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Abstract- The Adaptive Recon Rover: Defense and Wildlife is 

a multipurpose autonomous reconnaissance vehicle designed 

for surveillance, threat neutralization, and wildlife protection. 

The rover is equipped with a sliding landmine detection 

mechanism, allowing it to scan and identify explosive threats 

with precision. Its modular gun case can be adapted for 

different operational needs, including non-lethal tranquilizers 

for wildlife control or active defense measures. The integrated 

camera system, featuring object detection, thermal imaging, 

and GPS, enhances situational awareness by providing real-

time data analysis. 

 

The rover’s solar-powered system, utilizing 

perovskite solar panels, ensures extended operational time in 

remote locations, reducing dependency on external power 

sources. A tracked wheel design enables superior terrain 

adaptability, making it effective across diverse environments, 

from urban landscapes to rough terrains. Designed with an 

emphasis on both military reconnaissance and wildlife 

conservation, this innovative rover bridges the gap between 

defense technology and ecological protection. 

 

This research explores the rover's design, working 

principles, and real-world applications, demonstrating its 

potential for enhancing security and environmental safety. 

 

Keywords- Sliding Landmine detection mechanism, 

modular gun case, camera, GPS, Perovskite, tracked wheel 

 

I. INTRODUCTION 

 

 The integration of autonomous robotic systems in 

defense operations and wildlife conservation has gained 

significant attention in recent years. Advances in 

reconnaissance technology, artificial intelligence (AI), and 

sustainable energy solutions have enabled the development of 

adaptive and terrain-responsive robotic platforms. Historically, 

reconnaissance vehicles have been designed for specific 

military applications, with limited adaptability for 

environmental monitoring. However, the growing need for 

multi-functional autonomous systems has led to a shift in 

research towards versatile, AI-driven surveillance 

technologies. Studies in robotic reconnaissance, such as those 

by Thrun et al. (2005) on autonomous ground vehicles and 

Murphy (2014) on search-and-rescue robotics, highlight the 

increasing role of intelligent systems in enhancing security 

and operational efficiency. Furthermore, research by Roveri et 

al. (2020) has emphasized the significance of object  detection, 

thermal imaging, and sensor fusion in surveillance and 

defenseapplications.Building upon these advancements, the 

Adaptive Recon Rover: Defense and Wildlife is designed as a 

dual-purpose autonomous platform capable of operating in 

military and environmental settings. The rover features a 

sliding landmine detection mechanism, a modular gun case 

(allowing the use of both non-lethal tranquilizers for wildlife 

conservation and active defense systems), and an AI-powered 

camera system with object recognition, thermal vision, and 

GPS tracking. Additionally, the use of perovskite solar panels 

ensures sustainable energy efficiency, while tracked wheels 

enhance mobility across diverse terrains. 

 

The objective of this study is to explore the design, 

development, and potential applications of the Adaptive 

Recon Rover in military surveillance, border security, and 

wildlife protection. By examining the integration of 

autonomous navigation, sensor-based decision-making, and 

modular adaptability, this research aims to contribute to the 

growing field of intelligent reconnaissance systems. The study 

first provides a review of relevant literature, followed by an 

analysis of the rover’s design principles, technological 

components, and field applications. The findings will offer 

insights into how autonomous reconnaissance vehicles can 

enhance security, adaptability, and operational efficiency in 

both defense and environmental domains. 

 

II. LITERATURE REVIEW 

 

Unmanned ground vehicles (UGVs) have become an 

essential tool in modern defense and wildlife applications, 

driven by advancements in robotics, artificial intelligence, and 

sensor technology. The Adaptive Recon Rover is designed as 

a multifunctional system that integrates reconnaissance, 

landmine detection, surveillance, and sustainable energy 

utilization. The need for such a system arises from increasing 

security threats, conflicts in mine-infested areas, and the 

necessity for efficient wildlife monitoring. Research in 

autonomous reconnaissance vehicles has focused on 

integrating high-precision sensors and adaptive mechanisms to 
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improve mobility and data acquisition in challenging terrains. 

Studies have highlighted the importance of multi-sensor fusion 

in UGVs, where combining different detection methods 

significantly improves operational accuracy (Omar et al., 

2020). The rover incorporates a sliding landmine detection 

mechanism, which aligns with existing studies that emphasize 

the effectiveness of integrating ground-penetrating radar and 

metal detectors to enhance the identification of explosive 

devices. Recent advancements in detection technology suggest 

that automated scanning mechanisms with adjustable 

positioning provide more accurate results compared to fixed-

mounted systems, making the sliding detection approach more 

viable for field operations. 

