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Abstract: The agricultural landscape is undergoing a transformative revolution with the integration of
Intelligent Edge technologies in the context of the Internet of Things (IoT) and Artificial Intelligence (Al).
This abstract explores three key aspects of Edge Intelligence applied to agricultural IoT, focusing on Al-
driven crop monitoring and management. The convergence of edge computing, machine learning, and
sensor technologies empowers farmers and stakeholders with real-time insights, enabling proactive
decision-making and resource optimization. The first dimension delves into the deployment of edge devices
for on-site data processing, reducing latency and enhancing responsiveness in crop monitoring. The second
dimension explores the role of machine learning algorithms in analyzing data generated by IoT sensors,
providing predictive analytics for crop health, yield estimation, and disease detection. The third dimension
investigates intelligent decision support systems at the edge, facilitating automated and localized
management strategies. These abstract lays the foundation for an in-depth exploration of each dimension,
highlighting the potential and challenges of leveraging Intelligent Edge for Al-driven crop monitoring and

management in modern agriculture.
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L. INTRODUCTION
In recent years, the intersection of agriculture, the Internet of Things (IoT), and Artificial Intelligence (AI) has ushered
in a new era of smart and efficient farming practices. The integration of advanced technologies in agriculture holds the
promise of addressing the challenges posed by a growing global population, changing climate conditions, and the need
for sustainable resource management. Among these technologies, the convergence of Edge Intelligence with Al-driven
approaches stands out as a transformative force in revolutionizing crop monitoring and management in the agricultural
landscape.
Agricultural IoT, encompassing a network of interconnected sensors, devices, and machinery, has enabled farmers to
gather vast amounts of real-time data from their fields. However, the sheer volume of data generated by these loT
devices presents challenges in terms of processing, analysis, and decision-making. Herein lies the significance of Edge
Intelligence—a paradigm that involves processing data closer to the source, at the edge of the network. This proximity
to the data generation points reduces latency, lowers the burden on central cloud servers, and empowers agricultural
systems with real-time insights.
The crux of Al-driven crop monitoring and management lies in the application of sophisticated machine learning
algorithms to the rich dataset acquired from agricultural IoT sensors. These algorithms, ranging from computer vision
for image analysis to predictive analytics for yield forecasting, enable the system to autonomously analyze, learn, and
adapt to dynamic agricultural conditions. By harnessing the power of Al at the edge, farmers can make data-informed
decisions promptly, op
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Applications of Edge Intelligence in AI-Driven Crop Monitoring:

Edge intelligence enhances the capabilities of Al-driven crop monitoring systems by enabling real-time data analysis,
adaptive decision-making, and autonomous operation at the network edge. Some key applications of edge intelligence
in Al-driven crop monitoring include:

Real-time Sensor Data Processing: Edge devices can preprocess sensor data, such as temperature, humidity, soil
moisture, and crop health metrics, in real-time before transmitting it to the cloud for further analysis. By performing
data filtering, aggregation, and anomaly detection locally, edge intelligence reduces the volume of data transmitted over
the network and minimizes latency in decision-making.

Al Model Inference at the Edge: Edge devices can execute lightweight Al models, such as convolutional neural
networks (CNNs) or decision trees, to perform inferencing tasks directly on the sensor data. By deploying Al models at
the edge, agricultural IoT systems can detect anomalies, predict crop yields, and classify crop diseases without relying
on cloud-based servers, enabling faster response times and improved scalability.
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Figure 1.1 Artificial Intelligence in agriculture
Adaptive Resource Allocation: Edge intelligence enables autonomous decision-making at the edge based on local
sensor data and environmental conditions. For example, edge devices can adjust irrigation schedules, nutrient levels,
and pest control measures dynamically based on Al-driven insights and predictive analytics. By adapting to changing
field conditions in real-time, agricultural IoT systems can optimize resource utilization, minimize waste, and improve
crop yields.

