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ABSTRACT 

In order to increase production, sustainability, and efficiency, modern agriculture depends more and more 

on autonomous systems that combine AI, robotics, IoT, and GPS. With the least amount of human 

intervention, these systems maximize production while optimizing inputs like labor, fertilizer, and water. 

Optimizing resources through precision agriculture, to precisely regulate irrigation, fertilizers, and pesticide 

application while reducing environmental runoff, artificial intelligence (AI) and machine learning (ML) are 

used to analyze hyperspectral imagery, soil data, and weather forecasts. Autonomous tractors such as Kubota 

Agri Robo and John Deere 8R Use GPS guidance, AI navigation, LIDAR, GNSS, and computer vision to 

autonomously plough, seed, and harvest. Edge computing lowers latency and bandwidth needs by enabling 

real-time decision-making in the field. Smart farming equipment is powered by specialized AI chips that 

process sensor data locally. Precision farming is built on data collecting. Soil data, weather forecasts, crop 

health, nutritional levels, and stress factors may all be thoroughly analyzed through hyperspectral imaging, 

which records data over a broad range of the electromagnetic spectrum. This enables targeted responses and 

reduces resource use by assisting farmers in identifying issues like disease or nutritional deficiencies before 

they become apparent. Real-time insights into crop health, soil health, and environmental conditions are 

provided by sophisticated sensors and imaging technologies. Agriculture is undergoing a change thanks to 

autonomous systems that improve precision, sustainability, and efficiency. Modern farms can function more 

accurately and waste fewer resources because of the integration of AI, robotics, IoT, and machine learning, 

ushering in a new era of data-driven, intelligent agriculture. 

Keywords: Precision agriculture, Hyper spectral imagery, Artificial Intelligence (AI), Machine learning 

(ML), Autonomous tractors. 
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I. INTRODUCTION 

Artificial Intelligence (AI), Machine Learning (ML), robotics, the Internet of Things (IoT), and sophisticated 

sensor systems are rapidly integrating with modern agriculture, making it a highly accurate, efficient, and 

sustainable field. Data-driven and automated systems that can make decisions in real time are gradually 

replacing traditional farming methods, which mostly rely on physical work and widespread input application. 

This revolutionary strategy, known as "precision agriculture," seeks to maximise agricultural operations by 

making sure that all inputs, including labour, water, fertiliser, and pesticides, are administered at the 

appropriate time, location, and quantity [14]. Precision agriculture is more important than ever as the world's 

food needs increase and environmental issues worsen [1]. 

The precision agriculture framework is further strengthened using autonomous machinery. GPS guidance, 

LIDAR, GNSS, and computer vision technologies are used by sophisticated tractors like the John Deere 8R 

and Kubota Agri Robo to carry out field tasks like ploughing, planting, and harvesting with little assistance 

from humans [5]. These machines are better than humans in navigating challenging field conditions, avoiding 

obstructions, and maintaining straight-line precision. In a similar vein, AI-enabled drones with multispectral 

and hyperspectral sensors offer high-resolution pictures that provide specific details like crop health, 

moisture content, and stress markers [2]. Robotic weeders and automated sprayers greatly aid in target-

specific interventions and selective spraying, which lessens the need for chemicals and the environmental 

damage caused by careless pesticide use. 

IoT creates a network of linked sensors and gadgets that continuously track temperature, humidity, soil 

moisture, nutrient levels, and plant development parameters. The farm ecosystem's current state is reflected 

in continuous streams of data produced by soil moisture probes, nutrient analysers, pH sensors, and micro-

weather stations [4]. These IoT devices allow farmers, even those in remote locations, to make prompt and 

well-informed decisions when incorporated into mobile-based apps or centralised dashboards [3]. By seeing 

patterns, forecasting seasonal behaviour, and enhancing crop model accuracy, the continuous flow of data 

also assists long-term farm management methods. 

The use of edge computing and specialised AI chips like NVIDIA Jetson, Google Coral TPU, Intel Movidius, 

and Qualcomm CPUs is a significant development in precision agriculture. These chips enable instantaneous 

processing of sensor data without the need for cloud connectivity by bringing computational capacity straight 

to the field. This improves operational precision and dependability by lowering latency and guaranteeing that 

automated machinery can react instantly to shifting field circumstances. Edge AI is especially helpful for 

continuous environmental monitoring, autonomous navigation, and real-time pest detection. 

When taken as a whole, these technologies represent a change from traditional farming to an intelligent, data-

driven agricultural system that places an emphasis on environmental preservation and sustainability. In 

addition to increasing crop yields, precision agriculture supports climate-resilient farming methods, lowers 

resource waste, and improves soil health. The integration of AI, robotics, IoT, and sensing technologies 

stands as a potent option to guarantee food security and ecological balance for future generations as 

agricultural issues continue to develop due to population expansion, dwindling arable land, and climate-

related concerns. 

