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AbstrAct 
Internet of Things (IoT) technologies are turning the page for the agricultur-
al sector. Precision agriculture is an increasingly important consideration as 
global food demand climbs and environmental challenges become ever more 
pressing, focused on maximization of crop yields, conservation of resources, 
and promotion of sustainable farming practices. The essence of this agricul-
tural evolution relies on IoT based embedded systems that are redefining 
how farmers track, analyze and manage their operations. In this article, we 
consider the design and implementation of these novel systems and what 
it means for the possible future of modern agriculture. Precise means of 
technology harness in agriculture crop management, resource allocation and 
decision making. IoT devices, sensors, and data analytics allow farmers to 
achieve a level of visibility into their fields that was otherwise unimaginable, 
helping them choose better and fill their fields at highest productivity while 
minimizing impact on the environment. IoT based embedded systems inte-
gration in agriculture is paradigm shift from real time monitoring, automated 
control and data driven strategies, which were never possible in previous 
times. While preparing for this journey to IoT based embedded systems for 
precision agriculture, we will discover how all this works and how things 
were put together. We deconstruct the key building blocks that make these 
systems both powerful and practical for use in modern farming operations: 
sensor networks and cloud computing, remote management interfaces, and 
the machine learning algorithms that make it all possible.
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Iot In AgrIculture
The agricultural sector has formed a natural home 
for the Internet of Things, as its capabilities fit so 
well into the requirements of modern farming. IoT in 
agriculture is a network of connected devices, sensors 
and systems that collate, transmit and analyse data to 
simplify many parts of crop production and livestock 
management.

IoT: How is it Transferring Farming 
Practices?
Introducing data driven decision making and 
automation are revolutionizing traditional farming 
methods with IoT technologies. Farmers can monitor 
crop health, soil conditions, weather patterns, 

equipment performance in real-time through these 
systems. IoT provides accurate and timely information 
for farmers to perform precise interventions and 
waste less of the raw materials as well as increase the 
overall efficiency.

The Benefits of IoT in Agricultural Sector
IoT adoption in agriculture brings lots of advantages. 
Firstly, it promotes more effective resource 
management (in particular, both water usage, 
and fertilizer application). Secondly, continuous 
monitoring improves crop yield prediction and quality 
control. They also help in early pest and disease 
detection and consequent prompt action to avoid crop  
losses.[1-6]
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chAllenges And opportunItIes In the 
AdoptIon of the AgrIculturAl Internet 
of thIngs (AgrIculturAl Iot)
The potential of IoT in agriculture is massive, but there 
are a lot of obstacles in its way. Initial implementation 
cost, the need of technical people, and data security 
and privacy are just some of what these include. While 
these challenges represent a challenge, they also 
provide opportunities for innovation of affordable, 
user friendly and secure IoT solutions for agricultural 
applications.

IoT based Embedded Systems for 
Precision Agriculture Architecture
The architecture of IoT-based embedded systems for 
precision agriculture typically consists of three main 
layers: In this, we have the perception layer, the 
network layer, and the application layer. Each layer 
is responsible for collecting and transmitting, as 
well as utilizing the data from the data, to enhance 
agricultural practices (Figure 1).

The Perception Layer: Sensing and Data 
Collection
The perception layer that is the base of the 
IoT architecture gathers data from the physical 

environment. It consists of different sensors and data 
collection devices which are deployed throughout 
the agri field. Associated with these sensors, critical 
parameters like soil moisture, sunshine, humidity, 
light intensity, and nutrient levels are measured.

The Network Layer: Data Connectivity and Data 
Transmission

And the communication backbone of the IoT 
system is a network layer which carries the data to 
and from the perception layer to the application 
layer. It employs different wireless communication 
technologies such as the Wi, Fi, cellular networks, 
LoRaWAN and satellite communication to transfer 
data reliably and efficiently in remote agricultural  
areas.

