
© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202720 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8388 

An Autonomous Solar-Powered Ai Scarecrow System For 

Real-Time Crop Protection And Monitoring 
 

 

Ms. N. Thillainayagi1, J. Abdul Kadir Moulana2, J. Abdul Rahim Moulana3, P. Nabin4 
1Assistant Professor, Department of Electrical and Electronics Engineering, Mohamed Sathak 

Engineering College, Kilakarai. Tamil Nadu, India 
2,3,4Undergraduate Student, Department of Electrical and Electronics Engineering, Mohamed Sathak 

Engineering College, Kilakarai. Tamil Nadu, India 

 

 

Abstract—The proposed system is an AI-enabled, solar-

powered, motorized scarecrow designed to protect crops 

from birds and animals in agricultural fields. Traditional 

scarecrow systems, which rely on static visual deterrents, 

often lose their effectiveness over time as birds and other 

pests quickly become habituated to their presence. To 

address this limitation, the system integrates computer 

vision, automation, and renewable energy to provide a 

dynamic and intelligent crop protection solution.A high-

resolution camera is connected to a laptop, continuously 

capturing real-time images of the field. Using OpenCV-

based image processing, the system can detect birds, such 

as crows, and other intruding animals with high 

accuracy. Once an intrusion is identified, the system 

communicates with an Arduino microcontroller via 

serial communication, triggering precise motorized 

movements in the scarecrow. These dynamic movements 

create unpredictable and realistic deterrent actions that 

effectively scare away intruders, preventing crop 

damage.  entire setup is powered by solar energy, making 

the system environmentally sustainable and independent 

of conventional power sources. The integration of AI and 

automation allows for real-time monitoring and rapid 

response, significantly improving the efficiency and 

reliability of pest management in agriculture. Overall, 

this system offers a smart, eco-friendly, and cost-effective 

solution for modern farming, combining traditional 

scarecrow principles with cutting-edge technology to 

enhance crop protection and agricultural productivity. 

 

Index Terms—Artificial Intelligence, Open CV, 

Scarecrow Automation, Solar Power, Agriculture, 

Computer Vision, Embedded Systems 

 

I. INTRODUCTION 

 

Agriculture is a fundamental sector that supports 

global food production and economic stability. One of 

the major challenges faced by farmers is the protection 

of crops from birds and animals, which can cause 

significant damage and reduce overall yield. Common 

intruders such as crows, parrots, pigeons, and small 

animals often feed on seeds, fruits, and grains, leading 

to substantial financial losses. Traditional methods of 

crop protection, including static scarecrows, reflective 

tapes, and manual monitoring, have been widely used 

for decades. However, these methods are largely 

ineffective in the long term, as birds and animals 

gradually become accustomed to them, reducing their 

deterrent capability [15]. 

In recent years, advancements in artificial intelligence 

(AI), computer vision, and embedded systems have 

opened new possibilities for developing smart 

agricultural solutions. Intelligent systems can now 

monitor environments in real time, identify objects 

accurately, and respond automatically without human 

intervention [5], [6]. These technologies provide an 

opportunity to transform conventional crop protection 

techniques into dynamic and adaptive systems. 

The proposed system introduces an AI-enabled 

motorized scarecrow that overcomes the limitations of 

traditional approaches. Unlike static scarecrows, this 

system uses a camera to continuously capture real-

time images of the agricultural field. These images are 

processed using computer vision algorithms based on 

OpenCV, which are capable of detecting birds and 

animals with high accuracy [1], [8]. Once an intruder 

is identified, the system triggers a microcontroller, 

such as an Arduino or ESP32, through serial 

communication [17]. The microcontroller then 

activates motors that generate random and dynamic 

movements in the scarecrow, effectively scaring away 

the intruders. 
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A key feature of the proposed system is its reliance on 

solar energy, making it environmentally sustainable 

and suitable for deployment in remote agricultural 

areas where access to electricity may be limited. The 

integration of a solar panel and rechargeable battery 

ensures continuous operation with minimal 

maintenance [16]. This not only reduces operational 

costs but also promotes the use of renewable energy in 

farming practices. 

Furthermore, the system is designed to be cost-

effective and scalable, allowing it to be implemented 

in small-scale as well as large-scale agricultural fields. 

