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I.LINTRODUCTION

Application-specific digital signal processors (DSPs) went from being a specialized market to becoming more widely
used during the past ten years. Due to the densification of integrated circuit (IC) technology made possible by the constantly
reducing device geometry, nearly all electronic appliances and gadgets now contain one or more application-specific DSPs.
Utilizing complementary metal oxide semiconductors (CMOS) technology, it is possible to maintain the economy of scale by
continuing this trend of device shrinking. Through data pathoptimization, there are opportunities to improve the efficiency of the
energy and power budget.A redesign of the arithmetic processes utilized to implement the DSP algorithms is anticipatedto result
in significant advancements. This is due to the lowest base and order-dependent bits inthe number representation used in
conventional DSPs. Due to the inescapable lengthy chain of carry propagation, algorithms based on such weighted binary
number systems that are used to create DSPs are plagued with dimensionality. Because of its limited "parallelism" and
"modularity," it cannot fully use the burgeoning VLSI technology for the optimization of crucialhardware features.

It is well known that the way that numbers are represented in a digital system affects every level of design abstraction,
from circuit topology and layout to algorithms and architecture. The workload of an application is influenced by the quantity
and complexity of operations needed to complete a given task by the number system that is used for the hardware
implementation of the program. The operator strength and performance predictability are directly impacted by the data
representation since data activities depend on the circuit topologies and stochastic characteristics of the inputs. The common
DSPs continue to employ the same traditional weighted binary number representation that was inherited from the original
microprocessor design for their basic arithmetic operations and algebraic structures.

As far as FIR filters are considered, complex multiplication and addition are critical issues. The circuit complexity and
delay increase due to the traditional requirement of b multipliers and (b-1) adders for the direct implementation of b-tap FIR
filters. Different strategies have been put forth to improve the functionality of multipliers and adders. The implementation of a
thermometer coding system and a residue number system is managed to avoid those problems. For DSP, residue number
systems (RNSs) have been employed in particular because they support high-speed, low-power, and fault-tolerant
computations. RNS-based high-performance and extremely efficient embedded computing systems are hence dependent on
efficient modular adders. The deployment of low-power digital systems shows promise with the residue number system (RNS).
For RNS small and balanced moduli is preferred. This discovery is timely and has a paradigm-shifting effect on the design of
digital integrated circuits as well as on yield for further scaling of transistor size. Along with RNS thermometer coding (TC) is
also a method for improving the performance of modular mathematical devices. TC is nothing more than unary coding, where
the range that is shown corresponds to the number of ones. Distributed mathematics with TC will have rapid implementations.

I.LRELATED WORK AND MOTIVATION
Data processed in digital signal processing is always in the binary-coded format. The typical binary arithmetic circuit

is used to perform the modular arithmetic using BC-encoded residues. Modulo operation execution on the intermediate value of

residue presents a challengein modular math for RNS encoded with traditional base-2 BC format. Fig.1. depicts the typical

procedure for carrying out the modular addition operation for common BC-encoded numbers. It entails using two binary adders
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to implement the modulo operation as defined by the following equation, which in turn performs the modular addition operation
for A and B using the two's complement of the modulus, m:

A+B if A+B <m

A+B =
| lm A+B —m otherwise

”

Multiplexer

s=|4+B|,,
Fig.1: Modular-m Adder for BC format

The underlying adders can be built on either the carry-look-ahead full adder, which is quick but requires a lot of
transistor counts, or the common ripple carry full adder, which is sluggish but has a straightforward logic design. Due to the
addition, subtraction, and comparison steps that are involved in this common method of performing the BC modulo operation,
the circuit becomes noticeably more complicated. The addition is still built on the traditional base-2 binary adder, even though
it is localized to the pair of residues involved in the addition, so the carry bit propagation is preserved in the base-2 BC modular
arithmetic. Modular multiplication is based on repeated addition. FIR filter with this adder was also complicated because of the
complexity of the arithmetic operation involved.[1]