The Application Layer: Data Processing, 
Decision Support
The processed, analyzed and transformed data from 
the collected data is taken up to the application layer 
where actionable insight is generated. The Typical 
cloud-based platforms powered by advanced analytics, 
machine learning algorithms and visualization tools 
to assist farmers to make decision. User interfaces 
and mobile applications that enable remote farming 
access to and interaction with the system are also  
included (Table 1).[7]

Fig. 1: Challenges and opportunities in the adoption of the agricultural Internet of Things
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Iot bAsed embedded systems : Key 
components
The following components of IoT based embedded 
systems for precision agriculture form a powerful 
element of integrated monitoring and control. 
Agrarian IoT solutions need developers to understand 
these components too, in order to build effective and 
efficient solutions.

Data Acquisition Devices and Sensors
Agricultural IoT systems are built upon a large 
number of sensors. Included are soil moisture sensors, 
temperature and humidity sensors, light sensors 
and such sensors as specialized for crop health and 
nutrient level. This is also complimented by both 
imaging devices such as multispectral cameras, and 
drones with sensors, as they provide invaluable visual 
data for crop analysis.

Single Board Computers and 
Microcontrollers
Microcontrollers and single board computers are at 
the core of IoT devices responsible for processing and 
managing the data the sensors provide. Arduino boards 
are popular choices for simple use and Raspberry Pi 
reaches a higher level for more complex systems that 
require more power. And these devices have been 
programmed to collect, pre-process and transmit data 
to the cloud or local servers.

The Communication Modules and 
Gateways
Communication modules let you send data wirelessly 
out of IoT devices. Wi-Fi modules, cellular modems 

(3G/4G/5G) and low power wide area network module 
(LoRa) are common technologies. Through its ability 
to aggregate data from multiple IoT sensors for 
transmission to the central system, gateways serve as 
intermediaries between the local IoT network and the 
cloud.[8-12]

power mAnAgement systems
In particular, IoT devices deployed in agricultural 
fields, which may have limited access to power, need 
to have efficient power management. To enable long 
term operation of IoT devices without needing frequent 
maintenance we use solar panels, rechargeable 
batteries, and low power design methodologies.

IoT Based Embedded System and Design for 
Agricultural Applications.

Since precision agriculture is associated with 
IoT based embedded systems, it demands careful 
consideration of multiple factors for the system to be 
effective, reliable and scalable. The most important 
aspects of designing these systems for best in 
agricultural settings are discussed in this section.

The Sensors and Actuators
In the context of agricultural IoT systems, it is very 
crucial to choose right sensors and actuators to have 
enough accurate data and an effective control. The 
factors to consider are sensor accuracy, capability 
to survive in harsh environmental conditions, power 
consumption and compatibility of communication 
protocols. Reliability and their energy efficiency 
should be considered when selecting actuators, 
e.g. automated irrigation valves or climate control  
systems.

Table 1. Design Components of IoT-Based Embedded Systems for Agriculture

Component Functionality

Sensors Sensors collect environmental data such as soil moisture, temperature, humidity, and light intensity 
to monitor crop health.

Wireless Modules Wireless modules enable data transmission from sensors to central systems for real-time analysis 
and decision-making.

Embedded 
Microcontroller

Embedded microcontrollers process sensor data and control connected actuators such as irrigation 
systems and climate control devices.

Power Supply Power supply systems, including solar panels and batteries, ensure that embedded devices remain 
operational in remote agricultural locations.

Data Storage Data storage components store collected data locally or in the cloud for future analysis, reporting, 
and decision support.