 

Surveillance and reconnaissance form the backbone 

of both military and conservation operations, necessitating the 

use of high-precision cameras with thermal imaging and 

object detection capabilities. Research in this domain has 

shown that AI-driven image recognition significantly 

enhances real-time threat assessment, allowing autonomous 

systems to identify targets with greater efficiency (Chen et al., 

2021). Thermal imaging has been widely adopted in modern 

defense vehicles and wildlife conservation projects to detect 

movement in low-light conditions. This technology has been 

extensively tested in military applications, where it has proven 

effective in identifying intruders, tracking movement, and 

assisting in night-time reconnaissance. Wildlife 

conservationists have also leveraged thermal cameras to 

monitor nocturnal species and poaching activities in remote 

regions (Singh et al., 2019). By incorporating both object 

detection and thermal vision, the Adaptive Recon Rover 

ensures accurate monitoring across various environmental 

conditions. 

 

Navigation and mobility are crucial for 

reconnaissance systems, particularly in rough and uneven 

terrains. Tracked-wheel mechanisms provide superior 

stability, making them a preferred choice in UGV 

development. Studies have demonstrated that tracked vehicles 

outperform wheeled designs in terms of traction, load 

distribution, and adaptability to extreme landscapes (Zhao et 

al., 2018). This makes them ideal for both defense operations 

in war zones and wildlife monitoring in dense forests or 

mountainous regions. The integration of GPS-based 

navigation further enhances the rover’s autonomous 

capabilities, allowing it to operate efficiently with minimal 

human intervention. Modern UGVs incorporate GPS 

combined with LiDAR and inertial measurement units (IMUs) 

to achieve precise localization and obstacle avoidance, as 

indicated in recent research on autonomous systems (Ahmed 

et al., 2021). The Adaptive Recon Rover leverages these 

technologies to enhance field performance, ensuring reliable 

navigation in unpredictable environments. 

 

Energy efficiency remains a critical challenge in 

autonomous field operations, where prolonged activity without 

frequent recharging is necessary. The incorporation of 

perovskite solar panels in the rover marks a significant step 

toward sustainable energy utilization. Perovskite solar cells 

have gained widespread attention in recent years due to their 

high efficiency, lightweight properties, and adaptability for 

integration into mobile systems (Wang et al., 2022). Unlike 

conventional silicon-based solar panels, perovskite cells offer 

better flexibility and can generate sufficient power even in 

low-light conditions, making them ideal for UGVs deployed in 

diverse environments. Studies have also indicated that hybrid 

energy systems, which combine solar panels with battery 

storage and energy-efficient motor systems, further enhance 

the longevity of autonomous vehicles in field operations. The 

rover’s ability to harness solar energy allows it to extend its 

operational timeframe, reducing dependency on external 

power sources and making it a self-sufficient reconnaissance 

system. 

 

The Adaptive Recon Rover integrates cutting-edge 

technologies that align with recent advancements in robotics 

and autonomous systems. By incorporating sliding landmine 

detection, high-precision surveillance, GPS-enabled 

navigation, and sustainable energy solutions, the rover 

addresses critical challenges in defense and wildlife 

monitoring. The use of AI-driven object recognition and 

thermal imaging ensures real-time situational awareness, while 

its tracked mobility system enables smooth movement across 

rugged landscapes. Research in autonomous UGVs suggests 

that integrating modular and replaceable components enhances 

adaptability, allowing a single platform to serve multiple roles 

in different operational scenarios. This rover embodies such 

adaptability with its replaceable gun case, making it suitable 

for both defensive and non-lethal applications. Future 

enhancements in AI-based navigation, advanced power 

management, and improvedsensor integration could further 

refine its capabilities, making it a highly efficient 

reconnaissance solution for modern security and conservation 

effort. 

