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important components of filter architecture are the multiplier and adder.
Digital circuits can be designed with a number of adders and multipliers,
but an effective adder and multiplier design is required to create an
efficient filter. While developing the digital Very Large Scale Integration
(\VLSI) circuits, an adder is one of the fundamental computational circuit.
The concept behind Approximate Adders (AAs) is to improve the design
metrics of the adders. The field of high-speed error-tolerant circuits with
approximation computation has grown significantly due to the
development of high-speed multimedia applications. Although these
programs perform exceptionally well, accuracy is compromised. Their
techniques additionally minimize system architecture complexity, delay,
and power consumption. A proposal to improve the design metrics of an
adder is called an approximate adder (AA). Multipliers are essential
because they speed up the execution of intricate arithmetic procedures
involving large numbers. The difficulty of today's world is that a
multiplier allows to complete an operation in a single step quickly rather
than to execute several addition or subtraction operations. The design and
implementation of low power efficient FIR filter architectures using
approximate adders and multipliers is presented in this work. A simple and
fast approximation adder is proposed for approximate multiplier
architectures. Area, delay, and power are used to evaluate the FIR filter's
performance.
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1. INTRODUCTION

The demand for image processing systems is increasing quickly in recent times. With the latest
technology, every industry where the creation and storing of image data is crucial is seeing an
increase in the number of active users. Image processing is the basis for many significant
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applications, including object detection, medical imaging, remote sensing, and etc. The key
components of these image processing methods are digital filters. In digital signal processing,
digital filters play a vital role [1].

A device or process used to remove unwanted components or features from a signal is called a
filter. One type of signal processing utilized in the represented synthesis of an arithmetic circuit
is filtering, which is used to evaluate the digital design at the logical level. A filter is
characterized by the complete or partial suppression of certain signal components. Although the
utilization of a field-programmable gate array based on signal processing, the existing approach
is examined in order to increase each system's level of efficiency. For efficient digital
computation, noiseless filter design presents additional challenges for signal processing [2].

As a preprocessing step, noise is widely removed from the detected signals of WSNs (Wireless
Sensor Networks) using the FIR filter. As VLSI technology is on improving, FIR filters have to
be implemented in real-time with a minimum of delay and hardware requirements. When
presented with an input of finite length, like an impulse, the FIR filter's output is limited and
eventually returns to zero. When using an Infinite impulse response (IIR) filter, the impulse
response is unlimited. Applications for Digital signal processing (DSP) include speech
recognition, SONAR (Sound Navigation and Ranging) RADAR (Radio Detection and Ranging),
digital image processing, audio signal processing, telecommunications, and etc. Big data
applications, real-time limitations, and low energy requirements are some of the challenges faced
by DSP [3]. Applications involving digital signal processing frequently make use of FIR (Finite
Impulse Response) filters. It is essentially made up of several delays, multipliers, and adders.
Enhancing the subcomponents power efficiency and compactness will contribute to the filters
reduction and low power consumption, which may result in cost savings and longer battery life
for portable devices [4].

FIR indicates that this filter doesn't use feedback and that the impulses are finite. Phase is
maintained linear to prevent noise distortions. The design of FIR is simpler than that of IIR. DSP
processors utilize these types of FIR filters because of their high speed. Addition and
multiplication are utilized at times in digital signal processing. FIR filters in digital signal
processing define fewer bits are created with finite precision [5].

Nowadays, the area of VLSI design implementation for particular image processing applications
IS observe the development of approximation computations [6]. The area of high-speed error-
tolerant circuits with approximation computation has expanded significantly due to the
development of high-speed multimedia applications. These programs offer excellent
performance since at the cost of decreased accuracy. Moreover, their approaches reduce power
consumption, delay, and system architecture complexity [7]. The complex and energy-hungry
blocks in the filter architectures are multipliers. Today's digital signal processing and many other
applications depend heavily on multipliers [8]. In order to develop multipliers that are
appropriate for a number of high speed, low power, and compact VLSI implementations, many
researchers have tried and continue to try to design multipliers that offer high speed, low power
consumption, regular layout, and so less area, or even a combination of these design targets in
one multiplier. This is due to technological advancements [9].

Multipliers play an important role in today’s digital signal processing and various other
applications. With advances in technology, many researchers have tried and are trying to design
multipliers which offer either of the following design targets — high speed, low power
consumption, regularity of layout and hence less area or even combination of them in one
multiplier thus making them suitable for various high speed, low power and compact VLSI



Raningaram Thanuja Singh/Afr.J.Bio.Sc.6(Si4)(2024) Page 2789 of 10

implementation [10]. So optimization is commenced with the reduction in the number of
multipliers. Approximation is suggested using half-adder, full-adder, and compressors. The
complexity of the arithmetic units has been lowered, but the error value has also been taken into
consideration. Systemic approximation improves accuracy, while lower logic architecture of
approximation arithmetic units reduces power and area consumption [11].

