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Abstract: Remote sensing (RS) technologies have significantly revolutionized modern agriculture by providing 

real-time, non-invasive, and spatially extensive observations for better decision-making in crop management, 

soil assessment, water utilization, and pest control. The integration of satellite platforms, unmanned aerial 

vehicles (UAVs), and advanced sensors including multispectral, hyperspectral, and thermal imaging devices has 

enabled precision agriculture practices at various scales. Artificial intelligence (AI) and machine learning (ML) 

models now play a pivotal role in extracting actionable insights from the high-dimensional datasets generated 

through RS. In the Indian context, government initiatives and technological innovations are rapidly accelerating 

the adoption of these tools, though challenges such as cloud cover, data processing complexity, and limited 

farmer access persist. This paper reviews the current state of RS-based agriculture, focusing on platforms, sensor 

technologies, analytical methodologies, and real-world applications, particularly within India. It also highlights 

the challenges and potential future developments in this rapidly evolving field. 
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1. Introduction: Agriculture continues to be the backbone of many economies, especially in developing 

countries like India, where it sustains more than half the population and contributes significantly to GDP. To 

meet the increasing demands on food production due to urbanization, population growth, and climate 

uncertainty, the agricultural sector must shift toward data-driven and sustainable practices. 

Remote sensing (RS), the science of acquiring information about Earth's surface without physical contact, 

provides a robust platform for such transformation. By leveraging electromagnetic data from satellites, UAVs, 

and ground-based sensors, RS enables farmers, agronomists, and policymakers to monitor crop health, assess 

soil properties, and plan irrigation schedules with spatial and temporal precision. 

India’s growing investment in geospatial technology through initiatives such as FASAL (Forecasting 

Agricultural output using Space, Agrometeorology and Land-based observations), CHAMAN (Coordinated 

Horticulture Assessment and Management using geoinformatics), and ISRO’s Bhuvan platform—demonstrates 

the potential of RS in transforming agriculture [1].  
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Common Vegetation Indices 

Index Formula Strengths Recent Uses 

NDVI (NIR - Red) / (NIR + Red) Robust, easy to 

compute 

Crop vigor mapping 

EVI 2.5 × (NIR - Red) / (NIR + 6×Red - 

7.5×Blue + 1) 

Minimizes 

atmospheric noise 

Forest health, row 

crops 

SAVI ((NIR - Red) / (NIR + Red + L)) × 

(1 + L) 

Adjusts for soil 

background 

Sparse crops 

NDRE (NIR - Red Edge) / (NIR + Red 

Edge) 

Subtle chlorophyll 

variations 

Nitrogen status 

MSAVI Modified SAVI Better for low 

vegetation cover 

Semi-arid zones 

 

2. Remote Sensing Platforms and Sensor Technologies 

2.1 Satellite-Based Systems: Satellite remote sensing forms the backbone of large-area agricultural monitoring. 

Different satellites offer varying spatial, spectral, and temporal resolutions suitable for distinct agricultural 

applications. 

Satellite Sensor Type Resolution Application 

Sentinel-1 Synthetic Aperture Radar 

(SAR) 

10 m Soil moisture, flood 

mapping 

Sentinel-2 Multispectral 10 m NDVI, vegetation 

indices 

Landsat-8/9 Optical + Thermal 30 m Water stress, land cover 

MODIS Multispectral 250 m – 1 km Phenology, biomass 

 

SAR sensors, such as those in Sentinel-1, operate independently of sunlight and cloud cover, making them 

highly useful during monsoon seasons in India [2]. 

2.2 UAV-Based Remote Sensing: UAVs or drones provide ultra-high-resolution imagery (<5 cm) and can be 

deployed at specific times aligned with crop growth stages. Equipped with RGB, multispectral, thermal, or 

hyperspectral sensors, UAVs support: Crop stand assessment 

Disease detection, Yield estimation, Soil variability mapping 

UAVs complement satellite data by offering more frequent and flexible observations, especially in smallholder 

or fragmented fields [3]. 

2.3 Hyperspectral and Thermal Sensors: Hyperspectral sensors capture hundreds of contiguous spectral 

bands, allowing precise detection of subtle physiological variations in crops, such as chlorophyll content and 

moisture stress. Thermal sensors are widely used in water stress detection via canopy temperature mapping. 

