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Abstract— QMF finds wide range of application such as 

design of wavelet bases, speech and image compression, 

trans-multiplexers, antenna systems, digital audio industry, 

and biomedical signal processing due to advancement in 

QMF banks. This paper presents the design of perfect 

reconstruction quadrature mirror filter using window 

technique. A common approach to construct such filter-

banks is to employ a two channel quadrature-mirror filter 

(QMF) bank with FIR analysis and synthesis filters. 

However, filters of high degree are required to achieve a 

steep transition band and a high stop band attenuation, 

which results in a high computational complexity and a high 

system delay. The computational complexity in the design 

of perfect reconstruction (PR) type filter bank is much 

higher. If QMF bank is free from aliasing distortion, 

amplitude distortion and phase distortion, it is said to have 

perfect reconstruction. The design examples illustrate that 

the proposed algorithm is superior in term of peak 

reconstruction error, computation time, and number of 

iterations. The proposed algorithm is simple, easy to 

implement, and linear in nature. 

Key words: Quadrature Mirror filter (QMF), Decimation 

Filter, Peak Reconstruction error(PRE), Interpolation filter, 
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I. INTRODUCTION 

A Quadrature Mirror Filter [1][2] is a filter most commonly 

used to implement a filter bank that splits an input signal into 

two bands. Among the various filter banks, two-channel 

QMF bank was the first type of filter bank used in signal 

processing applications for separating signals into sub-bands 

and reconstructing them from individual sub-bands. 

Quadrature Mirror Filter (QMF) banks have been of great 

interest since their introduction by Croisier, Estebari and 

Calsnd [3], [4].These find applications in situations where a 

discrete-time signal x(n) is to be split into a number of 

consecutive bands in the frequency domain, so that each sub-

band signal sr(n) can be processed in an independent manner. 

Typical processing includes undersampling the sub-band 

signals, encoding them .and transmitting over a channel, or 

merely storing the coded signals. The sub-band signals 

should somehow be recombined so that the original signal is 

properly reconstructed [5]-[7]. Typical applications of such 

signal splitting include sub-band coders for speech signals, 

digital trans-multiplexers used in FDM/TDM conversion, 

and frequency domain speech samplers [8]. 

 ln recent years there has been tremendous progress 

in the multi-rate processing of digital signals. Unlike the 

single rate system, the sample spacing in a multi-rate system 

can vary from point to point. This often results in more 

efficient processing of signals because the sampling rates at 

various internal points can be kept as small as possible. 

Unfortunately, this also results in the introduction of a new 

type of error, aliasing, which should somehow be cancelled 

eventually. The multi-rate systems find application in 

communications, speech processing, spectrum analysis, radar 

systems, and antenna systems. The basic building blocks in a 

multi-rate digital signal processing (DSP) system are 

decimators and interpolators [7]. QMF finds wide range of 

application such as design of wavelet bases, speech and 

image compression, trans-multiplexers, antenna systems, 

digital audio industry, and biomedical signal processing due 

to advancement in QMF banks. 

 This paper presents the design of perfect 

reconstruction quadrature mirror filter using poly phase 

structure. A common approach to construct such filter-banks 

is to employ a two channel quadrature-mirror filter (QMF) 

bank with FIR analysis and synthesis filters. However, filters 

of high degree are required to achieve a steep transition band 

and a high stop band attenuation, which results in a high 

computational complexity and a high system delay. The 

computational complexity in the design of perfect 

reconstruction (PR) type filter bank is much higher. If QMF 

bank is free from aliasing distortion, amplitude distortion and 

phase distortion, it is said to have perfect reconstruction. 

II. TWO CHANNEL QMF BANK 

A two-channel QMF bank is extensively used in many 

signal processing fields. Initially, it was used for aliasing 

cancellation in sub-band coding of the speech and image 

signals. Now days the applications of QMF [7] can be found 

in design of wavelet bases, speech and image compression, 

trans-multiplexers, antenna systems, digital audio industry, 

and biomedical signal processing due to advancement in 

QMF banks. Because of such wide applications, many 

researchers giving a lot of attention in efficient design of 

such filter bank. 
Two Channel QMF bank [9] is a filter bank, which 

consists of analysis filters, down-samplers at transmission 

end, and up-samplers and synthesis filters at receiving end. 

The block diagram of QMF bank is shown in Fig.1. In QMF 

a discrete-time signal x[n] is split into a two sub-band 

signals having equal bandwidth, using low-pass and high-

pass analysis filters H0 (Z) and H1 (Z) respectively. These 

sub-band signals are down sampled by a factor of two to 

achieve signal compression or to reduce complexity. At 

output side, the two sub-band signals are interpolated by a 

factor of two and passed through low-pass and high-pass 

synthesis filters F0 (Z) and F1 (Z), respectively. 