Benefits of Edge Intelligence in Agricultural IoT:
The integration of edge intelligence into agricultural IoT systems offers several benefits for crop monitoring and
management:

e Reduced Latency and Improved Responsiveness: By processing data locally at the edge, agricultural IoT
systems can achieve lower latency and faster response times compared to cloud-based approaches. This
enables real-time monitoring, analysis, and control of agricultural processes, leading to more timely
interventions and better crop management practices.

e Improved Data Privacy and Security: Edge intelligence reduces reliance on centralized cloud servers for data
processing and analysis, minimizing the risk of data breaches, privacy violations, and cyber-attacks. By
keeping sensitive data within the confines of the farm or field, agricultural IoT systems can ensure greater data
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e Enhanced Scalability and Reliability: Edge intelligence enables distributed computing architectures that can
scale seamlessly to accommodate growing sensor networks and increasing data volumes. By decentralizing
computation and decision-making, agricultural IoT systems can handle fluctuations in network traffic, device
failures, and connectivity issues more gracefully, ensuring uninterrupted operation and reliable performance.
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Figure 1.2 Key advantages of IoT in agriculture.

II. LITERATURE SURVEY
[1] Recent Advancements in Artificial Intelligence (AI) and Internet of Things (IoT) for Efficient Water
Management in Agriculture, Chandan Kumar Deb,, Subeesh A, Samarth Godara, Asit Kumar Pradhan, Neetish
Kumar ,MD AshrafulHaque, Madhu, Soam SK, Srinivasa Rao N, Ravisankar H,Sreekanth PD, Sumanth
Kumar VV,
Climate change is a big challenge in agriculture globally. Improvement of the water use efficacy can reduce the effect
of the global climate change. The injudicious use of water isnthe biggest challenge of global climate change.
Agriculture and allied sectors are embracing new technologies for achieving sustainable developmental goals. Among
the new technologies Artificial Intelligence (AI) and the Internet of Things (IoT) have the potential to play a significant
role. This chapter discusses the modus operandi of Al and IoT in achieving the proper utilization of the water resources
for combating the climate change. The significance of Al and IoT based water management system models has also
been discussed here.The worldwide patent status of water management in the fields of IoT and AI has also been
presented. Finally, an optimized water management system based on IoT and Al has been proposed which have a
greater potential in solving water management..
[2] Fabrication and investigation of agricultural monitoring system with IoT & Al P. Indira- I. Sheik Arafat, -
R. Karthikeyan, - ShitharthSelvarajan, - Praveen Kumar Balachandran,2023.
Artifcial intelligence (AI) can be used in a variety of felds and has the potential to alter how we currently view farming.
Due to its emphasis on efectiveness and usability artifcial intelligence has the largest impact on agriculture of all
industries. We highlight the automation-supporting technologies such as Artifcial Intelligence (AI), Machine Learning,
and Long-Range (LoRa) technology which provides data integrity and protection. We also ofer a structure for smart
farming that depends on the location of data processing after a comprehensive investigation of numerous designs. As
part of our future study we have divided the unresolved difculties in smart agriculture into two categorles such as
networking issues and technology issues. Artificial Intelligence and Machine Learning gpgsexas

whereas the Moderate Resolution Imaging Spectroradiometer satellite and LoRa are useff
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The goal of the research is to deploy a network of sensors throughout agricultural felds to gather real-time information
on a variety of environmental factors including temperature, humidity, soil moisture and nutrient levels. The seamless
data transmission and communication made possible by these sensors’ integration with Internet of Things technologies.
With the use of Al techniques and algorithms the gathered data is examined.

[3] An Intelligent Agro-Cloud Framework For Efficient Crop Cultivation, Dr. S.Anitha , Dr. A.Muthusamy,
Dr.T.Thiruvenkadam,2023

Agriculture is considered the backbone of the Indian economy. But, still, farmers are unable to get sufficient profit due
to water scarcity,nflooding, storm, insufficient labor, and poor agro marketing. Moreover, modern technologies are not
practiced efficiently in farming due to ignorance, high cost, and small land size. The proposed cloud-based framework
consists of three key layers i) input layer ii) storage and processing layer iii) application layer. The input layer collects
data from various IoT devices like sensors, meters, cameras, robots (for weeding & spraying), drones, and satellite data.
The agro-cloud stores and processes the input data from IoT devices at regular intervals of time. Layer 2 aids smart
farming namely soil monitoring, crop growth, irrigation management, and pesticide& fertilizer control. Soft computing
technologies such as artificial intelligence, neural networks, and machine learning algorithms can be employed to select
the appropriate irrigation method based on the type of soil, crop, quality of water, and rainfall. The application layer
interacts with the farmers through various applications like graphical user interface systems (GUI), SMS alerts, and
IoT-based mobile applications. A farmer advisor mobile App is designed based on the recommended framework for
efficient crop cultivation which provides timely information to farmers like formulating land, choosing seeds, planting,
plant protection, and plant insurance. Thus, the proposed research aids the farmers in improving crop yield and reducing
the workforce and resources.

