INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :
&‘ pREMS\Z RESEARCH IN ENGINEERING MANAGEMENT 2583-1062

AND SCIENCE (IJPREMYS)

Impact

Int Peer Reviewed Journal .

Www.ijprems.com ( ) Factor :
Vol. 05, Issue 01, January 2025, pp : 1796-1800 7.001

editor@ijprems.com

A SURVEY ON Al FOR PRECISION RECENT AGRICULTURE: CROP
HEALTH BASED DETECTION VIA DRONE IMAGERY

K. Abinaya™ Narmatha. R™
"L2Assistant Professor, Department Of Al & DS, Christ The King Engineering College, Coimbatore, India.

ABSTRACT

The rapid process of advancements in recent artificial intelligence (Al) and new drone technology have access of
revolutionized agriculture, providing through innovative solutions to age-old effective challenges. Precision based
agriculture, characterized through by data-driven decision-making, access is at the forefront of this basic
transformation. It explores the application of basic Al for crop through health detection using basic drone imagery,
offering a comprehensive new methodology to enhance access of agricultural practices. Drones through equipped with
advanced various sensors, such as new RGB, multispectral, base hyperspectral, and thermal new cameras, capture
high-resolution process of images of agricultural effective fields. These images are mainly processed and analyzed
process using sophisticated Al algorithms, including through convolutional neural networks (CNNSs), to detect various
patterns and anomalies based indicative of crop through health issues. The basic integration of vegetation indices like
effective NDVI and EVI basic enables detailed through assessments of plant based conditions, identifying through
problems such as pest based infestations, nutrient through deficiencies, and water base stress with unprecedented
process of accuracy. This modern approach offers new numerous benefits, including basic early detection of process
of diseases, optimized through resource utilization, and increased high sustainability. By reducing basic reliance on
manual access of inspections and excessive based chemical treatments, Al-driven crop new monitoring enhances
through efficiency and minimizes environmental basic impact. The new methodology involves data new collection,
preprocessing, Al basic model development, new analysis, and effective validation, culminating in basic actionable
through insights for farmers to implement based targeted interventions. Despite its basic potential, challenges through
such as high based initial costs, infrastructure process requirements, and the need for process technical expertise based
pose barriers to widespread process adoption. Addressing process these challenges is basic critical to ensuring new
equitable access to this process of transformative technology. Future based directions include the integration of I0T
devices, real-time data analytics, and the development of cost-effective solutions tailored for small-scale farmers. By
leveraging the synergy between Al and drone technology, this study highlights the potential of precision agriculture to
address global food security challenges and promote sustainable farming practices. The findings underscore the
importance of innovation in building resilient agricultural systems for a growing population.

Keywords: Artificial Intelligence (Al), Precision Agriculture, Crop Health Monitoring, Drone Imagery, Remote
Sensing, Vegetation Indices (NDVI, EVI), Sustainable Farming, Machine Learning, Data-Driven Agriculture, Smart
Farming Solutions.

1. INTRODUCTION

Agriculture, one of the oldest and most essential industries, has undergone significant transformations over the
centuries. From traditional farming methods to the Green Revolution, which introduced chemical fertilizers and high-
yield crop varieties, the sector has constantly evolved to meet the growing demands of an ever-increasing population.
However, the challenges facing modern agriculture are more complex than ever before. Climate change, resource
scarcity, soil degradation, and the need for sustainable practices necessitate innovative solutions to ensure food
security and environmental health.

One of the most promising advancements in agriculture is the integration of technology into farming practices, known
as precision agriculture. This approach leverages data-driven tools and techniques to optimize resource use and
improve crop yields. At the forefront of this technological revolution is the application of artificial intelligence (Al) in
crop health detection. By combining Al with drone imagery, farmers can monitor their fields with unparalleled
precision, identifying potential issues early and taking targeted actions to address them.