The use of AI-based detection ensures faster response 

times and higher accuracy compared to traditional 

sensor-based systems [3], [9]. By combining real-time 

monitoring, intelligent decision-making, and 

automated actuation, the system provides a reliable 

and efficient solution for crop protection. 

Overall, the AI-enabled solar-powered motorized 

scarecrow represents a significant advancement in 

smart agriculture. It enhances the effectiveness of pest 

deterrence, reduces dependency on manual labor, and 

contributes to increased agricultural productivity. This 

work demonstrates how modern technologies can be 

integrated with traditional concepts to address real-

world challenges in farming [2], [4], [7]. 

 

II. RELATED WORK 

 

Recent advancements in smart agriculture have led to 

the development of various intelligent pest detection 

and crop protection systems. Researchers have 

increasingly focused on integrating artificial 

intelligence (AI), Internet of Things (IoT), and 

renewable energy technologies to enhance agricultural 

productivity and reduce crop losses. 

Several studies have explored AI-based pest detection 

using visual data. Artificial Intelligence in Agriculture 

has enabled accurate identification of pests and 

intruders through image processing techniques. For 

instance, Khan et al. [1] proposed an AI-enabled crop 

management framework that utilizes visual sensor 

data to detect pests in real time. Similarly, Nyakuri et 

al. [5] presented a comprehensive review of deep 

learning algorithms for IoT-based pest detection, 

highlighting the effectiveness of convolutional neural 

networks (CNNs) in improving classification 

accuracy. Báez-Sánchez et al. [8] further demonstrated 

the use of edge AI for real-time pest detection, 

reducing latency and improving system 

responsiveness. 

The integration of IoT in agriculture has also gained 

significant attention. IoT-based platforms enable 

remote monitoring and automated control of 

agricultural systems. Vadivazhagi et al. [2] developed 

a solar-powered IoT platform for intelligent pest 

control, emphasizing energy efficiency and 

sustainability. Naseer et al. [6] discussed the broader 

applications, challenges, and innovations of IoT in 

agriculture, including smart sensing and automation. 

Additionally, Ibrahim et al. [9] proposed an AI-IoT-

based system for plant disease detection, showcasing 

the potential of combining cloud computing with field-

level monitoring. 

Deep learning techniques have been widely adopted 

for improving detection accuracy and system 

performance. Jadhav et al. [3] implemented a solar-

operated electric scarecrow using YOLOv5 for pest 

detection, demonstrating the practical application of 

object detection models in agriculture. Duan et al. [12] 

introduced a multimodal deep learning approach for 

pest classification, while Ejaz et al. [13] provided a 

comprehensive review of deep learning techniques for 

crop pest classification. Furthermore, Sinha et al. [10] 

proposed a hybrid LSTM-CNN architecture for IoT 

environments, improving prediction and detection 

capabilities in dynamic agricultural conditions. 

In addition to ground-based systems, aerial and UAV-

based monitoring solutions have also been explored. 

Fu et al. [7] developed a UAV-assisted agricultural 

monitoring and intrusion detection system, enabling 

large-scale surveillance of farmlands. Li et al. [4] 

demonstrated the use of deep learning-enabled drones 

for enhanced pest and disease detection, improving 

coverage and efficiency compared to traditional 

methods. 

Energy efficiency and sustainability remain critical 

factors in agricultural system design. The use of solar 

energy has been widely recommended for remote 

farming applications. The International Renewable 

Energy Agency report [16] highlights the benefits of 

solar-powered agricultural technologies in reducing 

operational costs and environmental impact. 

Additionally, traditional scarecrow systems have been 

studied and modernized over time. Król et al. [15] 

analyzed the evolution of scarecrow-based protection 

systems, emphasizing the need for dynamic and 

intelligent solutions. 
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Emerging technologies such as edge computing, 

mobile AI, and cloud-based platforms are further 

enhancing agricultural applications. Alotaibi et al. [20] 

explored mobile AI applications for pest recognition 

using cloud computing, while Li et al. [11] proposed a 

threshold-based automated pest detection system for 

sustainable agriculture. Moreover, Hu et al. [14] 

discussed the potential of diffusion models in smart 

agriculture, indicating future directions for research 

and innovation. 

Despite these advancements, many existing systems 

face limitations such as high cost, energy dependency, 

limited adaptability, or lack of real-time 

responsiveness. The proposed AI-enabled solar-

powered motorized scarecrow addresses these gaps by 

combining real-time computer vision, automated 

actuation, and renewable energy, providing a cost-

effective and scalable solution for crop protection. 

