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Abstract  

The global agricultural sector faces persistent threats 

from wildlife encroachment and environmental 

instability, which frequently culminate in substantial 

financial losses for farming communities. Conventional 

methodologies for safeguarding crops—ranging from 

physical labor and traditional scarecrows to the 

application of chemical repellents—are increasingly 

proving inadequate as animal populations grow 

accustomed to these static deterrents. Furthermore, 

modern alternatives like electric fencing are often 

deemed impractical for large-scale rural application due 

to their high maintenance requirements and the inherent 

safety risks they pose to both humans and the local 

ecosystem. To address these vulnerabilities, this project 

introduces a self-sustaining, autonomous framework that 

harmonizes renewable energy with sophisticated 

surveillance technology. By employing a solar-powered 

infrastructure, the system ensures an environmentally 

friendly and uninterrupted operation, effectively 

mitigating the high electricity costs and power reliability 

issues common in remote agricultural zones. The core of 

this initiative lies in its ability to transition from labor-

intensive manual guarding to a high-tech, automated 

security environment. The technical architecture is 

centered around an ESP32 controller that manages an 

extensive array of environmental sensors, including 

those for soil moisture, temperature, humidity, rain 

detection, and gas levels. 

Keywords: Precision Agriculture, IoT-Based Smart 

Farming, Renewable Energy Integration, Real-Time 

Crop Monitoring, Automated Farm Security System. 

1. Introduction 

Agriculture remains the backbone of the global 

economy, yet it faces persistent threats from wildlife and 

environmental instability that lead to substantial 

financial losses for farmers. Traditional methods of crop 

protection, such as the use of manual labor, scarecrows, 

or chemical repellents, are increasingly falling short as 

animal populations adapt to these static deterrents. 

Furthermore, conventional security measures like 

electric fencing are often deemed impractical due to high 

maintenance costs and inherent safety risks to both 

humans and livestock. In rural agricultural settings, the  
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lack of a consistent power supply and real-time 

monitoring capabilities often results in delayed 

responses to intrusions, allowing pests like peacocks, 

wild boars, and rodents to inflict significant damage 

before intervention occurs. 

To address these vulnerabilities, this project introduces 

a smart, autonomous solution that integrates renewable 

energy with advanced surveillance technology. By 

utilizing a solar-powered framework, the system ensures 

an eco-friendly and continuous operation that minimizes 

electricity costs while maximizing reliability in remote 

areas. The core of the proposed system is an ESP32-

based controller that synchronizes a network of ground 

sensors—monitoring soil moisture, temperature, and 

humidity—with a vision-based drone surveillance unit. 

This multi-layered approach allows for automated 

irrigation management and sophisticated pest 

deterrence. 

A critical component of this architecture is the 

integration of Internet of Things (IoT) technology for 

remote management. Unlike traditional farming where a 

farmer must be physically present to identify issues, this 

system collects real-time data from the field and 

transmits it to a mobile dashboard. This allows for the 

intelligent control of irrigation, pesticide spraying, and 

emergency water management based on current 

environmental readings. By digitizing the farm 

environment, the system provides a comprehensive 

overview of crop health and soil status, enabling data-

driven decisions that enhance overall yield. The 

innovation of this project lies in its vision-based drone 

surveillance, which serves as a mobile security layer. An 

AI-enabled camera system is trained to detect specific 

threats, such as birds or human intruders, and fire risks. 

Once a target like a peacock is identified, an autonomous 

drone is deployed to approach the intruder and activate a 

buzzer, safely driving the animal away without causing 

physical harm. This proactive approach replaces the 

reactive nature of traditional fencing and provides a 

wider range of coverage that static cameras alone cannot 

achieve. 

Furthermore, the system incorporates ground-level 

protection to tackle threats that drones might miss, such 

as burrowing rodents or heavy wild boars. Using IR 

sensors and gas sensors, the system can detect movement 

and environmental hazards at the soil level. When these 

sensors are triggered, the ESP32 controller activates  

 

localized alarms and sends immediate SMS notifications 

to the user. This dual-layer defense—aerial surveillance 

combined with ground sensing—ensures that the 

agricultural field is protected from a variety of biological 

and environmental threats. 

