
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 1, January 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-30731   201 

www.ijarsct.co.in  

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Crop Analysis in Smart Agriculture: The Rise of 

AI and Remote Sensing 
Pavan R1, Pavan R N2, Siddesh B S3, Prof. Maithri C4 

Student, Department of CSE1-3 

Professor & HOD, Department of CSE4  

Kalpataru Institute of Technology, Tiptur, India 

 

Abstract: Agriculture is undergoing a significant transformation driven by the integration of artificial 

intelligence (AI) and remote sensing technologies. Traditional farming methods often rely on manual 

observation and historical experience, which limits precision and scalability. Smart agriculture leverages 

data-driven techniques to improve crop productivity, resource efficiency, and sustainability. This paper 

presents a comprehensive study of crop analysis using AI and remote sensing, focusing on satellite 

imagery, unmanned aerial vehicles (UAVs), and machine learning models for crop health monitoring, 

yield prediction, soil assessment, and disease detection. The proposed approach highlights how spectral 

indices, deep learning models, and geospatial analytics enable real-time decision-making for farmers. 

The study emphasizes the growing role of AI-powered systems in addressing food security challenges 

while reducing environmental impact. The findings demonstrate that the combination of AI and remote 

sensing significantly enhances accuracy, efficiency, and scalability in modern agricultural practices. 
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I. INTRODUCTION 

Agriculture remains the backbone of many economies, particularly in developing countries, where a large portion of the 

population depends on farming for livelihood. However, conventional agricultural practices face numerous challenges, 

including unpredictable climate conditions, soil degradation, pest infestations, and inefficient use of water and 

fertilizers. These challenges demand innovative technological solutions to ensure sustainable food production. Smart 

agriculture, also known as precision agriculture, integrates advanced technologies such as artificial intelligence, Internet 

of Things (IoT), and remote sensing to optimize farming operations. 

Among these, AI and remote sensing play a crucial role in crop analysis by enabling continuous monitoring of large 

agricultural fields with minimal human intervention. Remote sensing technologies provide spatial and temporal data, 

while AI algorithms analyze this data to extract actionable insights.This paper explores the evolution of crop analysis in 

smart agriculture, emphasizing the rise of AI and remote sensing technologies. It discusses data acquisition methods, 

analytical techniques, applications, benefits, and challenges associated with these technologies. 

 

II. PROBLEM STATEMENT 

Agricultural productivity is affected by climate variability, soil degradation, pests, and inefficient resource usage. 

Traditional crop monitoring methods rely on manual inspection, which is time-consuming and inaccurate for large-scale 

farming. These methods fail to detect crop stress and diseases at early stages. Although artificial intelligence and 

remote sensing technologies provide advanced monitoring capabilities, their adoption remains limited due to 

fragmented data and lack of integration. Satellite, drone, and IoT sensor data generate large volumes of complex 

information that are difficult to analyze manually. The absence of automated, real-time decision-support systems 

reduces farming efficiency. Therefore, an integrated AI-driven crop analysis approach using remote sensing is required 

to improve accuracy, productivity, and sustainability in smart agriculture. 
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III. METHODOLOGY 

The methodology of this study focuses on integrating remote sensing technologies with artificial intelligence (AI) to 

enhance crop monitoring, yield prediction, and resource management in smart agriculture. The approach consists of 

several sequential steps, including data acquisition, preprocessing, analysis, and predictive modeling. 

 

A. Data Acquisition 

High-resolution multispectral and hyperspectral images are acquired using satellites, drones, and IoT-enabled ground 

sensors. Satellite sources such as Sentinel-2 and Landsat-8 provide large-scale monitoring capabilities, while drones 

and field sensors capture localized, high-frequency data on plant health, soil moisture, temperature, and nutrient levels. 

This combination ensures comprehensive spatiotemporal coverage for effective crop analysis. 

 

B. Data Preprocessing 

Collected data undergo preprocessing to remove noise, correct atmospheric distortions, and normalize values across 

datasets. For satellite imagery, radiometric and geometric corrections are applied, whereas drone images are 

orthorectified to ensure spatial accuracy. Missing data points from sensors are handled using interpolation techniques, 

and feature extraction methods, such as vegetation indices (NDVI, EVI), are applied to quantify crop health and 

biomass. 