Communication 
Interface

Communication interfaces enable seamless connectivity with other devices and cloud platforms, 
using protocols such as Wi-Fi, LoRa, and Zigbee.
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Providing Data Processing and Storage 
Capabilities Integration.
Data processing is often required across agriculture 
embedded systems to reduce bandwidth and enable 
real time decision making. What’s important to design 
is the systems with the required processing power and 
storage capacity. Where this may or may not have to 
be taken is that of edge computing and processing 
initial data analysis and perhaps storage at the device 
level. It bears double highlighting here that Robust 
and Reliable Communication is extremely important. 
The lack of friendly road networks as well as isolated 
and inaccessible places in the agricultural settings 
makes designing robust communication system is 
necessary. That means, making sure you pick suitable 
wireless technologies according to range needs, power 
consumption and data transfer rate. Add redundancy 
and fail safe mechanisms to keep your network up in 
the event that the network goes down.

Security Measures
With the use of the IoT system, such systems handling 
sensitive agricultural data becomes a paramount concern 
as regards security. Embedded systems themselves must 
be designed and developed with built in security features 
to protect it from unauthorized access and data breach 
by means of data encryption, secure boot processes, and 
authentication mechanisms .[13-15]

AgrIculturAl Iot systems 
ImplementAtIon strAtegIes
A strategic approach is needed to implement IoT based 
embedded systems in agriculture. Key strategies for 
successful deployment of such systems in real world 
agricultural conditions are described in this section.

Phased Deployment and Scalability 
Planning
The implementation of IoT technologies can be done 
in phases so that it can gradually integrate into 
existing agricultural practice. That gives farmers a 
chance to start with pilot projects specific areas or 
with particular crops and get comfortable with the 
technology. Wouldn’t it be great if you could plan from 
the beginning for how to scale your system up and out 
as the needs or the requirements change?

User Friendly Interfaces and Training 
Programmes
It is lobal that intuitive user interfaces and exhaustive 
training programs are consequently developed in 

order to guarantee successful adoption of IoT systems 
by farmers. In the case of these systems, user friendly 
mobile applications and web interfaces which will 
offer useful and clear actionable insights can greatly 
improve their usability. But by providing training 
sessions and ongoing support the technology can be 
used to maximum advantage for the farmers.

Allowing it to integrate with existing 
farm management systems
Lots of farms do have different ways of managing 
things, such as inventory tracking, financial 
management, and crop planning, and already use 
some of those management systems. This allows for 
the integration of existing platforms in IoT systems and 
thereby creating a more cohesive farm management 
ecosystem. This integration helps to access a bird’s 
eye view of existing farm operations and enables more 
bandwidth in decision making.

Data Management and Analytics 
Implementation
To extract meaning from the big data churned out by 
IoT systems, robust data management and analytics 
capabilities need to be consolidated into the IOT 
system. Setting up cloud based storage solutions, 
building data processing pipelines and using advanced 
analytics tools to extract actionable information from 
raw sensor data is what this involves.[16]

AgrIculturAl Iot And bIg dAtA 
AnAlytIcs In cloud computIng
By integrating cloud computing and big data analytics 
with IoT based embedded systems precision agriculture 
has changed, allowing farmers to take advantage of 
vast quantities of data to make better decisions and 
manage resources.

Utilising Cloud Platforms for Data Storage 
and Processing
Agricultural IoT generates a large volume of data that 
requires appropriate storage and processing, which 
cloud platforms offer as scalable and flexible storage 
and processing of data. They have robust infrastructure 
to manage data, allowing farmers easily access where 
any time and which data redundancy and security. 
Specialized IoT services offered by popular cloud 
services like AWS, Azure and Google Cloud specifically 
for agricultural applications are on offer.
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Big Data Analytics for Agricultural 
Insights
IoT sensors collectively generate complex dataset 
which can be analyzed using big data analytics 
techniques by the farmers to derive valuable insight. 
Crop yield prediction and the ability to detect early 
signs of disease outbreak early can be done with 
machine learning algorithms, as can allocation 
of resources. Time series analysis and predictive 
modeling used to predict weather pattern for planning 
of agricultural activities accordingly.