 

III. METHODOLOGY 

 

The methodology for developing the Adaptive Recon 

Rover for defense and wildlife applications is structured to 

ensure a seamless integration of hardware, software, and 

intelligence-driven functionalities. The approach follows a 

systematic process that begins with defining the core 

objectives, understanding operational challenges, and 
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leveraging advancements in robotics, artificial intelligence, 

and renewable energy sources. A comprehensive study of 

existing reconnaissance and threat detection systems provides 

a foundational understanding of the key technologies required 

for the rover’s development. This research-driven approach 

allows for identifying the most suitable components, materials, 

and design configurations that will enhance the rover’s 

efficiency, adaptability, and reliability in diverse terrains and 

environmental conditions. The design phase involves 

conceptualizing the mechanical and electrical framework, 

considering factors such as mobility, power efficiency, and 

autonomous capabilities. The selection of components is based 

on extensive literature review and experimental validation to 

ensure optimal functionality. Advanced simulation techniques 

are employed to model the rover’s movements, energy 

consumption, and sensor accuracy before physical prototyping 

begins. The fabrication stage involves assembling the core 

structural components, integrating sensors, and developing the 

control system, ensuring a robust and modular design that can 

accommodate future upgrades. The software development 

process incorporates AI-driven algorithms, real-time data 

processing, and decision-making capabilities, enabling 

autonomous operation with minimal human intervention. The 

rover is subjected to rigorous testing under controlled and field 

conditions to assess its performance, reliability, and 

adaptability. Data collected from these trials is analyzed using 

statistical and computational techniques to refine the system 

further. Ethical considerations and compliance with regulatory 

frameworks are also taken into account, ensuring responsible 

deployment in defense and wildlife monitoring applications. 

The methodology thus provides a structured foundation for 

developing a highly functional and adaptive reconnaissance 

rover, with each component playing a crucial role in achieving 

the intended objectives. 

 

IV. RESEARCH & REQUIREMENT ANALYSIS 

 

The development of the Adaptive Recon Rover 

necessitated a comprehensive research phase to establish a 

solid foundation for its design and functionality. Analyzing 

existing reconnaissance and threat detection systems was the 

first step in understanding their strengths, limitations, and 

areas requiring innovation. Various studies, such as those by 

Nguyen et al. (2021), emphasize the role of autonomous 

reconnaissance systems in modern defense applications, 

particularly in their ability to enhance situational awareness 

through real-time surveillance and data acquisition. Similarly, 

research conducted by Patel and Kumar (2020) on automated 

mine detection highlights the effectiveness of sensor fusion 

techniques in identifying buried explosive threats with high 

precision. These studies provided critical insights into how 

existing systems operate and where they fall short, particularly 

in adaptability, terrain navigation, and energy efficiency. 

To identify technological gaps, an extensive review of 

literature and real-world deployments was conducted. 

Research by Chen et al. (2019) indicates that traditional 

landmine detection mechanisms rely heavily on manual 

operations or semi-autonomous bots with limited mobility, 

making them unsuitable for unpredictable terrains. 

Furthermore, studies like those of Rao et al. (2022) point out 

that while AI-based object detection has significantly 

advanced, its integration with thermal imaging in compact, 

unmanned ground vehicles (UGVs) remains a challenge due to 

computational power limitations and energy constraints. The 

necessity for a more versatile rover capable of performing in 

both defense and wildlife applications became evident when 

evaluating these challenges. Wildlife monitoring technologies, 

as discussed by Zhang et al. (2021), rely heavily on stationary 

cameras and drone surveillance, which are ineffective for real-

time tracking in dense forests or rugged terrains. The lack of a 

single system capable of efficiently operating in both defense 

and wildlife scenarios was a critical gap that needed to be 

addressed. 

 

Defining the operational requirements involved 

ensuring the rover's ability to navigate complex environments 

while maintaining high detection accuracy and power 

efficiency. Research by Gupta and Singh (2023) supports the 

incorporation of tracked wheels for enhanced mobility, 

particularly in rough terrains, as opposed to conventional 

wheeled platforms, which struggle with stability in off-road 

conditions. The inclusion of a sliding landmine detection 

mechanism was inspired by the work of Lee et al. (2020), who 

demonstrated that extending sensor arrays beyond the chassis 

improves detection accuracy without compromising the 

rover’s mobility. Additionally, the importance of renewable 

energy sources was reinforced by studies such as that of Wang 

and Li (2022), which emphasized the efficiency of perovskite 

solar panels in low-light conditions, making them a suitable 

choice for extended field operations. The integration of an AI-

driven camera system with object detection and thermal 

imaging, as outlined in the work of Silva et al. (2021), was 

also considered essential for ensuring accurate identification 

of threats and wildlife tracking. 

 

By synthesizing findings from these diverse sources, 

the Adaptive Recon Rover was designed to bridge existing 

technological gaps while ensuring it meets the specific 

operational needs of both defense and wildlife applications. 

