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Abstract: As real time signals change continuously, adaptive
filtering is required for noise cancellation. An adaptive filter is
one whose characteristics can be modified by adjusting its
parameters according to an optimization algorithm The adaptive
filtering operations can be implemented as a sequence of logic
operations on a Digital Signal Processing (DSP) chip,Gate Arrays
such as FPGA or Application Specific Integrated Circuits. There
is always a tradeoff in the parameters area, power and speed in
VLSI. This paper provides the implementation of adaptive LMS
Filter using different types of multiplier and its analysis for the
various parameters. The LMS Filter is designed using
conventional
array
multiplier,
Computation
Sharing
Mutliplier(CSHM) and Karatsuba Vedic Multiplier. The results
show 70% reduction in delay and 19% reduction in area on using
Karatsuba Vedic Multiplier ofr adaptive filter design.

An analysis of Spectral sharpening using Booth's Multiplier
and Wallace Multiplier (5) was carried out and it was found
that adding partial products in parallel is effcient.
In (1) parallel generation of partial products was performed
using pipelined vedic multiplier. Vector scaling operation
technique (7) was proposed to improve the speed of
computation with two decomposition approaches.
Computation Sharing Multipliers(7) for high speed FIR filter
design was proposed and it is observed that 33%
improvement in the speed is achieved. The presentation of
the paper is as follows. Introduction of adaptive filter and
various multipliers is provided in Section I. Section II deals
with the adaptive filter, Section III incorporates the two
multiplier design. Section IV presents the results of
implemented designs. Section V provides the conclusion.

Keywords : Adaptive filters, Field Programmable Gate Array,
Computation Sharing Mutliplier, Vedic Multiplier.

II. ADAPTIVE FILTER

I. INTRODUCTION

The block diagram representation of Adaptive filter for Noise
Cancellation application is shown in Fig.1.

An adaptive filter uses iterative computations

to imitate
the relation between signals in real time. The adaptive filter
constitutes an important part of statistical signal processing.
Multiplication is the most fundamental operation in every
application. Partial product generation and Accumulation are
the two major steps involved in multiplication operation.
Reduction of the number of partial product generation
improves the speed of the multiplier. Partial product rely on
the number of nonzero digits.Several Techniques have been
proposed in the multiplier architectures to reduce the power,
area or improve the speed. A polynomial multiplier called
Karatsuba Multiplier is proposed to improve the speed of the
MAC Unit(9).Vedic Multiplier based adaptive filter design
(2) showed that there is an improvement in speed than the
carry save multiplier.
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Fig. 1.Block Diagram of Adaptive Noise Canceller.
The block diagram of adaptive noise canceller consists of
two inputs.One,the primary input is the combination of
original signal s (n) and contaminated by noise x(n) with the
signal. The adaptive algorithm receives a reference input to a
filter to produce an output y(n) which is a close estimate of
primary input noise. The obtained filter output is subtracted
from the contaminated signal to produce the signal , which
is the system output.
A. LMS Algorithm
Using different adaptive algorithms, the weight coefficeints
are updated in adaptive filters.. LMS algorithm (13-14) is a
class of adaptive filter that finds the least mean square of
error signal to match the desired filter by finding the filter.
The updation of filter weights is based on error signal that
converges as gradient descent According to this LMS
algorithm,
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the weight update equation is given as
(1)
where, -the step size,
- weight parameter,
-the
error signal and
-the input to the filter.The architecture
for 4 tap LMS filter Fig.2, Xk is the input signal, μ is the step
size, Yk is the filter output, Dk is the desires signal, Ek is the
error signal and w0, w1, w2, w3 are the filter coefficients.

Fig. 2 Architecture for 4 tap LMS Filter
In the first iteration the filter coefficients are initialized to
zero and filter output will be calculated which will be equal to
zero , from that the error signal is calculated by subtracting
the filter output with the desired signal to update the filter
coefficients
III. MULTIPLIERS
A. Computation Sharing Multiplier(CSHM)
Computation
sharing
multiplier
simplifies
the
multiplication operation to shift and add operations. The
CSHM architecture shown in Fig.3comprises of three parts
which are
 Precomputer
 Select Unit
 Fixed Adder