 

C. Feature Extraction and Selection 

Key features indicative of crop status—including spectral indices, soil moisture content, temperature, and historical 

yield data—are extracted. Feature selection techniques, such as Principal Component Analysis (PCA) and Recursive 

Feature Elimination (RFE), are employed to identify the most significant parameters, reducing dimensionality and 

improving the efficiency of AI models. 

 

D. AI-Based Analysis 

Machine learning algorithms, including Random Forest, Support Vector Machines (SVM), and Gradient Boosting, are 

used for crop classification, disease detection, and yield prediction. Deep learning models, such as Convolutional 

Neural Networks (CNNs) and Recurrent Neural Networks (RNNs), are applied to image-based and time-series data to 

capture complex patterns and temporal dependencies. Model training is performed using labeled datasets, and cross- 

validation is employed to ensure robustness and prevent overfitting. 

 

E. Predictive Modeling and Decision Support 

The trained models generate predictive insights, such as early disease detection, irrigation scheduling, and fertilizer 

application optimization. Decision support systems integrate these insights with real-time IoT sensor data, allowing 

farmers to take timely, data-driven actions. Visualization dashboards display crop health maps, growth trends, and 

alerts, facilitating effective farm management. 

 

F. Validation and Evaluation 

Model performance is evaluated using metrics such as accuracy, precision, recall, F1-score, and Root Mean Square 

Error (RMSE) for yield predictions. Ground truth data collected from field surveys and historical records are used to 

validate the AI models and remote sensing analyses, ensuring reliability and practical applicability. 

 

G. Integration for Smart Agriculture 

Finally, the methodology emphasizes the seamless integration of AI-driven insights, remote sensing data, and 

automated farm management systems. This holistic approach supports precision agriculture practices, reduces resource 

wastage, increases productivity, and promotes sustainable farming. 
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IV. RESULTS AND DISCUSSION 

The application of artificial intelligence and remote sensing in crop analysis has shown significant improvements in 

monitoring accuracy and decision-making in smart agriculture. Satellite-based vegetation indices effectively identified 

variations in crop health and growth stages across large areas. Drone sensing provided high-resolution field-level data, 

enabling early detection of crop diseases, pest infestations, and nutrient deficiencies. AI-based models improved crop 

classification and health assessment compared to traditional methods. 

Integration of IoT sensor data enhanced the reliability of remote sensing observations, particularly for soil moisture and 

irrigation management. Yield prediction models using AI demonstrated better accuracy by combining historical, 

climatic, and spectral data. These results indicate reduced resource wastage and improved crop productivity. However, 

performance varied with data quality and environmental conditions. Overall, the findings confirm that AI- driven 

remote sensing significantly enhances efficiency, precision, and sustainability in modern crop analysis systems. 

 
V. CONCLUSION 

This paper explored the role of artificial intelligence and remote sensing in advancing crop analysis within smart 

agriculture systems. Traditional farming practices often struggle to address challenges such as climate variability, 

inefficient resource usage, and delayed detection of crop stress. The integration of AI with remote sensing technologies 

offers a data-driven approach to overcome these limitations. Satellite imagery enables large-scale and continuous 

monitoring of crop growth and vegetation health, while drone-based sensing provides high-resolution, field-level 

insights. IoT sensors complement remote sensing by supplying real-time ground data related to soil moisture, 

temperature, and environmental conditions. 

AI-based models, including machine learning and deep learning techniques, significantly improve the analysis and 

interpretation of complex agricultural datasets. These models support accurate crop classification, early detection of 

diseases and pests, and reliable yield prediction. The combined use of multi-source remote sensing data enhances 

decision-making related to irrigation scheduling, fertilizer application, and pest management. As a result, farmers can 

reduce resource wastage, minimize environmental impact, and increase overall crop productivity. 

Despite challenges such as high initial costs, data integration complexity, and limited technical expertise, the benefits of 

AI-driven remote sensing systems outweigh the limitations. Continued advancements in sensor technology, cloud 

computing, and explainable AI are expected to improve accessibility and adoption. In conclusion, AI and remote 
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sensing represent transformative technologies that will play a crucial role in achieving sustainable, efficient, and 

resilient agricultural systems, thereby contributing to global food security and smart farming practices. 
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