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Abstract

Channelizer is the main block in digital front of software
defined radio. Main function of channelizer is to isolate
the independent communication channel from the
wideband input. In this paper a survey of different
channelization techniques is presented. Various aspects
of Channelizer are studied from multistandard mobile
perspective. Challenges associated with channelizer are
given.
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I. INTRODUCTION

The term ‘software defined radio’ was proposed by
J.Mitola in 2000.The concept indicates a change from
system which are hardware dominated to systems which
can be controlled by software. Variously software
defined radio(SDR) is termed as ‘reconfigurable radio’
or flexible architecture radio’.Main advantage of these
SDR is that these systems are flexible and can be easily
reconfigured. This helps the communication receivers to
receive many standards just by uploading the software.
In SDRs all the components of a receiver like mixers
Jfilters, modulators and demodulators and detection
circuits can be implemented through software.

In SDR receiver after antenna analog front end is
followed by digital front end. The digital front end
performs the function of channelization which means the
capability to extract desired channel from wideband
input signal. The channelizer has to select different
channels of different bandwidth corresponding to
different communication standards. Channelization
includes digital down conversion ,channel filtering and
sample rate conversion ,Channelizer is a block after
ADC. It has to operate at highest sampling frequency.
Therefore channelizer implementation requires efficient
architectures.

Channelizer is the most important block in software
defined radio. It is the focus of this paper. In this paper
we consider application of SDR in mobile receivers.
Various aspects of channelization are illustrated in Fig.
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1.We start by introducing FIR filter theory in section II.
Various techniques used for channelization are discussed
in section III. Section IV explains challenges associated
with channelization.

The goal of this paper is to consider and point out all
aspects of  channelization. These aspects are discussed
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in the rest of the paper.
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Figure.1 Various aspects of channelization
II. FIR FILTER THEORY

A filter is essentially a network that selectively changes
the waveshape of a signal .The objective of filtering is to
improve the quality of a signal or to extract information
from signals.[42]
A channelizer block of SDR is used to select the desired
signal from wideband input signal. FIR filters have
following advantages. FIR filter has advantage of having
exact linear phase, stability. The design methods are
generally linear and they can be realised efficiently in
hardware. An FIR filter of length M is described by the
difference equation
Y (n)=bgx(n)+b;x(n-1)+bx(n-2)+........ +b v x(n-M+1)

= z bk X(Il-k)

Where {by} is the set of filter coefficients by.
III. CHANNELIZATION TECHNIQUES

Main function of channelizer is to isolate the
independent communication channel from wideband
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signal. Mainly FIR filters are used for this purpose. It is
required to have a filter /filter bank whose bandwidth can
be varied as per the communication standard.
Channelization techniques can be of three categories
digital down conversion, frequency domain filtering,
polyphase FFT filters [22].

After reviewing the literature it is seen that
channelization is done using various approaches like per
channel approach, frequency domain filtering, Frequency
response masking ,coefficient decimation .

A. Per channel approach[13]

Filter 1 Communication Standrad1

Filter 2 4% Communication Standard2 ‘

Widem Filter 3

input signal

—>| Communication Standard3 |

Figure.2 Per channel approach

Figure 2 shows block diagram representation of per
channel approach. In per channel approach each channel
is extracted using separate filter. Every standard requires
a separate channel filter. As the number of stsndards
grow complexity will increase. Per channel approach is
very basic and it is not hardware efficient.[13]

B. Frequency domain filtering

In frequency domain filtering [22] FFT properties are
used to achieve baseband conversion , filtering and
decimation in digital down conversion. The diagram
explains the frequency domain filtering technique. In this
technique input data is split into overlapping blocks. The
FFT bins give us frequency components corresponding
to each channel of interest.

In [13] DFT filter banks(DFTFB) are reviewed. DFTFB
is used when different channels of the same
communication standard need to be received. DFTFB are
restricted to uniform bandwidth signal .They can not
extract nonuniform bandwidth signals. When multiple
channels are to be extracted separate DFTFB and sample
rate converters are required. It is a costly choice for
multiple standards.

C. Frequency response Masking

In [39] a frequency response masking technique is
proposed for the synthesis of sharp transition band FIR
filters. In frequency response masking technique each
delay element is replaced by M delay elements in linear
phase low pass filter. .It gives (M+1) band filters .The
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transition width of this (M+1) band filter is 1/M of that
of the low pass filter. A complementary filter is obtained
by subtracting the output of (M+1) band filter from
delayed version of the input. The passband of prototype
filter is the stopband of complementary filter and vice
versa. By combining and properly masking the
frequency responses of original and complementary filter
narrow transition band filter is obtained [39]

D. Coefficient decimation

Most of the papers [8] ,[11],[38],[39],[40],[42]
coefficient decimation method is used for channelization.
In coefficient decimation method first step is to design
modal FIR filter. .The coefficients of FIR filters are
decimated by M i.e. every M™ coefficient is retained and
all others are replaced by zeros. This method is referred
as CDM-I. In [18] modal filter is designed and by
changing M different filters with different frequency
responses are obtained. These frequency responses are
added/ subtracted to give various frequency responses. It
helps to create filter bank for software defined radio. In
CDM II modal filter is designed .Every Mth coefficient
is retained and all other coefficients are discarded. The
new filter has a bandwidth M times that of the
proptotype filter. In [39] author proposes two methods a
modified coefficient decimation-I (MCDM -I) and
(MCDM-II). In MCDM -1 a prototype filter is decimated
by a factor of M, M"™ coefficients are unchanged and sign
of every alternate retained coefficient is reversed. All
other coefficients are replaced by zeros. This gives
multiband frequency response with centre frequencies of
subbands at odd multiples of pi/M. In MCDM-II every
M™ coefficient is retained and all others are discarded.
The sign of alternate samples is reversed. This method
gives a highpass frequency response with its bandwidth
M times that of prototype filter[39].