[4] Smart Agriculture: The Future of Agriculture using Al and IoT,Sapna Katiyar and Artika Farhana, 2021.
Agriculture sector contributing a significant share in World economy and in more than nine counties agronomy is the
leading segment. Population is rising immensely therefore quality and quantity of food demand increases enormously.
Agriculture segment is providing employment prospects to large population as well. Conventional farming styles used
by farmers are not competent to fulfil the enlarged demand. To meet the growing demands, emerging innovative
practices need to be introduced which can be observed as Agricultural Intelligence and can brought agriculture 4.0
revolution. Artificial Intelligence and Internet of Things like promising technologies convert traditional farming into
smart agriculture by optimizing resources, reducing human labor, crop monitoring, weed handling, crop disease
management, irrigation, harvesting and supply chain management. These technologies have proven for crop protection
against climate changes, excess use of fertilizers, pesticides, herbicides and water for enhanced soil richness. This study
presents the survey of researchers work of automation in agriculture with the support of sensors, Agricultural Robots
and Drones and Al driven technologies to improve productivity. Moreover limitations, challenges and future scope of
smart agriculture is also discussed in this study.

[S] IoT-Equipped and AI-Enabled Next Generation Smart Agriculture: A Critical Review, Current Challenges
and Future Trends, SAMEER QAZI , (Senior Member, IEEE), BILAL A. KHAWAJA , (Senior Member,
IEEE),AND QAZI UMAR FAROOQ, 2022.

Smart agriculture techniques have recently seen widespread interest by farmers. This is driven by several factors, which
include the widespread availability of economically priced, low-powered Internet of Things (IoT) based wireless
sensors to remotely monitor and report conditions of the field, climate, and crops. This enables efficient management of
resources like minimizing water requirements for irrigation and minimizing the use of toxic pesticides. Furthermore, the
recent boom in Artificial Intelligence can enable farmers to deploy autonomous farming machinery and make better
predictions of the future based on present and past conditions to minimize crop diseases and pest infestation.

[6] A Critical Review, Current Challenges, and Future Trends of Next Generation Smart Agriculture using IoT
and Al, DarojuAbhinaiKumar,EppiliJatin,Sarvade Keerthan, Dr.T.Venkat Narayana Rao,2023.

Farmers have recently demonstrated a strong interest in smart agricultural approaches. This is influenced by a number
of variables, including the ubiquitous availability of inexpensive, low-powered Internet. Wireless Internet of Things
(IoT)-based sensors are used to remotely monitor and report crop, weather, and field conditions. This makes it possible

/7ablesto @ploy autonomous
2 2581-9429 |5
IJARSCT 270

Copyright to IJARSCT DOI: 10.48175/IJARSCT-24433
www.ijarsct.co.in



(/ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.67 Volume 5, Issue 7, March 2025

farming equipment and generate better future projections based on present and prior conditions, which would assist
farmers minimize crop diseases and insect infestation. When utilized together, these two enabling technologies have
changed traditional farming approaches. This research report offers: (a) A thorough instruction on the smart agricultural
developments already available.

[7] Crop Management with the IoT: An Interdisciplinary Survey, Giuliano Vitali , Matteo Francia , Matteo
Golfarelli and Maurizio Canavari ,2021 .

In this study, we analyze how crop management will benefit from the Internet of Things (IoT) by providing an
overview of its architecture and components from agronomic and technological perspectives. The present analysis
highlights that IoT is a mature enabling technology with articulated hardware and software components. Cheap
networked devices can sense crop fields at a finer grain to give timeliness warnings on the presence of stress conditions
and diseases to a wider range of farmers. Cloud computing allows reliable storage, access to heterogeneous data, and
machine-learning techniques for developing and deploying farm services. From this study, it emerges that the Internet
of Things will draw attention to sensor quality and placement protocols, while machine learning should be oriented to
produce understandable knowledge, which is also useful to enhance cropping system simulation systems.

[8] Technology assisted farming: Implications of IoT and AI, N Aggarwall and D Singh, 2020 .

