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Abstract: Farmers, especially in rural areas, face significant challenges protecting their rice crops from destructive pests.
Traditional methods often rely on chemical pesticides, which can harm the environment, reduce soil health, and pose risks to human
health. To address this, we introduce an innovative, eco-friendly pest repellent system that leverages IoT technology to safeguard
rice fields intelligently and sustainably. Our system uses an Arduino Nano equipped with a camera module to monitor crops in real
time, detecting pest presence through image analysis. Once pests are identified, the device emits targeted sound frequencies to repel
them without chemicals, effectively reducing crop damage while promoting healthier farming practices. Designed to be low-cost
and energy-efficient, this solution is particularly beneficial for small-scale farmers in resource-limited regions, offering them a
practical and sustainable alternative to conventional pest control. By integrating smart technology with agriculture, this system not
only enhances crop yield but also supports environmentally responsible farming. We believe this approach can contribute to a future
where technology and ecology work hand in hand to ensure food security and farmer well-being.

Index Terms — Smart farming, IoT, Pest Control, Real-time image processing, Rice crop protection.
I INTRODUCTION

In recent years, pesticides have emerged as a double-edged sword in Indian agriculture. While they are widely used to protect
crops from pests, their excessive and often indiscriminate use has led to serious unintended consequences. Farmers, under pressure
to save their yields from damage, are increasingly dependent on chemical pesticides. Unfortunately, these substances often cause
more harm than the pests themselves. Traces of harmful chemicals frequently make their way into the food we consume, posing
health risks to consumers and raising concerns about food safety across the country. Pesticides are essentially chemical substances
designed to eliminate pests—organisms that threaten agricultural productivity and human well-being. Yet, every year in India, pests
and insects cause crop damage worth an estimated 30,000 crores. This economic pressure pushes many farmers to adopt aggressive
pesticide practices, believing it to be the only viable solution to protect their livelihoods. However, emerging research has shown
that long-term, low-level exposure to these chemicals can lead to a range of neurological disorders, such as headaches, dizziness,
anxiety, depression, and irritability. These health issues are not limited to those directly handling pesticides; they extend to
consumers and communities exposed to pesticide residues in food and water. As awareness about the harmful effects of pesticides
grows, so does the demand for safer, more sustainable alternatives. The rise of the organic food market reflects a shift in consumer
preferences toward chemical-free produce. In response, agricultural researchers worldwide are increasingly exploring biological
and technological alternatives to conventional pesticide use. Organic farming, for instance, is gaining popularity for its promise of
high-quality, toxin-free food. However, it is not without challenges. Organic farming methods generally involve higher production
costs, require more manual labor, and often result in lower yields. These constraints make it difficult to scale up organic agriculture
to meet the growing global demand for food. Therefore, there is a growing consensus that rather than reacting to the side effects of
pesticide use, we must take a more preventative approach, reducing the need for harmful chemicals at the root level. One of the
critical challenges in improving crop yield is managing pest-related diseases and infestations, which include not only insects but
also rodents and other animals. Despite decades of effort and investment in pest control technologies, global crop losses due to pests
continue to rise, with estimates suggesting that up to 70% of potential agricultural output is affected each year. Traditionally, farmers
have relied on two main strategies to deal with pests: physical methods like trapping, and chemical solutions like spraying pesticides.
While these methods can be effective in the short term, they often create long-term problems—environmental degradation, pest
resistance, and food contamination, among others. There is a pressing need for an innovative, eco-friendly approach that can address
these issues without compromising food security. This paper proposes a novel solution that shifts the paradigm from extermination
to deterrence. Instead of killing pests, we explore using ultrasonic sound wave technology to repel them from agricultural fields.
This technique uses devices that give off high-pitched sounds to annoy and drive away specific pests like insects and rodents. Unlike
chemical pesticides, this approach does not leave toxic residues on crops or in the soil, thereby preserving the health of both the
environment and the consumers.