Finally, the sustainability of the project is anchored by 

its reliance on solar energy. A dedicated solar panel, 

charge controller, and rechargeable battery system 

provide the necessary power for the Arduino UNO, 

ESP32, and various sensors. This self-sufficiency is vital 

for modern smart agriculture, as it allows for deployment 

in off-grid locations where infrastructure is limited. By 

merging embedded systems, computer vision, and 

renewable energy, this project offers a scalable and 

efficient model for the future of precision farming.  

2. Literature Review 

Recent advancements in agricultural engineering 

demonstrate a clear transformation from conventional 

crop protection techniques toward intelligent, 

interconnected monitoring ecosystems. Researchers are 

increasingly leveraging Artificial Intelligence (AI) and 

Internet of Things (IoT) technologies to create proactive 

security frameworks capable of minimizing crop 

damage caused by wildlife intrusion. In 2025, the 

deployment of advanced object detection algorithms 

such as YOLOv8 in combination with IoT-enabled 

sensor networks marked a significant milestone in real-

time farm surveillance. These systems are capable of 

identifying animals with high detection accuracy and 

transmitting instant notifications to farmers through 

wireless communication platforms. Unlike traditional 

deterrent methods, which rely on static barriers or 

periodic human supervision, AI-driven systems provide 

continuous, data-oriented monitoring that adapts 

dynamically to environmental conditions. 

The rapid evolution of aerial monitoring technologies 

has further strengthened farm security strategies. In 

2024, researchers explored the integration of Unmanned 

Aerial Vehicles (UAVs) equipped with thermal imaging 

cameras and deep learning algorithms to enhance bird 

and wildlife detection. Thermal sensing enables the 

identification of living organisms based on heat 

signatures, making it particularly effective during low-

light conditions or in visually complex agricultural 

fields. Compared to fixed ground cameras, drone-based 

surveillance offers expanded spatial coverage, flexible  
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navigation, and faster situational assessment. This aerial 

perspective allows farmers to respond more quickly to 

potential threats, reducing crop loss and improving 

overall farm management efficiency. 

Parallel to aerial advancements, ground-based protection 

mechanisms have also undergone substantial 

improvement. Multi-sensor systems combining infrared 

(IR), Passive Infrared (PIR), motion detectors, acoustic 

alarms, and GSM communication modules have been 

developed to create integrated alert networks. For 

example, enhanced frameworks similar to AgroShield 

demonstrate how layered sensing strategies reduce false 

alarms by validating motion events through multiple 

detection sources. The incorporation of advanced 

convolutional neural network models, such as improved 

Faster R-CNN architectures, has further increased 

classification precision by distinguishing between 

harmful wildlife and non-threatening environmental 

disturbances. This refinement ensures that alert systems 

are both reliable and practical for continuous 

deployment. 

Connectivity challenges in rural agricultural zones have 

encouraged the adoption of edge and fog computing 

architectures. Studies conducted in 2023 emphasize 

localized data processing, where sensor and camera 

inputs are analyzed directly at the device level rather 

than relying solely on distant cloud servers. By 

performing intrusion detection at the edge, system 

latency is significantly reduced, enabling immediate 

activation of deterrent mechanisms such as alarms or 

automated responses. This decentralized processing 

model is especially critical for countering fast-moving 

animals, where even minor communication delays could 

result in crop damage. 

Overall, the body of contemporary research reflects a 

decisive movement away from labor-intensive guarding 

practices, chemical repellents, and high-risk electric 

fencing systems. Instead, emphasis is placed on 

sustainable, solar-powered, and autonomous 

surveillance infrastructures that integrate diverse sensing 

modalities with intelligent analytics. The present project 

aligns with these technological trends by combining 

renewable energy integration, IoT-based environmental 

monitoring, and vision-enabled drone surveillance into a 

unified smart agriculture framework. By merging aerial 

and ground-level detection within a solar-supported 

architecture, the system aims to deliver an efficient,  

 

scalable, and environmentally responsible solution for 

modern agricultural protection. 

