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Abstract
A novel RNA based architecture topology that resulted more effective than prefix topology. Here, A tendancy to describe the stages in RNA
prefix adders is divided and presents a modulo residue detection network that reduces error chances compared to previous approaches. Finally
through FPGA based hardware synthesis performance is evaluated and latency variation is proved through exhaustive test bench simulation.
For high speed design we carried multiply and Accumulate (MAC) using proposed adder and inner products are calculated through sequent
addition.
Keywords: Multiply and Accumulate (MAC), Residue Number Algorithm (RNA), FIR filter, Fast Fourier Transform (FFT), Computation Intensive Arithmetic
Functions(CIAF), MATLAB, FPGA.

1. Introduction

2. Proposed System:

Multiplication is a very important elementary function in arithmetic
operations. Multiplication-based operations like Multiply and
Accumulate(MAC) and real number are among a number of the
often used Computation Intensive Arithmetic Functions(CIAF)
presently enforced in several Digital Signal process
(DSP)applications like convolution, fast Fourier Transform(FFT),
filtering and in microprocessors in its arithmetic and logic unit.
Since multiplication dominates the execution time of most DSP
algorithms, therefore there's a requirement of high speed number.
Currently, multiplication time continues to be the dominant factor in
deciding the instruction cycle time of a DSP chip. The demand for
prime speed process has been increasing as a results of increasing
deskt op and signal process applications. Higher output arithmetic
operations are vital to realize the required performance in several
time period signal and image process applications.
One among the key arithmetic operations in such applications is
multiplication and therefore the development of fast multiplier
circuit has been a topic of interest over decades. Reducing the time
delay and power consumption are terribly essential needs for several
applications. In recent years, RNS computations have attracted
robust interest for reducing vital path delays by
exploiting the tradeoffs between reliability and performance. RNA
modulo adders, that combine to attain high performance for low area
overhead over ancient adders.

In order to propose RNS arithmetic for any DSP applications both
RNS addition/ multiplication will be carried out. To prove the
overall RNS system efficiency over conventional MAC units in
terms of delay /cost/power.To carry out fully RNS arithmetic based
digital FIR filter.

Fig 1: Outline of ECG Signal Processing

2.1. Residue Number System
In fig. 1, The primary is absence of carry-propagation in addition
and multiplication, carry-propagation being the foremost important
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speed-limiting consider these operations. The second is that as a
result of the residue representations carry no weight-information, a
slip-up in any digit-position in a given illustration doesn't have an
effect on alternative digit-positions. and also the third is that there's
no significance-ordering of digits in an RNS illustration, which
implies that faulty digit-positions is also discarded with no impact
aside from reduction in dynamic range. The new interest in RNS
wasn't durable, for three main reasons: One, a whole arithmetic unit
ought to be capable of a minimum of addition, multiplication,
division, square-root, and comparisons, however implementing the
last three in RNS is not easy; 2, technology became a lot of reliable;
and, three, changing from RNS notation to traditional notation, for
“human consumption", is difficult. all the same, in recent years there
has been revived interest in RNS. There are many reasons for this
new interest, together with the subsequent. an excellent deal of
computing currently takes place in embedded processors, like those
found in mobile devices, and for these high speed and low-power
consumption are critical, the absence of carry-propagation facilitates
the conclusion of high-speed, low-power arithmetic. Also, computer
chips are currently going to be therefore dense that full testing
cannot be possible; thus fault-tolerance and also the general space of
process integrity have again become more necessary. Lastly, there
has been progress within the implementation of the tough arithmetic
operations.
2.2. RNS Representation:
High Speed: The absence of carry propagation between the
arithmetic blocks leads to high speed process.Reduced Power: using
small arithmetic units in realizing th e RNS processor reduces the
change activities in every channel. This leads to reduction within the
dynamic power, since the dy namic power is directly proportional to
change activities.
Reduced Complexity: As a result of the RNS illustration encodes
massive numbers into little residues, the complexity of the arithmetic
units in every modulo channel is reduced. This facilitates and
simplifies the design.
Error Detection and Correction: The RNS could be a non-positional
system with no dependence between its channels. Thus, a mistake in
one channel doesn't propagate to alternative channels. Therefore,
isolation of the faulty residues permits fault tolerance and facilitates
error detection and correction
2.3. FPGA Architecture:
The most common FPGA design consists of an array of
Configurable Logic Blocks (CLBs), I/O pads, and routing channels.
Generally, all the routing channels have an equivalent width
(number of wires). Multiple I/O pads might work into the peak of
one row or the width of one column within the array. An application
circuit should be mapped into an FPGA with adequate resources.
whereas the amount of CLBs and I/Os needed is well determined
from the look, quantity of routing tracks required might vary
significantly even among designs with an equivalent amount of
logic. (For example, a crossbar switch needs much more routing than
a pulsation array with an equivalent gate count.) Since unused
routing tracks increase the price (and decrease the performance) of
the part without providing any profit, FPGA makers attempt to give
only enough tracks in order that most styles which will fit in terms of
LUT’s and IO’s may be routed. This is often determined by
estimates like those derived from Rent's rule or by experiments with
existing designs.