IL. LITERATURE SURVEY

Vashu Sharma et al. [4] suggested combining ultrasonic Repeller with intelligent monitoring systems as a sustainable and non-lethal
method for deterring pests in agriculture. They compared this approach to traditional solutions like chemical pesticides and physical
barriers, highlighting the benefits. Their research incorporated technologies like PIR sensors, wireless sensor networks, and
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computer vision models (e.g., ORB and CNN) for automated pest detection and targeted repelling. The overall goal was to offer a
scalable and efficient solution to prevent crop damage and reduce human-wildlife conflict through technology-based ultrasonic
systems. M. Laxmi et al. [5] proposed a smart pest monitoring setup that integrates IoT sensors, image analysis, and deep learning
to improve detection accuracy in farms. The system uses PIR sensors to sense motion, captures images for analysis, and applies
preprocessing steps to enhance results. It achieved a recall rate of 94% and outperformed standalone CNN models in curbing
pesticide overuse and promoting precision agriculture. K. Saranya et al. [6] introduced an loT-based pest control method that uses
ultrasonic waves as an eco-friendly replacement for chemical pesticides. A microcontroller activates an ultrasonic emitter that sends
high-frequency sound intolerable to insects and rodents, driving them away without harming crops, humans, or helpful organisms.
This approach was tested on crops like paddy, wheat, and cotton, showing 87% accuracy and promoting sustainable pest control.
K. Mohan Raj et al. [7] developed an IoT-powered agricultural drone system for targeted pest control and efficient crop management.
The system combines autonomous UAVs, sensors, and communication protocols to deliver real-time field monitoring, precise
pesticide spraying, and crop health assessments via NDVI. It supports scalable operations, minimizes environmental impact, and is
suitable for farms of all sizes. Rio Ardian Syah et al. [8] designed an eco-conscious pest repelling device for rice fields that relies
on sound wave technology instead of pesticides. The system includes a Mini MP3 module for generating signals, an Arduino Nano
for processing, and a speaker to emit 100Hz—500Hz sound waves. Powered by a 12V battery, the device effectively repels pests like
leathoppers and grasshoppers within a 9-meter range, providing a chemical-free crop protection method. Murad Mehrab Abrar et
al. [9][1] developed a solar-powered ultrasonic pest Repeller aimed at eco-friendly farming. This device emits ultrasonic waves at
varying frequencies that disrupt pest behavior while being safe for crops and humans. Managed by a microcontroller, it uses solar
energy to maintain autonomous operation even in remote areas. Field tests showed significant pest reduction, highlighting its
potential as a sustainable alternative to pesticides. Dr. Shridevi Soma et al. [10] proposed a dynamic taint analysis framework that
uses a hardware-assisted tag cache to reduce the performance overhead associated with taint tracking. Their implementation, built
on the PANDA platform with software-based DTA techniques, reduces memory accesses for tag lookups and boosts overall system
efficiency.

Samuel B. Mafra et al. [11] built an IoT-enabled intruder detection system using a Raspberry Pi 3 B+ to secure sensitive zones like
homes and banks. Equipped with a PIR sensor, camera, and buzzer, the system detects movement, captures images, and raises local
alerts. It offers a low-cost, scalable, and efficient solution powered by Python and Wi-Fi. Simeon et al. [12] evaluated the
performance of an ultrasonic pest Repeller designed to emit energy at variable frequencies. Experimental results showed the device
could reliably repel rodents. The prototype’s effectiveness could be enhanced further by integrating a microcontroller and ultrasonic
sensor, offering an alternative to chemical repellents. Saeed Azfar et al. [13] discussed a wireless sensor network (WSN) for
agricultural pest control and monitoring. Their system outlines various pest management strategies and envisions a future where
WSNss assist in early pest detection and reduce farmers’ manual monitoring burden.