There are several adders and multipliers in the FIR filter design, and in order for the filter output
to reflect, a delayed component is required. The FIR filter does not compute any summation or
multiplication error rounding. A large area size required for multiplier adders and delayed
elements, depending on the filter order is one of the main drawbacks of the FIR filter
architecture, along with its high propagation delay [12]. One of the main types of filters used in
digital signal processing is the FIR filter. FIR filters are called finite since they don't have any
data. Digital filters with Finite impulse response (FIR) can be used in a number of digital signal
processing applications, such as Software-defined radio (SDR), loud speaker equalization,
adaptive noise reduction, echo cancellation, and speech processing, in addition to other
applications for communication [13]. Large-order FIR filters are needed for many of these
applications in order to achieve the stringent frequency requirements. These filters frequently
have to handle high sample rates in order to allow high-speed digital transmission [14].
However, the number of additions and multiplications needed for each filter output is increases
in a linear way as the filter order increases. Real-time implementation of a big order FIR filter in
a resource-constrained setting is a difficult issue since the FIR filter method does not allow for
redundant computation.

To address these difficulties, they discuss the design and implementation of low-power FIR filter
architectures that utilize approximation adders and multipliers. The remaining content is
arranged as follows: The Literature survey is explained in Section 2. The section 3 presents
design and implementation of low power efficient FIR filter architectures using approximate
adders and multipliers. The analysis of the results is evaluated in section 4. In section 5, the
conclusion is provided.

2. LITERATURE SURVEY

The 4:2 Compressor was designed for the Parallel Distributed Arithmetic (PDA) FIR Filter
system. This work presents a new PDA FIR channel design was use of the 4:2 compressors that
Xilinx FPGAs can effectively map. Considering comparison with the most advanced PDA FIR
channel, this suggested FIR models achieve a 17.5% reduction in asset utilization and a 20.7%
change in execution overall. In addition, when compared to PDA FIR, there has been an overall
57.9% decline in asset utilization and a 23.0% change in execution. A different 4:2 compressor
design is suggested in light of several inward conditions that have changed. These Compressors
can be widely used as building squares of multipliers [15].

A FIR filter structure was designed utilizing a Wallace tree multiplier and high adders. In order
to design 8x8 bit multipliers, 4:2, 5:2, and 6:2 compressors are used. The suggested 4:2, 5:2, and
6:2 compressor designs with various logic styles are contrasted with the conventional Wallace
tree design 14 transistor adder cells. The number of transistors and power consumption were
significantly decreased in the suggested manner. The Wallace tree multiplier's area and speed are
improved by up to 24% as a result of this compressor. The results show that, with regard to
delay, the suggested architecture is more effective than the current one. For high-speed
applications, multiplying values larger than 16 bits can be an appropriate match for this method
[16].
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The Implementation of Efficient FIR Filter was designed using Approximate Compressors for
Multiplication. Approximate compressors were used for multiplication. This article proposes a
number of new design strategies for approximately 4-2 and 5-2 compressors, with the goal of
reducing the number of partial product steps involved in multiplication. Two novel approximate
5-2 compressors have been proposed for two approximate 8 x 8 Dadda multiplication designs,
while three novel approximate 4-2 compressors have been proposed for three approximate 8 x 8
Dadda multiplier designs. According to the synthesis's results, in contrast to the current
approximations, the suggested designs made significant improvements in accuracy along with
reductions in power and delay [17].

A 5-stage FIR filter was designed with a modified Montgomery multiplier that has a high-
performance, low-power architecture. All of the design simulation is done with 45 nm
technology was CMOS (Complementary Metal Oxide and Semiconductor) and PTL (Pass-
transistor Logic). The results show an increase in the multiplier's area efficiency of 65% and
power reduction of approximately 68% when compared to the conventional approach. The
multiplier's logic gates were designed using CMOS and pass transistor logic, which reduced the
amount of transistors and produced a low-power design [18].

The Multiplierless Multiple-Stage Cascaded FIR Filter Design is explained. A new algorithm for
designing multiplier-less multiple-stage cascaded FIR filters is presented in this study. The
recommended algorithm's phase count is automatically computed, in comparison to traditional
algorithms, where there are often two set phases. In terms of hardware cost and design time
saved, the design examples demonstrate that the existing algorithm performs significantly better
than the best existing approach [19].