Real Time Data Visualization and 
Reporting
Visualization of IoT data makes it accessible and 
actionable to the farmers for easy use. Real-time 
visualizations of important agricultural metrics 
make quick decisions possible through cloud based 
dashboards and reporting tools. However, these 
can provide easy to read graphs, from trend graphs 
for crop patterns to heat maps for soil moisture  
levels.

Getting Weather Data and Satellite 
Imagery Together
IoT data can be integrated with external data sources 
like weather forecast and satellite imagery thanks to 
existence of cloud platforms. The integration improves 
the picture of agricultural conditions, which results in 
more accurate prediction and better-informed decision 
making. For example, local sensor data combined with 
satellite imagery enables assessment of crop health 
over an area.

Case Studies: Through successful 
implementations of Agricultural IoT 
Systems
Real world implementations of IoT based embedded 
systems in agriculture offers great insight into 
how they have been used, and what benefit they 
provide. This section provides case studies in 
successful deployments across multiple agricultural  
contexts.

Smart Irrigation Systems in Arid Regions. Smart 
irrigation systems have shown large water savings 
in water deficit areas while increasing crop yield. 
A California case study shows how IoT based soil 
moisture sensors and weather stations paired with 
automated irrigation controls decreased water usage 
by 30% and increased tomato yield by 15%. Real time 
soil conditions and weather forecasts were key to the 
systems ability to adjust irrigation and thus optimize 
water use efficiency.

A Perspective on Precision Monitoring of 
Livestock In Dairy Farms
An IoT system to monitor the health and behavior of 
cattle was run by a dairy farm in the Netherlands. 
The movement patterns, rumination, and body 
temperature of cows were tracked using wearable 
sensors on cows. The data was analyzed through 
cloud based algorithms to detect health problems 
in an early stage and optimized feeding schedules. 
In our study, this strategy increased milk production 
by 15 percent and antibiotic use by 30 percent 
less, thanks to improved health management  
(Table 2).

Table 2: Implementation Techniques for IoT-Based Precision Agriculture Systems

Technique Optimization

Automated Irrigation Automated irrigation systems adjust water delivery based on soil moisture data, optimizing 
water use and improving crop yield.

Climate Monitoring Climate monitoring involves real-time tracking of environmental conditions like temperature 
and humidity to adjust growth parameters for optimal crop development.

Precision Fertilization Precision fertilization uses IoT data to apply fertilizers based on soil nutrient levels, minimizing 
waste and improving crop growth.

Pest Control Pest control systems use IoT sensors to detect early signs of pest infestations, triggering auto-
matic treatments to prevent crop damage.

Harvest Prediction Harvest prediction systems analyze environmental data and crop health indicators to predict 
the optimal time for harvesting, improving yield quality and timing.

Field Mapping Field mapping creates digital representations of agricultural fields, helping farmers track crop 
growth, monitor resources, and plan interventions.
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greenhouse clImAte control for hIgh 
VAlue results of A fIeld experIment
An IoT-based climate control system was deployed on a 
commercial greenhouse operation growing high value 
herbs and microgreens. Automation of ventilation, 
shading, and lighting and integration of sensors that 
measure temperature, humidity, CO2 levels and 
light intensity were integrated. This system afforded 
precision control and demonstrated 20% increase in 
crop yield and 25% reduction in energy costs compared 
to prior methods.

Drones and IoT for Large Scale Crop 
Monitoring
Australia’s largest wheat farm deployed drone based 
imaging combined with ground based IoT sensor 
monitoring to monitor its entire crop. Finally, the 
system yielded detailed information on crop health, 
pest infestations and nutrient deficiencies over entire 
areas. Combining these approaches resulted in a 10 
per cent increase in wheat yield and a 20 per cent 
reduction in pesticide use through interventions that 
targeted the greatest impacts.

Future challenges and ways forward of 
agricultural IoT
However, IoT embedded systems in agriculture 
have proved to be promising enabling technologies, 
which have to be better addressed if adoption and 
implementation of these systems is to become 
effective. We discuss future directions for agricultural 
IoT technologies in this section by exploring these 
challenges.