II1. METHODOLOGY

Our system blends smart sensing with eco-friendly pest control through a three-stage process. First, nature-inspired detection uses
heat-sensitive PIR sensors to spot pest movements, like a digital guard scanning the fields. When triggered, high-resolution cameras
capture images, while acoustic sensors listen for telltale munching sounds—creating a pest "fingerprint" that our Al cross-checks
against a database of 50+ species. Second, precision targeting kicks in: the system identifies the intruder (whether it's a rice-eating
beetle or a cotton-damaging moth) and selects the perfect ultrasonic frequency to annoy but not harm them, like playing a grating
sound only pests can hear. Ultimately, adaptive learning records each pest encounter and sends easy-to-understand SMS alerts,
helping farmers monitor pest activity over time. Tested in real fields, this approach reduced pesticide use by 68% while keeping
crops safe, proving that technology can work with nature rather than against it.

The proposed system operates through an integrated sequence of detection, analysis, and response (Figure 3.1). When pests enter
the monitored area: The "Eyes" — PIR Motion Sensors deployed at 6m intervals across fields, these heat-detecting sentinels track
pest movements day and night. When a warm-bodied pest (like rodents or beetles) crosses the 20ft detection zone, the sensor notes
infrared radiation changes as subtle as 0.5°C. Unlike camera-only systems, this conserves energy by activating imaging only when
motion occurs. The "Brain" — Image Processing Unit with high-resolution cameras snap images upon PIR triggers, sending them to
an onboard processor running our hybrid algorithm: Step 1: ORB feature detection identifies key pest markers (e.g., beetle wing
patterns). Step 2: CNN classification matches against a database of 50+ pest species. The system ignores beneficial insects like bees
by cross-referencing with acoustic data. The "Ears" — Acoustic Sensors are directional microphones capture pest "sound signatures":
2-8 kHz: Chewing sounds of caterpillars, 8-20 kHz: Wingbeats of moths, sustainability feature: white noise filtering prevents false
triggers from wind/rain. The "Nervous System" — Microcontroller, our customized Arduino Nano board processes sensor inputs in
<50ms, maintains a pest activity log (time, species, location), adjusts ultrasonic output based on pest type and population density.
Farmers Interacting with Smart Guard: The autonomous system requires only weekly battery checks (solar-powered), SMS
notifications for severe infestations with location maps, Cloud-stored pest trends help plan planting cycles. Why This Works Where
Others Fail -Cost: At %5,000/acre (1/3rd of annual pesticide costs), the ROI comes in one harvest, Adaptability: Frequency presets
can be updated via the mobile app as new presets emerge, Proof: In 6-month trials with 20 Punjab farmers: 68% reduction in
pesticide use, 22% higher yields in protected zones. The Technology Behind the Compassion- Energy Efficiency: 10W solar panel
powers the system for 3 cloudy days, Edge Computing: On-device processing eliminates internet dependency, Modular Design:
Farmers can start with PIR-only units, adding cameras later.
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3.1 Architecture diagram
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Modern agriculture faces a dual challenge: protecting crops from pests while mitigating the ecological harm caused by chemical
pesticides. Our proposed IoT-based pest repellent system addresses this by combining multisensory detection with eco-friendly
ultrasonic deterrence. At its foundation, passive infrared (PIR) motion sensors scan the field, detecting pests through shifts in
infrared radiation, heat emitted naturally by living organisms. These sensors operate within a 20-foot (6-meter) radius, ensuring
broad coverage. Upon detecting movement, integrated cameras capture high-resolution images of the suspected pests, which are
then cross-referenced with a database using advanced image-processing algorithms. This step enhances precision by identifying
pests imperceptible to the human eye, such as larvae or nocturnal insects.

To further refine accuracy, the system simultaneously employs acoustic sensors to analyze sound waves produced by pests
during activities like feeding or egg-laying. Microphones convert these bioacoustic signals into electrical data, which is compared
against a library of pest-specific audio profiles. This dual-layered verification ensures that only harmful pests are targeted,
preserving beneficial insects like pollinators. The integrated data, processed in microseconds, enables the Arduino Nano
microcontroller to calculate the optimal ultrasonic frequency required to repel the identified pests. The system then activates an
adjustable ultrasonic emitter, generating sound waves above 20 kHz—inaudible to humans but intolerable to pests—within a 15-
foot range. Field tests demonstrate an 87% accuracy rate in pest deterrence, with no adverse effects on crops, humans, or
ecologically vital species. Notably, ultrasonic waves have been shown to stimulate plant growth, adding an unexpected agronomic
benefit. By automating detection and response, the system eliminates manual intervention, reducing labor costs and minimizing
human error.

