A Y5

J I RSET ISSN(O): 2319-8753
ISSN(P): 2347-6710
International Journal of Innovative Research in
Science | Engineering | Technology

International Journal of Innovative Research in Science
Engineering and Technology (IJIRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.524 Volume 14, Issue 1, January 2025

@ www.ijirset.com X ijirset@gmail.com Q +91-9940572462 (O +91 63819 07438




Impact
Factor

8.524

L\

ﬂﬂﬁ% International Journal of Innovative Research of
[FII;XJ3j Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 1, January 2025
|DOI: 10.15680/IJIRSET.2025.1401063|

Automated Pest Detection and Control in
Agriculture using Machine Learning

Rajeshwari S, Mahammad Jaffer Nawaz, Mohammed Shaheed M
Assistant Professor, Department of Artificial Intelligence and Data Science Engineering, CIT, Gubbi, Tumkur,
Karnataka, India
U.G. Student, Department of Artificial Intelligence and Data Science Engineering, CIT, Gubbi, Tumkur,
Karnataka, India
U.G. Student, Department of Artificial Intelligence and Data Science Engineering, CIT, Gubbi, Tumkur,

Karnataka, India

ABSTRACT Significant issues with traditional pest management, like labour-intensive inspections and excessive
pesticide use, are addressed by the automation of insect identification and treatment in agriculture. With an emphasis on
IoT and image-processing techniques incorporated into agriculture to monitor, identify, and manage pest populations,
this survey examines recent developments in automated pest detection systems. These systems provide environmentally
friendly pest control solutions by improving detection accuracy through high-resolution cameras, machine learning
algorithms, and environmental sensors. Results indicate a move toward precision agriculture and sustainable farming
methods as automated technologies increase detection effectiveness, lessen their negative effects on the environment
and use fewer pesticides.

KEYWORDS: Pest detection, image processing, [oT, automated pest monitoring, integrated pest management (IPM),
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L. INTRODUCTION

Managing insect populations presents several difficulties for the agricultural industry and can result in serious crop loss
and damage. Farmers sometimes depend on frequent field inspections and extensive chemical treatments in traditional
pest management techniques, which can be time-consuming and harmful to the environment. The use of automated
technologies for pest detection and treatment has grown in significance as the need for sustainable farming methods
increases. These automated systems have a great deal of promise to improve the effectiveness of pest management and
lessen environmental damage because they combine the Internet of Things (IoT), image processing, and machine
learning. To improve pest management solutions, this survey examines the most recent developments in automated pest
identification with an emphasis on the application of smart technology in agriculture

II. RELATED WORKS

Methodology

This study examines some approaches and technological advancements that support the development of automated
agricultural pest identification. The integration of multiple technological systems has made significant advancements in
pest management techniques possible. Three major strategies, which will be covered in this part, have greatly aided the
development of automated pest detection IoT-based monitoring systems, image processing methods, and drone-assisted
pest monitoring. Together, these technologies provide precise, real-time pest identification and treatment.

1 IoT-Driven Approaches

One of the most important technologies in contemporary pest control systems is the Internet of Things (IoT). IoT-based
pest detection systems keep an eye on the environmental conditions in agricultural fields by using a network of
interconnected devices, or sensors. Temperature, humidity, soil moisture, light intensity, and other elements that affect
pest activity and the chance of infestation are all measured by these sensors. Through the use of Wireless Sensor
Networks (WSNs), these systems make it possible to gather enormous volumes of data over expansive agricultural
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landscapes. This ensures that comprehensive monitoring systems offer real-time insights by sending the data to edge
computing devices or centralized cloud servers, where machine learning algorithms process it to forecast possible pest
outbreaks. These systems can identify pest infestations before they become serious by utilizing predictive analytics,
which enables farmers to take prompt action and put pest control measures into place on time. Sensors, for instance, can
identify microclimates in field settings or greenhouses that are more favourable to particular pests. The farmer is alerted
to assess the region and take preventative action when certain environmental conditions surpass predetermined criteria.
Additionally, for improved pest identification, IoT sensors can be combined with visual sensors (such as HD cameras or
infrared sensors). For instance, [oT systems with cameras take pictures of pest species or infected plants, which image
processing algorithms subsequently examine. Precision farming is made possible by IoT technologies, which provide a
reliable solution for thorough pest detection by fusing visual recognition with real-time environmental data. To ensure
that pest control measures are as successful and efficient as possible, this integration not only enables early pest
detection but also facilitates informed decision-making regarding when and how to administer chemical treatments.

