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Abstract

Indian agriculture plays a vital role in ensuring food security and economic stability. However,
challenges such as climate change, unpredictable rainfall, soil degradation, and crop diseases
hinder productivity. Remote sensing technologies, when combined with Artificial Intelligence
(Al) and Deep Learning, provide a scalable and intelligent solution for crop monitoring. This
project leverages satellite and drone imagery, along with Al-based models, to enhance real-time
crop health detection, yield prediction, and soil condition analysis. The integration of deep
learning algorithms allows efficient processing of large-scale image data, leading to early
detection of stress, disease, and nutrient deficiencies, thereby enabling farmers to take data-

driven decisions for sustainable agriculture.

LINTRODUCTION
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Agriculture in India is highly dependent on
traditional practices, weather patterns, and
manual observations, which often result in
delayed decision-making and reduced crop
yields. With the rise of digital technologies,
remote sensing using satellite and UAV

(Unmanned  Aerial  Vehicle)

imagery
provides timely insights into crop
conditions. However, the vast amount of
data generated requires advanced Al

techniques for meaningful interpretation.
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Deep learning models such as Convolutional
Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs) can analyze
spectral and temporal variations in
agricultural fields to identify crop stress,
estimate yield, and detect diseases. The
proposed Al-driven crop monitoring system
bridges the gap between raw remote sensing
data and actionable insights for farmers,

policymakers, and agronomists.
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II.LLITERATURE SURVEY
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Crop Monitoring with Remote
Sensing — Singh et al. (2020) applied
NDVI and Landsat data for yield
prediction, but lacked Al-driven

adaptability to real-time conditions.

Deep Precision

Agriculture — Sharma & Patel (2021)

Learning  for

used CNNs for disease detection in
wheat crops, showing promising
results in accuracy compared to

traditional image processing.

Al in Indian Agriculture — Kumar et
al. (2021) discussed how Al
integration with IoT and satellite
imaging can help tackle region-

specific farming challenges.

Remote Sensing for Crop Stress
Detection — Gupta et al. (2022)
utilized drone imagery and machine
learning for stress identification, but

scalability remained an issue.

Climate-Resilient  Agriculture —
Reddy et al. (2023) proposed Al-

based remote sensing to support

adaptive strategies for changing
climate  conditions in Indian
farmlands.
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INLEXISTING SYSTEM

Traditional crop monitoring methods rely on

manual surveys, field visits, and basic
satellite imaging without advanced analytics.
Although systems like NDVI (Normalized
Difference Vegetation Index) are used for
vegetation analysis, they provide only
limited insights into crop health. Most
existing models lack real-time adaptability,
advanced disease detection capabilities, and
Indian

region-specific  calibration for

agriculture. Additionally, these methods
often fail to consider dynamic climate
conditions, soil variability, and pest
outbreaks, leading to inaccuracies in crop

predictions and ineffective decision-making.
IV.PROPOSED SYSTEM

The proposed system introduces an Al-
powered remote sensing framework for
Indian

agriculture that integrates

satellite/drone data with deep learning
models. The architecture employs CNNs for
spatial image analysis, RNNs for temporal
crop growth prediction, and transfer learning
models for disease and pest detection. The
system provides real-time alerts on crop
stress, identifies nutrient deficiencies, and
predicts yield more accurately. A cloud-

based IoT integration allows data storage,

visualization, and farmer-friendly mobile
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application support. This intelligent platform
not only enhances crop productivity but also
supports sustainable farming practices and

climate-resilient agriculture.

V.SYSTEM ARCHITECTURE

Data Acquisition Layer
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imagery
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* Soil sensor data

Preprocessing Unit

* Noise removal Data Integration

« Image enhancement & Cloud Layer

© Georeferencing « Processed results

l storage & analysis

Deep Learning Models l

e« CNN v:gr spalial image Visualization &
classification (crop type, Fee}db‘ackb Decision Support
disease spots) & Optimization System

« RNN/LSTM for temporal 2!
prediction (growth stage, « Mobile dashboard
yield) « Crop health

* Transfer learning for pest/ ® Sffess 20nes
disease identification * Yield predictions

Fertilizer

Fig 5.1 system architecture

The system architecture consists of the

following components:

1. Data Acquisition Layer — Collects
multispectral and  hyperspectral
imagery from satellites, drones, and

10T soil sensors.

2. Preprocessing Unit — Performs noise
removal, image enhancement, and

georeferencing for accurate input.
3. Deep Learning Models —

o CNN for spatial image
classification (crop type,

disease spots).
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o RNN/LSTM for temporal
prediction (growth stage,

yield).

o Transfer learning for

pest/disease identification.

4. Data Integration & Cloud Layer —
Stores processed results and enables

real-time analysis.

5. Visualization & Decision Support
System — Provides farmers with a
mobile dashboard showing crop

health, stress zones, yield

predictions, and fertilizer
recommendations.
6. Feedback &  Optimization —

Continuous improvement of models

through retraining with new data.

VILIMPLEMENTATION
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\pplication of Smart
Sensors for Agriculture

Al-Driven Crop Monitoring

Use CAY's Crop Monitoring system to build busheds and ROL

Fig 6.3

VII.CONCLUSION

Al-driven remote sensing has immense
potential to transform Indian agriculture by
providing real-time, accurate, and actionable
insights into crop health and yield. By
leveraging deep learning, the proposed
system enhances monitoring efficiency,
reduces dependency on manual inspections,
and supports sustainable farming practices.
This intelligent framework empowers
farmers to make informed decisions,
minimizes resource wastage, and contributes

to national food security.
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VIIL.LFUTURE SCOPE

o Integration with 5G-enabled IoT

devices for real-time monitoring.

e Use of Generative Al models for
predicting crop performance under

unseen climate scenarios.

o Expansion to multi-crop and multi-

season datasets for improved
accuracy.
e Inclusion of  blockchain-based

platforms for secure data sharing
between farmers, researchers, and

policymakers.

e Automated fertilization and irrigation

systems driven by Al insights.

e Development of low-cost drone-
based solutions tailored for small-

scale Indian farmers.

IX.REFERENCES

[1] Singh, A., et al., "Remote Sensing in
Agriculture: Applications and Challenges,"
International ~ Journal
Sciences, 2020.
[2] Sharma, R., & Patel, M., "Deep Learning
Models for Wheat Disease Detection," IEEE
Access, 2021.

[3] Kumar, V., et al., "Al and IoT for Smart

of  Agricultural

Vol 25 Issue 07, July, 2025

Page 941 of 942



International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 25 Issue 07, July, 2025

Agriculture in India," Journal of Emerging
Technologies, 2021.
[4] Gupta, S., et al.,, "Drone Imagery for
Crop Stress Detection Using ML,"
Agricultural Informatics Journal, 2022.
[5] Reddy, N., et al., "Al-enabled Remote
Sensing for Climate Resilient Farming,"
Elsevier = Agricultural  Systems, 2023.
[6] Jain, P., "Satellite-based Yield Estimation
for Indian Crops," Springer Agriculture &
Food Security, 2021.
[7] Zhang, Y., et al., "Hyperspectral Imaging
and CNN for Crop Monitoring," Remote
Sensing Letters, 2022.
[8] Kaur, H., "Al for Soil Fertility and Crop
Health Monitoring," JCA, 2021.
[9] Bhatia, S., et al., "[oT-Cloud Framework
for Precision Agriculture,” IEEE IoT
Journal, 2022.
[10] Mehta, A., & Verma, R., "Deep
Learning in Indian Agriculture: A Case

Study," Journal of Al Research, 2023.

ISSN:2250-3676 www.ijesat.com Page 942 of 942