 

 

II. OBJECTIVES  
 

The primary purpose of this study is to investigate how sensor-based technologies, autonomous systems, 

artificial intelligence (AI), and machine learning (ML) might improve precision agriculture and promote 

sustainable farming approaches.  

1. Investigate the operation of autonomous agricultural equipment, such as robotic weeders, drones, and 

tractors.  

2. Gain an understanding of how sensor networks and hyperspectral imaging facilitate real-time 

agricultural data collection.  

3. Determine how important edge computing, IoT devices, and AI chips are in aiding speedy decision-

making.  

4. Determine the impact of precision agricultural technologies on sustainability and the environment.  

5. Assess how digital agriculture might handle concerns such as input waste, manpower scarcity, and 

climate stress.  
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III. LITERATURE REVIEW 
 

With the advent of GPS-based field mapping in the late 20th century, precision agriculture began to take 

shape. It has developed into a multidisciplinary field that includes environmental engineering, robotics, data 

science, and artificial intelligence. Research shows that it can increase agricultural yields while lowering the 

needless use of inputs, making it crucial for international food security plans [10]. Numerous studies 

demonstrate the application of AI and ML methods for resource optimisation, soil categorisation, disease 

detection, and production prediction. While ML models forecast irrigation requirements and crop 

development patterns based on weather and soil data, convolutional neural networks (CNNs) have been 

demonstrated to effectively detect plant illnesses. 

 

Research recognises that robotic harvesters, drones, and autonomous tractors can lessen reliance on human 

labour. Fuel consumption, time, and material waste are reduced by automated navigation systems that use 

LIDAR, GNSS, and AI-based sensors to deliver high precision in field operations. There is a lot of literature 

on sensor-based precision farming. Weather stations, nutrient analysers, multispectral cameras, and soil 

moisture sensors are essential components of continuous monitoring. Because hyperspectral imaging may 

detect plant stress early by capturing hundreds of wavelengths, it is especially important [6].  

Recent research highlights the significance of leveraging AI processors like NVIDIA Jetson and Google 

Coral TPU to execute calculations close to the field. This "edge computing" strategy guarantees quick 

decision-making and lowers latency, both of which are critical for autonomous field operations [7].  

By lowering chemical abuse, conserving water, enhancing soil health, and facilitating climate-resilient 

farming, precision agriculture, according to academics, promotes sustainable agricultural development. 

These technologies support the worldwide objectives of encouraging eco-friendly behaviour and minimising 

environmental deterioration.  

IV. METHODOLOGY 

This study uses a qualitative and descriptive research design to gather information from recorded applications 

of precision agriculture devices, scientific concepts, and contemporary technological frameworks. This 

research draws on scholarly publications, technical reports, case studies, sensor device and AI chip manuals, 

and agricultural engineering references to explore the usage of artificial intelligence in agriculture.The 

acquired data was organized methodically using themes such as autonomous systems, sensors, AI hardware, 

sustainability, and decision-making processes. Comparative analysis was used to understand the benefits of 

technology and identify faults. 

V. APPLICATIONS OF AI IN PRECISION FARMING  

 

A)Automated Decision-Making involves the AI to accurately forecast irrigation, fertilization, and pest 

management, AI algorithms analyse massive amounts of data from sensors, drones, and meteorological 

systems. ML models examine past trends and provide farmers with useful information [9]. 

B) Identification of Pests and Diseases is now available with AI-driven imaging systems identify early 

indicators of pest infestation, crop disease, and nutrient shortages. Even before visible symptoms manifest, 

deep learning algorithms can detect minute variations in leaf colour, texture, or stress indicators [18]. 

C) Models for Predicting Yield Based on soil and environmental factors, machine learning techniques like 

Random Forest, XG Boost, and neural networks offer precise yield predictions. Farmers can use these 

forecasts to plan their harvesting, marketing, and storage needs [17].  

D) Intelligent Watering enables AI ensures effective water use and avoids over-irrigation by calculating 

irrigation schedules using information from soil moisture sensors, evapotranspiration rates, and current 

meteorological conditions [13]. 

 

E) Self-governing Farm Equipment like Tractors Powered by AI Autonomous tractors, like the Kubota 

Agri Robo and John Deere 8R, employ LIDAR sensors for obstacle detection; computer vision for row 

alignment; GPS and GNSS for navigation; and AI algorithms for route planning with little assistance from 
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humans, these machines can plough, seeding, and harvesting. The comprehensive crop health maps are 

produced using drones fitted with hyperspectral and multispectral imaging systems [18]. 