If the down-sampling and up-sampling factors are equal to 

or greater than the number of bands of the filter bank, then 

the output y[n] can be made to retain some or all of the 

characteristics of the input signal x[n] by choosing 

appropriately the filters in the structure. It means for perfect 

reconstruction up-sampling or down-sampling factors 
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should be equal to or greater than the no of sub-band in the 

QMF [10]. 

 

Fig. 1: Block diagram of Quadrature Mirror Filter 

Banks 

If the up-sampling and down-sampling factors are equal to 

the number of bands, then the structure is called a critically 

sampled filter bank. 

III. RECONSTRUCTION USING QMF 

If QMF bank [1] is free from aliasing distortion, amplitude 

distortion and phase distortion, it is said to have perfect 

reconstruction. The perfect reconstruction property means 

that the signal at the output of the filter bank is a delayed 

version of the original signal If an alias-free filter bank has 

no magnitude and phase distortion, then it is called a perfect 

reconstruction (PR) QMF bank. In such a case,  
 dzzT )(   

resulting in 

)()( zXdzzY   
In the time-domain, the input-output relation for all possible 

inputs is given by 

][][  nxdny  
Thus, for a perfect reconstruction QMF bank, the output is a 

scaled, delayed replica of the input 

IV. SIMULATION RESULT 

This section presents the design of perfect reconstruction 

quadrature mirror filter using window technique. A common 

approach to construct such filter-banks is to employ a two 

channel quadrature-mirror filter (QMF) bank with FIR 

analysis and synthesis filters. Simulation are performed 

using MATLAB. 

Experiment: 1 Magnitude Response of Analysis 

filter using Blackman window and reconstruction The 

weighting function for the Blackman window is given by 
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Fig. 2 shows the Magnitude Response of Analysis filter 

using Blackman window. Fig.3 shows the Reconstruction of 

signal using Blackman window. 

 

 

Fig. 2: Magnitude Response of Analysis filter using 

Blackman window 

 

Fig. 3:  Reconstruction of signal using Blackman 

window 

Experiment: 2 Magnitude Response of Analysis filter using 

Bartlett window and reconstruction. 

The weighting function for the Bartlett window is 

given by 
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Fig. 4 shows the Magnitude Response of Analysis 

filter using Bartlett window. Fig.5 shows the Reconstruction 

of signal using Blackman window. 

 

Fig. 4 Magnitude Response of Analysis filter using Bartlett 

window 

 

Fig. 5: Reconstruction of signal using Bartlett Window 

Experiment: 4 Magnitude Response of Analysis filter using 

Kaiser Window. Kaiser window function is used for the 

implementation of prototype filter as follows 
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Fig. 6 shows the Magnitude Response of Analysis 

filter using Kaiser Window. Fig.7 shows the Reconstruction 

of signal using Kaiser Window. 



Perfect Reconstruction Of Quadrature Mirror Filter Bank Using Window Technique 

 (IJSRD/Vol. 2/Issue 05/2014/111) 

 

 All rights reserved by www.ijsrd.com 444 

 

Fig. 6: Magnitude Response of Analysis filter using Kaiser 

Window 

 

Fig.7 Reconstruction of signal using Kaiser 

Window 

V. CONCLUSIONS 

In this paper, we presents the design of perfect 

reconstruction quadrature mirror filter. A common approach 

to construct such filter-banks is to employ a two channel 

quadrature-mirror filter (QMF) bank with FIR analysis and 

synthesis filters. However, filters of high degree are required 

to achieve a steep transition band and a high stop band 

attenuation, which results in a high computational 

complexity and a high system delay. The computational 

complexity in the design of perfect reconstruction (PR) type 

filter bank is much higher. If QMF bank is free from 

aliasing distortion, amplitude distortion and phase distortion, 

it is said to have perfect reconstruction. The design 

examples illustrate that the proposed algorithm is superior in 

term of peak reconstruction error, computation time, and 

number of iterations. The proposed algorithm is simple, easy 

to implement, and linear in nature. 

Comparison of Result for reconstruction Error and 

mean square Error by using  Different Window techniques. 

Window 

Technique 

Peak reconstruction 

error(db) 

Mean square 

Error 

Blackman 0.0261 2.4603x10^-5 

Kaiser 0.0731 5.999x10^-4 

Bartlett 0.0799 4.2629x10^-4 

Hamming 0.0862 8.5767x10^-4 

Hanning 0.0982 5.9826x10^-4 

Rectangular 0.3491 1.37x10^-2 

Table 1: Different Window techniques 
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