These sensors enable detailed analytics such as evapotranspiration modelling and disease prediction, especially 

when integrated with ML algorithms [4]. 
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3. Agricultural Applications of Remote Sensing 

3.1 Crop Health Monitoring: Spectral indices derived from RS data are central to evaluating plant vigor. The 

Normalized Difference Vegetation Index (NDVI) is one of the most widely used metrics: 

𝐍𝐃𝐕𝐈 =
𝐍𝐑𝐈 − 𝐑𝐄𝐃

𝐍𝐑𝐈 + 𝐑𝐄𝐃
 

Other indices such as EVI (Enhanced Vegetation Index), NDRE (Normalized Difference Red Edge), and SAVI 

(Soil-Adjusted Vegetation Index) help correct for background soil effects and dense canopy saturation [5]. 

3.2 Yield Estimation: Crop yield estimation benefits from multi-temporal RS data and ML algorithms. Models 

such as Random Forest, Support Vector Machines (SVM), and LSTM networks have shown strong performance 

in yield prediction. 

Case Study: In Punjab, Sentinel-2 imagery combined with NDVI and LSTM achieved wheat yield prediction 

accuracy of R² > 0.85 [6]. 

3.3 Water Management and Evapotranspiration 

Thermal imaging enables estimation of evapotranspiration (ET) using energy balance models such as SEBAL 

and METRIC. These models combine surface temperature, albedo, and meteorological inputs to estimate crop 

water use: 

λE = Rn – G - H 

Where: 

λE: Latent heat flux (ET) 

 Rn: Net radiation 

G: Soil heat flux 

H: Sensible heat flux 

Such modelling assists in designing optimal irrigation schedules [7]. 

3.4 Pest and Disease Detection: Early detection of pest and disease outbreaks is possible through analysis of 

spectral anomalies. Hyperspectral and UAV-based imagery combined with classification algorithms (e.g., SVM, 

CNN) enable detection before visible symptoms appear. 

Example: A 2023 study used UAV-based hyperspectral imaging for early detection of rice blast disease in 

Odisha, achieving over 90% classification accuracy using SVM [8]. 

3.5 Soil Analysis: Soil properties like moisture, salinity, organic carbon, and texture can be estimated using 

SAR backscatter or hyperspectral indices. Recent advances in deep learning have significantly improved 

accuracy in heterogeneous landscapes [9]. 

4. Analytical Advances in RS-Based Agriculture 

4.1 Machine Learning and Deep Learning: ML techniques are widely applied in agricultural RS for 

classification, prediction, and anomaly detection. Deep learning models, such as Convolutional Neural 

Networks (CNNs), excel in image-based pattern recognition, while LSTM models are ideal for time-series yield 

forecasting. 

Recent approaches also utilize transformer architectures, such as TabPFN and Vision Transformers, for soil 

moisture estimation and plant phenology prediction [10]. 
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4.2 Data Fusion and Multimodal Integration: Combining different RS sources—e.g., optical, SAR, UAV, and 

ground-based sensors—yields more accurate and robust models. Such fusion is essential when dealing with 

missing or corrupted data. 

Google Earth Engine (GEE) and ISRO’s Bhuvan enable multimodal data integration and scalable processing 

for large-scale projects [11]. 

5. Challenges and Limitations 

Despite the advances, the adoption of RS in Indian agriculture faces multiple barriers: 

Cloud Cover: Limits optical sensors; mitigated by SAR or UAV deployment Cost of High-Resolution Sensors: 

Drones and hyperspectral equipment are expensive Data Processing Complexity: Requires specialized skills in 

geospatial analysis and AI 

Digital Divide: Smallholders lack access to tools, training, and internet infrastructure 

Policy interventions and capacity-building initiatives are needed to overcome these constraints. 

6. Future Directions and Opportunities 

The future of agricultural RS lies in increasing accessibility, accuracy, and integration with advisory systems: 

Miniaturized Sensors: Portable, cost-effective devices suitable for field use 

Cloud-Based Platforms: Tools like GEE, AWS, and Bhuvan facilitate easy data access and processing 

AI-Driven Advisory Tools: Mobile apps that translate RS data into actionable advice 

Public-Private Partnerships: Collaborations between ISRO, agri-tech firms, and academia can drive innovation 

Promoting open data, standardizing platforms, and incentivizing startups will play critical roles in scaling RS 

applications. 

7. Conclusion 

Remote sensing technologies, when effectively integrated with AI and ground-based knowledge, offer 

unparalleled opportunities for improving agricultural productivity, sustainability, and resilience. In India, where 

agricultural diversity is vast and the need for efficient resource management is acute, RS can provide a critical 

foundation for decision support. However, targeted policies, accessible platforms, and training are essential to 

bridge the gap between research innovation and field-level implementation. As sensors become more affordable 

and data becomes more democratized, the future of smart farming in India looks increasingly promising. 
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