There exists another type of FIR filter implemented with 2" - 2k-1 Modulo Adder. To avoid recalculating carries, this
method uses concurrent prefix operations and carry correctionalgorithms. Pre-processing, carry generation, carry modification,
and sum calculation are the four modules that make up the modulo adder. Different shades in Figure 2 correspond to different
processing modules. According to the properties of the correction T, the modulo 2" - 2-1 adder is composed of two general
binary adders, Al and A2. Replace the generic adder with a modulo adder that is built inside the FIR filter.[2]
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Fig.2: 27— 2%- 1 Modulo Adder used in FIR filter

A. Residue Number System

Garner first proposed the Residue Number System (RNS) in 1959 as a non-weighted number system that would
enable quick addition, subtraction, and multiplication operations incalculations for specific purposes. RNS divides arithmetic
operations into smaller parallel operations, which speeds up computation. Because each modulo arithmetic operations are
independent of one other, there is no carry propagation between them, making the residue number system capable of carry-free
addition, multiplication, and subtraction without borrowing. One of the best methods for cutting down on power consumption
in VLSI system design is the residue number scheme.

A set of moduli, which is composed of n pairs of relatively prime numbers named mQ, m1, m2,... mn-1, defines a
residue number system. Range refers to the entire number of numbersthat can be represented by this number system. It is the
result of the moduli set's entire set of moduli.

n—1

-] [ m
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Unsigned numbers in the range [0, M -1] and signed numbers in the range[-(M-1)/2, ((M+1)/2)-1] for odd values of
M or [-M/2, (M/2)-1] for even values of M can both be uniquely represented by such a residue number system. These are
referred to as the system’s dynamic range. The residues yi concerningthe moduli mi of a number Y within the dynamic range
serve as its representation.

RNS denotes the representation of Y as Y = {y0, y1, y2... yn-1}. i = 0, 1..., n-1. In RNS addition, the operands'
residue representations can be used exclusively for subtraction and multiplication.
Let the RNS representations of

X ={x0, x1, x2...,xm-1} and
Y ={yo0, y1, y2....ym-1} and
X 0Y|={]x0 0yolmo, [x1 0 y1Jm1 ,..., [xn-1 0 yn-1|mn-1}
where "0" might be either an addition, subtraction, or multiplication operation. Be aware that there is no contact
between the RNS channels as the arithmetic operation o is carried out in parallel. In contrast to conventional two's complement
systems, RNS systems can execute high-speed addition and multiplication.

B. Thermometer Coding

In TC, each number's value is represented by the quantity of ones in a string of bits. Since bit locations in this
coding are not given any weight, it is irrelevant where the ones are inserted. These 1s are typically positioned at one end of the
string, though, for simplicity. Tablel illustrates how the range of numbers from 0 to 7 is represented.

REGULAR REPRESENTATION THERMOMETER CODING
0 0000000
1 0000001
2 0000011
3 0000111
4 0001111
5 0011111
6 0111111
7 1111111

Table 1: Thermometer coding
In this system, the overall number of bits used is equal to the dynamic range of the specific system. As a result, the TC
format is typically not effective for wide DR systems but isappropriate for RNS-based systems because the DR of the residues is
typically much less thanthe binary number they represent. Since the leftmost bit of a modulo mi is always zero, these humbers
can be expressed using only mi-1 bits.

HILEXISTING SYSTEM

Acrucial step in developing various RNS-primarily based programs is the developmentof a powerful RNS adder. It's far
a necessary part of RNS multipliers and residue to binary converters. RNS-based programs like digital signal processing,
reverse converters, multipliers,etc. All use modular adders as their important construction block. To apply the recommended
approach to feature modulo m residues (0 <=A, B< m) represented in TCR, it is important to determine whether A + B >= m or
not. The bits of B are rearranged with this goal in mind, as well as for computing the sum. As a result, the rightest bit becomes
the most left bit, and so on.Following that, the inputs A and B are subjected to bitwise AND and NOR logic operations. A
+ B is equal to or greater than the modulo if any bit of the output of AND gates is 1. To put it more specifically, if only one bit
of these outputs is 1, then A + B = m, and the outcome shouldbe 0. The outcome is 1 when two of the output's bits are 1, and this
procedure is repeated anytime more bits of the output receive the value 1. When A + B < m, the addition result is computed
using the outputs of the NOR gates.

