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Abstract

Convolution is an algorithm which is mainly used in video, audio and image processing. Convolution calculation is simple in steps how-
ever it consumes a lot of memory as well as power in the computational process. It is a mathematical algorithm which is also used in the
applications like filtering, edge detection, de-noising, compression etc., as it can be exploit computational power. In this paper, we im-
plemented the speed of discrete linear convolution using robust Vedic multiplier which is one of the fastest multipliers with two finite-
length sequences. By implementing convolution with Vedic multiplier power, area and delay are reduced. This implementation process

can be realized by simplifying the convolution building block.
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1. Introduction

The importance of convolution implementation on FPGA (Field
Programmable Gate Array) is to reduce the design area of an
FPGA [6] that includes reduction of processing time and computa-
tional power. Mathematically, combining two signals to generate
a third signal is called ‘Convolution’ [5]. For the processing of
images, audio and video signals of complex mathematical compu-
tations are required, that consumes a lot of memory and increase
the design complexity [1]. This limitation can be overcome with
the help of linear convolution where it can solve the complex
computations in relatively simple mathematical steps [7]. It is used
in numerical analysis and linear algebra to build the filters with
the finite impulse response in Digital signal processing. The linear
convolution can be realized using the sampling technique for the
continuous signals with respect to time and a unit step for a
discrete time signal[5], where it is decomposed into an infinite
impulse thereby applying mathematical steps. And it is also ap-
plied as a filter to signals, to implement functions to reduce the
noise. To increase the speed of convolution we convert the linear
convolution to digital signals [4], it uses the Boolean algebra
properties to implement the computations. The kernel operation
convolution is the multiplication of multi-digit number, which can
be efficiently performed with transfer functions.

2. Literature survey of convolution

Convolution process is more important because it contains three
signals of concern, output, input and impulse response. As
compared to different decomposition methods, the two methods
namely, the impulse decomposition and The Fourier decomposi-
tion were the backbones of the signal processing [4]. When im-

pulse response is decomposed, then the procedure can be
mathematically defined by the operation called convolution [5].
The impulse response carries synonyms in different applications.
If impulse response is used in the design of filter then the filter is
called as the filter kernel, the convolution kernel, or simply the
kernel. If impulse response used in image processing then it is
known as the point spread function. Convolution is a mathemati-
cal operation, just as multiplication, integration and addition [3]. It
is used in many fields of mathematics, such as probability and
stochastics process etc.

3. Linear convolution sum method

Linear system

Al ]

x[n]

Fig. 1: Linear System

i The study of LSI (linear shift invert Systems) method is
very useful because to obtain the sum of elementary signal
we decompose input signal.

ii. After the elementary input signals are taken into
consideration then it is given to the system individually.
Now apply linearity property to the decomposed input
signal and obtain the output response and it is simply added
and this should afford us the total response of the system to
any other given input signal [1].

iii. Convolution involves operations like shifting, folding,
summation and multiplication.
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iv. If there are N number of samples in h(n) and M number of i BoM B4 0B WA .
samples in x(n) then the maximum number of output _
samples in y(n) is equal to M+N-1[3].
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3.1. Simple multiplication form
To perform Simple multiplication between input signal X(n) and Pl Flladder Fllerd Fillader3 Fllader? et —
impulse response H(n) therefore the convoluted output is stored in

Y(n).
X(n) = {x1, x2, x3, x4}
H(n) = {h1, h2, h3, h4}
Y(n) =X (n)*H (n)

4. Vedic Multiplier

Based on multiplier performance the speed of a processor depends,
so there is a great demand for high-speed multipliers. While see-
ing for high-speed multipliers we have to keep in mind that it must
consume less area and low power [2]. There are few popular mul-
tipliers in modern VLSI design like Booth’s and Array multiplier
algorithms, but they are having their scope of boundaries[8][9]. In
these multipliers, multiplication process is having several interme-
diate operations like additions, subtractions and comparisons.
Which reduces speed of the multiplier. Hence for implementation
of robust and fast multipliers, booths based multipliers are not the
proper choice [8].

Vedic mathematics is an earliest mathematical method which can
solve several mathematical challenges in present days. This Vedic
mathematics already exists and used effectively in ancient India
and it is again discovered by a well-known mathematician named
Sri Bharati Krishna Tirthaji [2]. In Vedic mathematics, the partial
products calculation required for multiplication can be obtained in
advance compared to the formal method of multiplication. Thus
these partial products obtained after multiplication can be added
by using Vedic mathematics algorithm to get the final result.

The term ‘Urdhwa Tiryakbhyam’ is a Sanskrit word that means
“Vertically and crosswise” respectively. The main reason for us-
ing this algorithm other than existing multiplication technique is
that Urdhwa Tiryakbhyam sutra[7] utilizes Full adders, Half ad-
ders and logical AND only to do complete multiplication opera-
tion. Thus, it saves a lot of processing time [10].
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Fig.2: Block Diagram

Convolution algorithm is performed between the two 4-bit binary
data that are stored in RegA and RegB respectively, thereby per-
forming 4x4 Vedic Multiplication.The resultant was an 8-bit con-
voluted output in RegC.
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Fig. 3: 6-bit Ripple Carry Adder
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The 6-bit full adder is designed by the principle of ripple carry
adder logic. It consists 6-full adder which were arranged in serial-
ly and the 6-bit data given to the adders, initially first full adder is
two input data, the third one is carry-in it is set to zero. In a similar
way, two-bit data is given to second full adder but carry in is a
carry out of first full adder. In remaining full adders to do the
same process, but carrier signal is propagated to one another.
Finally, the carry out occurs it can be ignored.
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Fig. 4: 4X4 Vedic Multiplier

5. Implementation methodology of Urdhwa
Tiryakbhyam

i RegA and RegB are two 4-bit data register 1001 and
1101 respectively.

ii. Upon multiplying LSB bit of RegA with LSB and MSB
bits of RegB gives 0001 and 0011 respectively.

iii. On repetition of step-ii i.e. multiplying MSB bit of
RegA with RegB gives 0010 and 0110 respectively.

iv. After getting result of all four multipliers, from the
result of the first multiplier, the lower order two bits are
directly given to the lower order of the output register
RegC and remaining 2-bits are append with four zeros is
given to the 6-bit full adder.