587

2.4. FDA Tool:
The Filter design and Analysis Tool (FDA Tool) could be a powerful
interface for coming up with and analyzing filters quickly as shown
in fig. 1. FDA Tool allows you to design digital FIR or IIR filters by
setting filter specifications, by importation of filters from your
MATLAB space, or by adding, moving or deleting poles and zeros.
FDA Tool additionally provides tools for analyzing filters, like
magnitude and section response and pole-zero plots.

3. Filter Design
FDA Tool is interactive GUI model that enables to get frequency
responses of any given filter specifications for any order. Magnitude
response of filter is verified by the time of coefficients generation
itself. Frequency responses of the accurate ECG elements
are predicted to set FIR design.
3.1. RNS- MAC Filter:
Encoding sizable amount into a bunch of small numbers leads to
important speed from the data processing. An RNS is outlined by a
group of moduli. every whole number will be described as a
collection of smaller integers known as the residues. RNS has long
been applied in implementations of digital signal processing
hardware like Digital-to-Analog converters, Finite Impulse Response
(FIR) filters, Infinite Impulse Response (IIR) Filters, 2-D FIR
filters.RNS has also been used in the design of 1-dimensional and 2dimensional Discrete Wavelet Transform architectures.RNS has also
been used to speed up RSA encryption and decryption and for highspeed Elliptic Curve Cryptography (ECC).

3.2. Forward Conversion:
The process of encryption the input file into RNS illustration is
termed as Forward Conversion. This method are often done by
dividing the given typical range by all the moduli and finding the
remainders of the divisions

3.3. Reverse Conversion:
In fig. 2, The process of conversion from RNS representation to
conventional representation is called Reverse Conversion. The
reverse conversion process is more difficult and introduces more
overhead in terms of speed and complexity .To overcome this
problem, we are using operand decomposition and carry
approximation.

Fig. 2: Residue Conversion model

The basic concept adopted in most previous general modular adders
was the use of two different n-bit binary adders; one to compute A +
B and one to compute A + B − m. Input, output, and internal sub
module interconnections were routed in two distant groups, where
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each group dealt with one adder. Additionally, a gate-based
multiplexing stage was used to select one of the two outputs as
shown in fig. 2. Different alterations to this capacious concept were
introduced here to reduce either area, time, or both.

3.4. Multiplexing and Sum Computation Stage:
Based on the output carry bit cout, one of the two vectors H and H′,
produced in the pre-processing stage, will be selected. If cout = 0, H
is selected. Otherwise, H′ is selected. Similarly, one of the two
vectors C and C′, produced in the parallel-prefix stage, will be
selected at this stage, where C is selected if cout = 0, and C′ is
selected otherwise. The two selected vectors are then exclusive OR.
The proposed multiplexing and sum computation circuit for n = 7.
Multiplexing is realised using unidirectional tristate buffers.

