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Abstract—The agricultural sector faces significant challenges in mitigating crop damage from
wildlife, resulting in substantial economic losses and compromising global food security.
Conventional methods, such as manual deterrents and netting, are often ineffective, labor-
intensive, and costly. Moreover, chemical repellents and pesticides pose environmental and
health risks, harming beneficial wildlife. Introducing Agro-Guard 360, an innovative, solar-
powered crop protection system designed to safeguard agricultural yields from bird and animal
damage. Leveraging cutting-edge sensors, cameras, and multi-deterrent technologies, this
autonomous solution provides round-the-clock protection, minimizing pest damage and
promoting eco-friendly farming practices. Agro-Guard 360 offers a comprehensive range of
benefits, including adjustable design and customizable settings for enhanced crop security,
energy efficiency and cost-effectiveness, and an eco-friendly solution that supports
environmental sustainability. Ultimately, this innovative system increases crop yields and
improves food security, addressing critical challenges in modern agriculture.

Index Terms— Autonomous Crop Protection, Sustainable Agriculture, Wildlife Mitigation,
Solar-Powered, Intelligent Farming, Eco-Friendly Solutions, Agricultural Innovation.

|. INTRODUCTION

Every year, birds, insects, and other pests inflict devastating losses on crops worldwide, compromising food
availability, exacerbating environmental degradation, and threatening the livelihoods of farmers. The statistics
are alarming: Estimated annual losses exceed $20 billion, Global food supplies are compromised, and Farmers’
incomes are severely impacted.

Poverty, malnutrition, and food insecurity intensify in developing countries. Traditional Crop Protection
Methods like Conventional crop protection methods have proven inadequate: Manual deterrents and netting
require substantial labor investments.

Chemical repellents pose risks to human health and beneficial wildlife.

Existing solutions are often ineffective, costly, and environmentally harmful. Introducing Agro-Guard 360: To
address this pressing issue, AgroGuard 360 has been developed as a cutting-edge, solar-powered crop protection
system. This innovative solution leverages advanced sensor technologies and artificial intelligence to detect and
deter wildlife, protecting agricultural yields from damage.
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Key Features of Agro-Guard 360: Adaptive design for tailored crop security Energy-efficient and cost-effective
operation Environmentally responsible solution aligning with eco-friendly initiatives Scalable and modular
architecture for diverse farm sizes Integration with existing farm management systems Real-time monitoring and
data analytics for informed decision-making By mitigating wildlife-induced crop damage, Agro-Guard 360
Increases crop yields and improves farm profitability and Reduces chemical usage and environmental pollution
Also it Supports biodiversity conservation and ecosystem health and Enhances food availability and global food
security overall Agro-Guard 360 Benefits the Environment as well as provides a 360 degree protection of crops.
Technical Specifications of Agro-Guard is Solar-powered with battery backup, its Weather-resistant and durable
design. Advanced sensor technologies for accurate wildlife detection with Al-driven deterrent strategies and
Real-time data analytics and monitoring.

Il. PRELIMINARIES

The AgroGuard system, designed to protect agricultural crops from animal intrusions, has demonstrated
promising results, with the PIR sensor successfully detecting animal movements within a 10m range and the
servo motor efficiently covering a 60° arc to deter animals. [Fig.2]. The system achieved 93.4% detection
accuracy and an average response time of 2 seconds, operating continuously for 8 hours on a single charge from
the 4V, 1A lithium-ion battery. [Table 1]. Overall, Agro-Guard 360 effectively integrates sensors and motors to
safeguard crops, highlighting its potential as a cost-effective and efficient solution for crop protection. While
further refinements are needed to expand detection range, integrate sustainable power, and develop remote
monitoring capabilities, the current prototype demonstrates significant progress toward addressing agricultural
challenges, underscoring its potential for widespread adoption and contribution to enhanced food security and
sustainability.

Agro Guard’s power consumption analysis reveals consistent efficiency across five trials, with a stable 5.0V
supply voltage, average current of 0.89A (range: 0.8- 0.95A), and average power consumption of 4.42W (range:
4.0-4.75W), indicating optimized circuit design, minimal energy waste, and reliable performance. [Table 2] The
AgroGuard system incorporates solar power contribution to supplement its energy requirements, enhancing its
sustainability and efficiency.