With the advancement of technologies, things became intelligent with the capabilities of self-communication between
them. Internet of Things (IoT) connected daily household things to the Internet and make them able to make decisions
like the human mind. Sensors collect the real atmospheric data and with the help of Artificial intelligence (AI)
algorithms analysis of data takes place so that devices behave more smartly. The present article discusses how IoT
revolutionized the agricultural community. According to the study, it is analyzed that 70% population is dependent on
agriculture for their livelihood in India, but the status of agriculture is no more concealed from society. With the
involvement of technology, it becomes easy to predict temperature, rainfall, humidity, the need for fertilizers, water
requirements, etc. The introduction of modern agriculture techniques using IoT & Al is revolutionizing the traditional
agriculture methodologies and are making farming a profitable venture also.

III. RESEARCH METHODOLOGY
1. Methodology
Design and Architecture of the Edge Intelligence System: Describe the design and architecture of the proposed edge
intelligence system for agricultural IoT, including the components and modules involved.
Data Collection and Preprocessing Techniques: Discuss the methods for collecting sensor data from agricultural ToT
devices and preprocessing the data to remove noise and anomalies.
Al Models for Crop Monitoring and Management: Outline the AI models and algorithms selected for crop monitoring
and management tasks, such as anomaly detection, yield prediction, and disease identification.
Integration of Edge Computing with Al Algorithms: Explain how edge computing technologies are integrated with Al
algorithms to enable real-time processing and analysis of agricultural data.
Evaluation Metrics and Performance Analysis Framework: Define the evaluation metrics and performance analysis
framework used to assess the effectiveness and efficiency of the edge intelligence system.

2. Al Model Development:
Selection of AI Algorithms:
e  Convolutional Neural Networks (CNNs) for image processing.
e  Recurrent Neural Networks (RNNs) for time-series data analysis.
e Reinforcement Learning for decision-making optimization.
Training and Validation:
e  Use of historical data for training Al models.
e Validation using a subset of real-time data to ensure accuracy and reliability.
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3. Edge Intelligence Implementation:
Edge Device Deployment:

e Selection of edge devices suitable for agricultural environments.

e Integration of Al models onto edge devices for real-time analysis.
Edge-Cloud Collaboration:

e Establishment of a seamless communication protocol between edge devices and cloud infrastructure for data

synchronization and updates.

Edge Intelligence Framework Development:
Design and Implementation of Edge Computing Infrastructure: Detail the design and implementation of the edge
computing infrastructure, including hardware specifications, software components, and networking configurations.
Development of AI Models for Crop Monitoring: Describe the development process of AI models for crop monitoring
tasks, including data preprocessing, feature selection, model training, and validation.
Integration of Sensor Data with Edge Devices: Explain how sensor data from agricultural IoT devices are integrated
with edge devices for real-time processing and analysis.
Real-Time Data Processing and Analysis at the Edge: Illustrate the process of real-time data processing and analysis at
the edge, including data ingestion, feature extraction, and model inference.

Artificial Intelligence Applications

a4

Connected Smart Video Analytics in
Vehicles Manufacture SmartHome Public Safety

< Edge Intelligence

Edge Computing Enablers

loT Edge Wireless Security

Figure 1.3 Motivation of Edge Intelligence

IV. CONCLUSION

In conclusion, the convergence of Artificial Intelligence (AI) and the Internet of Things (IoT) in the realm of
agricultural practices marks a revolutionary stride towards precision farming and sustainable crop management. The
three intelligent edge applications explored in this discussion—Smart Sensing, Edge Analytics, and Precision
Actuation— collectively form a powerful framework for Al-driven crop monitoring and management in agricultural
IoT.

Smart Sensing, as an integral part of the intelligent edge, empowers farmers with real-time and granular data about
various environmental parameters. These sensors, deployed directly on the field or attached to agricultural equipment,
provide continuous insights into soil health, crop growth, and climatic conditions. The data gathered forms the
foundation for informed decision-making, allowing farmers to optimize resource usage, detect anomalies, and respond
promptly to potential issues.

Edge Analytics, operating at the intersection of data processing and Al algorithms, brings computational intelligence
directly to the source of data generation. By leveraging machine learning models, predictize~analytics, and pattern
recognition, edge analytics transforms raw sensor data into actionable insights. This l#¢ali Rpcessing not only
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reduces latency but also mitigates the challenges associated with transmitting vast amounts of data to centralized cloud
servers. The result is a more responsive, efficient, and cost-effective approach to crop monitoring and decision support.
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