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Abstract. The approximate full adder (FA) and subtractor of about 8 transis-
tors each with small areas respectively. The FA and subtractor make very few
errors, three errors in the FA and two errors in the subtractor, so they are ade-
quate for approximate computing applications. In order to achieve increased
speed, output swing and drivability, the structures include gate diffusion input
(GDI) and dynamic threshold (DT) methods employing carbon nanotube field-
effect transistor (CNTFET) technology. These devices are also integrated into
an Eight-bit ripple carry adder and an Eight-bit subtractor, respectively, to cre-
ate a new approximate multiplier-free discrete cosine transform (DCT) based
only on addition, hence considerably lowering computational complexity. The
Eight-point DCT proposed shows low power consumption(40% lower than
CMOS), Delay (30%lower than CMOS) and good trade-off between perfor-
mance and error tolerance, and hence is suitable for image compression and
noise reduction in medical imaging.

Keywords: Approximate full adder, approximate subtractor, multiplier-free
DCT, image processing, CNTFET, Medical images.

1 Introduction

In modern technology, products must be compact, fast, and energy-efficient. Arithme-
tic circuits that perform math operations are essential for digital systems. But higher
circuit complexity with conventional semiconductor technology [1] (CMOS) increas-
es power consumption. One hopeful substitute is approximate computing, which cuts
power consumption by making arithmetic circuits such as adders, subtractors, multi-
pliers, and compressors simpler. This. method is particularly relevant to image and
sound compression, where these circuits are employed in the discrete cosine transform
(DCT)[3], a central component of JPEG compression. Classical DCT operations in-
volve numerous multiplications and additions, so are problematic in terms of com-
plexity and power consumption. To counter this, researchers have created simpler,
multiplication-free forms of the DCT in order to make it more efficient. One efficient
approach is adding zeros to the calculations of the DCT, and this cuts power con-
sumption while performance is sustained. Another solution is Gate Diffusion Input
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(GDI)[2] technology, which uses less power compared to standard CMOS logic. Yet
GDI circuits suffer from voltage problems, and these are overcome through the appli-
cation of dynamic threshold (DT) [4]techniques and carbon nanotube transistors
(CNTFETSs)[5]. In this work, a new approximate full adder (FA) and subtractor are
developed and evaluated in an 8-bit ripple carry adder (RCA)[6] and an 8-bit subtrac-
tor. These units are incorporated into an optimal DCT architecture based on 32 nm
CNTFET technology. The designed model enhances speed, lowers power consump-
tion, and has smaller space requirements. It is tested on 255%255[7] pixel images,
which are segmented into small 8x8 blocks to be compressed and processed. The
results indicate that the new DCT technique efficiently compresses images without
loss of quality, thus being beneficial in applications like medical image processing[8].
Research Objectives

Manufacturers are improving AM operations by integrating feedback control and in-
process monitoring, enhancing repeatability. 3D printing offers sustainable materials,
like plastic, but research aims to develop natural alternatives.

The suggested article's main research goals are:

RO1: Analyzing significant developments in mitigating environmental deterioration
and additive manufacturing.

RO2: To recognize and examine different innovations in additive manufacturing that
enhance environmental sustainability.

RO3: To explore the key components necessary for establishing an environment for
sustainable additive manufacturing.

RO4: To verify process workflows and enhance the sustainability of additive manu-
facturing practices.

ROS5: To determine and investigate how applications of additive manufacturing con-
tribute to environmental sustainability. =~ The Basic Idealn this framework,
communication of secret information between the sender and the receiver can be done
by transmitting a series of images using constructed inverted index structure. An
efficient hashing algorithm is used to prepare the indexing structure and also be used
at receiver’s side to decode the secret information [9].

2 Literature Survey

R. Ezhilarasi, K. Venkata Lakshmi, and B.P. Khanth (2018) suggested enhanced ap-
proximate Discrete Cosine Transform (DCT) techniques for multimedia systems and
image compression. They focused on maximizing compression performance while
maintaining relatively good image quality. Approximate computing methods were
used to conserve computational complexity and power. Results showed that the novel
approximated DCT methods were less power-hungry and less latency-prone. Such
factors were particularly beneficial for resource-constrained devices like embedded
and mobile systems. Experimental results revealed that the proposed methods were
efficient against conventional DCT methods. The research contributed to the creation
of low-power image processing applications. The research highlighted the potential
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for more optimizations within multimedia compression. Adaptive techniques can be
explored further for better performance on different multimedia platforms.

A fast 1-bit full adder [8]with strong driving ability is required for multistage frame-
works in contemporary computer systems. Research in recent years has concentrated
on improving full adder design for better speed, power consumption, and scalability.
Researchers have brought forward novel methodologies to enhance transistor-level
design with improved signal passing and lower delay. These advances lead to excel-
lent driving ability, rendering the adder highly capable for intricate arithmetic circuits.
Assessments have shown impressive performance and efficiency improvements,
showing promise for incorporation into high-speed and low-power computing sys-
tems.

