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Abstract -The design of FIR filter is very important for so many DSP applications. So there is
requirement of low power and high speed FIR filter. This article presents how the Vedic sutra
of Urdhvatiryagbhyam speeds up the computations in FIR filter and reduce the power and
layout area. Simulation is performed with ModelSim 6.4a and performance parameters are
measured using Quartus Il software.

Index Terms - FIR filter, Multiplier and Accumulate unit, Urdhvatiryagbhyam Sutra, Vedic
multiplier.

I. INTRODUCTION

In digital signal processing, Impulse response has finite duration in Finite Impulse Response (FIR)
filter. The impulse response of Nth order discrete time FIR filters may be continuous time or discrete
time, analog or digital.

Vedic mathematics is an ancient mathematics which contains 16 sutras. It deals with various fields
in mathematics like algebra, arithmetic and geometry etc., It optimizes the conventional mathematical
algorithms. [1]

Multiplication is the operation which takes too much time in mathematical calculations. We can
optimize the digital signal processor by optimizing the Multiplier and Accumulate Unit (MAC). By
going through the papers [2,3], we can understand the techniques in ancient mathematics thoroughly.

Il. VEDIC MULTIPLIER

Most of the DSP algorithms use multiplication operation. So, there is a need of high efficiency
multiplier. Urdhvatiryagbhyam means vertically and crosswise [4]. It uses a formula which can be
applicable to all multiplication cases.

Let us illustrate the multiplication of two decimal numbers as follows:
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(1*1) (2 +4) (4*2) = 168

Fig. 1 Multiplication of two decimal numbers - Illustration
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Steps:

1. Multiply MSB (1) of first decimal number and MSB (1) of second decimal number. So MSB
of answer is 1(1x1=1)

2. Then multiply MSB(1) of first decimal number and LSB(2) of second decimal number;
multiply LSB(4) of first decimal number and MSB(1) of second decimal number. So,
middle bit of result is the sum of two multiplication results. ((1x2) + (4x1) =6)

3. Finally LSB of result is the result of multiplication of two LSB’s of two decimal numbers.
(4x2=8)

Using this multiplier, partial product generation is done in parallel and summation also. Due to
parallel calculation, this multiplier is not dependent on processor clock frequency.

We know that processing power is directly proportional to clock frequency. Thereby reduce the
power consumption a lot. This multiplier can be designed for all NxN bit binary numbers. [5]

I11. FIR FILTER

In time domain, the input-output relationship of FIR filter is given by

N

y[n] DkE:]g] h[k IX[n O k] (1)

For N=4, it is given by
y[n]=h[0]x[n]+h[1]X[n-1]+h[2]x[n-2]+h[4]x[n-4]
Where x[n] represents filter input, y[n] represents filter output, N represents order of the filter and

h[k] represents filter coefficients that is nothing but sample response. The output y of a FIR system
is calculated by convolving the input signal x with sample response h.

x[n=1] x[n=2) n-3) x[n-4]

a[n) 7!

h[0) h{1) 2] H3) h{4)

() 0 W= ln]

Fig. 2 Direct form of FIR filter
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The transpose form of direct form structure is given by

Mnl

hl4] N\ H3)

Fig. 3 Transposed form of FIR filter

In direct form, there are delay units between multipliers. At a time, the present filter input, x(n), and
N-1 previous samples of the input are fed to each multiplier, and the filter output y(n) is the sum of
product of every multiplier. But in transposed form, delay units are between the adders so that the
multipliers can be fed simultaneously. For the computation of FIR filter, we have to convolve the
input data with filter coefficients.

IVV. URDHAVA MULTIPLIER IN MAC UNIT

Multiply — Accumulate unit multiplies the two numbers and sum with accumulator. It has an essential
role in computation, especially in digital signal processing. Fig.3 shows the architecture of MAC unit.
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Fig. 4 Hardware architecture of general MAC unit
Here we have designed MAC unit with Urdhva multiplier .The advantages of Vedic multiplier are

increasing the speed of computation, decreasing the delay, reducing the power consumption and
decreasing the occupied area.
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For binary number system, urdhvatiryagbhyam method is given in Fig. 4.

x1yl x0yl x1y0 x0y0
|
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Fig. 5 2x2 binary Urdhva multiplier

The proposed 2X2 Urdhva multiplier is designed by using two half-adders & four 2-input AND gates
which is shown in Fig. 4.
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Fig. 6 4x4 binary Urdhva multiplier

The proposed 4x4 Urdhva multiplier module is designed using four 2x2 urdhva multiplier by method
of component instantiation which is given in Fig. 5.
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Let us assume each multiplication output as,

1101
1011

01 10 1001l 0011
00 10

ol __ 1001 _ 11

00 10
10 00 g

Fig. 7 Multiplication logic using Urdhva method

Fig. 6.shows the multiplication of two 4-bit binary numbers, say 1101(13 in decimal) and 1011(11 in
decimal), using the above logic.

First full adder performs addition of 1001 and 0010 giving 1011 as result with no carry. The second
full adder performs addition of 1000 with the result of first full adder i.e sum of 1011 and 1000 gives
result as 0011 and 1 as carry out. Carry out from first and second full adders is provided to half adder.

Here carryout is generated from second full adder, there by half adder produces 1 as Sum and 0 as
carry out. Half adder’s sum and carry is then added with S32 (1) and S33 (0) respectively, so Final
answer is 10001111 (143 in decimal).

X3X2 X3X2 X1X0 X1X0
A13Y2 Y1YO Y3Y2 Y1YO
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Fig. 8 Full adder Illustration

V. RESULTS

Vedic sutra consumes less number of logical elements so power consumption is reduced as well as

layout area is reduced. Computation speed is increased. Table 1.shows the power consumption of FIR
Filter using Urdhva method.
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TABLE |: POWER CONSUMPTION OF FIR FILTER USING URDHVA

Parameters Vedic Method
Tc_)ta_l Th_ermal Power 68.98mW
Dissipation
Core Stat_lc _The_rmal 51 74mW
Power Dissipation
I/_O '!'her_mal Power 18.23mW
Dissipation

We have used ModelSim 6.4a for simulation of FIR Filter. Power analysis is done using Quartus 1l
9.0 using EP3C16U484C6 device from the family of Cyclone I11.

The Chip planner view of FIR filter design is shown in Fig.7.
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Fig. 9 Chip planner view of FIR Filter
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The technology map viewer- post mapping of FIR filter is shown in Fig.8
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Fig. 11 Simulation result of FIR filter.
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VI. CONCLUSION

Thus an efficient multiplier using a Vedic algorithm which has high speed, less complexity
and consuming much less area is designed. By using this Vedic multiplier, high performance FIR
filter is designed.
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