Crop health detection via drone imagery represents a paradigm shift in how farmers manage their fields. Traditionally,
assessing the health of crops involved manual inspections, which are labor-intensive, time-consuming, and often prone
to errors. In contrast, drones equipped with advanced sensors can cover large areas quickly, capturing high-resolution
images that provide detailed insights into plant health. These images are then analyzed by Al algorithms to detect
patterns and anomalies, such as signs of disease, pest infestations, water stress, or nutrient deficiencies.
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The implications of this technology are profound. For instance, early detection of crop diseases can prevent
widespread outbreaks, saving farmers from significant financial losses and reducing the need for excessive chemical
treatments. Similarly, precise monitoring of water and nutrient levels can enhance resource efficiency, promoting
sustainable farming practices. Moreover, the ability to analyze data in real-time allows farmers to make informed
decisions, improving productivity and profitability.

The integration of Al and drone technology in agriculture is not just about improving efficiency; it also addresses
broader societal and environmental challenges. With the global population projected to reach nearly 10 billion by
2050, the demand for food will continue to rise. Meeting this demand requires innovative solutions that can increase
agricultural productivity without depleting natural resources. Al-powered crop health detection offers a way to achieve
this balance, enabling farmers to produce more with less.

Furthermore, this technology aligns with the goals of sustainable development, as it minimizes the environmental
impact of farming activities. By reducing the overuse of fertilizers, pesticides, and water, Al-driven precision
agriculture helps conserve biodiversity, protect ecosystems, and combat climate change. It also supports the
livelihoods of farmers by reducing costs and increasing yields, contributing to economic resilience in rural
communities.

However, the adoption of Al in agriculture is not without challenges. The initial investment in drones, sensors, and Al
software can be prohibitively expensive for small-scale farmers, who constitute the majority of agricultural producers
worldwide. Additionally, the successful implementation of this technology requires robust infrastructure, technical
expertise, and access to reliable data. Addressing these barriers will be critical to ensuring that the benefits of Al-
driven crop health detection are accessible to all farmers, regardless of their scale or location.

This introduction provides a foundation for understanding the potential of Al in precision agriculture, particularly in
the context of crop health detection via drone imagery. The following sections will delve deeper into the key
technologies, applications, benefits, challenges, and future directions of this transformative approach. By exploring
these aspects, we aim to highlight the ways in which Al can revolutionize agriculture, fostering a more sustainable and
resilient food system for the future.

Key Technologies in Al-Driven Crop Health Detection

Several technological components drive Al-powered crop health detection, each playing a crucial role in the system’s
efficiency and accuracy.

Applications of Al in Crop Health Detection

Al-based analysis of drone imagery has numerous applications in precision agriculture, significantly enhancing
efficiency and sustainability.

Disease Detection

Al models analyze spectral data and visual patterns to identify signs of diseases such as mildew, blight, or rust. Early
detection allows farmers to target affected areas with appropriate treatments, reducing the spread and minimizing
chemical use.

Pest Infestation Monitoring

By recognizing damage patterns, such as discolored or chewed leaves, Al can identify pest-infested zones. Coupled
with data on pest movement, farmers can deploy precision pest management techniques, such as targeted pesticide
spraying.

Water Stress Analysis

Thermal imaging helps identify areas experiencing water stress. Al algorithms detect elevated leaf temperatures,
indicating insufficient water uptake, and provide recommendations for targeted irrigation.

Nutrient Deficiency Identification

Multispectral imaging allows Al to detect nutrient deficiencies in crops. Variations in chlorophyll levels, often
invisible to the human eye, can be identified and addressed with targeted fertilization.

Growth Monitoring and Yield Prediction

By tracking crop development over time, Al models can monitor growth stages, predict yields, and provide
recommendations for optimizing harvest schedules.

Weed Detection

Al-powered drones can differentiate between crops and weeds based on shape, color, and growth patterns. This allows
for precise herbicide application, reducing environmental impact and costs.

@International Journal Of Progressive Research In Engineering Management And Science  Page | 1797



RESEARCH IN ENGINEERING MANAGEMENT 2583-1062

INTERNATIONAL JOURNAL OF PROGRESSIVE e-1SSN :
&6 PREMs\Z
AND SCIENCE (1JPREMS)

Impact

Int Peer Reviewed Journal .

Www.ijprems.com ( ) Factor :
Vol. 05, Issue 01, January 2025, pp : 1796-1800 7.001

editor@ijprems.com

Benefits of Al-Driven Crop Health Detection
Al-based crop health detection offers numerous advantages for farmers, agricultural enterprises, and the environment.
Enhanced Efficiency

Farmers can monitor vast agricultural fields quickly and accurately, reducing the time and labor required for manual
inspections.