2 Image Processing Models

Identification of pests depends heavily on image processing methods, especially the use of high-resolution cameras and
deep learning algorithms such as Convolutional Neural Networks (CNNs). These models use visual patterns including
shape, color, and size to identify pest species from photos of pests or infestation areas. With models like YOLOVS5 (You
Only Look Once) attaining greater precision rates for real-time detection, the use of deep learning models has increased
the accuracy of pest detection. To deal with the variation in lighting conditions, viewpoints, and pest species, enhanced
training strategies like data augmentation, transfer learning, and ensemble learning techniques have been used recently.
Even in intricate settings like greenhouses or expansive farms, more precise pest identification is made possible by the
combination of high-resolution photography and sophisticated image processing algorithms.

3 Image Processing Models

Because it enables accurate pest identification and classification, image processing is essential to automated pest
detection. To take comprehensive pictures of pests and the regions being inspected, high-resolution cameras are
frequently employed in conjunction with deep learning algorithms such as Convolutional Neural Networks (CNNs).
These models use visual characteristics including size, color, shape, and texture to learn to identify different pest
species. The ability of CNNs to automatically acquire hierarchical properties from images makes them particularly

useful for difficult tasks like identifying pest species, which is why they are frequently utilized in pest detection. The
accuracy of pest detection systems has increased dramatically as a result of recent developments in data augmentation
and transfer learning. By adding changes to pre-existing photos, such as rotations, zooms, and illumination tweaks, data
augmentation entails artificially growing the training dataset. This procedure aids in training models to manage changes
in illumination, angles, and environmental situations that occur in the actual world. Conversely, transfer learning is
applying pre-trained models—trained on extensive datasets like ImageNet—to particular pest detection datasets to
refine them. This technique speeds up the training process and enhances the model's capacity to identify pests in
challenging settings, including expansive agricultural fields or greenhouses. Ensemble learning, which combines
several machine learning models to increase detection accuracy, is another new method in image processing. Ensemble
approaches have been demonstrated to lower errors and boost robustness by combining various models, each trained to
concentrate on distinct facets of pest detection. For example, real-time, very accurate pest identification can be achieved
by merging CNN-based models with object detection models such as YOLO (You Only Look Once). In particular,
YOLOVS has become well-known for its real-time detection of tiny pests, especially in congested or dynamic settings
like greenhouses and agricultural fields. High-resolution images and sophisticated image processing techniques allow
pest detection systems to provide unmatched accuracy in recognizing a broad range of pest species. This lessens the
need for careless pesticide usage, improves pest control, and lessens the negative effects of pest management
techniques on the environment.

Drone-Assisted Monitoring

Due to their ability to effectively monitor large regions for pest infestations, drones have become an essential tool in
contemporary agricultural techniques. Large fields can have pest-infested areas identified by analyzing high-resolution
aerial photos of crops taken by drones fitted with multispectral and hyperspectral sensors. Farmers can identify insect
hotspots that might not be apparent from the ground thanks to the thorough coverage of the agricultural field that these
aerial pictures provide. The ability to cover vast regions quickly is another benefit that makes drones perfect for large-
scale farming operations. Multi-spectral cameras are excellent for identifying changes in plant health brought on by
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insect infestations because they can take images in a variety of light wavelengths, including visible, infrared, and near-
infrared. Aphids, for instance, can harm plants in ways that are not always obvious to the human eye, but specialized
sensors can identify changes in the plant's reflectance. A greater variety of wavelengths are captured by hyperspectral
cameras, which offer even more precise information on pest activity and plant health. Subtle alterations in plant tissue
that may be a sign of pest damage can be detected by these cameras. Moreover, thermal imaging technology is yet
another effective pest-detection method. Thermal camera-equipped drones can identify temperature irregularities
brought on by pest infestations. Thermal photography, for instance, can show localized heat produced by insect activity
in plants. Drones can swiftly locate pest-infested areas that might otherwise go undetected by mapping out these heat
signatures.