Agro Guard’s solar power harnesses eco-friendly energy, reducing reliance on finite sources. Trial results show:
Voltage (5.0V), Current (0.79A), and Power (4.72). This optimizes performance, extends battery life, minimizes
maintenance, and saves costs, making AgroGuard a sustainable solution. However, limitations include scalability
issues due to limited sensor range and processing power. Future research should focus on enhancing the system's
range and effectiveness to accommodate larger agricultural areas. Agro Guard’s sleek white appearance serves as
a visual deterrent, effectively repelling birds and protecting valuable crops.

This innovative design element, combined with its cutting-edge technology, sets AgroGuard apart as a unique
and effective solution in agricultural monitoring and bird control. [Fig 4]. This study highlights the potential of
simple, cost-effective loT-based solutions in addressing agricultural challenges. By leveraging sensor technology
and audible deterrents, AgroGuard 360 provides a viable solution for crop protection, contributing to increased
food security and sustainability.

Key Findings: Accuracy and Reliability: Field testing revealed an accuracy rate of 90% in detecting animal
presence, with minimal false positives.

Efficient Bird Diversion: The system's sound- based diversion mechanism successfully deterred Birds from
entering the protected area. Real-time Alerts: Arduino UNO module integration enabled timely alerts to farmers,
facilitating prompt action against potential threats. Autonomous Operation: The system operated effectively
without human supervision, reducing labor costs and enhancing crop security.

TABLE |. AGROGUARD 360 SYSTEM PERFORMANCE READINGS

Trial Detection Range(m) Detection Accuracy (%) Response Time (s) Operating g Time (h)
1 10 92 2.1 8.2

2 10 94 2.0 85

3 10 95 21 8.0

4 10 92 2.3 8.3

5 10 94 2.2 8.2

Average 10 93.4 2.14 8.24
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TABLE Il POWER CONSUMPTION TABLE

