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AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Abstract
The recent need to achieve high agricultural production, internalization of resources 
and sustainability on the global scale has triggered the adoption of new digital 
technologies on contemporary farming. A holistic framework of the use of IoT to 
realize smart agriculture is unveiled in this paper with a focus on synergy between 
intelligent sensing technologies, AI-based analytics and sustainability objectives. The 
proposed architecture combines a wide variety of IoT sensors to observe real-time soil 
parameters, environmental conditions, and crop health with no issues handing them over 
to the cloud-edge infrastructure and providing low latency and energy-efficient data 
operations. Machine learning algorithms and artificial intelligence are used to derive 
meaningful information that can be used to carry out precision irrigation, forecast pests 
and diseases, and allocate resources in the best possible ways. The framework also 
assesses other communication protocols, which can be deployed reasonably on farms, 
including LoRa, ZigBee, and NB-IoT, on the reliability and scalability to heterogeneous 
farm conditions. In order to support the effectiveness and viability of the proposed 
implementation, a case study deployment on a test bed farm is discussed in the accuracy 
of data collected, amount of energy used, and sustainability parameters, which include 
how much water is saved and carbon emission reducing. The findings indicate an 
effective increase in the rates of efficiency of operations, accuracy of decision-making 
and optimization of resources. In addition, this research paper outlines the areas of 
crucial difficulty in system interoperability, data privacy, and rural connectivity, and 
provides the potential future research orientations such as blockchain-based system 
security and agri-intelligence through 6G. Filling the gap in the technological and the 
ecological level, this work further helps to develop the concept of sustainable smart 
farming ecosystems and provides a scalable plan on how to turn the existing agriculture 
into a resilient and data-driven paradigm.
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Introduction

Agriculture is considered to be one of the most crucial 
sectors that provide food security in the world, but today 
agriculture has a number of problems such as resource 
inadequacy, worker deficiency, impretentiveness of 
the climate, and input non-efficiency. The traditional 
farming techniques as fundamental as it may be is more 
of a reactionary form of farming that lacks precision 
in forming the basis of high-efficiency, sustainable 
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production. Now, more than ever, the need to find a 
solution to the upcoming crises of rising populations and 
hunger in the world has led to a need to find smarter, 
data-driven agricultural systems.

The injection of the recent innovations in digital 
technologies, especially the Internet of Things (IoT) 
and Artificial Intelligence (AI), has the potential to 
become an effective tool to transform traditional 
farming into intelligent and responsive systems. IoT 
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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delivers real-time sensing in the environment, based 
on distributed arrays of sensors, and AI does the same 
thing in decision making or automated decision-making 
based on predictions learned using collected data. With 
the development of smart agriculture as a topical new 
paradigm of agriculture, this convergence plays a key 
role in terms of optimized yields, resources savings, and 
environmental friendliness.[2, 4, 5, 7]

Although a number of individual technologies have 
been suggested, a critical need exists to integrate the 
intelligent sensing, scalable computing, and sustainability 
evaluation all within the same framework. The framework 
of the present research is expected to bridge this gap 
by taking advantage of cloud-edge computing, adaptive 
AI models, and low-power communication protocols 
in smart and sustainable farming. It is heterogeneous-
field operative, and it has incorporated sustainability 
measures, which a priori entail carbon footprint, energy 
efficiency, and water consumption.[1, 3, 6, 8]

To confirm that the system works in the real world, the 
paper gives a case implementation that factors in the 
performance of the system based on accuracy, water-use 
efficiency, energy use and effect on the environment. 
This research has also added a scalable and sustainable 
framework that would help in changing the face of 
agriculture by considering and joining the missing link 
between innovation in the digital world and agricultural 
practice. In addition, it addresses technical issues, e.g., 
rural connectivity and data security, system integration, 
interoperability, and addresses emerging trends, i.e., 
blockchain-enabled traceability, 6G-intelligences in the 
farm.

Literature Review
Evolution of Smart Agriculture Technologies

The evolution of the agricultural industry has been 
gradual of the transformation of agriculture: this has 
been going through mechanization to automation, and 
currently, it moves to more intelligent systems that are 
data-based. Precision farming started in the early years 
mainly in the development of GPS-equipped tractors 
and drip irrigation, which relied on the productivity of 
resources applied accuracy of site. 