From fig. 6,It has been proven that the area needed for RNS-MAC is
very small as compared to other multiplier architectures i.e. the
number of devices used in RNS-MAC multiplier are 259.while
Booth and Array Multiplier is 592 and 495 respectively for 16 x 16
bit number when implemented on Spartan FPGA.As shown in fig.
6,Thus the result shows that the RNS-MAC multiplier is smallest
and the fastest of the reviewed architectures. Due to its parallel and
regular structure, this architecture can be easily realized on silicon
and can work at high speed without increasing the clock
frequency. Speed improvements are gained by parallelizing the
generation of partial products with their concurrent summations. It is
demonstrated that this design is quite efficient in terms of silicon
area. Such a design should enable substantial savings of resources in
the FPGA when used for signal processing application.

3.5. Modelsim
Supporting standard HDLs, ModelSim increases design quality and
debug productivity.The graphical user interface is powerful,
consistent, and intuitive. All windows update automatically
following activity in any other window. For example, selecting a
design region within the Structure window mechanically updates the
supply, Signals, Process, and Variables windows. Edit, recompile,
and re-simulate without going away the ModelSim setting.

4. Model Sim Output

Fig. 4: ECG de-noising

Fig 3: Simulation output – FIR convolution

The input ECG signal is added with the gaussian white noise to
obtain the noisy ecg signal. The noise signal is then pre-processed to
obtain the signal coefficients as shown in fig.3. The pre- processing
consists of finding the signal coefficients by using quantizer. The
coefficients of the noisy ECG signal is then stored in a RAM.On the
other hand, the order and frequency response are obtained to define
the filter coefficients. The filter coefficients are then converted to
digital representation by the use of analog to digital converter and
then finally stored in the RAM. The moduli set for finding the
residue has to be declared.
In fig. 4, It has been shown that frequency range of interest, the
selection of the actual coefficient subset and the number of FIR that
are employed in the classification.The simulation result of the noisy
ECG signal is obtained from MODELSIM shows that the range of
clarification enhanced than the previous simulation techniques.
The RNS MAC Multiplier has less number of gates required for
given 8x8 bits Multiplier so its power dissipation is very small as
compared to other multiplier architecture. As shown in fig. 5, It has
less switching activity as compared to other architecture for same
operation. Due to parallel computation method, it has to process the
less number of multiplication cycle. Thus, It requires only less
amount of power than the other computational methods.

Fig. 5: Power analysis Report

Fig. 6: Area utilization Report
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5. Performance Comparison
Table.1; Performance Comparison Table
Multiplier
Design complexity
Speed
Model
(LEs)
(MHz)
Conventional MAC
287
155.64 MHz
RNS MAC
164
234.03 MHz
RNS using carry
125
366.17 MHz
approximated model

The above table shows the design complexity and speed in MHz. It
can be seen that the RNS-MAC computation has higher speed and
also a decrease in the design complexity.to increase the speed
further, applying carry approximation in the reverse
conversion.Since, In RNS computation, reverse conversion takes up
more time due to accumulation of larger numbers. Here, Comparison
of various computational methods shows the significance of RNS
computation in signal processing.

Fig 7: Speed Comparison

Fig 8: Design Complexity Comparison

Both fig. 7 and fig. 8 gives the pictorial representation of
performance comparison among conventional MAC, RNS-MAC and
RNS using carry approximation model. It clearly shows that the
RNS using carry approximation model gives enhanced results with
less design complexity and increased speed execution.

6. Conclusion
In general both multiplier and Adder component is a crucial
component in any DSP and DIP applications; here RNS based
computation is validated which leads merits over high speed and low
complexity MAC unit while carry approximated model helps with
the reduction of the maximum adder depth followed by the prefix
based accumulation of FIR coefficients. Here we intend to perform
modulo adder design for high-speed hardware RNS structure using
MUX based post computations. To extend the proposed RNS based
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model that adding techniques to carried out FIR filtering in ECG
signal de-noising applications. The efficiency of improved RNS
coded MAC is verified using FIR implemented filter unit. And
finally the complete trade of metrics of RNS encoded multiplier unit
with prefix topology based accumulation unit is validated using
hardware synthesis.
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