 

Existing System 

Traditional crop protection methods mainly rely on 

static scarecrows, reflective materials, and manual 

monitoring to deter birds and animals. While these 

techniques are simple and cost-effective, they lack 

adaptability and become ineffective over time as pests 

get habituated to their presence. Visual deterrents such 

as shiny tapes and predator models offer only 

temporary results and depend heavily on 

environmental conditions like sunlight and wind, 

reducing their reliability in real-world farming 

situations. 

Modern approaches, including acoustic devices and 

sensor-based systems, provide some level of 

automation but still have significant limitations. Noise-

based deterrents can cause disturbance and lose 

effectiveness due to repetition, while sensor-based 

systems often produce false detections and lack 

intelligent decision-making. Additionally, most 

existing systems depend on conventional power 

sources, making them less suitable for remote 

agricultural areas. These drawbacks highlight the need 

for a smarter, more efficient, and sustainable crop 

protection solution. 

 

III. METHODOLOGY 

 

The proposed system employs a structured, automated 

process to detect and repel avian and animal pests from 

agricultural fields. By integrating real-time computer 

vision with embedded hardware, the system provides 

a responsive alternative to traditional deterrents. 

 

System Architecture 

The system consists of key functional components: 

Optical Sensor (Camera): Captures high-definition 

real-time video of the field. 

Processing Unit (Laptop): Executes image processing 

and AI algorithms via OpenCV. 

Microcontroller (Arduino): Processes incoming 

signals and coordinates hardware response. 

Actuation System: Includes a motor driver and high-

torque motor to facilitate physical movement. 

 

Data Acquisition and Processing 

The operational workflow is divided into three 

primary stages: 
 

1. Detection and AI Analysis 

The live video stream is processed frame-by-frame. 

Utilizing specialized AI algorithms, the system 

identifies specific threats such as crows or intruding 

animals. This ensures that the system only activates 

when a legitimate pest is present. 

 

2. Signal Transmission and Control 

Upon successful identification, the processing unit 

transmits a trigger signal to the Arduino via serial 

communication. The microcontroller evaluates this 

input to determine the required motor output. 

 

3. Actuation and Movement 

The Arduino activates the motor driver, initiating the 

rotation of the motor. This movement creates a 

dynamic disturbance through the scarecrow, 

effectively repelling the identified pests. Once the area 

is clear, the system automatically resumes the 

continuous monitoring cycle. 

 

Proposed System 

The proposed system introduces an intelligent and 

automated crop protection solution in the form of an 

AI-enabled, solar-powered motorized scarecrow. 

Unlike traditional methods, this system uses a camera 

to continuously monitor the agricultural field and 

capture real-time images. These images are processed 

using computer vision techniques to detect the presence 

of birds and animals accurately. Once an intruder is 

identified, the system sends a signal to a 
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microcontroller such as an Arduino or ESP32 through 

serial communication. 

Upon receiving the detection signal, the 

microcontroller activates motors attached to the 

scarecrow, generating dynamic and unpredictable 

movements to effectively scare away the intruders. The 

entire system is powered by a solar energy setup, 

including a solar panel and rechargeable battery, 

ensuring uninterrupted and eco-friendly operation even 

in remote areas. This integration of AI, automation, and 

renewable energy makes the proposed system more 

efficient, reliable, and suitable for modern agricultural 

practices. 

 

System Architecture 

The system architecture of the proposed AI-enabled 

solar-powered motorized scarecrow consists of 

interconnected hardware and software components that 

work together to provide real-time detection and 

automated response. The architecture is divided into 

four main units: image acquisition, processing unit, 

control unit, and actuation unit. A camera is used for 

continuous image acquisition from the agricultural 

field, capturing real-time video data. This data is sent 

to a processing unit such as a laptop or Raspberry Pi, 

where computer vision algorithms are applied to detect 

the presence of birds and animals. 

 
Figure 1: System Architecture 

 

Once an intruder is detected, the processing unit 

communicates with a microcontroller like Arduino or 

ESP32 through serial communication. The 

microcontroller acts as the control unit, interpreting the 

received signals and activating the actuation system. 