Naturally, such systems were generally siloed and lost 
the dynamic feedback aspect of the latest IoT and 
AI-enriched systems.[1, 4] In the latest literature, it is 
stressed that the evolution of telecommunication-the 
shift to digital infrastructure from analog one-plays an 
essential role in facilitating the implementation of IoTs in 
rural and remote regions of agriculture.[11] Nonetheless, 
in the vast majority of the current systems, scalability, 

real-time flexibility, and the integration of sustainability 
indicators remain constraints.[6]

IoT Applications in Agriculture

IoT enables greater accuracy in farming as it enables sen-
sor nodes of measuring environmental factors (moisture 
content in the soil, temperature, humidity, plant health, 
etc.). Research has postulated the utilization of Wireless 
Sensor Networks (WSNs) and Long-Range (LoRa) commu-
nication to embark on data gathering effectively.[2, 4, 10]  
Nevertheless, such deployments tend to have exces-
sive dependency on centralized cloud processing which 
makes them less responsive and consumes more energy. 
The recent developments promote the use of edge-com-
puting-based IoT systems, where the local processing of 
information occurs at the field level that decreases the 
transmission overheads and cuts on the response time 
[8]. Innovative work in sensor methods of fusion has also 
contributed to increased accuracy in the monitoring 
of the environment, that way field intelligence can be 
made more robust.[12]

Role of AI and Machine Learning in Precision Farming

Deep learning and other ensemble AI models have been 
used to predict crop yields, identify pests and diseases, 
and set irrigation schedules, among other applications. 
Kamilaris and Prenafeta-Bold also give a detailed survey 
of the AI-based applications in agriculture, illustrating 
why one could consider SVM, Random Forest, and CNNs 
models to accommodate most applications in the target 
area. More up-to-date research augments this idea by 
suggesting adaptive and real-time machine learning 
implementation at the edge and therefore less reliance 
on connectivity and therefore greater responsiveness of 
the model [9]. Integration of reconfigurable computing 
platforms has further been successful in supporting low-
latency, energy efficient AI computation in time sensitive 
agricultural applications.[13]

Sustainability in Agriculture: Current Trends and Gaps

Sustainable agriculture seeks to harmonize productivity 
and the environment in an effort to be environmentally 
significant. Research indicates that precision irrigation, 
and variable-rate fertilization can practically minimize 
greenhouse emissions and save water.[1] Yet, such 
benefits are not often quantified through real-time 
indicators built into the operations systems but are 
instead quantified on a retrospective basis. 

This paper fills such a gap with the addition of live 
feedback mechanisms to track important sustainability 
metrics including the use of water, power consumption 
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A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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and emissions of carbon. The possibility of adiabatic 
logic-based circuits, which have been used in [14], [15] 
as well, is also indicative of the potential of having 
ultra-low-power computing systems that fit well into the 
green IoT objectives in agriculture. 

Proposed Framework

Overview of the Holistic Framework

The framework outlined here introduces a 
comprehensive, end-to-end smart agriculture 
framework that frames together intelligent sensing, 
AI-based analytics, and environmental monitoring of 
sustainability without breaking. It is developed as an 
easily expandable solution that can be used by small, 
medium, and large agricultural operations. It deploys a 
tiered structure where local sensors, a wireless network 
infrastructure, edge/cloud data analytics engines, and 
on-farmers, and agronomists application interfaces are 
used. However, in this holistic design, unlike isolated 
systems of the past, there is continuous data flow, in situ 
processing, automated decision-making and responsive 
feedback loops. The system enables the real-time 
observation of essential agri-environmental indicators 
and the dynamic adjustment of irrigation, fertilization, 
and pest control ecosystems with the reliance on the  
AI-based intelligence. When water usage efficiency, 
energy consumption and emissions tracking are 
integrated into the banking sector as a whole, the 
agricultural output will be optimized not only on a short-
term scale but also on long-term sustainability scales.

System Architecture and Components

There are four fundamental layers of the architectural 
parameters that include the sensing layer, the networking 
and communication layer, the processing and analytics 
layer, as well as the application layer.