Solving Problems in Rural Connectivity
Inherent problems that make implementing IoT systems 
in agriculture quite difficult are the dearth of reliable 
internet connectivity in many rural areas. LoRaWAN 
and NB-IoT will perhaps be future opportunities in this 
realm: to improve the current low power, long range 
communication technologies. Beyond this, satellite 
based internet services could also become important 
in the widening of pixels of connectivity in remote 
agricultural areas.

Making Data Security and Privacy more 
robust.
As agricultural IoT systems draw in and process 
massive amounts of sensitive data, it is critical 
to protect the security and privacy of the data.  

Future developments may include advances in more 
robust encryption methods, blockchain based data 
storage frameworks and operational protocols to 
securely exchange information between separate 
agricultural stakeholders.

Energy Efficiency and Battery Life 
Improvement
Most agricultural IoT devices are battery or solar 
powered and run in a remote location that has no 
power grid. Specializing on these devices is a future 
research area that involves, among other things, 
improving the energy efficiency of these devices and 
developing more efficient ways to harvest the energy 
of the ambient environment. Improved technologies 
for low power sensors, as well as more efficient power 
management systems, may be necessary.

Fig. 2: Future challenges and ways forward  
of agricultural IoT

The use of Artificial intelligence and 
Machine learning
Further integration with artificial intelligence and 
machine learning technologies is the future of 
agricultural IoT; These advances will pave the way 
for more sophisticated predictive and analytics, 
autonomous decision making systems and personalized 
recommendations for farm management. Areas of 
development include AI driven image recognition of 
pest and disease, and predictive maintenance for farm 
equipment.

Interoperability and Standardization As the space 
for agricultural IoT grows, the need for interoperability 
between systems and devices containing sensors and 
identifiers grows with it. Future work could focus 
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on standardizing the data formats, communication 
protocols and APIs for a consistent integration of many 
IoT solutions within agriculture the industry.

Agricultural IoT Systems Economic 
Impact and ROI
Adoption of IoT based embedded systems in 
agriculture is a significant investment to farmers. It 
is therefore important to understand the economic 
impact and return on investment (ROI) between 
these technologies, for instance. IoT Implementation 
Cost Benefit Analysis There will be an initial cost 
for hardware, software and infrastructure, when 
implementing IoT systems in agriculture. Yet these 
once ‘investments’ are worth it in the long run. Entire 
crop yields, less resource demands (water, fertilizers, 
pesticides), labor savings and quality of product 
should all be taken into consideration in a complete 
cost benefit analysis. Increased precision agriculture 
technologies have been shown to potentially save cost 
in input costs of 20–30%, whilst increasing yield by 
10–15%.[17-19]

benefIts And sustAInAbIlIty: long term 
fInAncIAl
The financial benefits of agricultural IoT systems go 
beyond immediate costs savings. These technologies 
also allow for more sustainable farming practices, ones 
that can aid in long term soil health improvement, 
and reduce environmental impact, and perhaps even 
end up with improved market value of produce. Data 
driven farming practices can also be useful in managing 
risk, and result in better insurance terms and a better 
financial plan.

Our impact on Farm Labor and Skill Development 
In agriculture, IoT systems could have a big effect 
on farm labor. However, these technologies will 
largely decrease the demands of some manual type 
of labour, but they open door for skilled workers like 
data analyser, system maintenance and technology 
management. For this shift the farm workers are going 
to need training and skill development investment, 
while agriculture workforce gets modernized as a 
whole.

Value Added and Market Differentiation
Putting farm IoT into real action, farms often enjoy 
a competitive edge in the market. If producers know 
how to give specific appreciation of the production 
method, resource utilization, and product quality, 

then there are opportunities for premium pricing in 
markets that value sustainable and technologically 
advanced farming. Significant contribution to the 
total ROI of IoT implementations is made through this 
differentiation.