Early Problem Detection

By identifying diseases, pests, or stressors early, farmers can take swift corrective actions, minimizing crop loss and
reducing costs.

Precision Resource Application

Targeted treatments for specific areas of the field help optimize the use of water, fertilizers, and pesticides, leading to
cost savings and lower environmental impact.

Sustainability

Reducing chemical use and improving resource efficiency contribute to more sustainable farming practices, benefiting
the environment and ensuring long-term soil health.

Improved Yield and Profitability

Accurate monitoring and timely interventions lead to healthier crops and higher yields, improving overall profitability
for farmers.

2. METHODOLOGY

This section outlines the methodology employed in Al-driven crop health detection using drone imagery. The process
is divided into key stages, each integral to achieving accurate and actionable insights.

Data Collection

The first step in the methodology involves data collection through drone flights over agricultural fields. Drones
equipped with advanced imaging sensors, such as RGB, multispectral, hyperspectral, and thermal cameras, capture
high-resolution images. These images encompass:

e RGB Data: Visual spectrum images for general crop condition assessment.

e Multispectral and Hyperspectral Data: Detailed spectral information for detecting subtle signs of stress, nutrient
deficiencies, or diseases.

e Thermal Imaging: Heat maps indicating water stress and temperature anomalies.

Flight parameters, such as altitude, speed, and camera angles, are optimized to ensure comprehensive coverage and
consistent data quality. Weather conditions are also considered, as factors like wind and lighting can impact image
quality.

Implementation

The final step involves implementing the insights in agricultural practices. Recommendations for targeted
interventions, such as precision irrigation, fertilization, or pest control, are executed. Farmers can monitor the
outcomes and adjust strategies based on real-time updates.

This comprehensive methodology underscores the integration of cutting-edge technology with traditional farming
knowledge, paving the way for a smarter and more sustainable agricultural future.

Challenges in Al-Driven Crop Health Detection

Despite its benefits, several challenges hinder the widespread adoption of Al for crop health detection via drone
imagery.

High Initial Costs

The cost of drones, sensors, and Al software can be prohibitive for small-scale farmers. Subsidies or financial
assistance may be required for broader adoption.

Data Processing and Storage

Drone flights generate massive amounts of data that require significant computational resources for processing and
storage. Cloud computing solutions can alleviate some of these challenges but may introduce security concerns.

Algorithm Accuracy

Al models must be trained on diverse datasets to ensure accuracy across different crops, regions, and environmental
conditions. Limited or biased training data can lead to inaccurate predictions.
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Environmental Factors

Weather conditions such as high winds, rain, or low light can affect drone flights and image quality, reducing the
reliability of the system.

Regulatory and Privacy Concerns

The use of drones raises concerns about airspace regulations and data privacy, especially when operating near
residential areas.

3. CONCLUSION

The integration of artificial intelligence and drone technology into agriculture represents a pivotal advancement in
precision farming. This study highlights the transformative potential of using Al-driven crop health detection via
drone imagery to revolutionize traditional farming practices. By leveraging advanced imaging technologies and Al
algorithms, farmers can efficiently monitor crop health, identify issues early, and implement targeted interventions,
thereby improving productivity and sustainability.

One of the most significant outcomes of this approach is its ability to address global agricultural challenges such as
food security, resource optimization, and environmental conservation. Early detection of diseases and nutrient
deficiencies, facilitated by vegetation indices like NDVI and EVI, ensures timely corrective actions, minimizing crop
losses and reducing dependence on chemical inputs. The precision offered by this technology fosters efficient use of
water, fertilizers, and pesticides, contributing to more sustainable farming practices and a reduced ecological footprint.

However, widespread adoption of this innovative approach faces challenges. High initial costs, infrastructure
demands, and the need for technical expertise can hinder small-scale farmers from benefiting fully from these
advancements.

In conclusion, Al and drone imagery hold the key to a smarter, more resilient agricultural system. By embracing these
technologies, the agricultural sector can navigate the challenges of the 21st century, ensuring food security and
sustainability for future generations.
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