•	 The sensing layer has all kinds of sensors to 
measure soil moisture, soil temperature, pH 
level, ambient humidity, light intensity, plant 
health (through multispectral or thermal 
imaging).

•	 The energy-efficient protocols employed in the 
communication layer include LoRa, ZigBee, and 
NB-IoT data transmissions between the field 
nodes and the edge gateways [or cloud servers].

•	 The processing layer itself is divided into edge 
nodes (where latency-sensitive decisions need to 
be made) and cloud infrastructure (where heavy 
model training is performed, historical analysis 
of data is carried out, and massive amounts of 
data are stored).

•	 The end-users will have intuitive dashboards, 
mobile front-ends, and APIs to support decision-
making, alerts and long-term planning, as offered 
by the application layer.

The architecture defines all of its components to be 
interoperable and low-power devices. Its edge nodes are 
equipped with SBCs or microcontrollers (e.g., Raspberry 
Pi, ESP32) with the capability of carrying out lightweight 
inference functions in an AI system. Rules engine in the 
real-time control and predictive model based strategic 
decision making are employed. Its architecture enables 
future predictability through a plugin architecture to 
expand on new sensors or in the case of AI modules 
increase adaptability and future proof the system.

Sensor Network Design and Deployment Strategy

The sensor network topology will be designed as a 
distributed topology with the objective of treating the 
wide field conditions with the least redundancy as well 
as communications overhead. Soil sensors (moisture, 
temperature, pH) positioning will rely in root-level 
depth and their allocation between zones according 
to the type of crops and topographical variation. To 
check microclimatic conditions, environmental sensors 
(humidity, ambient temperature, rainfall detectors) will 
be strategically positioned, and periodic surveys using 
imaging systems (RGB/ multi-spectral cameras or drones) 
are carried out to detect pests, estimate chlorophyll and 
track the health of the crops.

Sensor deployment strategy is based on taking into 
account solar orientation, irrigation design and the 
direction of the prevising wind so as to have the right 
measurements of the micro environment. The sensor 
nodes are powered either through solar panels or 
through hybrid solar piezos, thus being able to operate 
automatically in the long term. Gateway nodes aggregate 
sensor measurements and transmit them through LPWAN 
to edge/cloud services. Data availability is tagged with 
metadata including the time stamp and geolocation of 
data, data uploading of the data has been reduced by 
local data filtering. Furthermore, variable sensor duty 
cycles are utilized to save power on the times when the 
environmental conditions remain constant.

Cloud and Edge Computing Integration

A hybrid edge-cloud computing model is used in the 
framework so as to achieve balance among latency, 
wattage, and scalability. The edge computing equipment 
is placed as close to the source of data as possible so that 
real-time analysis, detection of anomalies, and real-
time actuation (e.g. switching irrigation on or spraying) 
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OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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are possible. These modules perform the lightweight 
inference on already trained AI, as well as rules-centric 
logic. E.g., depending on a criterion of reach of a soil 
moisture threshold in a localized area and weather 
forecast, the system itself can activate a drip irrigation 
program without any human interference.

The cloud layer is doing computationally more expensive 
jobs, like training new AI models, doing long range yield 
forecasts, running databases on gigabytes of data, and 
supporting multi-farm analytics. It also provides the 
centralized dashboard where visualization, analytics, 
and report are carried out. Edge devices receive and 
send messages to and through the cloud-edge through 
MQTT or HTTP REST APIs with edge devices syncing 
periodically with the cloud servers to update or change 
configuration.

Such a hierarchical arrangement makes edge intelligence 
possible to control autonomy and scalability of clouds to 
derive wider information. The TLS encryption and device 
authentication provide the security needed to guarantee 
integrity of data and protect the privacy of the user. In 
addition to this, the cloud layer enables sustainability 
tracking dashboards that illustrate live indicators of 
environmental impacts to support decision-making 
efforts in line with the sustainability targets.