The research phase provided valuable insights that shaped the 

system’s core functionalities, ensuring that the final 

implementation would not only be technologically advanced 

but also practically viable in real-world scenarios. 
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V. DESIGN AND COMPONENT SELECTION 

 

Mechanical Design: 

 

a) Body: 

 

 
Figure 1 Rover Body 

 

The body of the Adaptive Recon Rover (Figure 1 

Rover Body) has been constructed using an Aluminum 

Composite Panel (ACP) sheet, selected for its optimal balance 

of strength, lightweight properties, and resistance to 

environmental conditions. Measuring 30 cm in length, 25 cm 

in width, and 8 cm in height, the rover features a compact yet 

sturdy design that ensures stability and durability in 

challenging terrains. The rectangular form factor was 

deliberately chosen to simplify structural integrity while 

maximizing internal space for essential components such as 

the sliding mine detection mechanism, gun case, and 

electronic control units. ACP material enhances the rover’s 

ability to withstand external impacts, making it well-suited for 

both defense and wildlife applications. Additionally, its 

corrosion-resistant nature ensures longevity in diverse 

environments, from arid desert landscapes to humid forested 

regions. The overall simplicity of the design allows for 

efficient manufacturing and ease of modifications, enabling 

future adaptability based on mission-specific requirements. 

The structural framework is robust enough to support 

additional attachments while maintaining a lightweight profile 

to optimize mobility and power efficiency. 

 

b) Tracked Wheels: 

 
Figure 2 3D printed Chain Belt 

 

The tracked wheels of the Adaptive Recon Rover 

(Figure 2 3D printed Chain Belt) were designed and 

manufactured using a 3D printing approach to achieve both 

precision and durability. The track system was first modeled 

in SolidWorks, ensuring an optimized design that provides 

enhanced traction for rough terrains. Once the design was 

finalized, we used Creality slicing software to prepare the 3D 

model for printing, ensuring efficient material usage and 

structural integrity. Each track segment was printed 

individually to maintain flexibility and allow seamless 

movement when assembled. After printing, the tracks were 

meticulously assembled, with each segment interlocking to 

form a continuous loop. To enhance durability and keep the 

tracks intact during operation, a metal string was embedded 

within the assembly, reinforcing structural strength and 

preventing deformation under high stress. The use of 3D 

printing provided the advantage of rapid prototyping, allowing 

us to refine the design iteratively based on performance 

testing. This tracked wheel system significantly improves the 

rover's mobility, enabling it to navigate various challenging 

environments, making it well-suited for defense and wildlife 

reconnaissance applications where stability and adaptability 

are essential. 

 

c) Gun Case: 

 

Figure 3 Replaceable Gun 

Case
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Figure 3 Replaceable Gun Case 

The gun case of the Adaptive Recon Rover (Figure 3 

Replaceable Gun Case) has been designed to ensure both 

protection and flexibility, allowing for seamless replacement 

based on operational requirements. The case itself has been 

3D printed, providing a lightweight yet durable enclosure that 

securely houses the gun. Positioned horizontally on top of the 

rover, the gun case is mounted using a sliding rail mechanism, 

enabling effortless attachment and removal as per mission 

demands. This modular approach ensures adaptability, 

allowing different types of guns to be interchanged based on 

the specific needs of defense or wildlife control applications. 

The primary function of the gun case is to safeguard the 

weapon from environmental factors such as dust, debris, and 

impact while maintaining ease of access for quick 

replacements. The firing mechanism is controlled remotely, 

utilizing a linear servo motor to actuate the trigger, ensuring 

precise operation without direct human intervention. This 

design enhances the rover’s functionality by integrating a 

reliable and adaptable weapon system, making it a versatile 

solution for varied reconnaissance and intervention scenarios. 

 

d) Sliding Mine Detector: 

 

 
Figure 4 Sliding Mine Detection Mechanism 

 

The sliding mine detector of the Adaptive Recon 

Rover (Figure 4 Sliding Mine Detection Mechanism) has been 

designed to operate using a rack and pinion mechanism, 

ensuring precise and controlled extension for detecting 

landmines. A battery-operated motor powers this mechanism, 

allowing for smooth and efficient movement. In its default 

state, the mine detector remains within the compact area of the 

rover’s body, preventing unnecessary exposure to 

environmental hazards. When required for detection purposes, 

the system extends outward, scanning the terrain for potential 

threats. The rack and pinion setup facilitates linear motion, 

providing stability and accuracy while deploying and 

retracting the detector. This design not only enhances the 

rover’s operational efficiency but also ensures the durability of 

the detection system by keeping it protected when not in use. 