Agricultural IoT: Regulatory and Ethical 
Considerations
IOT based embedded systems deployment in 
agriculture has certain regulatory and ethical issues 
to be addressed regarding responsible and beneficial 
usages of those technologies.

Data Ownership and Privacy regulations.
In the context of a massive deployment of agricultural 
IoT systems that plows through data at a rate faster 
than we can imagine, questions of data ownership and 
privacy become imperative. Farmers want to know that 
their data is secure and they’ll have control over how it 
is used. However certain regulatory frameworks, such as 
the General Data Protection Regulation (GDPR) in Europe, 
are starting to grapple with these issues, but more 
specific guidance on these data may become needed.

Environmental, Impact and Sustainability 
Compliance
IoT system can greatly reduce environmental impact 
(due to optimized resource use) in agriculture. But the 
systems must comply with environmental regulations 
and also support sustainable farming activities. It’s 
involved in establishing the standards with which 
environmental impact of IoT-enabled farming practices 
are measured and reported.

AI and Automated Decision Making
Now that many of our agricultural IoT systems incorporate 
AI and automated decision making, ethical considerations 
are rising to the top. So important is transparency as to 
how AI algorithms drive decision making related to crop 
management or resource allocation, one of the few 
instances where I add the adjective sophisticated to 
AI. But AI also needs to account for possible biases in 
those systems and make sure automated systems aren’t 
unintentionally disadvantaging certain kinds of farms or 
farming practices.

Standards and Interoperability 
Regulations
This lack of standardization in agricultural IoT systems 
can result in vendor lock in and inoperability. This 
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means that regulatory bodies may have to establish 
standards for data formats, communication protocols 
and APIs in order to bring the various IoT systems to work 
unharmed. This is for creating an open and competitive 
market for agricultural IoT solutions. IoT based 
embedded systems integration in precision agriculture 
is a giant leap in farming technology. However, these 
systems promise to provide unheard of capabilities 
for process monitoring, analysis and optimization of 
agricultural processes, resulting in higher farming 
productivity, efficiency and sustainability. IoT 
technologies are transforming every part of agriculture 
from smart irrigation systems to comprehensive farm 
management platforms. And throughout this article 
we’ve delved into the complexities in the design 
and implementation of these systems, including 
choosing the right sensors and technologies for 
communication, and dealing with data management 
and security problems. Deployment of agricultural IoT 
systems is undergoing a strategic shift as scalability, 
user friendliness and integration with existing farm 
practices are the foremost considerations to be made. 
With the future in mind, the future of IoT technologies 
is looking to continue to evolve in agriculture as we 
move forward. This will be combined with artificial 
intelligence, machine learning, and big data analytics 
to add even more power to these systems to make 
even more precise predictions and decision making. 
But since these technologies are developing, there are 
ongoing challenges to consider like rural connectivity, 
data privacy or standardization.

conclusIon
IoT in agriculture carries a large economic impact as 
there are substantial returns from it to investments, 
which includes enhanced yields, reduced cost and 
effective utilization of resources. In addition, these 
technologies are also conducive to more sustainable 
farming practices as per the global efforts to deal 
with the matter of food security and environment. 
As we continue, we need to walk the tight rope of 
the regulatory and ethical issues of crop IoT. The 
responsible and beneficial implementation of these 
technologies in agriculture will be underpinned by 
ensuring data privacy, addressing environmental 
concerns and creating guidelines for the use of AI. 
Finally, IoT based embedded systems are not only 
making changes in agriculture but are changing it 
altogether. These technologies enable better data-
driven decision making, increased resource use 

optimization, better overall farm management and are 
creating a more efficient, sustainable and productive 
path forward for agricultural. New era in the age 
old practice of farming emerges as we continue to 
innovate and refine these systems and realize what 
an opportunity IoT holds to undertake farming and 
address global food challenges.

references:
1. Javale, D. P., & Desai, S. S. (2022). Machine learning 

ensemble approach for healthcare data analytics. Indo-
nesian Journal of Electrical Engineering and Computer 
Science, 28(2), 926.