Trial Supply Voltage (V) Current (A) Power (W)
1 5.0 0.9 45

2 5.0 0.8 4.0

3 5.0 0.95 4.75

4 5.0 0.85 4.25

5 5.0 0.9 45
Average 5.0 0.89 4.42

I1l. LITERATURE REVIEW

The integration of renewable energy and cutting-edge technologies has led to the development of an innovative
crop protection system, exemplified by the "Smart Solar Scarecrow" concept. By harnessing solar power and
incorporating advanced sensors, cameras, and deterrent mechanisms, this autonomous solution effectively
safeguards crops against bird and animal damage. Its adaptable design and energy-efficient operation make it an
attractive alternative for sustainable farming practices, aligning with the growing demand for environmentally
conscious agricultural solutions. [1] A notable contribution to agricultural innovation, the "Smart Scarecrow
System" by Mapari et al. (2022), addresses crop protection challenges posed by wild animals. Integrating
ultrasonic sensors, automated height adjustment, and loT-enabled notifications, this system optimizes crop
safeguarding while minimizing manpower. Key features include real-time monitoring, motion- activated
deterrents, and data analytics. By leveraging technology, this solution enhances crop protection, boosts
efficiency, and provides cost-effective benefits to farmers. Aligning with the need for sustainable agriculture
practices, this research offers a promising solution for farming communities, cooperatives, and individual
farmers seeking innovative crop protection methods. [2] Recent studies on solar-powered scarecrow systems
offer valuable insights into efficient design and implementation. Muminov et al. (2017) demonstrate effective
solar energy harnessing and storage using PWM solar charge controllers and 12V batteries. Meanwhile, Alekya
Rani et al. (2023) showcase Al-driven scarecrow systems utilizing servo motors for movement and sensor
integration with Node MCU for real-time alerts. These papers provide practical solutions for optimizing solar
energy usage, servo motor control, and sensor-microcontroller integration. By combining these innovations,
farmers can benefit from enhanced crop protection, reduced energy consumption, and increased efficiency in
scarecrow systems. [3-4] the study addresses bird damage to crops, proposing an automated scarecrow using
solar power, gears, and sound. Traditional scarecrows are ineffective for large farms, while existing methods
harm the environment. The eco- friendly solution prioritizes coexistence, sustainability, and non-harmful
deterrence, offering innovative potential for commercial farm applications and ecological balance. [5- 6] This
research paper discusses the design and development of an automatic scarecrow system to protect crops from
damage caused by birds and animals. The scarecrow uses bio-acoustics and motion to humanely disperse these
threats. The system is controlled by an Arduino UNO microcontroller, which activates a DC motor and buzzer
when motion is detected by a PIR sensor. Solar panels power the device, making it self-sufficient in the field.
The scarecrow mimics human-like movements with flapping arms and distress sounds, effectively scaring away
birds. The paper outlines the mechanical and electronic components used, such as metal pipes, plastic gears, a
flapping mechanism, and various sensors, concluding that this automatic system is reliable, eco-friendly, and
suitable for agricultural and other bird-control purposes. [7] This research paper discusses the development of a
Multi- function E-Scarecrow (MScs), an advanced electronic scarecrow designed to perform multiple tasks
beyond traditional bird deterrence. The MFeSC is equipped with various sensors, such as motion, light, sound,
temperature, and humidity sensors, along with a digital camera. These components enable it to detect birds,
monitor environmental conditions, and collect statistical data on bird activity. The system can communicate
between scarecrows, with a main scarecrow controlling others, and send data to a central farm information
system, using smoke sensors to trigger water pumps in case of fire. Additionally, the MFeSC can produce sound
and light to scare off birds and animals, while its flapping arms add a physical deterrent. The device is designed
to make farm monitoring more efficient, help in crop protection, and provide data for improved farm
management. The paper outlines the technical feasibility, cost estimation, and potential advantages of the
system, which also includes applications in industrial settings due to its fire prevention features. [8] Professor
Mukesh Mane et al. designed a solar-powered smart fence to prevent bird and animal damage to crops. Equipped
with PIR sensors, cameras, and speakers, the system detects and deters pests. A flapping mechanism and buzzer
enhance scarecrow effectiveness. Solar panels charge the battery, powering the devices. This innovative, eco-
friendly solution replaces traditional scarecrows, efficiently protecting crops without manual intervention.
[9]Kanishka Dange et al. developed a smart scarecrow system to minimize crop raiding and human-wildlife
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conflict. Utilizing PIR sensors, 10T cloud, and automated height adjustment, the system detects and deters wild
animals and birds. No manpower is required, and its metal body withstands harsh climates. This cost-effective
solution outperforms traditional methods. [L0]We referred papers from Pallavi Deshpande et al. (2019) & (2021)
to guide the format, flow and structure of this paper for conference publication. While their studies informed our
organizational approach, no direct content or references were used, ensuring the originality of this work [11-12].