Intelligent Sensing Technologies

The determinant aspect of any intelligent agriculture 
system is its capacity to capture real-time information 
about various agro-conditions. Smart sensing 
technologies have allowed such systems to become a 

reality because they provide visibility at the granular 
levels of soil, crops, the climate, and the livestock and 
are able to make context-based decisions that enhance 
productivity, sustainability, and resources. Figure 2. 
Classification and Functional Location of Sensor in Smart 
Agriculture. This graph provides a classification of the 
different types of sensors according to the type of sensor 
that can be classified into soil, environmental, crop and 
livestock sensors and their respective functions in the 
proposed smart farm ecosystem. 

 

Fig. 1: System Architecture of the Proposed Framewor

Fig. 2: Sensor Classification and Functional Placement 
in Smart Agricultures
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Soil Moisture and Nutrient Sensors

Moisture and nutrient sensors in the soil will be 
instrumental to the rationalization of watering and 
fertilizing plans. Capacitive and tensiometric soil 
moisture sensors can be used to measure the volumetric 
percent water content at various depths and, thus, can 
facilitate irrigation at specific depths and need levels. 
The sensors are able to prevent over-watering/under-
watering, and help avoid unnecessary use of water, and 
lead to a healthier growth of the plant. 

Moreover, ISE (or electrochemical) sensors are used 
to take measurements of nutrient (such as NPK 
concentration) in the soil. The given framework further 
includes the concept of these sensors being incorporated 
into arrays of sensors that are related to zones and then 
linked with AI models to estimate when irrigations and 
fertilisations should occur in relation to soil composition, 
evapotranspiration rates, and weather forecasts.

Environmental Monitoring Sensors (Temperature, 
Humidity, Light)

The presence of environmental conditions plays a 
significant role in crop growing, pest behaviour, and 
spread of diseases. Thus, temperature, relative humidity, 
light intensity (PAR) sensors, CO 2 concentration, and 
rainfall sensors are so-called obligatory attributes of 
smart agriculture. Temperature and humidity Sensors 
(e.g. DHT22, SHT35) will monitor microclimatic changes, 
which may be relevant to germination or disease 
outbreak. Radiation levels are measured by light sensors 
(e.g., photodiodes or pyranometers) and an estimate of 
photosynthetic activity and the growth rate is thereby 
obtained. All the gathered data is locally processed at 
the edge node and turns into the basis of the automatic 
control loop that allows adjusting irrigation cycles, 
regulating the greenhouse atmosphere, sending a heads-
up about heat or frost waves.

Crop Health and Imaging Sensors (Drone and Satellite-
Based)

The visual and spectral video imaging is also prominent 
in the evaluation of crop vigor, disease stress, and 
nutrient deficiency. The proposed system uses RGB 
cameras, multispectral and thermal imagers in planes 
or drones or UAVs to monitor crops at high resolution, in 
an aerial mode. The imaging of vegetation via the use of 
Multispectral imaging (Red, Green, Blue, Near-Infrared, 
and Shortwave Infrared) frequencies can be used to 
calculate Vegetation Indices such as NDVI (Normalized 
Difference Vegetation Index) and SAVI (Soil-Adjusted 
Vegetation Index) which give information on crop 

biomass and photosynthesising efficiency. Large-field 
monitoring at the coarser resolutions is also incorporated 
by Satellite-based imaging (e.g., Sentinel-2, Landsat-8). 
Artificial intelligence algorithms are used to process the 
imagery through disease diagnostics, mapping weeds, 
and yield prediction providing a non-invasive and 
expandable means of crop diagnostics. 

Livestock Monitoring and Automation Tools

In the case of integrated farming where livestock is 
considered, the focus on animal monitoring provides 
health, welfare, and productivity safety through sensors. 
RFID tags, accelerometers, GPS collars, and heart-rate 
sensors are wearable IoT devices that can be used to 
monitor the location, movement of an animal, its feeding, 
and physiological parameters. Sensor feedback can also 
be used to automate milking stations, climate-controlled 
shelters and feeding systems, putting less strain on the 
employees and providing a more predictable operation. 
Livestock information will be synchronized with crop and 
weather information to regulate pasture occupation and 
identify such anomalies as disease, estrus, or getaway 
in the proposed system. To warn farmers of a potential 
outbreak or abnormal activity, machine learning models 
examine the deviations in behavior and changes in 
physiology in real time. These intelligent sensing modules 
are integrated into the data backbone of the suggested 
framework. The synerg labour of their operation will be 
capable of monitoring at a very granular level and highly 
automated degree, all major operations of agricultural 
work, from soil and environment to crops and animals 
and thus create a truly adaptive and sustainable smart 
farming ecosystem.

