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ABSTRACT

VLSI applications include Digital Signal Processing,
Digital control systems, Telecommunications, Speech
and Audio processing for audiology and speech
language pathology. The latest research in VLS4
the design and implementation of DSP sy
which are essential for above applications
fundamental computation in DSP Syst
convolution. Convolution and LTI systems 3
heart and soul of DSP. The behavior of LTI sys
in continuous time is describe
integral whereas the behavior
described by Linear convolution.
convolution is performed using car
architecture based on vert|cal
algorlthm of Urdhvi

FPGA.

Key wor Linear convolution, Urdhva -
Tiryagbhyam, ave multiplier, Verilog HDL.

1 INTROD

In this
architecture is deve
sutra. This sutra is ap
size NXN.

carry save multiplier

Linear convolution
computation in Linear time-inv
implemented using Verilog HDL:
Synthesis are verified in Xilinx 10.1 ISE.

In general, multiplications are complex and
slow in operation. The overall speed in multiplication
depends on number of partial products generated,
shifting the partial products based on bit position and
summation of partial products. In carry save
multiplier, the carry bits are passed diagonally
downwards, which requires a vector merging

adder to obtain final sum of all the partial products[1].
In convolution, fundamental computations includes

multiplication and addition of input and impulse
signals or samples[2].

2 CONVOLUTION

Linear and time-invariant systems are an important
class of systems and has significant signal
processing applications.
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These systems obey linearity and time-invariance
properties[3,4].

A Linear time invariant (LTI) system is
apletely characterized by its impulse. The impulse
is response of a system to impulse signal

put signal x(t), output signal ¥(t} and
onse M(t)are related by convolution

system
impulse

d on every value of input.

n discrete time, the output sequence y[n] of
invariant system, with impulse response
any input sequence x[n] is the convolution
sum of x[n] with h[n] and is given as

o

vIr] = +[r] - Al = Zx[r'c]h[ﬂ — 1]
-0 2

hlz] s the response of the system to impulse
sequence, inl,

To implement discrete time convolution, the
two sequence x[k] and h[n-k] are multiplied together
for -» < k < = and the products are summed to
compute output samples of y[n]. Convolution sum
serves as an explicit realization of a discrete-time
linear system. The above equation expresses each
sample of output sequence in terms of all samples of
input and impulse response sequence[5].

Fig 1: Block Diaaram of | inear Convolution
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Therefore ,the length N, of output sequence
y[n]= L+M-1
nd th ingtimen=n; +n .
and the starting time LR 4x6=24, 2, Sthe carry is placed below the second
digit
The samples of output sequence is computed using Step2: 12 3 4
convolution sum )Q

i
21 1 6

orl = Z.r[r'c]h[n —1]
@

(3x6) + (4x1) = 22. 2, the carry is placed below the
third digit.

2.2 Example

Let the input sequence be x[n] = {1,2,3,4}
and impulse response, h[n] ={2,3,4,5}

Here, L=4, M=4. The length of the output Seg
y[n], N=7

n1 =0, n; =0, The starting time of the output
sequence, is, n=0

The 1° sample with starting time
sl = )l IhL—F]
= x[O]h[O] +x[1]

2 l) + (3x1) =19. Thecarry 1is

o .
"."[1] = Z‘r[l i
;}'[2] =_JI?EE~: 3PS v e

v[5] = 21; (6]

(Ix1) + (3x2) + (2x1) = 9. The carry O is placed

3 MULTIPLICATIC below the sixth digit.

Jagadguru  Swami
Swamiji introduced his research
based on sixteen sutras for multiplication. ; Stepé: 1 2 3 4
is the key block in Digital Signal processing. In the )Q
increasing technology, researchers are trying to
design multipliers which offer high computational
speed, less delay, low power and area efficient
arithmetic building blocks[6].

(Ix1) + (2x2) = 5. The carry 0 is placed below

In Linear Convolution, the multiplication is seventh digit.

performed using Urdhva-Tiryagbhyam Sutra of Vedic
mathematics[7]. The Comparison between number of

multiplications and additions in Conventional Step7- 1 2 3 4
Mathematical approach and vedic mathematics is epr: l
shown. [8] y .
1 1
Example: Multiplication of 1234 and 2116
12 3 4
Adder 51 1 @ (1x 2)=2.
Stepl: 3 B3q% 9> 4 4 SIMULATION RESULTS
N n 1yl 2 2

21 1 6
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Fig 2: Adder output

Fig 3: Convolution output

Fig 4: Convolution Block RTL
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Fig 5: LUT Based RTL
5 CONCLUSION

In this paper, Linear convolution of discrete finite
length sequences is performed using carry save
multiplier based an Vedic sutra and an adder. The
proposed, multiplier using Vedic mathematics results
in high computational speed and minimum critical
path ,hence, less delay, when compared to simple
multiplier.. The maximum computational speed of
Linear Convolution is 15.38 ns. The delay can further
be reduced by optimizing adder.
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