3. Methodology 

 

The Integrated Solar-Powered Smart Agriculture System 

is meticulously engineered to provide a multi-

dimensional response to the complex challenges of 

contemporary cultivation, prioritizing self-sufficiency 

and environmental stewardship. By integrating a high-

performance solar harvesting framework, the system 

maintains a constant state of readiness, effectively 

neutralizing the risks associated with the erratic power 

infrastructure common in rural farming districts. The 

operational core of this design is the ESP32 

microcontroller, a high-speed processor favored for its 

dual-core performance and native wireless connectivity. 

This centralized intelligence allows for the seamless 

orchestration of diverse sensor inputs and mechanical 

outputs, replacing archaic and labor-intensive guarding 

practices with a sophisticated, automated green 

infrastructure. 

To enable rigorous environmental monitoring, the 

system utilizes a high-density sensor network that 

translates physical field conditions into actionable 

digital data in real time. This suite includes specialized 

hardware for tracking ambient temperature, relative 

humidity, soil hydration, precipitation events, and 

hazardous gas levels. These components work in unison 

to provide a continuous digital signature of the farm's 

ecological health. The ESP32 utilizes advanced logic to 

interpret these data streams, allowing it to perform 

critical autonomous functions—such as identifying the 

exact moment soil moisture reaches a wilting point or 

detecting the chemical signatures of a potential fire—

thereby enabling a dynamic response to environmental 

stressors. 
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Maximizing resource utilization is a primary pillar of 

this system, specifically regarding the intelligent 

management of irrigation water. When the subsurface 

soil moisture sensors report levels that drop below a 

scientifically determined threshold, the ESP32 activates 

secondary relay modules to trigger automated watering 

cycles. These relays manage the power distribution to 

water pumps and localized sprinkler heads, ensuring that 

hydration is delivered with pinpoint accuracy. This 

automated methodology serves a dual purpose: it 

significantly reduces the physical burden of manual 

irrigation and prevents the wasteful over-saturation of 

soil, promoting a more sustainable and data-driven 

farming operation. 

The security dimension of the project is bolstered by the 

fusion of AI-enabled computer vision and autonomous 

drone deployment. Utilizing a sophisticated camera 

module and object detection algorithms, the system is 

capable of accurately differentiating between normal 

agricultural activity and actual threats, such as human 

trespassers, emerging fire risks, or specific crop-

destroying wildlife like peacocks. This vision-based 

intelligence acts as the primary gatekeeper for the 

system's active defense protocols, ensuring that energy-

intensive countermeasures are only initiated when a 

verified intrusion or hazard is present, thus preserving 

system battery life. 

The introduction of an autonomous drone represents a 

revolutionary advancement in the field of humane and 

non-lethal pest deterrents. Once a visual trigger is 

confirmed by the AI, the drone is automatically 

dispatched to the site of the intrusion to intercept the 

animal. By activating an onboard high-frequency 

buzzer, the drone safely and effectively drives the 

intruder away from the crop zone without inflicting any 

physical harm. This aerial layer is strategically 

reinforced by ground-level Infrared (IR) sensors 

calibrated to detect low-profile movements from rodents 

or wild boars that might remain hidden from overhead 

cameras. Together, these systems create a 

comprehensive, multi-tiered security perimeter that 

protects agricultural investments from a wide spectrum 

of biological threats. 

System transparency and user control are facilitated 

through the integration of Internet of Things (IoT) 

technology, which creates a robust digital bridge 

between the remote field and the farm manager. All  

 

collected environmental data and security logs are 

uploaded via Wi-Fi to a cloud-based IoT mobile 

dashboard. This interface provides farmers with the 

ability to monitor field conditions from any location and, 

if necessary, manually override automated systems to 

control machinery or trigger deterrents. During critical 

events—such as the detection of a gas leak or a high-

priority intrusion—the system bypasses standard 

logging to send immediate SMS notifications to the 

user’s mobile device while simultaneously triggering 

on-site LED indicators and acoustic alarms to warn 

anyone in the vicinity. 