AI-Based Data Analytics and Decision Support

Artificial Intelligence (AI) can be used to transform the 
raw sensor-data into intelligent information that will 
be used to make important decisions in the farming 
operations. Using machine learning (ML), deep learning 
(DL) and optimization algorithms, intelligent agriculture 
systems will be able to make predictions, identify 
anomalies and even respond to them with little human 
interaction. This section describes the pipeline of AI 
integration the route taken between data acquisition 
and autonomous decision-making.

Data Collection, Storage, and Preprocessing

AI-based agriculture is based on the efficient acquisition, 
secure storage and smart preprocessing of the multi-
modal data. Heterogeneous sources feed the system 
with data such as soil sensors, weather stations, drones, 
satellite images, and wearable technology on livestock. 
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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This information is exchanged through LPWAN (e.g. 
LoRa, NB-IoT) to edge gateways/cloud platforms which 
is loaded into time-series databases (e.g. InfluxDB, 
MongoDB) containing geospatial information.

Preprocessing is a crucial step that involves:

•	 Noise reduction using statistical filters (e.g., 
Kalman, median)

•	 Data normalization and standardization

•	 Missing value imputation (e.g., KNN, regression-
based)

•	 Feature extraction from sensor signals and 
images

•	 Data labeling and annotation, especially for 
supervised ML tasks

After denoising and noise removal, sensor signal 
extraction and image sensor signal extraction are done. 
Also, automatic labeling of data and data annotation, 
especially on supervised ML tasks This scientifically and 
cleansed data serves as the input to the training and 
execution of AI models on various possibilities in farming.

Machine Learning Models for Crop Yield Prediction

Prediction of crop yield is another important AI tool in the 
practice of precision farming as it helps farmers make 
decisions regarding when to plant, how much to allocate, 
and how to plan on the market. The system utilizes 
information on historical yields in addition to live-on-the-
ground and weather situation data and remote sensing 
data to train machine learning algorithms such as: 

•	 Linear Regression, Polynomial Regressiontem-
plates of general trends

•	 Low/ high yield zone classification with the help 
of Support Vector Machines (SVMs)

•	 Random Forest and Gradient Boosting to deal 
with non-linear non-linear relationships 

•	 LSTM (Long Short-Term Memory) network Time 
-Series Forecasting on season crops 

Such measures as RMSE, R 2 score, and MAE are applied 
to assess the model performance. The user dashboard 
shows the forecasts in terms of spatial heatmaps and 
trend graphs. This is something that can be used to make 
recommendations as to how to expect distributions of 
yield to occur and so it is possible to plan on nutrient 
distribution as well as irrigation.

Pest and Disease Forecasting Using Deep Learning

Crops are the most vulnerable to pests and ailments, 
and as a consequence of these, there can be huge 

crops losses. To solve this problem, the developed 
framework integrates deep learning (DL) networks that 
were trained using annotated datatsets of crop canopy 
patterns, pest outbreaks in history, and leaf images. The 
CNNs (Convolutional Neural Networks) are applied to: 
Phenotypic disease classification of plants (blight, rust, 
wilt, etc.)

•	 Discolouration of leaves and canopy damage 
to precede eventual automated picture 
interpretation with the use of the drone in real-
time 

•	 Pick up of similarities in the environmental con-
ditions that are conducive to pest multiplication

In addition, the probability of pest infestation is 
predicted by using recurrent neural networks (RNNs) and 
Bayesian Networks, depending on the weather patterns 
(temperature, humidity, rainfall) and the level of crop 
growth. Automatic warnings and pesticide advice are 
produced when the limits are exceeded and thereby 
minimize the wholesale spraying of pesticides and 
promote sustainability.