Another benefit of drones is their versatility, which enables farmers to monitor a variety of crops and terrains with little
assistance from humans. They can be outfitted with automated flight systems that fly over fields according to preset
routes, eliminating the need for manual labor and guaranteeing routine insect monitoring. Drones have certain
restrictions even though they have a lot of potential for monitoring pests. Drones' capacity to cover vast regions in a
single flight is frequently limited by flight duration and battery life. Drone operations may also be impacted by
meteorological factors like wind and rain. However, these issues should be lessened in the future by continuous
advancements in drone technology, such as longer battery life and improved sensors. In summary, drone-assisted
surveillance offers major advantages in terms of speed, coverage, and early pest infestation detection, making it an
effective tool for large-scale pest management. Drones contribute to a complete, automated pest identification and
control solution when paired with other technologies such as Internet of Things sensors and image processing models.

III. MODELING AND ANALYSIS

In this section, we analyze various pest detection technologies, their performance metrics, and application areas in
agriculture.
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Figure 3.1: Smart Pest Detection System in Agriculture
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Figure 3.2: Pest identification
IV. RESULTS AND DISCUSSION

The findings of previous research demonstrate the potential of automated pest detection systems to improve agricultural
productivity. Each system has its advantages; for example, IoT sensors are ideal for environmental monitoring, CNN's
are good for image-based pest identification, and a combination strategy that uses both IoT and machine learning (ML)
seems to provide the best detection accuracy with the lowest false positive rate, making it the most efficient method for
precision agriculture.

4.1 Economic and Environmental Impact

Automated pest detection systems have a significant impact on both the economy and the environment. These systems
help reduce the need for chemical pesticides, leading to lower costs for farmers and a reduction in environmental
pollution. Additionally, they allow for targeted pest control, which reduces unnecessary pesticide application.

Table 1. Comparative Analysis of Pest Detection Systems

Svstem Technoloey Detection Response Time | False Positive
- EY Accuracy (%) (sec) Rate (%)
IoT Sensors Environmental 85 10 7
monitoring
CNN h?mge Image classification |93 5 3
Processing
Drone Imaging Mﬂtl—spemrﬂ aerial a0 8 4
Views
Combined IoT Integrated multi- 95 4 5
and ML source data B B
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Table 2: Environmental and Economic Impact of Pest Detection Systems

System Pesticide Reduction (%) (|Cost Savings (%) [[Yield Improvement (%)
IoT Senszors 30 20 13
Drone Imagng 35 25 20
CNMN-Bazed Processing |40 22 18
CombimedloT and ML ||530 30 25

The environmental impact of these technologies is also noteworthy, with reductions in pesticide use and increases in
yield. Integrated IoT and ML systems show the highest environmental and economic benefits due to their precision in
detecting and addressing pest infestations efficiently.

V. CONCLUSION

An innovative method of managing pests in agriculture is represented by automated pest detection systems that make
use of IoT, image processing, and machine learning. According to the survey's findings, these technologies greatly
improve the precision and effectiveness of pest identification, which promotes sustainable farming methods by
lowering the need for pesticides. By integrating IoT sensors, environmental conditions may be monitored in real-time,
enabling prompt responses and lowering the frequency of insect infestations Based on visual traits, machine learning
models—in particular, convolutional neural networks, or CNNs—show excellent accuracy in identifying pests.
Furthermore, airborne surveillance using drones has been successful in keeping an eye on sizable agricultural regions,
yielding useful information for focused pest management efforts.
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