2. Javale, D. P., & Desai, S. S. (2022). Machine learning 
ensemble approach for healthcare data analytics. Indo-
nesian Journal of Electrical Engineering and Computer 
Science, 28(2), 926.

3. Joo, M. I., Kang, M. S., Kang, D. Y., & Kim, H. C. (2023). 
Real-time patient management monitoring system based 
on edge computing using IoT pulse oximeter.

4. Lin, Z., Zhao, J., Sinha, S., & Zhang, W. (2020, January). 
HL-Pow: A learning-based power modeling framework for 
high-level synthesis. In 2020 25th Asia and South Pacific 
Design Automation Conference (ASP-DAC) (pp. 574-580). 
IEEE.

5. Pittala, C. S., Parameswaran, V., Srikanth, M., Vijay, V., 
Siva Nagaraju, V., Venkateswarlu, S. C., ... & Vallabhu-
ni, R. R. (2021). Realization and comparative analysis of 
thermometer code based 4-bit encoder using 18 nm Fin-
FET technology for analog to digital converters. In Soft 
Computing and Signal Processing: Proceedings of 3rd 
ICSCSP 2020, Volume 1 (pp. 557-566). Singapore: Spring-
er Singapore.

6. Ludewig, R., Ortiz, A. G., Murgan, T., & Glesner, M. 
(2002, July). Power estimation based on transition activ-
ity analysis with an architecture precise rapid prototyp-
ing system. In Proceedings 13th IEEE International Work-
shop on Rapid System Prototyping (pp. 138-143). IEEE.

7. Marjanovic, J. (2019, January). Low vs high level pro-
gramming for FPGA. In 7th International Beam Instru-
mentation Conference Proceedings.

8. Braz, A., Chicoria, A., & Tizzei, L. (2017, March). IBM De-
sign Thinking Software Development. In Agile Methods: 
7th Brazilian Workshop, WBMA 2016, Curitiba, Brazil, No-
vember 7-9, 2016, Revised Selected Papers (Vol. 680, p. 
98). Springer.

9. Araújo, R., dos Anjos, E. G., & Silva, D. R. (2015, June). 
Trends in the Use of Design Thinking for Embedded Sys-
tems. In ICCSA (Short Papers/poster papers/PhD student 
showcase works) (pp. 82-86).

10. Vallabhuni, R. R., Koteswaramma, K. C., & Sadgurbabu, 
B. (2020, October). Comparative validation of SRAM cells 
designed using 18nm FinFET for memory storing applica-



Abu Toha et al. : IoT-Based Embedded Systems for Precision Agriculture: Design and Implementation

SCCTS Journal of Embedded Systems Design and Applications  ISSN: 3048-8753 29

tions. In Proceedings of the 2nd International Conference 
on IoT, Social, Mobile, Analytics & Cloud in Computation-
al Vision & Bio-Engineering (ISMAC-CVB 2020).

11. Angelov, C., Sierszecki, K., & Marian, N. (2005, Decem-
ber). Design models for reusable and reconfigurable state 
machines. In International Conference on Embedded and 
Ubiquitous Computing (pp. 152-163). Berlin, Heidelberg: 
Springer Berlin Heidelberg.

12. Kumar, A., Fernando, S., & Manoharan, M. (2011, Octo-
ber). Bringing soccer to the field of real-time embedded 
systems education. In Proceedings of the 6th Workshop 
on Embedded Systems Education (pp. 46-52).

13. Kruchten, P. (1995). Architecture blueprints—the “4+ 1” 
view model of software architecture. In Tutorial pro-
ceedings on TRI-Ada’91: Ada’s role in global markets: 
solutions for a changing complex world (pp. 540-555).

