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Abstract
In this decade the wireless communication technologies are 
expected to grow multifold and spreading its usage in all 
communication segments. The latest processing techniques are 
enabling the communication system to work with longer distances, 
with less energy per bit. The channel equalization is an important 
step in all most all wireless communication receiver designs. 
The Quadrature Mirror Filter (QMF) basically is a parallel 
combination of a High Pass Filter (HPF) and Low Pass Filter 
(LPF), which performs the action of frequency subdivision by 
splitting the signal spectrum into two spectra. By this QMF finds 
wide applications in many signal processing tasks such as trans-
multiplexing, equalizing wireless communication channels; sub-
band coding of speech and image signals, sub-band acoustic echo 
cancellation etc
In this project work hardware implementation of QMF is carried 
out on FPGA platform. VHDL will be used for RTL coding of the 
modules. The Xilinx IP Core generator will be used for instantiating 
the standard Xilinx parts. Xilinx ISE will be used to carryout the 
synthesis and bit file generation. The obtained Synthesis Report for 
implemented QMF will be used to analyze the occupied area and 
power dissipation. The study and implementation will be aimed 
to realize the QMF-DPCM communication system. Modelsim 
Xilinx Edition (MXE) will be used for simulation and functional 
verification. Xilinx ISE will be used for synthesis and bit file 
generation. The Xilinx Chipscope will be used to test the results 
on Spartan 3E 500K FPGA board. 
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I. Introduction
By virtue of the excellent coding and error propagation control 
capabilities of the subband coding technique [1], it has been 
used successfully in speech coding [2], and image and video 
compression [3]. A practical and efficient implementation platform 
for the subband coding process is the Quadrature Mirror Filter 
(QMF) bank. The basic two-channel quadrature mirror filter 
bank is shown in fig. 1. The parallel pair of the H filters and the 
down-samplers that follow the filters, constitute what is called an 
analysis filter bank. The decimated signals are usually quantized 
and entropy encoded for transmission or digital storage. At the 
receiver end, entropy encoded subband signals are decoded and 
recombined using 2-fold up-samplers and two reconstruction 
filters; a low-pass filter G0(z) and a high-pass filter G1(z). The 
parallel pair of G filters and the two up-samplers constitute what 
is called the synthesis filter bank [4].

Fig. 1: Basic Two Channel QMF Bank

Subband coding is inherently a parallel process. It corresponds 
to splitting a digital input signal into two or more independent 
subbands, decimating each subband signal, and finally 
allocating bits for samples in each subband. Traditional parallel 
implementations of quadrature mirror filter banks have been 
realized using programmable digital signal processors or 
application specific integrated circuits (ASICs). In this paper, 
we propose a new parallel implementation platform based on 
field programmable gate arrays (FPGAs) [5]. We employed Virtex 
FPGA chip contains 3072 slices (322,970 gates), where each slice 
contains 4-input, 1-output LUTs and two registers. The chip can 
operate at a maximum clock speed of 200 MHz [6]. Moreover, the 
chip was programmed using Verilog HDL [7]. Several efficient 
FPGA-based implementations of quadrature mirror filter banks 
are described in this paper. The implementations employ the 
ployphase decomposition [8], and the distributed arithmetic [9] 
techniques. The polyphase decomposition technique decomposes 
each filter in the quadrature mirror filter bank into a number of 
subfilters executing in parallel. Additional performance gains are 
obtained by implementing each sub-filter as a sequence of table-
lookups, additions and shifts. This sequence corresponds to the 
basic operations of the distributed arithmetic technique which is 
best implemented on FPGAs.

Fig. 2: Normalized Frequency Response of QMF Filter
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Amplitude distortion can be elliminated completely, if above 
mentioned condition is satisfied. The normalized frequency 
response of this filter is as shown in fig. 2. Here the normalization 
is done with the total Bandwidth of our interest. 
From this it is clear that with two sub-bands as mentioned above 
the flat response can be obtained for the  frequency band of interest 
i.e. almost flat response can be obtained for the entire frequency 
range of interest. In particular, perfect reconstruction is guaranteed 
for a filter bank with analysis filters, hk(n), and synthesis filters, 
fk(n).

A. Analysis Filter 
The analysis filter bank is composed by a collection of M filters 
(“analysis filters”,“decimation filters”) with a common input 
signal. The first analysis filter H0(z) is usually of low-pass type and 
the other filters are of band pass type.The ideal implementation but 
non-practical due to the filter’s properties is a bandwidth divided 
by perfect filter frequency responses. However, the practical 
implementation of the filters leads to a non-perfect eliminated 
band in their frequency responses which can produce several kinds 
of overlapping among them. This overlapping can be also avoid 
with a correct design of the analysis filter bank.
The input signal x(n), is filtered by the analysis filters to form 
the signals

where (*) denotes the convolution operation

B. Analysis Filter Bank
In Analysis filter bank, wide band of frequency will be divided 
into many sub-bands and those sub-bands are then subjected to 
equalization. 

II. Simulation Results

A. DLMS Waveforms

B. QMF Waveforms:

C. Chipscope Pro Results

III. Conclusion
QMF has been reported in literature to be a primary filter for 
wideband speech coding.  The studies conducted  to  implement 
QMF  using  purely  software  approach  and  software/hardware 
approach have  indicated  that  the Xilinx  SysGen  tool  offers  an 
easy  and  efficient method  for  implementing DSP  component 
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onto FPGA. The performance of such hardware implemented 
DSP components is on par with the simulation results of software 
implementation of the components.
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