Approximate Adder Design Utilizing GDI and CNTFET Technology for Image Pro-
cessing by M. Patel, S. Roy, and A. Kumar, IEEE Transactions on Circuits and Sys-
tems I (Feb. 2023), outlines an innovative approximate full adder design that is tai-
lored for image processing operations. Authors combine Gate Diffusion Input and
dynamic-threshold techniques with Carbon Nanotube Field-Effect Transistor technol-
ogy in a bid to consume less power, reduce area consumption, and speed up calcula-
tions.

J. Lee and D. Kim (2023) presented a new biomedical image enhancement method
based on approximate Discrete Cosine Transform (DCT) in the IEEE Transactions on
Medical Imaging. Their approach is intended to enhance the quality and clarity of
bioimages, which is critical for correct diagnosis and medical analysis. The suggested
approach has low computational complexity while ensuring high image fidelity.
Through the use of approximate DCT, the technique improves key image features
more critically, thus being very effective for medical imaging purposes. The research
proved that the method improves contrast and detail retention in medical images to a
great extent. It is more energy-efficient compared to conventional enhancement tech-
niques and has faster processing. This is very useful in real-time medical imaging and
in healthcare systems with fewer resources. Experimental validations justified its
efficacy across medical imaging modalities like MRI and CT scans.

Sustainability in Manufacturing and the Environment

Sustainable manufacturing, or green manufacturing, aims to minimize pollution, pro-
mote environmental sustainability, and enhance productivity in industries like auto-
motive. It not only benefits the planet but also improves safety and well-being for
workers and consumers. By reducing energy consumption, waste, and processing
time, companies can boost operational performance and establish leadership roles in
the market. Sustainable production integrates product and process design to enhance a
company's image and customer loyalty. Implementing waste reduction strategies,
recycling, and utilizing technologies like additive manufacturing can help reduce the
environmental footprint and contribute to sustainability goals.
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3 Proposed Method

The proposed system employs the ideas of approximate computing to introduce a new
approach of image processing. Employing CNTFET[9] technology and GDI and DT
methods for high performance and compact footprint, it aims at developing new 8-
transistor approximate full adder and subtractor circuits. Based on these approximate
arithmetic units, a multiplier-free 8-point Discrete Cosine Transform (DCT) architec-
ture is built. A full adder (FA) based on a CNTFET is a significant arithmetic module
for adding binary numbers, and its approximate (AFA) minimizes transistor usage for
better power efficiency at acceptable accuracy. The suggested approximate full adder
uses the Gate Diffusion Input (GDI) method, which improves performance through
reduced internal nodes and fixed input capacitance. The FA generates errors in the
Sum and Carry-out (Cout) computations. The approximate cntfet full subtractor re-
quires only8transistorsand does away with inverters, thus ensuring very high efficien-
cy in terms of power and speed. Both approaches focus on minimal power consump-
tion, high-speed functionality ,For applications in medical imaging where efficient
processing is a priority, this approximate DCT would be employed for compression of
images and removal of noise. Quantities like Power Delay Product (PDP), Peak Sig-
nal-to-Noise Ratio (PSNR), and Figure of Merit (FoM) are employed for measuring
the system performance.

Sum

Fig .1. CNTFET FULL ADDER

Approximate CNTFET full adder is a low-power, high-speed arithmetic circuit im-
plemented with the Gate Diffusion Input (GDI) technique, minimizing transistor
count to only 8 transistors. It makes Sum and Carry-out (Cout) calculations.The AFA
drastically reduces power dissipation, saves chip area, and enhances speed.

Sum =E,Z + E,X

Co=XY +XZ
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MUx  f——> Sum

Fig .2.Gate Level for full adder

The above Gate level diagram is a 1-bit full adder circuit implemented with logic
gates and a multiplexer (MUX). It has three inputs: A, B, and C (carry-in) and two
outputs: Sum and Cout (carry-out). The circuit initially inverts the input A through a
NOT gate, and the output gets added to B through an OR gate. This intermediate sig-
nal then gets routed to a MUX, which, together with the carry-in C, decides the Sum
output. Additionally, an XOR gate gets inputs A and B, and the output gets routed to
an AND gate with C to calculate the carry-out (Cout).

T H His
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Figure .3. CNTFET FULL SUBTRACTOR

Approximate CNTFET full subtractor is a low-power, high-speed digital circuit em-
ploying the Gate Diffusion Input (GDI) technique in just 8 transistors without using
inverters. It gives Difference (Diff) and Borrow-out (Bout), Having been designed
employing MUX and XNOR gates, the complexity and delay are reduced as much as
possible, and therefore it is appropriate for image processing.