Parallel Prefix Adder (PPA) and a dadda multiplier was designed to develop a programmable
FIR filter. Here, PPA is used for addition, and the Dadda multiplier is utilized for multiplication.
As a result, this effort contributes to the development of an effective FIR filter that has numerous
DSP applications. Dadda multiplier takes up less space since it requires fewer gates. The process
is executed in parallel, therefore the PPA benefits from faster computing. This is a programmable
FIR filter since the user can select the type of filters (high pass, low pass, band pass, or band
stop) based on the purpose of the filter in addition to providing the necessary number of
coefficients [20].

The design of less effective length sparse FIR filters were presented. To produce FIR filters with
sparse linear phase and shorter effective lengths, an exchange algorithm is proposed. For sparsity
maximization, it might be helpful to use an iterative 0-1 exchange technique with suitable
direction control to get the minimax approximation error is nearer to the intended upper bound of
error. In the suggested approach, optimizing the effective length is given less importance than
sparsity. According on simulation data, the suggested approach is generally better than the
current algorithms in terms of effective length and/or sparsity [21].

A synthesizing approach for tap delays and accumulations that is cost-aware and used to
construct FIR filters that are efficient in terms of area and power. In order to solve this problem
of integer programming at quadratic computational cost, an effective Genetic Algorithm is
developed that decreases the search space is to identify an optimal solution that satisfies the
frequency response parameters. Results from twelve benchmark filter specifications, using
application-specific integrated circuit logic synthesis and field programmable gate arrays, when
compared to solutions produced by current design methods, this results generated by this
suggested technique showed a reduction of up to 26.8% and 27.5% in average area and power
consumption [22].
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Design and implement a FIR filter utilizing adders and multipliers with high speed and low
power. The Carry Look Ahead (CLA) adder and the Radix-4 modified Booth Multiplier are used
to build and execute a high speed, low power FIR filter. When multiplying filter inputs and
coefficients, the Booth multiplier shortens the accumulation computation time. The typical ripple
carry adder, which is used to add the FIR filter, has a critical path delay that can be decreased
with the use of CLA. Using a Booth multiplier and CLA, the 8-tap direct form FIR filter is
constructed, simulated, and synthesized.  Every block's utilization summary with regard to the
target FPGA is also provided [23].

Design and implementation of a FIR filter structure utilizing Wallace Tree Multiplier and High
Adders. This project uses 4:2, 5:2, and 6:2 compressors to produce 8x8 bit multipliers. The
suggested 4:2, 5:2, and 6:2 compressor designs with various logic styles are contrasted with the
conventional Wallace tree design 14 transistor adder cell. The number of transistors and power
consumption were significantly decreased in the suggested manner. The results show that in
terms of delay. The suggested architecture is more effective than the current one. In order to
develop a high performance multiplier in VLSI applications, the power of the proposed
multiplier might be examined [24].

Design and implementation of hybrid FIR filters was presented which uses fast adders and Vedic
multipliers. In this work, they implement high-performance FIR filters by designing and
analyzing several multipliers, adders. The sixteen Sutras that make up the Vedic Mathematics are
a set of techniques for quick mental calculations. With a 1.5% delay reduction and a 10.2%
power reduction, this method improves speed over previous methods [25].

A new design model was described for designing multi-dimensional FIR filters based on desired
frequency response representation using a gabor system which is generated by the Gaussian
function. The desired frequency filter frequency response was obtained from the specifications of
standard design. This approach results stop-band attenuation and provides control over the
critical frequencies which turn being close to the obtainable with Parks-McClellan model. This
improved performance can be better option of design of 2-D filters [26].

3. DESIGN AND IMPLEMENTATION OF LOW POWER EFFICIENT FIR FILTER
ARCHITECTURES

In this section, design and implementation of low power efficient FIR filter architectures using
approximate adders and multipliers is presented. The provided FIR filter's block diagram is
shown in Figure 1. The linear-phase feature and stability of Finite impulse response (FIR) filters
make them popular in Digital signal processing (DSP) applications.

Three fundamental components are needed to create a FIR filter. They are signal delay, addition,
and multiplication. The expression for a FIR filter is expressed in equation (1) as follows:

yIn] = ¥¥Z0 brx(n — k) 1)

If the set of filter coefficients is identified by b, the output signal is represented by y [n], and N
represents the filter order. Taps or tapped delay lines are information used to describe x [n - k]
times when x[n] is the applied input signals. Provide a fundamental FIR filter multiplier structure
in the standard design. It creates partial products in order to carry out multiplication.
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v v
Input Splitter A > Delay Input Splitter B
A 4 V}
Approximate Approximate
Multiplier > Multiplier

. Approximate
= Addar

A




Raningaram Thanuja Singh/Afr.J.Bio.Sc.6(Si4)(2024) Page 2792 of 10

Approximate multipliers and adders are utilized in this analysis to enhance the FIR filter's
performance. Designing a FIR filter is requires a set of coefficients and a sample delay line. To
put the filter into application: In the delay line, enter the input sample. After multiplying each
sample in the delay line by the corresponding coefficient, added the result that is obtained. When
implementing a FIR filter using filter(), they set the vectors expressed as equation (2)

A = [1]and B = [By, By, ....., By] (2)

One sample of the signal delay is provided by the unit delay. After one sample clock cycle, a
sample value is kept in a memory slot and available as an input to the subsequent processing
step. Over the frequency range, Phase in linear form, group delays in FIR filters are uniform and
equal.