Fig. 3 CSHM Architecture
Precomputer
In the precomputer bank, the alphabets are multiplied with
the input. The multiplied output from the precomputer block
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is shared by both the select unit. Every coefficient is to be
multiplied and thus eight alphabets are used in the
precomputer.
Select Unit
The required multiplication outputs are obtained by
performing select/shift and add method in the Select unit.
SHIFTER, 8:1 MUX, ISHIFTER, and 2:1 MUX are the
components of the select unit. The correct alphabet is chosen
by the SHIFTER unit that shifts the input right until a value of
1 is encountered. The obtained result is provided as select
signal to 8:1 MUX. ISHIFTER performs inverse operation to
Shifter unit .The 2:1 MUX operates only when the coefficient
input is 0000 as precomputer will not produce a zero output.
Fixed Adder
Finally the output from upper select unit is shifted left and
then added with the output of the lower select unit in the fixed
adder.
Working
The CSHM architecture for 8X8 multiplication consists
of two 8x1 MUXes, two ishifters, two shifters ,two 2X1
MUXes and a fixed adder as shown in the figure 3. One of the
inputs is multiplied with the alphabet set. The alphabet set
chosen for 8x8 multiplication is {1, 3, 5, 7, 9, 11, 13, 15}.For
a 4X4 multiplication the alphabet set to be chosen are {1,3}.It
is seen that only odd values are chosen in the alphabet set this
is because the even values can be obtained by just adding the
odd values. These precomputed values are stored in the bank
of precomputers which act as the input for the 8X1 MUXes.
The other input is divided into two parts each consisting of
four bits. Each set of four bits is given to the shifter and the
bits are right shifted till 1 is obtained in the 0 bit position,
thereby neglecting the unnecessary multiplication done with
0 inputs in other multipliers. The result of the shifters is given
to the 8X1 MUX and the 2X1 MUX. Then the ishifter left
shits in order to compensate the 0’s neglected during the right
shifting process. The output of the ishifters are now added,
which produces the output same as that of the normal
multiplication.
B. Karatsuba Vedic Multiplier
The Karatsuba multiplier is a fast multiplication algorithm.
This multiplier performs fast operations than the other as this
reduces two m digit numbers into single digit multiplications
The multiplication of two numbers M and N using Karatsuba
Algorithm involves the following equations
(1)
(2)
(3)
(4)
(5)
It is observed from the above equations that Z1 depends on
the value of Z2 and Z0.To overcome this drawback Vedic
Multiplication is used to compute Z1 Separately. Thus the
design equations for Karatsuba Vedic Multiplier is as
follows.
(6)
(7)
(8)
(9)
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(10)
(11)
(12)
(13)
(14)

IV. RESULTS AND DISCUSSION
Each multiplier is designed individually to check its
functionality with variety of inputs. Then the adaptive filter is
verilog coded using the designed multipliers and are
implemented in the FPGA Spartan Board.
A. Simulation Results
An array multiplier is designed and simulated in
ModelSim. The figure 4 shows the output of the array
multiplier. When the inputs are 17 and 24 the output is 408
and when the inputs are 85 and 36 the output is 3060. These
outputs are produced by the array multiplication process.

Fig. 4 Output of array multiplier
The CSHM architecture is designed and simulated in
ModelSim. The output of the CSHM is shown in the Fig.5.
When the inputs are 17 and 24 the output is 408 and when the
inputs are 85 and 36 the output is 3060.

Fig.6 Output of Karatsuba multiplier
Fig.7 shows the output for the 4-bit array multiplier. The
input x is given as 11,input y is given as 6 and the output
obtained is 66.

Fig.7 Output of Karatsuba Vedic Multiplier
CALCULATION
M = (10*2^2) + 11
N = (01*2^2) + 10
Z0 = 10 * 11 = 0110
Z2 = 10 * 01 = 0010
Z1 = (10*10) + (11*01) = (0100) + (0011)
Z1 = 0111
Decimal Equivalent of z0, z1, z2 is z0 = 6, z1 = 7 and z2 = 2
Z = (2)*(2^4) + (7)*(2^2) + 6
Z = 66
All the designed multipliers are implemented in Xilinx
which belongs to the family of Spartan3 with package PQ208
of speed grade -4.The device utilization and the timing details
are shown in Table 1.4.
Parameters

Fig.5 Output of CSHM multiplier
Fig.6 shows the output for the Karatsuba multiplier. The
input x is given as 6,input y is given as 5 and the output
obtained is 30.

Number of
Slices
Number of 4
input LUTs
Combination
al Path delay
(ns)

Array
Multipli
er

CSHM
Multipli
er

Karatsuba
Multiplier

Karatsuba
Vedic
Multiplier

72

91

42

28

126

175

76

30

30.144

17.833

18.609

13.508

Table 1 Hardware utilisation for Various 8 bit
Multipliers
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Table 1 infers the hardware utilisation results for the
various 8 bit multipliers. It is evident from the table that the
CSHM and Karatsuba vedic multiplier shows reduction in
delay than the array multiplier. Though CSHM multiplier
gives less delay the area increases due to the presence of three
units. On the other hand the Karatsuba vedic multiplier
provides less area and delay. The Karatsuba vedic multiplier
offers 61.1% reduction in area and 55% reduction in delay
than the conventional array multiplier.
B. Simulation Results for Adaptive Filter
LMS adaptive filter is designed based on array multiplier,
CSHM and Karatsuba Vedic Multiplier. The filter order
considered for the design are 4 tap and 8 tap.The adaptation is
carried out using LMS algorithm and the results obatined are
shown in Fig.8.

tap filter. Similarly the delay of the adaptive filter is reduced
by 27% for 4 tap and 44% for 8 tap in CSHM and 78% for 4
tap and 62% for 8 tap in Karatsuba Vedic multiplier against
the conventional array multiplier design.
V. CONCLUSION
The study of various multipliers in the adaptive filter
design was presented in this paper.4 tap and 8 tap LMS
adaptive filters were designed using conventional array
multiplier, CSHM and Karatsuba Vedic Multiplier and the
performance metrics were analysed in terms of area and
speed. Both CSHM and Karatsuba Vedic multipliers offer
less delay than the array multiplier. But there is an increase in
area in the design of CSHM adaptive filter. On the other hand
Karatsuba Vedic Multiplier offers an area reduction of 19%
than the conventional design and on an average a reduction
of 70% in delay is achieved than the conventional filter
which can be considered as efficient architecture for
implementation of adaptive filter.
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