The actuation unit consists of motors and mechanical 

components that generate dynamic movements in the 

scarecrow to deter pests. Additionally, a solar power 

unit, including a solar panel, charge controller, and 

battery, supplies energy to the entire system, ensuring 

sustainable and uninterrupted operation. This modular 

architecture enables efficient data flow, quick 

response, and reliable performance in real-time 

agricultural environments. 

 

System Implementation 

The implementation of the proposed system involves 

the integration of hardware and software components 

to achieve real-time detection and automated 

scarecrow movement. The hardware setup includes a 

camera for image capture, a processing unit such as a 

laptop or Raspberry Pi, a microcontroller (Arduino or 

ESP32), motor drivers, and servo or DC motors for 

actuation. A solar panel with a rechargeable battery and 

charge controller is used to provide a continuous and 

sustainable power supply. All components are 

interconnected, with the camera feeding visual data to 

the processing unit and the microcontroller controlling 

the physical movement of the scarecrow. 

 

On the software side, computer vision algorithms are 

developed using Open CV in Python to process live 

video streams and detect birds or animals. Once an 

intruder is identified, a signal is sent via serial 

communication to the microcontroller. The embedded 

program in the microcontroller interprets this signal 

and activates the motors to produce random and 

dynamic movements. The system is programmed to 

operate continuously, ensuring real-time monitoring 

and quick response. Proper calibration and testing are 

carried out to improve detection accuracy and optimize 

motor response, resulting in an efficient and reliable 

crop protection system. 

 

Data Flow Diagram (DFD) 

The Data Flow Diagram illustrates how data moves 

through the AI-enabled solar-powered motorized 

scarecrow system, from input acquisition to final 

action. The process begins with the camera, which 

continuously captures real-time images of the 

agricultural field. These images are then sent to the 

image processing module, where Open CV-based 

algorithms analyze the visual data to identify the 

presence of birds or animals. This stage involves 

detection and classification, enabling the system to 

distinguish between normal field conditions and 

potential intrusions. 
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Figure 2: Dataflow Diagram 

 

Once an intruder is detected, an alert signal is generated 

and transmitted to the microcontroller (such as Arduino 

or ESP32) through serial communication. The 

microcontroller processes this signal and sends control 

commands to the motor driver, which activates the 

motors connected to the scarecrow. As a result, the 

scarecrow performs dynamic movements to scare away 

the intruders. Simultaneously, the solar power system, 

consisting of a solar panel, battery, and charge 

controller, provides a continuous power supply to all 

components. This ensures that the system operates 

efficiently and autonomously without relying on 

external electricity sources. 

 

System Design 

The system design of the proposed AI-enabled solar-

powered motorized scarecrow focuses on the 

integration of hardware and software modules to 

achieve efficient and real-time crop protection. The 

design is modular in nature, consisting of key 

subsystems such as the sensing unit, processing unit, 

control unit, actuation unit, and power unit. The 

sensing unit includes a camera that captures continuous 

visual data from the field. This data is processed by the 

processing unit (laptop or Raspberry Pi), where 

computer vision algorithms analyze the images to 

detect birds and animals. 

The control unit, implemented using a microcontroller 

like Arduino or ESP32, receives detection signals from 

the processing unit and decides the appropriate 

response. Based on the input, it activates the actuation 

unit, which consists of motor drivers and motors 

responsible for generating dynamic scarecrow 

movements. The system is powered by a solar energy 

unit that includes a solar panel, battery, and charge 

controller to ensure uninterrupted operation. The 

overall design ensures efficient communication 

between components, quick response to intrusions, and 

reliable performance, making it suitable for real-time 

agricultural applications. 

 

IV. ADVANTAGES 

 

The AI-enabled solar-powered motorized scarecrow 

system offers several benefits: 

 

• Pest Deterrence:  

Prevents habituation by using unpredictable, AI-

triggered movements rather than static deterrents. 

 

• Energy Efficiency: 

Utilizes solar energy, reducing reliance on 

conventional power sources and making it ideal for 

remote fields. 

 

• Automated Monitoring:  

Minimizes human intervention by providing 24/7 real-

time surveillance and autonomous response. 

 

• Cost-Effectiveness:  

Combines affordable microcontrollers with renewable 

energy for a low-maintenance, long-term solution. 

 

• Crop Protection:  

Increases agricultural productivity by significantly 

reducing crop damage from birds and animals. 

