled uniform DFT filterbanks with application to 

sub-band acoustic echo cancellation, IEEE Trans. on Signal Processing, 2000,80(5), pp. 831-847. | [4] G.Gu., E.F. Badran, Optimal design for channel equalization via the filterbank 
approach, IEEE Trans. on Signal Processing, 2004, 52(2), pp. 536-544. | [5] P.Q Hoang and P.P Vaidyanathan, Non-uniform multirate filter banks: Theory and design, in Proc. Int. 
Symp. Circuits Syst., May 1989, pp. 371-374. | [6] R.V. Cox, The design of uniformly and non-uniformly spaced pseudo quadrature mirror filter, IEEE Trans. on ASSP.,vol. ASSP-24, 
October 1986, vol.5, no.6, pp. 1090-1096. | [7] K. Nayebi, T.P Barnwell, and M.J.T.Smith, Nonuniform filter banks: A reconstruction and design theory, IEEE Trans. Signal Processing, 
1998, vol.41, no.3, pp. 1114-1127,Mar. 1993. | [8] J. Kovacivic and M. Vetterli, Perfect reconstruction filter banks with rational sampling factors, IEEE Trans. Signal Processing Letter, 
June 1993, vol.42, no.6, pp. 2047-2066. | [9] B. Liu, and L.T Bruton, The design of N-band nonuniform-band maximally decimated filter banks, in Proc. Asilomar Conf., 1993, pp. 
1281-1285. | [10] J.Princen, The design of nonuniform modulated filter banks, IEEE trans. Signal Processing Letter, Nov.1995, vol.43, no.11, pp. 2550-2560. | [11] J.Li, T.Q.Nguyen 
and S.Tantaratana, A simple design method for near perfect reconstruction non-uniform filterbanks, IEEE Trans. on signal processing, August 1997, 45(8),pp. 109-116. | [12] J. 
Lee and B.G. Lee, A design of nonuniform cosine modulated filterbanks, IEEE Transactions on Circuits and System-II, November 1995, 42(1). | [13] Sony Akkarakaran and P.P 
Vaidynathan, New results and open problems on nonuniform filter banks, in Proc. IEEE ICASSP, vol.3, pp. 1501-1504, 1999. | [14] T.Nagai, T. Futie and M. Ikehara, Direct design of 
nonuniform filterbanks, in Proc. IEEE ICASSP, vol.3, pp.2429-2432, Apr. 1997. | [15] S.Wada, Design of nonuniform division multirate FIR filter banks, IEEE Trans. Circuits Syst. II 
,vol.42, pp.115-121, Feb. 1995. | [16] X.M. Xie, X.Y. Chen and G, M, Shi, A simple design method of linear-phase nonuniform filterbanks with integer decimation factors, Proc. of Int. 
Symposium on Circuit and Systems, Aug. 2005, vol. 1, pp. 725-727. | [17] X.M. Xie, S. C. Chan and T. I. Yuk, A class of perfect reconstruction nonuniform cosine-modulated filter-bank 
with dynamic recombination, Proc. of XI European Signal Processing Conf., Toulouse, France, Sept. 2002, vol. 2pp. 549-552. | [18] S. C.Chan and X. M.Xie, A rational subdivision 
scheme using cosine-modulated wavelets, Proc. of Int. Symposium on Circuits and Systems,Vancouver, Canada, May 2004, vol. 3, pp. 409-412. | [19] S. C. Chan, X. M. Xie and T. I. 
Yuk, Theory and design of a class of cosine-modulated nonuniform filterbanks, Proc of IEEE Int. Conf. on Acoustics Speech, and Signal Processing, Istanbul, Turkey, June 2000, 
vol.1, pp.504-507. | [20] Z. Zing and Y. Yun, A simple design method for nonuniform cosine modulated filterbank, IEEE Int. Symp. on Microwave, Antenna, Propagation and EMC 
Tech., 2007, pp.1052-1055. | [21] A Jain, R Saxena and S.C. Saxena, An improved and simplified design of cosine modulated pseudo QMF filterbanks, Digital Signal Processing, 2006, 
vol.16,no.3, pp. 225-232. | [22] A Jain, R Saxena and S.C. Saxena, An improved and simplified design of prototype filters for cosine modulated filterbanks using Kaiser window, Proc 
8th world multi conference on Systemics, cybernetics and Informatics (SCI2004), Orlando, FL,USA,18-21, pp. 145-147, July 2004. | [23] R K Soni, A. Jain, R.Saxena An Optimized 
Design of Non-uniform filterbank using Blackman window family, International Journal of Signal and Image Processing, 2010, vol.1,no.1, pp. 18-23. | | 