The long-term operational viability of the project is 

secured by a high-efficiency power management 

subsystem designed for total energy independence. A 

dedicated solar panel array captures energy during 

daylight hours, which is then regulated by a solar charge 

controller to safely charge a high-capacity lithium-based 

battery. This power module ensures that the ESP32, the 

sensor array, and the drone charging station remain 

functional during the night or during periods of heavy 

cloud cover. This self-sustaining cycle of renewable 

energy, combined with the precision of AI and the global 

connectivity of IoT, establishes a scalable and highly 

effective model for the next generation of precision 

agriculture. 

4. Result and Discussions  

 

 

The Integrated Solar-Powered Smart Agriculture System 

was comprehensively tested to evaluate its functional 

reliability, sensing precision, communication stability, 

surveillance performance, and energy efficiency. The 

fully assembled prototype incorporated an ESP32 

microcontroller, multiple environmental sensors, an  
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embedded camera module, a solar energy unit, and a 

browser-based monitoring platform. Experimental trials 

were conducted under varying environmental conditions 

to assess overall responsiveness and operational 

stability. The system maintained consistent functionality 

throughout testing, confirming the effective integration 

of hardware and software components. Each module 

operated in coordination, demonstrating seamless 

interaction between sensing, processing, and data 

transmission layers. The evaluation validated the 

system’s readiness for practical agricultural deployment. 

The environmental sensing subsystem exhibited 

dependable performance across different ambient 

scenarios. Soil moisture readings showed proportional 

variation with water content levels, indicating accurate 

detection and proper calibration. Temperature and 

humidity values were captured and refreshed in real time 

without noticeable lag, reflecting efficient sampling 

rates and stable data conversion processes. Rain 

detection and gas sensing units responded promptly 

when exposed to simulated environmental changes. 

These observations confirm that the multi-sensor 

framework can monitor diverse agricultural parameters 

simultaneously. The reliability of these measurements 

supports precise decision-making for irrigation and 

environmental management. 

Wireless communication was facilitated through the 

ESP32’s built-in Wi-Fi capability, which enabled 

smooth data transfer to the web-based dashboard. 

During evaluation, the delay between sensor data 

acquisition and display was minimal, ensuring near real-

time updates. The browser interface provided clear 

visualization of environmental readings and live video 

feed. This intuitive layout enhanced usability and 

allowed remote monitoring through standard internet-

enabled devices. Stable connectivity during trials 

demonstrated that the system can maintain consistent 

communication under normal network conditions. Such 

reliability is essential for continuous agricultural 

supervision. 

The vision-based monitoring unit significantly 

strengthened the security aspect of the system. The 

ESP32 camera module delivered uninterrupted live 

streaming of the monitored area. This feature allows 

immediate visual verification of potential wildlife 

intrusion or unusual movement within the field. 

Continuous surveillance reduces dependence on manual  

 

guarding and enhances response readiness. The 

integration of visual monitoring transforms farm 

protection from a reactive approach into a preventive 

strategy. This proactive framework improves overall 

crop safety and minimizes unexpected losses. 

Solar energy integration played a crucial role in ensuring 

sustainable and uninterrupted operation. The 

photovoltaic unit supplied adequate power to maintain 

continuous functionality throughout the testing period. 

Even in the absence of grid electricity, the system 

maintained stable performance, demonstrating its 

suitability for rural and off-grid agricultural 

environments. Efficient power management minimized 

energy wastage and supported low-consumption 

operation of sensors and communication modules. This 

renewable energy approach enhances both 

environmental sustainability and long-term economic 

feasibility. 