Modulo multipliers are subsequent important building aspects inside the computation of the Residue range gadget
(RNS). It is no mystery that multiplication in RNS is a difficult problem. There is an elegant and powerful manner to cope with
the TCR's multiplication difficulty in the
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Fig.3: Block diagram of TCR- based modulo-7 Multiplier
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MAC operation, even though, if the scope of the TCR's employment is restrained to traditional DSP, in which the MAC
operation is the most frequent computation. The strategy employs the repeated addition precept, which removes the need for
multiplication in the MAC computation.The block diagram for the modulo multiplier is proven in Fig.3. Think about modulo m
=7. A should be increased by B number of times. Here modular addition is performed B number of times. In this situation, the
addition is a modulo-7 addition, therefore the solution needs to be taken under consideration each time.

IV.PROPOSED SYSTEM
A critical part of a digital signal processing system, which is frequently hired in signal filtration, detection, and
prediction, is a digital filter. Digital filters can prevent intrinsic voltage unbalance, temperature drift, noise, and other issues as
compared to analog filtering. Digital filters of the IIR and FIR types are two that are frequently employed in industrial systems.
In applications for digital processing including audio signal processing, audio and video compression, etc., FIR filters are a
major component. FIR is a filter where the impulse response has a certain duration and is zero for the last time. The block
diagram of an FIR filter is shownin Figure.4. Delay components, adders, and multipliers are the building blocks of filter circuits.

U W
Fig.4: Block diagram for FIR Filter

The Finite Impulse Response filter (FIR) is a filter with a limited response time. But the complex multiplication and
addition in an FIR filter is the main problem. The key features of RNS are the parallel and independent arithmetic operations
between each pair of residues, which are encoded in thermometer codes significantly increase speed and accuracy, and the
ability to represent a number within the dynamic range uniquely using a set of residues that aremuch smaller in value. Finding
the coefficients and filter order that satisfy particular requirements, which may be in the time domain or the frequency domain,
is the first step in designing an FIR filter. By carefully choosing the component weights or coefficients rather thanassigning them
equal weight, it is feasible to significantly enhance the efficiency of the straightforward FIR filter. By adding more steps (taps),
the roll-off can be made more acute. Fig.5. represents a TCR-based modulo 7 FIR Filter which consists of three delay elements,
fourmodulo multipliers, and three adders. Here the input X is a thermometer code corresponding tothe binary value and the
output is also produced in the thermometer-coded format.
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Fig.5: Block diagram for TCR based modulo-7 FIR Filter
An FIR filter's fundamental design is a delay line of sections. The output of the filtercan be obtained by adding the
weights of all the output sections. h(n) (n=0, 1, 2, N-1) is the filter’s impulse response, and x(k) is the input sequence, and y(k)
is the output sequence of filter; N order FIR filter.

N—1

yAE]= D hlk]xk—n]

n=0

V.RESULTS & DISCUSSIONS
The coding was carried out using Verilog and the tool used is Xilinx. The simulation result for TCR based modulo-7
FIR filter is shown in Fig.6. The VLSI parameters such as area, delay, and power were obtained. These are compared with
conventional modulo-7 FIR filter which istabulated in Table.2.
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Fig.6: Simulated output of TCR-based modulo-7 FIR Filter
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Parameters Conventional FIR Filter TCR-Based Mod-7 FIR
Filter
Number of Slices (out of 960) | 328 123
Number of 4 input LUTs (out | 589 216
of 1920)
Delay 1.384 ns 1.139 ns
Power 123 mW 54 W

Table 2: Performance Comparison

VI.CONCLUSION
An innovative thermometer code-based modular arithmetic methodology has been described, offering a way to carry
out the operation in a highly effective and quick way. Xilinxsoftware was used to simulate and synthesize the TCR-based mod-
7 FIR filter. The Thermometer coded format reduces the hardware size of the filter as a result. The power and delay of
proposed and conventional FIR Filters are calculated, and other parameters are compared. Due to the proposed architecture,
performance will increase as size decreases and power consumption decreases. The significant impact is evident from the
experimental findings. They are incredibly helpful for moduli with lower values.
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