An order n linear phase FIR filter simply delays the filtered signal by n/2 time steps, and the
magnitude response of the filter determines the scale of its Fourier transform. The group delay is
n/2. Phase distortion is eliminated by this feature, which maintains the shape of signals within
the pass band. An approximate multiplier takes the place of conventional multipliers. For energy-
efficient computing in applications where there is an inherent tolerance for error, approximate
multipliers are heavily recommended. A multiplication process consists of two steps: the
development of partial products and their addition. Therefore, the speed at which they can
combine the speed of the approximate multiplier is mainly determined by the partial products
after they have been formed. The speed at which partial products are generated, can be achieved
by producing fewer of them. In order to speed up the process of adding among incomplete
products, they need fast adder designs. The proposed approximation multiplier makes use of
error signals are increase accuracy through error correction and partial product accumulation
using a simple tree of approximation adders. In order to create accurate but energy-efficient DSP
cores, this model is revolutionary, this approximation design has developed throughout time.
Error vector and approximate is produced by the proposed approximate adder, which prevents
"carry propagation”. The Partial product (PP) is accumulated through an adder tree. The result is
produced with more accuracy when using the trees to made up for output errors. Since an
approximation adder is simpler than a regular adder and produces a much lower error signal in
terms of Critical-Path Delay (CPD), it is an excellent option for creating an adder tree to
accumulate values. The created adder breaks the CPC (Critical Path Chain) is to calculate data in
parallel while generating an approximate sum and error vector.

The output y[n] is expressed in equation (3) and (4) as

y[n] =vy[n] + vy[n] + v3[n] + vuln] (3)

y[n] = (Box[n] + (Byx[n — 1] + (Bzx[n — 1]) + (Bsx[n — 3]) (4)



Raningaram Thanuja Singh/Afr.J.Bio.Sc.6(Si4)(2024) Page 2793 of 10

By producing the approximate sum and breaking the CPC, the designed adder computes data in
parallel. As a result, the FIR filter performs better than previous FIR filters are developed
utilizing approximation adders and multipliers.

4. RESULT ANALYSIS

In this section, design and implementation of low power efficient FIR filter architectures
using approximate adders and multipliers is presented. The table 1 shows performance
evaluation.

Table 1. Performance Evaluation
Filter Type | Area Dela | Power
(um?) (mW)

y
(ns)
FIR using | 25658.9 | 1.02 | 12.69
Distributed 8
Arithmetic
(DA)

Presented 18233.3 | 0.23 | 5.3
FIR filter 4
using

AA(Approxi
mate Adder)

Compared to FIR filter using DA, presented FIR filter has shown better performance. The figure
2 shows the delay performance comparison.

Delay
1.5

Delay in ns

m Delay

DA AA
Adders

Figure 2. Delay Comparison
FIR filter using approximate multipliers and adders have very less delay than FIR using
Distributed Arithmetic (DA). The Figure 3 shows power comparison.
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Figure 3. Power Comparison
Compared to DA, Arithmetic Adders (AA) has consumed very less power. The Figure 4 shows
area comparison.
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Figure 4. Area Comparison
Presented FIR filter using approximate multipliers and adder has very less area than FIR using
Distributed Arithmetic. When compared to the conventional DA-based technique, the FIR filter
implementation utilizing approximate multipliers and adders provided efficient values for the
area, delay, and power.
5. CONCLUSION
In this work, the design and implementation of low power efficient FIR filter architectures
using approximate adders and multipliers is presented. The analysis proposes approximate
multiplier architectures using a simple and fast approximation adder. The created adder breaks
the CPC is to calculate data in parallel while generating an approximate sum and error vector. To
create FIR filters with excellent performance and low energy consumption, the approximation
adder is suggested. The suggested fixes maintain higher performance while reducing delay and
power in an efficient manner. By increasing speed and decreasing delay, approximate adder and
multiplier sufficiently enhanced the FIR filter's performance. Comparing the suggested
architecture to different architectures, they can conclude that it performs better in terms of area,
power, and delay.
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