Although the system performed effectively, certain 

constraints were identified during evaluation. Image 

quality was influenced by external lighting conditions, 

particularly in low-light environments. Wireless 

performance showed dependency on network signal 

strength and coverage stability. For deployment in large 

agricultural fields, additional power storage capacity and 

extended communication modules may be required. 

Future development can focus on integrating artificial 

intelligence algorithms for automated object 

classification, real-time alert notifications, and 

predictive analytics. Expanding drone-based coverage 

and incorporating cloud storage for long-term data 

analysis would further enhance scalability and system 

intelligence. 

5. Conclusion 

The Integrated Solar-Powered Smart Agriculture System 

demonstrates a modern transformation in farm 

supervision and crop protection. By merging renewable 

energy sources with IoT-enabled monitoring and 

automated control, the system forms a comprehensive 

agricultural management platform. Unlike conventional 

practices that depend on manual observation and routine 

inspections, this framework provides uninterrupted 

digital oversight. Continuous automation reduces human 

workload and enhances operational consistency. Such an 

approach improves reliability in maintaining crop health  
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and security. It also supports efficient management of 

extensive farming areas. 

A central feature of the system is its drone-assisted 

visual monitoring capability. The aerial unit captures 

real-time imagery across wide field areas, offering 

coverage beyond the limits of stationary cameras. This 

mobility allows swift scanning of farmland to identify 

unusual activity. Wildlife intrusion can be detected at an 

early stage, minimizing potential crop damage. The 

dynamic nature of drone surveillance ensures fewer 

monitoring gaps. Consequently, farmers benefit from 

strengthened field protection. 

Environmental data collection significantly improves 

cultivation accuracy. Multiple sensors track parameters 

such as soil moisture, atmospheric temperature, 

humidity levels, rainfall presence, and gas 

concentrations. These readings provide a continuous 

understanding of field conditions. The embedded 

controller interprets this information to determine 

appropriate actions. Timely responses help prevent 

stress conditions that could affect crop growth. This 

data-centered method replaces assumption-based 

irrigation and management practices. 

The irrigation subsystem operates automatically based 

on real-time soil analysis. Instead of fixed watering 

schedules, water supply is regulated according to actual 

crop requirements. This ensures optimal hydration while 

avoiding unnecessary usage. Conservation of water 

resources becomes achievable through such controlled 

distribution. Efficient irrigation also promotes uniform 

crop development and yield stability. The process 

reflects a balanced and sustainable resource strategy. 

Wildlife protection within the system follows a non-

destructive approach. Rather than relying on harmful 

barriers or hazardous deterrents, the framework uses 

controlled response mechanisms. Drone-based action 

combined with ground-level motion detection enhances 

intrusion awareness. Infrared sensing strengthens 

reliability by identifying movement patterns accurately. 

Together, these technologies create a multi-layer defense 

structure. This integrated strategy reduces agricultural 

loss while respecting ecological balance. 

The incorporation of solar energy ensures continuous 

system functionality. Renewable power allows operation 

even in regions lacking dependable grid electricity.  

 

Energy independence enhances long-term reliability in 

remote farming locations. Reduced electricity expenses 

further improve financial sustainability. Clean energy 

usage also aligns with environmentally responsible 

agricultural practices. Overall, the power system 

supports durable and eco-conscious farm management. 

Remote monitoring through an IoT dashboard enhances 

accessibility and transparency. Farmers can observe 

environmental readings and live surveillance footage 

through an online interface. Immediate notifications 

enable rapid intervention when required. This digital 

connectivity minimizes the need for constant on-site 

supervision. It effectively bridges traditional agriculture 

with advanced technological infrastructure. Enhanced 

visibility improves informed decision-making. 

Adaptability remains a strong advantage of the system 

design. The modular configuration allows additional 

components to be incorporated without major redesign. 

Farms of different sizes can implement customized 

versions according to their needs. Expansion of sensor 

networks or drone capacity can be achieved with ease. 

Such scalability ensures relevance across varied 

agricultural landscapes. The system remains future-

ready as technological demands evolve. 