 

V. APPLICATIONS 

 

The proposed system can be implemented in various 

agricultural and environmental settings: 

• Commercial Farming: Protection of large-scale 

grain and vegetable fields from avian pests. 

• Horticulture and Orchards: Safeguarding high-value 

fruit crops from animal intrusion. 

• Remote Agriculture: Deployment in areas without 

access to the electrical grid due to its solar-powered 

design. 

• Research Facilities: Monitoring pest behavior and 

testing automated deterrent efficiency in controlled 

environments. 
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VI. EXPERIMENTAL AND RESULT ANALYSIS 

 

Experimental Setup 

Experimental Results Explanation (for your 

Scarecrow Graph) 

The graph presented in Figure 3 illustrates the 

comparative performance of three configurations of 

the proposed AI-enabled solar-powered motorized 

scarecrow system, namely SC1, SC2, and SC3. 

 
Figure 3: Experimental Results 

 

SC1 represents the basic scarecrow system with 

minimal functionality, SC2 incorporates AI-based 

motion detection, and SC3 represents the fully 

developed system integrating artificial intelligence, 

solar power, and motorized actuation. 

The performance evaluation is based on three key 

parameters: Detection Accuracy, Response Time, and 

Energy Efficiency. 

Detection Accuracy refers to the system’s ability to 

correctly identify birds or intruding animals in the 

agricultural field. From the graph, SC1 achieves a 

detection accuracy of 0.65, while SC2 improves 

significantly to 0.82 due to the integration of AI-based 

vision techniques. SC3 achieves the highest accuracy 

of 0.91, indicating the effectiveness of the complete 

system in accurately detecting intrusions. 

Response Time represents the time taken by the 

system to detect and respond to an intrusion. SC1 

exhibits a higher response time of 2.8 seconds due to 

its limited capabilities. SC2 reduces the response time 

to 1.9 seconds, benefiting from automated detection. 

SC3 demonstrates the fastest response time of 1.2 

seconds, highlighting the efficiency of the optimized 

AI and motorized mechanism in providing rapid 

action. 

Energy Efficiency indicates how effectively the 

system utilizes power, especially considering the use 

of solar energy. SC1 shows a lower efficiency of 0.55, 

while SC2 improves to 0.68. SC3 achieves the highest 

energy efficiency of 0.85, demonstrating the 

advantages of integrating solar power and optimized 

energy management. 

Overall, the results clearly indicate that SC3 

outperforms both SC1 and SC2 across all performance 

metrics. The improvements in detection accuracy, 

faster response time, and higher energy efficiency 

confirm the effectiveness of the proposed AI-enabled 

solar-powered motorized scarecrow system in 

enhancing crop protection while maintaining 

sustainability. 

 

VII. CONCLUSION 

 

The proposed AI-enabled solar-powered motorized 

scarecrow system provides an innovative and effective 

solution for crop protection in modern agriculture. By 

integrating computer vision, automation, and 

renewable energy, the system overcomes the 

limitations of traditional scarecrows and conventional 

deterrent methods. The use of real-time image 

processing enables accurate detection of birds and 

animals, while the motorized mechanism ensures 

dynamic and unpredictable movements that effectively 

prevent intrusions. Furthermore, the incorporation of 

solar power makes the system environmentally friendly 

and suitable for deployment in remote areas without 

reliable electricity. The overall system is cost-effective, 

reduces human effort, and improves agricultural 

productivity by minimizing crop damage. Hence, the 

proposed system represents a smart and sustainable 

approach to pest control, with strong potential for 

future enhancements and large-scale implementation in 

the field of precision agriculture. 

 

VIII. FUTURE ENHANCEMENT 

 

The current system provides a robust foundation for 

automated pest control, yet several advancements can 

further increase its operational efficiency. Future 

iterations could incorporate Multispectral Imaging to 

enable nocturnal detection of animals using infrared 

sensors. Additionally, the integration of IoT and Cloud 

connectivity would allow farmers to receive real-time 

alerts and monitor field activity via a dedicated mobile 
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application. Further improvements include the use of 

Deep Learning models to enhance classification 

accuracy between various species and the deployment 

of a synchronized network of multiple scarecrows for 

large-scale agricultural landscapes. Finally, improving 

the hardware's weather resistance with specialized 

enclosures will ensure long-term durability in diverse 

environmental conditions. 
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