 

F) Accurate Spraying of pesticide and effective weed management is achieved by  
Drone spraying reduces overall pesticide use and enhances human safety by focussing exclusively on 

impacted regions.  

 

G)Robotic Pest and Weed Management  

Robotic weeders distinguish between weeds and crops using AI-based cameras and deep learning. This 

makes it possible to remove specific weeds without using chemical herbicides.  

 

H)Systems for Robotic Harvesting  

Harvest efficiency is increased by using AI vision systems to let robotic arms recognise ripe fruits and 

pluck them without harming the plant [8]. 

 

 

VI. APPLICATIONS OF  IOT DEVICES, SENSORS, AND IMAGING 

    TECHNOLOGIES IN PRECISION AGRICULTURE 

 

1. Sensors for checking Soil health 

Nutrient detectors, pH sensors, and soil moisture probes all offer continuous information about the health 

of the soil. These sensors stop nutrient imbalances, excessive irrigation, and soil deterioration.  

2. Multispectral and Hyperspectral Imaging  

Imaging in Hyperspectral detects agricultural stress, chlorophyll levels, and disease before symptoms 

become apparent by capturing hundreds of wavelengths. Imaging in Multiple Spectra extensively utilised 

for vegetation indicators that show the health and vigour of plants, such as the NDVI (Normalized 

Difference Vegetation Index).  

3. Weather Monitoring Equipment  
Climate-smart decisions are made possible by automated weather sensors that monitor temperature, 

humidity, rainfall, wind speed, and sun radiation. Integration IoT devices Link irrigation systems, tractors, 

drones, and sensors into a single smart farm network. Farmers receive data in a seamless manner via 

dashboards and mobile apps [19]. 

 

4. Edge Computing and AI Hardware in Agriculture  

Without requiring cloud connectivity, edge computing enables real-time analysis of sensor data in the field. 

This allows autonomous machinery to respond more quickly [12]. 

5.Farm Automation Using AI Chips  
• NVIDIA Jetson (Nano, Xavier NX, Orin): Used in drones and robotics to identify weeds and illnesses 

[11]. 

• Google Coral Edge TPU: This low-power chip does effective picture classification.  

• Intel Movidius Myriad X: This device supports smart cameras for use in farming.  

• AMD Versal AI Edge: Perfect for irrigation systems that adapt.  

• Qualcomm Snapdragon Platforms: These platforms power IoT solutions and mobile devices used in 

agriculture [19]. The Value of On-Site AI Processing facilitates Real-time decisions boost automation 

reliability, decrease crop loss, and enhance field operation accuracy.  

 

VII. Advantages of AI in Environmental Protection and Sustainability  

 

Less Use of Chemicals - Soil pollution and chemical discharge are reduced by focused nutrient 

administration and precise spraying.  

Preservation of Water  - By ensuring that water is only delivered when and where it is needed, smart 

irrigation minimises waste.  

 Improved Soil Health - Long-term soil fertility is maintained, and nutrient excess is avoided through site-

specific fertiliser application.  

Climate Adaptability - Farmers can respond swiftly to droughts, floods, or other extreme weather 

occurrences thanks to real-time monitoring [16]. 

http://www.ijcrt.org/


www.ijcrt.org                                                © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882 

IJCRTBJ02035 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 217 
 

Protection of Biodiversity - Beneficial insects and soil organisms flourish when broad-spectrum pesticide 

use is reduced [15].  

 

VIII.  Difficulties in Precision Agriculture Implementation 

 

Exorbitant Starting Capital is required for Drones, sensor networks, and autonomous tractors might be 

costly for small-scale farmers. Government policies and schemes may be beneficial  for upgrading natural 

farming into AI farming. 

 

Knowledge of Technology may be inculcated to farmers by offering some training programmes on how to 

use AI and IoT devices.  

Problems with Connectivity  
The reliable internet access needed for cloud-based agricultural management is frequently unavailable in 

rural locations.  

Issues with Data Security - Farm data must be shielded against misuse and illegal access. 

IX. CONCLUSION 

Precision agriculture represents a fundamental shift towards more intelligent and sustainable farming. 

Farmers can now monitor every aspect of their fields in real time and make data-driven decisions that 

significantly improve efficiency, yield, and environmental outcomes owing to AI, ML, robots, IoT, sensors, 

and autonomous machinery. Even while there are challenges, particularly in terms of cost and technology 

adoption, the long-term benefits outweigh the downsides. Precision agriculture will be critical to preserving 

natural resources for future generations, promoting climate resilience, and ensuring food security as 

technology advances. 
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