Economically, the framework contributes to improved 

cost management. Decreased reliance on manual labor 

lowers recurring expenses. Prevention of crop damage 

safeguards farmer income. Controlled irrigation reduces 

unnecessary water consumption costs. Solar power 

eliminates dependency on external electricity bills. Over 

time, operational savings strengthen overall financial 

returns. 

In conclusion, the project presents a comprehensive 

model for intelligent farming. By integrating 

automation, renewable energy, environmental sensing, 

and surveillance technology, it builds a resilient 

agricultural ecosystem. The system enhances 

productivity while maintaining sustainability principles. 

It addresses both security challenges and resource 

optimization effectively. Such innovations play a crucial 

role in shaping the future of precision agriculture. 

 

 

 

https://ijsmt.org/
mailto:editor@ijsmt.org


International Journal of Science, Strategic Management and Technology 
Volume 02 Issue 04 April-2026 | ISSN: 3108-1762 (Online) | Impact Factor: 3.8 

An International, Peer-Reviewed, Open Access Scholarly Journal Indexed in recognized academic databases 

 
© Author(s). This work is peer-reviewed, openly published, and permanently archived 
This article is openly accessible and reusable with proper attribution.     
https://ijsmt.org/ , Email: editor@ijsmt.org                                                                                                                                                                                             7 

 

 

References 

[1] Satish, Shirwal S, Abishek A, Maheshwari and 

Murali M (2025), “Application of Drones in Precision 

Agriculture: A Review on Benefits and Challenges”, 

Journal of Experimental Agriculture International, 

Volume 47, Issue 7, pp. 516–531. 

[2] Agrawal J and Arafat M.Y (2024), 

“Transforming Farming: A Review of AI-Powered UAV 

Technologies in Precision Agriculture.” Drones, Vol. 8, 

No. 11, pp. 664. 

[3] Alotaibi F and Karar M.E (2021). “A Pilot 

Study of Smart Agricultural Irrigation using UAVs and 

IoT-Based Cloud System”, Information Sciences 

Letters, Vol. 10, No. 1, pp. 131–140. 

[4] Ankatwar G and Dhawale C (2023), “Remote 

Sensing using UAVs for Detecting Crop Diseases: An 

ML and DL Approach”, Precision Agriculture Journal, 

Vol. 24, No. 4, pp. 446-492.   

[5] Chandan B R, Nuthan A C and Sumitha C 

(2023), “Solar Powered Advanced Indigenous Multi-

Purpose Remoteless Agro-Based Drone for Digital 

Farming.” International Journal of Engineering 

Research & Technology, Vol. 12, No. 1, pp. 402-407. 

[6] Chokmani K, Guebsi R and Mami S (2024), 

“Drones in Precision Agriculture: A Comprehensive 

Review of Applications, Technologies, and Challenges.” 

Drones, Vol. 8, No.11, pp. 686. 

[7] Hayajneh M and Ramachandran M M (2025), 

“Solar Agro Savior: Smart Agricultural Monitoring 

Using Drones and Deep Learning Techniques.” 

Agriculture, Vol. 15, No. 15, pp.1656. 

[8] Kumar D and Silpa A (2025), “AI Autonomous 

Agri-Drones with Smart Soil and Crop Health 

Monitoring,” International Journal for Research in 

Applied Science & Engineering Technology 

(IJRASET), Volume 13, Issue IX, pp. 171–177.  

[9] Naseer F (2025), “Solar-Powered Autonomous 

Drone System for Precision Agriculture.” ComputeX – 

Journal of Emerging Technology & Applied Science, 

Vol.1, No. 3, pp. 1-15. 

[10] Okeke R.O and Omeje C. O (2022), “A Drone-

Based Crop Monitoring System in Precision Agriculture 

using RF Remote Control.” International Journal of  

 

Advances in Computer and Electronics Engineering, 

Vol. 7, No. 1, pp. 1–8. 

 

https://ijsmt.org/
mailto:editor@ijsmt.org