Smart Irrigation and Resource Optimization Algorithms

Irrigation is an activity in farming that consumes a lot 
of resources. The system manages to incorporate the 
AI algorithms, thus facilitating dynamic scheduling of 
irrigation on the basis of real-time soil moisture sensors, 
evapotranspiration, rainfall predictions, and crop water 
requirement.

Some of the methods applied are:

Fuzzy logic based decision-making at uncertain decision 
points

•	 RL of the best policies to control irrigation in 
time

•	 Optimization of water distribution arrangements 
in multi-zone farms by means of genetic algo-
rithms and linear programming

These algorithms do not only decrease the amount of 
water that is used, but they cut down the energy power 
used through pumping activities and enhance crop yields. 
Irrigation schedules produced by AI get delivered to ul-
tra-low power IoT-equipped valve actuators to guarantee 
loop automation and thorough control. Also, graphical 
user interfaces provide forecasted vs. actual consump-
tion patterns and carbon footprint estimates, which en-
hance accountability and sustainable consumption.

By making it possible to use AI and data analytics and 
the intelligent decision making phase, this framework 
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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is extended to become a predictive and prescriptive 
farming assistant. It gives the farmers foresight and 
control so that data is turned into sustainable agricultural 
intelligence. Figure 3. Smart agriculture imaginations. 
The diagram shows how data collected at sensors is 
processed and managed to provide analytics and decision 
support at the end-to-end level with the involvement of 
AI technologies. It illustrates how imaging data, weather 
data and historical data pertain to predict yield, identify 
organisms and improve irrigation.

Sustainability Assessment

One of the primary goals of smart agriculture systems 
is the ecological balance and sustainability in the long-
term not only ensuring the increase in productivity. 
The prescribed design integrates the concepts of 
sustainability into its design, which will allow it to 
monitor and evaluate the effects of environmental-
related and resource-related parameters in real-time. 
This area assesses the sustainability of the framework 
in the ecological, technical, and socioeconomic point of 
view.

Environmental Impact of IoT in Agriculture

Although IoT implementation in the field of agriculture 
could bring obvious benefits to the optimization of 
resources, the potential environmental implications 
could also arise, including electronic waste, density of 
sensors used, and energy required by communication 
modules. These difficulties are tackled in the proposed 
system by use of low-power devices, edge processing 

to minimize demand of transmission of data, and use 
of sensor nodes that utilize renewable energy sources. 
Also, it reduces shedding of pesticides and fertilizers 

Fig. 3: AI-Driven Analytics Flow in Smart Agriculture

Fig. 4: Sustainability Integration Model in  
Smart Agriculture
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amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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as it helps to apply inputs accurately, which helps in 
preserving soil and biodiversity.

Water and Energy Efficiency Metrics

A major sign of a sustainable agricultural exercise is 
its water and energy efficiency. The proposed system, 
through the incorporation of soil moisture sensors, the 
use of evapotranspiration models, and the application of 
AI-based irrigation scheduling mechanisms, will program 
water application only on those areas and at the time 
it is required. This cuts consumption of water by up to 
30-50% in the field. The same way, the system manages 
to save on the amount of energy used by maximizing the 
use of pump times and the optimization of the usage 
of edge computing to have localized data processing. 
These targets include the efficiency in using water (kg 
yield/liter water) and energy (kWh/ha) which is actively 
observed in real-time (using the analytics dashboard).

Life Cycle Analysis and Carbon Footprint

One way of measuring the environmental impact over 
time is by use of Life Cycle Analysis (LCA). It involves 
evaluation of material footprint of the sensor hardware 
and energy use in the process of operation, and emission 
of agricultural inputs. The framework reduces the 
indirect emission of the fertilizer and purpose of the 
pesticides in a combination with the optimization of 
the AI-based applications. The system also gives a real 
time estimate of the carbon footprint based on energy 
logs and records of input enough information to enable 
farmers to keep track of their emission with the ability 
to make data-driven changes.