Dif=(M @ N)O + MN

Bo=(M @ N)O + MN
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Figure .4. Gate level for full subtractor
The given diagram illustrates a 1-bit full subtractor circuit employing XNOR and
multiplexers (MUX). The subtractor is given three inputs: X (minuend), Y is the (sub-
trahend), and Bin (borrow-in) and two outputs: Diff (difference) and Bout (borrow-
out). The XNOR gate finds the first difference between X and Y, which is used in
determining the final difference using a MUX. The borrow-out signal is also derived
using another MUX based on the values of X, Y, and Bin.
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Figure .5. DCT Architecture
The Multiplier-Free DCT Module proposed here performs the 8-point Discrete Cosine
Transform (DCT) without using conventional multiplication but with approximate
adders and subtractors. It saves power and complexity, suitable for low-power appli-
cations such as medical implants and handheld devices. The objective is to achieve
improved efficiency without degrading the quality of the signal for image compres-
Unimportant DCT

sion and noise elimination.
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Figure 6: Block diagram of DCT/IDCT
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1. The above block diagram shows the JPEG compression and compression process
using the Discrete Cosine Transform (DCT). The image is segmented into small
8x8 pixel blocks to process them individually. The DCT (Discrete Cosine Trans-
form) is used to transform image data from the spatial domain (pixel values) to the
frequency domain for each 8x8 block. Quantization is done where tiny, minor co-

efficients are forced to zero for data size minimization.

The DCT converts the image block into DCT coefficients, in which significant details
are kept in low-frequency coefficients and insignificant details in high-frequency
coefficients. Quantization is done where tiny, minor coefficients are forced to zero for
data size minimization. DCT coefficients are here returned to their near original val-
ues prior to compression. The DCT coefficients are here returned to their near original
values prior to compression. The coefficients that have been processed are passed to
the Inverse Discrete Cosine Transform (IDCT) in order to transform the frequency
data back into image data. This process is the inverse of the DCT process, converting
the compressed data back to an 8x8 pixel block in the spatial domain. The ultimate
output compressed version original image that needs less storage space and excellent

visual quality.

4 Results Description

Digital
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The plot shows the delay of CMOS and CNFET circuits against supply voltage
(VDD).CMOS delay reduces with increasing VDD nearly exponentially, ranging
from approximately 1700 ps at 0.5V to about 200 ps at 1V. CNFET, on the other
hand, has a very low and relatively constant delay for all voltages, which reflects bet-
ter speed performance. This brings CNFET as a better Performance.
The curve shows the CMOS and CNFET power consumption as a function of the
supply voltage (VDD). The power consumed by CMOS rises sharply as VDD rises, to
a value of about 22 pW at VDD = 1V. CNFET has an essentially flat and significantly
lower power value at all values of voltage.
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5 Image Compression Using DCT

It acts as a label or description to make it clear that the data, visual representation, or
other output that comes from that loaded image is what comes next. It basically serves
as a straightforward and easy way to indicate that the information that follows is relat-
ed to an image that has been loaded.. This makes it clear that the output is specifically
related to a gray scale image manipulation.

In essence, the Discrete Cosine Transform (DCT)[2] breaks down an im-
age into its individual frequencies. It represents the image as the sum of variously
sized cosine waves. This is beneficial since it focuses the majority of the image's en-
ergy into a small number of frequency-domain coefficients.

In order to lower the quantity of data required to represent the image, the
DCT coefficients are adjusted in this critical step. It entails rounding the results to
integers after dividing the coefficients by a quantization matrix[7]. In order to achieve
compression, this process removes some of the high-frequency information that is less
significant and has little effect on the perceived image quality. The goal of the recon-

struction procedure is to undo these changes and retrieve the original image data.
e et Quantized DCT Coefficients

0CT ot e image

(d)

Fig.10. (a) Output for loaded image (b) Output for loaded image (c) Output for gray-
scale image (d) Output for Quantized DCT Coefficient (e) Output for Reconstruct
original image
Greater PSNR, less MSE, and greater SSIM mean superior image quality with low
distortion, whereas lower PSNR, greater MSE, and lesser SSIM mean extreme degra-

dation, with SSIM being of most perceptual significance.
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Table 1: Comparing of Parameters with Different Images

2277

Parameter Imagel Image2 Image3
PSNR 28.70 35.88 27.52
MSE 87.72 16.80 115.19
SSIM 0.946 0.98 0.89

6 Conclusion

Here, a multiplier-less Discrete Cosine Transform (DCT) architecture based on an
approximate 1-bit full adder and subtractor is presented. Compared to conventional
CMOS technology, the CNTFET-based design is more efficient, less power-
consuming, and better in performance, hence a better option for low-power applica-
tions. The new architecture is utilized in medical image processing to remove noise
via image compression so that the quality of the image is improved. For noise reduc-
tion effectiveness measurement, Peak Signal-to-Noise Ratio (PSNR), Mean Squared
Error (MSE), and Structural Similarity Index (SSIM) are determined. The output veri-
fies that CNTFET-based approximate DCT yields an effective trade-off among power
consumption, accuracy, and computational cost, and therefore it is a good choice for
energy-aware image processing and medical imaging purposes.
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