IV. PROPOSED METHODOLOGY

The development of AgroGuard 360 involved a systematic approach to design, prototype, and test an effective
crop protection system. Hardware Components [Fig 1&2]: Servo Motor (SG90) x2: Automated deterrent
mechanisms. Arduino UNO atmega328. Solar Panel (5V, 1A): Renewable energy source. PIR Motion Sensor:
Wildlife presence detection. Lithium-ion Batteries x2: Energy storage. Type-C Charging Module: Efficient
battery charging. PCB (Printed Circuit Board): Component integration. 7805 IC: Voltage regulation. LDR (Light
Dependent Resistor): Ambient light sensitivity adjustment. Buzzer: Alert system for farmers. Software
Components: Arduino IDE: Programming and firmware development. System Design and Integration: The solar
panel charges the lithium-ion batteries via the Type-C charging module. The 7805 IC regulates the voltage
supply to ensure stable operation. The PIR motion sensor detects wildlife presence and sends signals to the
Arduino UNO atmega328. The LDR adjusts system sensitivity based on ambient light conditions. The buzzer
alerts farmers to potential wildlife threats. Software Implementation: Arduino code developed for Arduino UNO
atmega328 to read sensor data and control servo motors. Testing and Validation: Field testing evaluated system
effectiveness in deterring wildlife. Performance metrics included detection accuracy, response time, and energy
efficiency. Farmer feedback informed iterative design improvements AgroGuard System Overview: AgroGuard
is a cutting-edge agricultural monitoring and wildlife deterrent system, harnessing solar energy and wireless
communication to safeguard crops. The system comprises a solar panel, Lithium-ion batteries, Arduino
microcontroller, PIR motion sensor, servo motors, and a buzzer. This integrated setup enables efficient wildlife
detection and deterrent activation.
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System Operation: The Arduino microcontroller initializes the system, processing signals from the PIR motion
sensor. This sensor detects wildlife presence, adjusting sensitivity via a Light- Dependent Resistor (LDR). Upon
detection, the Arduino triggers servo motors to deploy deterrent mechanisms and activates the buzzer, alerting
farmers to potential threats. This automated response effectively deters wildlife, minimizing crop damage.PIR
Sensor and Servo Tilt Logic: The AgroGuard system employs a sophisticated if-else logic to optimize wildlife
detection and deterrent activation. PIR Sensor Logic: If PIR sensor detects motion of Birds, it will send signal to
Arduino which will Activate servo motors to tilt deterrent mechanisms (60°) and Trigger buzzer alert, Else (no
motion detected): Maintain servo motors in neutral position (0°) and the buzzer remains Silence. Servo Tilt
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Angles: Initial position: 0° (neutral) and Detection trigger: 60° (deterrent mechanism deployment) Optional
secondary trigger: 90° (enhanced deterrent mechanism deployment) Remote Monitoring and Control: Farmers
can monitor Agro Guard’s performance remotely, receiving timely alerts and updates. The system's wireless
communication capability enables real-time monitoring, ensuring prompt action against wildlife threats. By
combining solar energy, advanced sensors, and wireless technology, AgroGuard offers a robust, efficient, and
automated solution for agricultural protection and surveillance...

V. CONCLUSION AND FUTURE WORK

The future scope of AgroGuard 360 encompasses expansive technological advancements, strategic partnerships,
and global expansion. In the next five years, AgroGuard 360 will integrate cutting-edge technologies such as
drone surveillance, satellite imaging, and autonomous farming systems. This will enhance monitoring
capabilities, improve detection accuracy, and optimize crop yields. Collaborations with agricultural research
institutions, conservation organizations, and technology companies will facilitate knowledge sharing, drive
innovation, and ensure the system's adaptability to diverse agricultural settings. Furthermore, AgroGuard 360
will explore applications in related markets, such as forestry, conservation, and ecosystem management. By
2030, AgroGuard 360 aims to establish a strong global presence, with installations across six continents and a
user base of over 100,000 farmers. The system will continue to evolve through advanced Al-driven analytics,
block chain- based data management, and loT-enabled sensors. Expansion into emerging markets, such as
vertical farming and urban agriculture, will further solidify AgroGuard 360's position as a leader in agricultural
wildlife management. Additionally, the system will prioritize sustainability, incorporating renewable energy
sources, reducing electronic waste, and promoting eco-friendly farming practices. With a projected market value
of $1 billion by 2025, AgroGuard 360 is poised to revolutionize the agricultural industry, ensuring food security,
promoting biodiversity, and empowering farmers worldwide. As the global agricultural landscape continues to
evolve, AgroGuard 360 will remain at the forefront, driving innovation and sustainability. AgroGuard 360
represents a significant leap forward in agricultural wildlife management, harnessing 10T technology and Al-
driven insights to protect crops and promote sustainability. By detecting wildlife presence and deploying
deterrents, this innovative system reduces crop losses, enhances food security, and supports eco-friendly farming
practices. With its scalable design, AgroGuard 360 addresses the diverse needs of farmers worldwide, from
small-scale operations to large-scale industrial agriculture. In conclusion, AgroGuard 360 embodies the future of
agriculture, where technology and sustainability converge. Its transformative impact will resonate across the
globe, ensuring a safer, more efficient, and environmentally conscious food supply chain. As AgroGuard 360
continues to evolve, its potential to revolutionize agriculture will only grow, empowering farmers, conserving
resources, and safeguarding the planet for generations to come. With AgroGuard 360, the future of agriculture
looks brighter, more resilient, and more sustainable than ever.
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