Economic Viability and Social Acceptance

One reason people are adopting smart agriculture 
technologies is that they are cost-effective, and easy 
to use. Phased deployment enables the proposed 
framework to be deployed in phases and thus is not 
complex to the smallholders. Economic studies indicate 
that early investment costs are recovered with returns 
in the form of yield improvement, savings in input use, 
and diminution in labor use as time goes on. Also, it has 
mobile-based interface and automated decision support 
that increases the usability by individuals that are not 
very technical. The social acceptability is also facilitated 
by proving how the system is likely to decrease the 
manual effort, enhance the crop yields and make it a part 
of green farming. Optimizing the environment, efficient 
utilization of resources, and economic feasibility, the 
proposed smart agriculture system will provide a socially 
acceptable scalable solution with a sustainable future in 
farming.

Case Studies and Experimental Validation

In order to gauge the feasibility and functionality of 
the proposed smart agriculture framework as would 
actually apply in the real world environment, an 
identical implementation was conducted at the field 
level basis in controlled farm setting. This part explains 
how it was deployed, the performance of the system, 
the comparison of the results with the conventional 
approaches to agriculture, challenges and lessons learnt 
of the implementation.

Deployment in a Small-Scale Farm

The model was implemented in a 2-hectare diversification 
farm situated in the semi-arid area. Some of the crops 
that were selected were tomatoes, okra, and maize, 
with diverse water and nutrient demands. It was used as:

•	 20+ soil moisture and nutrient sensors distributed 
across 5 zones

•	 Environmental monitoring nodes (temperature, 
humidity, light sensors)

•	 Imaging drones with RGB and NIR capabilities for 
weekly crop health scans

•	 Edge computing units using Raspberry Pi 4 and 
ESP32-based microcontrollers

•	 LoRaWAN gateway for low-power, long-range 
communication

•	 Solar panels and Li-ion battery packs for powering 
the sensor network

Historical farm data was used to pre-train AI layer, and 
online learning of already arriving field sensor streams 
(upon AI layer) was used to fine-tune it. There was also 
automated control of irrigation achieved through AI-
driven solenoid valves that were IoT-enabled. 

Performance Evaluation: Accuracy, Latency, and 
Efficiency

In the accuracy tests, latency tests, and energy 
efficiency tests, the system performance was compared 
and measured within a period of three months during 
the crop cycle with various metrics. To determine the 
accuracy of the predictions, the crop yield forecasting 
module was performed with the 92.5 percent accuracy 
and 0.89 coefficient of determination (R 2 ). The module 
of the disease detection through the Convolutional 
Neural Network (CNN) trained on leaf images achieved 
the F1-score of 94.2% which is high level of classifier 
precision and recall. Also, the AI-optimized irrigation 
preventing system has shown remarkable savings of 
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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water, revealing that water consumption can be reduced 
to 31%, in comparison to manual irrigation scheduling.

With regards to latency and process time, the sensor-
to-edge communications latency was about 0.9 seconds, 
making data collecting and responsiveness quick. The 
process of synchronization between edge nodes and 
the cloud platform took around 5 seconds to transfer 
each data batch. It was proven that local AI inference 
operations executed on edge devices required an average 
of 0.3 seconds, thereby verifying that the system is 
capable of near-real-time applications.

On energy consumption, the average power used by the 
sensor nodes per day was between 45 to 60 milliwatt-
hours (mWh) with 85 percent of total system run being 
facilitated through the use of solar modules. All these 
performance indicators make it clear that the proposed 
framework provides a high level of responsiveness, 
energy-efficient performance, and strong AI-based 
prediction functionality the core features of sustainable 
and scalable real-time agricultural decision support.

Comparative Analysis with Traditional Practices

A side-by-side comparison was conducted between 
plots managed using the smart system and those under 
traditional farmer intuition-based practices:

Metric Traditional Smart System

Water usage per season (L/ha) 72,000 48,500

Average yield (kg/ha) 18,600 23,700

Fertilizer usage (kg/ha) 145 108

Labor hours per month 120 75

Pest-related yield loss (%) 12% 4%

The smart farming approach outperformed traditional 
practices across all metrics, confirming the value of AI-
assisted sensing and control in achieving both economic 
and environmental benefits.