The integration of a motor-driven actuation system ensures 

quick response times, making it a reliable component for both 

defense and reconnaissance applications. 

 

• Electronic Components: 

• Rover Internal Circuit:  

:  

Figure 5 Rover Internal Circuit 

 

In the above circuit (Figure 5 Rover Internal Circuit), 

to drive the rover, we used two Johnson 60 RPM A-grade 

motors, selected for their strong torque and efficient 

performance. These motors were controlled via an Arduino 

Uno, which effectively managed their speed and direction. 

The motors were powered by lithium-ion batteries, ensuring 

stable power delivery for continuous operation. 

 

For Sliding Mine Detection Mechanism: 

 

 
Figure 6 Sliding Mine Detection Mechanism 

 

  For the sliding landmine detection system (Figure 6 

Sliding Mine Detection Mechanism), we used a BO motor to 

operate the sliding mechanism, chosen for its compact size 

and low power requirements. An Arduino Nano was 

employed to control this motor, providing precise movement 

control. To map the detected mines, we used an ESP32 

integrated with a GSM module, allowing real-time data 

transmission for improved situational awareness. This system 

was also powered by lithium-ion batteries to ensure 

consistent performance. 

 

For Triggering Gun Mechanism: 

 

  To trigger the gun mechanism, we utilized a 60 RPM 
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DC motor, providing sufficient torque for precise actuation. 

An Arduino Nano controlled this motor, ensuring accurate 

and responsive triggering. The motor’s power was supplied by 

lithium-ion batteries, maintaining reliable performance. 

 

For Power Management: 

 

 
Figure 7 Solar Panel 

 

In addition to lithium-ion batteries, we integrated a perovskite 

solar panel(Figure 7 Solar Panel)to enhance the rover’s 

power efficiency. This renewable energy source helps sustain 

the rover’s functionality during prolonged outdoor operations, 

reducing battery dependency. 

 

Software Integration: 

 

AI-Driven Object Detection 

 

  For object detection, we implemented the YOLO 

(You Only Look Once) model, known for its fast and 

accurate real-time object detection capabilities. The YOLO 

model can identify multiple objects simultaneously, 

recognizing over 80 different classes such as humans, 

vehicles, animals, and various other elements relevant to both 

defense and wildlife scenarios. To capture live video feed and 

support this detection system, we utilized an ESP32-CAM 

module. This module offers a compact yet powerful solution, 

providing clear image capture with built-in Wi-Fi 

connectivity, enabling seamless data transmission for remote 

monitoring. 

 

Landmine Mapping System & Live Location 

 

 
Figure 8 Landmine Mapping 

 

For mapping detected mines (Figure 8 Landmine 

Mapping), we integrated a GSM module alongside the 

ESP32. This system is responsible for transmitting the 

coordinates of identified landmines directly to the user. By 

sending real-time updates, this setup ensures precise tracking 

of detected threats, enhancing the rover’s effectiveness in both 

defense and wildlife applications. The combination of GPS 

integration and GSM communication ensures the rover can 

relay accurate positional data even in remote locations. 

 

VI. TESTING AND VALIDATION 

 

In the Testing and Validation phase, we conducted 

comprehensive field trials to evaluate the rover’s overall 

functionality and performance. The rover was tested on 

various terrains, including rocky paths, sandy surfaces, and 

uneven grounds, to assess its mobility and stability. The 

sliding mine detection mechanism was tested to ensure 

smooth extension and retraction using the rack and pinion 

system, verifying its reliability during deployment. The 

replaceable gun mechanism was also evaluated, where the 

sliding rail system was tested for seamless attachment and 

detachment of the gun case. Additionally, the object detection 

system utilizing the YOLO model was assessed for its ability 

to identify multiple objects effectively using the ESP32-

CAM. The solar panels were tested under varying light 

conditions to ensure consistent power generation and efficient 

charging of the lithium-ion batteries. Visual documentation 

was captured during these trials to provide clear insights into 

the rover’s performance and functionality. 

 

VII. RESULT AND DISCUSSION 

 

Result: 

 

• Rover Mobility: We tested the rover’s movement using a 

3D-printed chain belt mechanism attached to gears. This 

design allowed the rover to move effectively across 



IJSART - Volume 11 Issue 3 – MARCH 2025                                                                                   ISSN [ONLINE]: 2395-1052 

 

Page | 541                                                                                                                                                                     www.ijsart.com 

 

various terrains, though it couldn’t climb stairs. Since this 

is a prototype, we opted for 3D-printed parts for 

convenience and ease of assembly. 