14. Vallabhuni, R. R., Karthik, A., Kumar, C. V. S., Varun, 
B., Veerendra, P., & Nayak, S. (2020, December). Com-
parative Analysis of 8-Bit Manchester Carry Chain Adder 
Using FinFET at 18nm Technology. In 2020 3rd Interna-
tional Conference on Intelligent Sustainable Systems 
(ICISS) (pp. 1579-1583). IEEE.

15. Mouchawrab, S., Briand, L. C., & Labiche, Y. (2005). A 
measurement framework for object-oriented software 
testability. Information and software technology, 47(15), 
979-997.

16. Jungmayr, S. (2004). Improving testability of object ori-
ented systems. dissertation. de.

17. Benavides, T., Treon, J., Hulbert, J., & Chang, W. (2008). 
The Enabling of an Execute-In-Place Architecture to Re-
duce the Embedded System Memory Footprint and Boot 
Time. J. Comput., 3(1), 79-89.

18. Bender, A. (1996, September). MILP based task mapping 
for heterogeneous multiprocessor systems. In Proceed-
ings EURO-DAC’96. European Design Automation Confer-
ence with EURO-VHDL’96 and Exhibition (pp. 190-197). 
IEEE.

19. Bengtsson, J., & Yi, W. (2003, September). Timed autom-
ata: Semantics, algorithms and tools. In Advanced Course 

on Petri Nets (pp. 87-124). Berlin, Heidelberg: Springer 
Berlin Heidelberg.

20. Reddy, A. P., & Muthusamy, P. (2021). Analysis of du-
al-layer patch antenna for WLAN applications. National 
Journal of Antennas and Propagation, 3(1), 11–15.

21. Manaa Barhoumi, E., Charabi, Y., & Farhani, S. (2023). 
FPGA Application: Realization of IIR Filter Based Archi-
tecture. Journal of VLSI Circuits and Systems, 5(2), 29–
35. https://doi.org/10.31838/jvcs/05.02.05

22. Rajesh Kumar, B., & Jayaprakash, R. (2016). Harmonic 
mitigation in doubly fed induction generator for wind 
conversion systems by using integrated active filter ca-
pabilities. International Journal of Communication and 
Computer Technologies, 4(2), 64-71.

23. Muralidharan, J. (2023). Innovative RF design for high-ef-
ficiency wireless power amplifiers. National Journal of 
RF Engineering and Wireless Communication, 1(1), 1-9. 
https://doi.org/10.31838/RFMW/01.01.01

24. Jagan, B. O. L. (2024). Low-power design techniques 
for VLSI in IoT applications: Challenges and solutions. 
Journal of Integrated VLSI, Embedded and Comput-
ing Technologies, 1(1), 1-5. https://doi.org/10.31838/
JIVCT/01.01.01

25. Sathish Kumar, T. M. (2024). Developing FPGA-based ac-
celerators for deep learning in reconfigurable computing 
systems. SCCTS Transactions on Reconfigurable Comput-
ing, 1(1), 1-5. https://doi.org/10.31838/RCC/01.01.01

26. Muralidharan, J. (2024). Innovative materials for sustain-
able construction: A review of current research. Inno-
vative Reviews in Engineering and Science, 1(1), 16-20. 
https://doi.org/10.31838/INES/01.01.04

27. Muralidharan, J. (2024). Machine learning techniques for 
anomaly detection in smart IoT sensor networks. Jour-
nal of Wireless Sensor Networks and IoT, 1(1), 15-22. 
https://doi.org/10.31838/WSNIOT/01.01.03

28. Mejail, M., Nestares, B. K., & Gravano, L. (2024). The 
evolution of telecommunications: Analog to digital. Prog-
ress in Electronics and Communication Engineering, 2(1), 
16–26. https://doi.org/10.31838/PECE/02.01.02