Fig. 5: Comparative Performance Chart:  
Traditional vs. Smart Farming

8.4 Lessons Learned and Implementation Challenges

Although the performance of the proposed smart 
agriculture framework assessment was good, practical 
problems have been raised when it comes to its 
application in the field. Sensor calibration drift was also 
one of the major problems experienced mostly because 
the salinity of the soil and the weather conditions kept 
on changing and hence required constant recalibration 
in order to ensure measurement accuracy. The physical 
limits of edge computing nodes sometimes resulted 
in overheating when facing high temperatures in the 
summer; this problem was addressed by adding heat-sink 
shields because it allows better thermic management. 
Data packet collisions were also another issue with the 
LoRa network since during the transmission of many 
zones, the communication reliability was affected but 
with the use of staggered duty cycling, this problem 
was adequately managed by ensuring that the degree of 
transmission overlap would be reduced. Moreover, the 
adoption of farmers was also a major issue because users 
should be guided and trained on how to read dashboard 
outputs and how to have enough faith on the computer-
generated recommendations offered in the system. 
Also, even though the system proved to be economically 
viable in terms of positive returns on investment per one 
crop season, the initial cost of installation of the system 
was viewed as a stumbling block to implementation, 
particularly on the side of smallholders farmers. The 
experiences noted above also underscore the need for 
good hardware design, modular system roll-out, and 
user-friendly, farmer-friendly interfaces to support 
more scalability and long-term usage in various fields of 
agriculture.

Fig. 6: Future Research Roadmap and Challenges for 
Smart Agriculture
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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As far as energy consumption goes, the average power 
used per sensor node per day was between 45 to 60 
milliwatt-hours (mWh) and a total of 85 percent of all 
the operations of the system were solar powered by the 
use of solar modules. All these above findings together 
prove that the proposed framework can provide 
substantial responsiveness, energy-saving functionality, 
and powerful AI-based prediction abilities, which are the 
main characteristics of a sustainable and scalable real-
time decision support system in agriculture.

Conclusion and Future Direction

The proposed holistic and scalable and modular smart 
agriculture powered by IoT provides an integrated 
approach that supports smart farming by integrating 
intelligent sensing technologies with analytics that have 
been based on AI and sustainability measurement to 
support the increased need of efficiency, data driven, 
and environmentally conscientious agriculture. The 
experiment carried out in the proposed architecture 
is able to show how the combination of advanced 
sensors, cloud-edge computing, and machine learning 
algorithms could enable real-time decision-making in 
diverse agricultural areas including control of soil and 
crops, environment monitoring, animal surveillance, and 
resources optimization.

Small-scale deployment and testing of performance on 
a farm confirmed the framework as capable of realizing 
high prediction accuracies, low water and energy 
use, and yield, as well as practical issues like sensor 
calibration, communication latency, and user adoption. 
The findings underscore the possibility that the system 
could dramatically revolutionize traditional agriculture 
given that it promises to make it productive, sustainable, 
as well as resilient.

The further development of smart agriculture will 
involve breaking through such important technical 
and infrastructural challenges as ensuring connections 
in connectivity-poor and resource-scarce areas. The 
predominant interests of future research should be 
directed towards the creation of energy-efficient, 
cost-effective sensor nodes, privacy-preserving 
aluminum models, and platforms that allow them all 
to be cross-domain integrated and generally open and 
interoperable. Besides, integrative of the emergent 
technologies, like blockchain regarding data trust, 6G 
to provide the stage of ultra-reliable and low-latency 
communication, and quantum sensing that could enable 
ultra-precise monitoring of the environment will also 
promote the increased precision of a farm operation and 
its transparency.

In terms of energy efficiency, power however was found 
to be 45 to 60 milliwatt-hours (mWh) on the average 
power consumption per sensor node, and 85 percent 
of the general system activities were solar powered 
utilizing solar modules. Together, these findings confirm 
that the suggested framework ensures an optimal level 
of responsiveness, energy-efficient work, and powerful 
prediction capacities implemented through AI being the 
most relevant qualities to sustainable and scalable real-
time farm decision support.

Finally, the report proposes a future scenario when the 
sensor-enabled agriculture embracing AI will become a 
commonplace alternative, giving farmers power over 
ideal solutions, minimizing environmental impacts, and 
leading to the creation of an environmentally sustainable 
world with innovative solutions by providing the answers 
needed to improve and organize in sustainable farming.
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
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