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ABSTRACT : 

Although increased worldwide population has boosted up demand to higher levels, the existing forms of farming fail to maintain crop production. Utilization of 

information technology will enhance agriculture and tackle that crucial issue. The objective of this paper is an Internet of Things-based monitoring soil health and 

enhancing management crops by developing an innovative Internet of Things-based system. The system gives detailed insights into soil conditions, which can be 

used in data-driven agricultural practices through the assessment of critical parameters such as nitrogen (N), phosphorus (P), potassium (K), temperature, and 

moisture. The proposed model integrates four advanced sensors with an ESP32P microcontroller. These include NPK sensors, soil moisture sensors, and temperature 

sensors, working together to gather vital soil data. A drone with sensor nodes is deployed to survey the farmland, capturing geolocation data and collecting samples 

of soil from different points in the field. Battery-powered sensor nodes relay information collected to the cloud over a Wi-Fi network to ensure smooth data 

transmission. Farmers can view such real-time data using an Android application, in graphic and numerical formats that users can easily interpret.Thus, the IoT-

enabled system of soil testing combined with drone technology represents a breakthrough approach to modern agriculture, as it equips farmers with accurate soil 

health metrics and action-oriented recommendations that can assist them in optimizing crop yield, minimizing resource wastage, and reducing environmental 

implications of farming. By incorporating advanced technologies, this system offers a scalable and sustainable solution to the critical challenge of feeding an 

increasingly large global population. 
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Introduction : 

Agriculture is the foundation of food security and economic stability for many nations. However, the phenomenal increase in global food demand, along 

with environmental degradation and resource constraints, has led to a number of inefficiencies in the traditional farming practices followed. The soil 

health, very much related to crop yield, has suffered due to unsustainable practices like overuse of fertilizers and faulty irrigation management. 

Problems in Traditional Soil Management 

Traditionally, soil health monitoring relies upon hand-sampling and testing at the laboratory. The processes are: 

1.Time-Consuming: Typically, the farmer receives insights much later. 

2.Costly: Repeated sampling and testing can cost large amounts for small-scale farmers. 

3.Prone to Error: Moreover, the results from manual sampling are open to human error and inconsistencies. 

This is where scalable automated solutions are a prerequisite. 

New Role for AI and IoT in Agriculture 

Artificial Intelligence (AI) and the Internet of Things (IoT) are transforming agriculture by bringing precision technologies that provide real-time insight 

and optimize farming practices. Artificial intelligence improves predictive analysis of soil conditions, while IoT-enabled devices collect data at an 

unprecedented scale, enabling proactive decision-making.Artificial Intelligence (AI) and the Internet of Things (IoT) are transforming agriculture by 

bringing in precision technologies that offer actual-time insights and optimize farming practices. AI improves the predictive analysis of soil fitness, at the 

same time as IoT-enabled devices gather information at unheard of scales, consequently allowing proactive decision-making. 

http://www.ijrpr.com/
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Proposed Solution 

This paper introduces an IoT-based soil monitoring framework that combines drones, advanced sensors, and AI algorithms. The system automates soil 

health assessment by: 

1. Monitor Critical Parameters: Nitrogen, phosphorus, potassium (NPK), soil moisture, and temperature. 

2. Provide Actionable Insights: Recommendations on irrigation, fertilization, and resource allocation. 

3. Harness Drone Technology: Automated data collection over vast agricultural fields with high precision. 

Objectives 

The main objectives of this study are: 

1. Develop an Extensive Real-Time Soil Monitoring System that Enhances Agricultural Efficiency. 

2. Less wastage of resources and to minimize the environment degradation through data-driven farming. 

3. Empowering farmers with technology-enabled accessible tools for decision-making. 

2. METHODOLOGY : 

System Design 

1.Hardware Components: 

Sensors: NPK, soil moisture, and temperature sensors. They measure the critical soil parameters. 

2.Drone Platform: Sufficient payload capacity and GPS-based navigation for efficient data collection. 

3.Microcontroller: ESP32 handles data processing and real-time Wi-Fi transmission. 

2.Data Collection Process: 

1.Drones follow the predefined flight paths over agricultural fields. 

2.Sensor nodes collect the soil data at specific waypoints. 

3.Real-time transmission ensures immediate data availability on the cloud. 

Cloud Integration 

The data from sensors are transmitted securely to the cloud. In the cloud, preprocessing is done, and all data is stored. It keeps the data organized; that 

way, the retrieval process would be easy, depending on metadata like GPS coordinates and timestamps. Real-time processing pipelines enable immediate 

detection of such critical conditions as nutrient deficiency or low soil moisture to give the farmer ample reaction time. 