Design A Model Select Different Values of

Filter Decination factor M

Frequency response 1
Frequency response 2
Frequency response 3

|——
Filter Bank

‘Add / Subtract

Figure.3 Block diagram of coefficient decimation
method

In [8] new methods ICDM-I and ICDM-II are proposed
ICDM-I is a combination of CDM-I and MCDM-I and
ICDM 1II is a combination of CDM-II and MCDM-II.
Using ICDM-I center frequency resolution of pi/M can
be obtained for subbands. On the other hand using
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ICDM-II subband bandwidths that are integer multiples
of prototype filters are obtained.

IV. CHALLANGES

The challenges before channelization process are shown
in figure 1.These challenges are discussed here.

A. Speed

When dealing with real time applications like digital
advanced mobile phone system one of the desirable
charactristics of a channel filter is speed. High speed
operation is the key requirement of channel filter .Efforts
are made to improve the speed of a channel filter. In [42]
a high speed canonic signed digit based reconfigurable
FIR filter is presented.

In [12],[15] residue number system based FIR channel
filter is proposed. RNS is defined by a moduli set which
consists of some pairs of relatively prime integers .A
computational range of such a number system is nothing
but the product of all moduli. Any integer has a unique
RNS representation that is characterized by its residue.
In [12 ] 42% improvement in speed is achieved. It is
advantageous over the high speed CSD method in area
and delay. A drawback of RNS is the need for converters
to/from the conventional number system. However for
high order filters in SDRs this conversion overhead has a
small impact.

B. Low power

Improving the energy efficiency of mobile terminals
faces a challenge as network operators migrate from
2G,3G to 4G.In power constrained mobile terminals the
available power budget is only 1 watt. SDR provides a
solution to this problem by using flexible hardware
.Flexibility however increases a power
consumed.[20]These demands of flexibility and low
power are conflicting. In [20] a low power
implementation of programmable time shared filters is
proposed.

C. Complexity

In[13] a non uniform filter bank is proposed which can
be used for channelization in multistandard wireless
communication receiver. The complexity term is
discussed here with respect to multiplication operation
In signal processing multiplication operation is complex
and power consuming .Author in [13] compares the
proposed filter bank with other FBs in terms of
multiplications. It is shown that number of real
multiplications is less. Also area consumed by the FB is
proportional to number of multiplications. Hence
reducing multiplications reduces area. In [I18] a
coefficient decimated filter bank is proposed. Here the
coefficients of an FIR filter are decimated by M. If N tap
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filter has N multiplications coefficient decimated filter
will have N/M multiplications. Hence reduced
complexity .In [14] author proposes new common
subexpression elimination method to reduce complexity.
It represents coefficients by binary representation .The
number of addrers are reduced and thus reducing
complexity. In [21] a term multiplication complexity is
used. Multiplication complexity of a channelizer is
defined as the total number of multiplications for
extracting N number of channels simultaneously. The
author gives comparison of multiplication complexities
of various filter banks including per channel, DFTFB
,GFB, MPRB, FRMFB, CDFB. Multiplications
associated with DDC, modulation of filters are compared
separately.

D. Reconfigurability

Reconfigurability is the most necessary requirement for
channelizer in SDR as SDR has to serve multiple
standards. In literature [12],[15],[8] propose single filter
and in [13],[18] a filter bank is proposed .In[12] a
reconfigurable filter is suggested in which filter
coefficients corresponding to different standards are
stored in look up tables. But in proposed method
coefficient values of filters are stored in a LUT with
respect to their residue values. Hence the coefficients to
be stored enjoy less area. A similar structure is proposed
in [15] and encoder is used to select a product value. In
[8] a variable digital filter for SDR is proposed based on
improved coefficient decimation method. Different
bandpass frequency reponses are obtained by changing
the decimation factor.

A filter Bank is a combination of filters. Two types of
filter banks are proposed. Uniform filter bank and non
uniform filter bank. A uniform filter bank is capable of
extracting channels of same bandwidth and non uniform
filter bank is capable of extracting channels of different
bandwidths. In the literature two different levels of
reconfigurability are discussed: Filter level and
architecture level.

V. CONCLUSION

Cognitive radio is one of the efforts made to utilize the
available spectrum efficiently. To realize the concept of
cognitive radio intelligent reconfigurable radios are
required. In this paper a channelizaton block of software
defined radio by taking into account different
dimensions. Various aspects of channelizer with respect
to multistandard mobile terminal are explained in detail.
Some new technique to have reconfigurability |,
increasing speed ,reducing power ,area and complexity
are considered as some of the open research areas.
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