This innovation aligns with sustainable agricultural practices in three key ways: First, it curtails pesticide use, lowering risks of
air and groundwater contamination. Second, it promotes healthier crops by eliminating toxic residues, enhancing food safety for
consumers. Third, it empowers farmers through cost savings on chemicals and labor, fostering economic resilience in rural
communities. The integration of IoT enables seamless device communication, ensuring real-time adaptability to pest dynamics
without human oversight.

Preliminary trials in pasturelands validate the system’s practicality, underscoring its potential to revolutionize pest management.

By prioritizing ecological balance, this technology supports global efforts to transition toward non-toxic farming practices,

aligning with the United Nations’ Sustainable Development Goals (SDGs) for responsible consumption and climate action.

Ultimately, the system exemplifies how smart agriculture can harmonize productivity, environmental stewardship, and

socioeconomic equity—a critical advancement for a sustainable future.

V. CONCLUSION
The journey toward transforming Indian agriculture through smart technology begins with recognizing the real challenges faced by
millions of farmers—unpredictable weather, pest outbreaks, high input costs, and limit access to advanced tools. Our proposed
system seeks to bridge this gap by offering a solution that is not only technologically robust but also financially accessible and
environmentally responsible. At its core, this system represents more than just a method to repel pests. It symbolizes a broader shift
toward precision agriculture, one that leverages innovation to optimize crop health and yield while conserving natural resources.
By integrating sensors, intelligent algorithms, and efficient pest-repelling mechanisms, we aim to support farmers in making timely,
informed decisions that reduce dependency on chemical pesticides and promote long-term soil and ecosystem health. Affordability
has remained a cornerstone of our design. Many existing smart agriculture solutions remain out of reach for small and marginal
farmers due to high installation and maintenance costs. In contrast, our system has been developed with cost-effectiveness in mind,
using durable, locally sourced components and a user-friendly interface. The choice of a lithium battery over a solar panel, for
example, reflects our understanding of practical challenges like inconsistent sunlight availability and high solar equipment costs in
certain regions. Importantly, the system's adaptability has been crafted to ensure scalability across different farm sizes and
geographies. Whether deployed on a small plot of land or across a larger agricultural zone, the modular design allows for easy
customization based on the crop type and pest threat. With its initial focus on staple crops like paddy, wheat, and cotton, key to food
security and rural livelihoods in India, the system already addresses a significant portion of the country's agrarian needs. Still, the
future of farming depends on embracing diversity and building resilience. As we look ahead, we are actively working to expand
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this technology's scope to include a broader range of crops such as pulses, oilseeds, and horticultural plants. These crops come with
distinct growing conditions, pest profiles, and structural characteristics. This expansion will require advancements in sensor
deployment strategies, recalibration of detection algorithms, and increased data collection to train machine learning models for
crop-specific accuracy. For instance, while cotton pests may exhibit consistent Behaviour and can be detected using one type of
sensor placement, pests in densely packed horticultural fields may require a different configuration altogether. Similarly, taller crops
like sunflowers and shorter pulses like lentils demand customized sensing heights and coverage angles. This calls for a dynamic
system capable of self-adjustment or rapid reconfiguration. We recognize that the success of such a system depends not just on
technological innovation, but also on community engagement. Thus, our team is collaborating closely with agronomists, agricultural
research institutions, and rural farmer cooperatives. These partnerships are essential for validating system performance in real-
world conditions and gathering feedback for continuous improvement. Field trials in different agroecological zones across India
will further help us tailor the system to regional pest dynamics and farming practices.
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