The remaining three multiplier results are append with
two zeros and is directly given to 6-bit full adder.

Vi. By adding four 6-bit data we get a 6-bit result and that is

stored as MSB of output in register RegC.

Finally, we are having 8-bit convoluted output as

01110101.

Vii.

Cin
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6. Results and Discussion

Regarding performance comparison we considered three mostly
used multipliers in VLSI they are Vedic, Booth and Array
multipliers. The number of 4 input LUTs utilized by Vedic
multiplier is less when compared to Booth and Array multipliers.
A number of occupied Slices of the Vedic multiplier are 15
whereas Booth and Array multiplier are 39 and 145 respectively.
Delay performance of Vedic multiplier is 13ns while coming to
Booth multiplier it is 18ns and Array multiplier is 45ns which
shows that Vedic multiplier will give the result faster than
remaining two multipliers. Finally, the power consumption of
Vedic multiplier is very less compared to Booth and Array
Multiplier. By considering all these specifications number of
LUTSs, a number of slices, delay and power we can say that Vedic
multiplier is using less power, LUTSs, slices and delay than
remaining two Booth and Array multipliers. Thus, the Vedic
multiplier is faster than Booth and Array Multiplier.

Table 1: Comparison of Different Multipliers

Vedic multi- Booth multi- Array multi-
Parameters . . .
plier plier plier
No.of 4 input
LUTS 27 70 226
Ng.of Occupied 15 39 145
Slices
Delay
(Nano sec) 13 18 4
Power (uW) 0.144 0.57 1.035

Experimentally the implementation of the fast convolution is
done by the robust Vedic multiplier, because of its less area, pro-
cessing delay is less and power consumption is also less, by con-
sidering all these we choose this Vedic multiplier. To observe the
convolution results as shown in the below Table 2. For example,
consider the data RegA is 0011 and RegB is 0111 so finally, the
convoluted output of RegA and RegB is 00010101 this result is
stored in output register RegC.Similarly, RegA is 1111 and RegB
is 1111 so finally, the convoluted output of RegA and RegB is
11100001 this result is stored in output register RegC. The maxi-
mum length of output data is 8-bits.

Table 2: Simulation Results

RegA RegB RegC

1111 1111 11100001
1000 0111 00111000
0011 0111 00010101
1001 101 01110101

The simulated output waveforms can be observed in figures Fig. 5
and Fig. 6. Also, we saw the number of 4-bit LUTs are 27, the
number of occupied slices are 15 and the overall delay of the
multiplier is 13.54nsec.

v edicrmultiplier

Fig. 7: RTL Schematic of Vedic multiplier

The RTL schematic of block diagram is shown in the above Fig. 7.
The number of inputs, outputs and building blocks were verified.
The number of inputs of each block and the internal building
blocks are shown in above Fig.7. For building of 4x4 vedic multi-
plier, it utilizes two input lut’s are 3, three input lut’s is 1 and four
input luts are 23, the number of io buffers are 16.
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Table 3: Synthesis Report
Logic Utilization Used Available Utilization
No.of 4 input LUTs 27 9312 1%
No.of Qccupled 15 1656 1%
slices
No.of slices co-
ntaining only relat- 15 15 100%
ed logic
No.of slices co
ntaining unrelated 0 15 0%
logic
Total No.of 4 input
LUTSs 27 9312 1%
No.of bonded 10Bs 16 232 6%
Average fan-out of 336
non-clock nets

Fig. 8: RTL Schematic of 2x2 multiplier

The RTL schematic of 4X4 Vedic multiplier contains two major
blocks one is a 2X2 multiplier and the second one is 6-bit full
adder. The design of 2X2 multiplier is shown in above Fig.8, it
has two half adders which consist of two input XOR gates and two
input AND gates. Thus, the complexity of 2X2 multiplier is re-
duced by using these logic gates. The overall delay of 2X2 multi-
plier is 0.482nsec.

Fig. 9: RTL Schematic of 6-bit Full adder

The second building block of Vedic multiplier is 6-bit full adder
as shown in above Fig.9. To reduce the design complexity of the
circuit, ripple carry adder is used, which is simple among the re-
maining adders. This is designed with the help of XOR, OR and
AND gates. These are basic logic gates which reduces the area and
delay. The overall delay of 6-bit full adder is 0.451nsec.

Upon completion of all building blocks, to observe the overall
performance of the design. We consider total area, slices and
number of bonded 10Bs. These parameters are shown in below
table.

Finally, the delay of each and every individual blocks i.e. gate and
net delays is shown in the below Fig.10. Finally, the total delay is
13.547ns, from this 69.8% is utilized for logic and remaining

" 30.2% is utilized for route. These results can be observed in the

above Table 3.

Tiwing conscraint: Default path analysis
Total nurber of paths / destination ports: 222 / 8

Delay: 13,543 (Levels of Logic = §)
Source: a<lx (PAD)
Destination: c<hy (PAD)

Data Path: 8<0r to c<b>
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Fig. 10: Timing Analysis

7. Conclusion

In this paper, the linear convolution between two signals was
implemented using ‘Robust Vedic Multiplier’ where the
computational delay drastically reduced. This work can also be
extended further using fastest hybrid adders in place of ‘Ripple
Carry Adder’.
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