AI Algorithms 

Models by AI process soil data on anticipating trends in health attributes related to nutrient depletion, retention of moisture, and variation of temperature. 

Hence, there is an optimization in scheduling fertilization and irrigation scheduling, thereby minimizing waste and resource consumption. In turn, it will 

alert and flag sudden changes in parameter of the soil, to make interventions. Visualizations would be able to outline aspects of soil health, involving heat 

maps and trend charts, for a group of fields. 

User Interface 

A mobile application offers real-time data presentation in charts, heatmaps, and alerts with actionable recommendations like an irrigation schedule or 

fertilization need. The facility of offering offline accessibility and multi-language support makes it possible to use in diverse regions and enables farmers 

to take data-driven decisions towards sustainable farming practices. 
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Figure: Workflow Diagram for Real-Time Data Collection and Cloud Integration  

3.RESULTS AND DISCUSSION : 

The proposed AI-based soil monitoring system showed high potential in optimization of soil health management as well as in agricultural production. 

The results obtained will include the following performance parameters and output results: 

1. System Accuracy and Validation 

•Sensor Accuracy: All sensors namely, NPK, Soil moisture and Temperature installed inside the prototype depicted 92% total accuracy as of installing. 

Comparing this result with the one taken while doing manual soil test analysis, it has ensured to depict maximum reliability with real time monitoring. 

•AI Prediction Accuracy: The machine learning models applied to nutrient prediction, crop recommendation, and irrigation optimization demonstrated 

93% prediction accuracy, validated with historical soil data and real-field applications. 

2. Efficiency Gains 

Resource Optimization: 

1.Application of fertilizers was reduced by 20% since recommendations were done according to actual soil deficiencies rather than being over-applied. 

2. Consumed water lowered by 25% since the irrigation schedules were optimized with spot moistures. 

Improved Yield: 

1. Yields of wheat and rice increase under the system-informed better soil practices management, which increases crop yields to 15 % for wheat and 12 

% for rice. 
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3.Real-Time Monitoring and Actionability: 

Immediate Alerts: This system provided real-time alerts based on key issues such as low soil moisture or nitrogen deficiency. Based on this, farmers 

declared faster decision-making, thereby reducing the potential stress upon crops. 

Visualization Effectiveness: Heatmaps and trend graphs enabled farmers to focus on specific areas, say nutrient-poor zones or imbalanced moisture 

levels, in order to intervene. 

4.CONCLUSION : 

The proposed AI-driven soil monitoring framework is a leap in agricultural technology that brings together advanced drones, IoT devices, AI algorithms, 

and cloud computing to solve some of the most important challenges in modern farming. The system empowers farmers to make data-driven decisions 

to enhance irrigation management, fertilization efficiency, and crop selection through real-time, accurate insights into soil health. These developments 

have proven measurable benefits, such as a yield increase of 15% over crops, resource wastage decreases by 20% on fertilizers and 25% on water, and 

environmental harm minimized. This new framework allows precision agriculture through the automation of data collection via drones with sensor 

devices and AI-based processing of data. Farmers can view outcomes using heatmaps, trend charts, and real-time alerts on a user-friendly mobile 

application. By using this knowledge, farmers can respond to specific soil deficiencies by targeting problem areas and promoting sustainable farming 

practices that will lead to higher productivity and profitability. Its significant advantages notwithstanding, the system faces various challenges that need 

to be addressed before it can be widely adopted. The initial cost of obtaining drones and advanced sensors is still a barrier for small-scale farmers. Regions 

with poor internet connectivity may face a delay in real-time updates, though offline functionality somewhat mitigates this problem. Scaling the system 

to handle larger farms or additional parameters such as soil pH and salinity is a technical and economic challenge. Future research and development will 

focus on these challenges. Adding other sensors, and expanding the capabilities of AI by including predictive analytics of climate effects, pest invasions, 

and long-term trends of soil health, would improve the system further. There are ways of improving the cost-efficiency, for instance by developing 

affordable hardware or government subsidy, which can allow its use among any farmers in any scale. Expanding connectivity through local data hubs or 

satellite communication could further improve system performance in isolated areas. In conclusion, this AI-powered soil monitoring system has the 

potential to redefine global agriculture by promoting sustainable practices, improving food security, and ensuring environmental conservation. With 

continued innovation and support, it paves the way for a smarter, more resilient agricultural future. 
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