• Sliding Mine Detection Mechanism: The sliding 

mechanism was tested and performed smoothly, 

extending and retracting without issues. However, due to 

government permit restrictions, we couldn’t implement an 

actual mine detection system. 

• Replaceable Gun Mechanism: We tested the sliding rail 

system for the gun case, and it functioned perfectly. The 

mechanism allowed the gun to be easily replaced, 

enabling smooth transitions between lethal and non-lethal 

options. The triggering system, driven by a 60 RPM DC 

motor, operated effectively during testing. 

• Object Detection System: We tested the ESP32-CAM 

integrated with the YOLO model, which accurately 

detected multiple objects during trials. 

• Solar Panel Performance: The solar panels were tested 

and consistently provided an output of around 20V, 

ensuring reliable power supply for the rover’s operations. 

 

Discussions 

 

• During our testing phase, we observed several successful 

outcomes along with a few challenges that pointed out 

areas for improvement. The chain belt mechanism 

performed well across different terrains, but it faced 

difficulties in climbing stairs. Since we had used 3D-

printed parts for the chain belt and gears, they provided 

sufficient functionality but lacked durability. In the future, 

we plan to replace the chain belt with rubber tracks for 

improved grip and stability. Additionally, we aim to 

upgrade the gears and motors to enhance the rover's 

overall performance. 

• The sliding mine detection mechanism worked 

smoothly during testing, extending and retracting as 

intended. Although we couldn't implement an actual mine 

detection system due to permit restrictions, the sliding 

mechanism itself operated perfectly. 

• Our replaceable gun mechanism functioned as expected, 

allowing us to switch between lethal and non-lethal 

options without any issues. The DC motor-driven 

triggering system also worked reliably. 

• For object detection, our YOLO-based system paired 

with the ESP32-CAM identified objects accurately, 

contributing to the rover’s surveillance capabilities. 

• The solar panels consistently provided around 20V 

output, effectively supporting the system's power 

requirements and improving energy efficiency. 

• Overall, our rover meets the intended objectives for 

defense and wildlife applications. Moving forward, we 

plan to improve power management, enhance the object 

detection system for greater accuracy, and upgrade the 

communication system for improved remote control and 

data transmission. 

 

VIII. CONCLUSION 

 

Our Adaptive Recon Rover project successfully 

integrates multiple systems to achieve its intended objectives 

for defense and wildlife applications. Throughout the 

development process, we focused on designing a robust and 

versatile rover that combines mobility, detection, and 

protection features. 

 

The rover's mobility was achieved using a custom-

built chain belt system, which was 3D printed as part of our 

prototype. This design allowed the rover to navigate various 

terrains effectively, though climbing stairs remains a 

challenge. We plan to replace the 3D-printed chain belt with a 

durable rubber alternative to improve traction and resilience in 

real-world conditions. 

 

The sliding mine detection mechanism functioned 

reliably in terms of motion control, extending and retracting 

smoothly. While we were unable to test the rover's ability to 

detect mines due to legal constraints, the mechanical sliding 

system performed flawlessly. Future plans include integrating 

a certified mine detection sensor once appropriate permissions 

are secured. 

 

The replaceable gun mechanism proved to be 

efficient, allowing the rover to switch between lethal and non-

lethal weapons as required. This system, controlled by a DC 

motor, functioned seamlessly during testing and met our 

expectations for flexibility and security. 

 

Our object detection system, powered by the YOLO 

model and ESP32-CAM, demonstrated strong performance in 

identifying multiple objects with considerable accuracy. This 

feature is crucial for both surveillance and wildlife monitoring 

applications. 

 

The rover's power management system, utilizing 

lithium-ion batteries and supported by perovskite solar 

panels, successfully provided a stable power supply. The solar 

panels delivered approximately 20V output, contributing to 

the rover's prolonged operational capacity in outdoor 

environments. 

 

While our prototype showcased promising results, we 

recognize areas for enhancement. Future improvements will 

focus on upgrading the rover's gear system, enhancing motor 
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performance, and refining the communication system for 

better reliability. Additionally, improved power efficiency 

measures and enhanced object recognition algorithms will be 

explored to ensure optimal performance. 

 

Overall, our Adaptive Recon Rover effectively meets 

its intended objectives, blending defense capabilities with 

wildlife conservation features. With future improvements, 

we aim to develop a more powerful, durable, and 

intelligent solution suitable for real-world deployment. 
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