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Abstract- Unmanned Ground Vehicles (UGVs) have emerged as 

one of the most significant technological advancements in the 

field of robotics and military automation. These robotic systems 

are capable of operating in hazardous environments without 

direct human involvement, thereby reducing operational risks 

and improving mission efficiency. The increasing demand for 

autonomous and remotely controlled systems in defense 

operations has accelerated research in the development of 

intelligent UGV platforms capable of surveillance, 

reconnaissance, logistics support, and explosive ordnance 

disposal. This research paper presents the design and 

development of an Arduino-based Unmanned Ground Vehicle 

intended for military surveillance and remote operational 

support. The proposed system integrates Arduino Uno 

microcontrollers, NRF24L01 wireless communication modules, 

motor driver systems, sensors, cameras, and power management 

components to create a low-cost yet efficient robotic platform. 

The study explores the design methodology, hardware 

architecture, software implementation, communication 

framework, and operational capabilities of the proposed UGV. 

Particular emphasis is placed on wireless communication 

reliability, mobility control, real-time monitoring, and 

adaptability in challenging terrains. The paper also evaluates the 

limitations of the current system and discusses future 

advancements involving artificial intelligence, autonomous 

navigation, and secure communication technologies. The 

developed system demonstrates that affordable and open-source 

technologies can effectively contribute to modern military and 

industrial robotics. The findings of this study indicate that 

Arduino-based UGVs provide a practical foundation for future 

autonomous systems capable of reducing human exposure to 

dangerous environments while improving operational efficiency.  
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I. INTRODUCTION 

 The evolution of robotics and automation 

technologies has transformed multiple industrial 

sectors, including healthcare, transportation, 

agriculture, and defence. Among the various 

branches of robotics, Unmanned Ground Vehicles 

have gained remarkable importance due to their 

ability to operate in environments considered 

unsafe or inaccessible for human operators. UGVs 

are robotic vehicles capable of moving across 

ground surfaces either autonomously or through 

remote control. These systems are increasingly 

used in military surveillance, disaster response, 

industrial inspection, and search-and-rescue 

operations because of their flexibility, mobility, and 

efficiency. The military sector has been one of the 

primary adopters of UGV technologies. Modern 

warfare environments expose soldiers to life-

threatening conditions such as landmines, enemy 

fire, toxic environments, and explosive devices. 

Conventional combat vehicles often require direct 

human operation, thereby increasing the risk of 

casualties. UGVs provide a safer alternative by 

allowing soldiers to conduct surveillance and 

tactical operations remotely. Equipped with 

sensors, wireless communication systems, and 

cameras, these robotic platforms can gather critical 

battlefield information while minimizing risks to 

human personnel. 

 Recent advancements in microcontrollers, 

wireless communication modules, and sensor 

technologies have simplified the development of 

low-cost robotic systems. Arduino technology, in 

particular, has become widely popular because of 

its affordability, ease of programming, and open-

source ecosystem. Arduino boards provide an ideal 

platform for developing educational and industrial 

robotic applications due to their compatibility with 

multiple sensors and communication devices. 

 This research paper focuses on the design 

and implementation of an Arduino-based UGV 

intended for military surveillance and remote 

operations. The proposed system integrates an 
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Arduino Uno microcontroller with NRF24L01 

wireless communication modules, motor control 

systems, joysticks, cameras, and power regulation 

units to create an efficient remote-controlled 

vehicle. The vehicle can be operated wirelessly 

through a handheld controller, allowing users to 

navigate dangerous environments safely. The 

primary objective of this study is to develop a cost-

effective robotic platform capable of performing 

surveillance and reconnaissance tasks while 

demonstrating the practical application of 

embedded systems and wireless robotics 

technologies. 

II. METHODOLOGY AND SYSTEM 

DESIGN 

 The proposed UGV system consists of two 

major sections: the remote-control unit and the 

robotic vehicle. The remote-control unit is 

responsible for collecting user input and 

transmitting movement commands wirelessly to the 

UGV. The robotic platform receives these 

commands and performs the corresponding 

movements. The Arduino Uno microcontroller acts 

as the central processing unit of the system. It 

processes sensor inputs, controls motors, and 

manages wireless communication. The Arduino 

Uno is based on the ATmega328P microcontroller, 

which provides sufficient computational capability 

for real-time robotic control applications. 

 Wireless communication between the 

controller and the UGV is established using 

NRF24L01 transceiver modules. These modules 

operate within the 2.4 GHz frequency range and 

provide reliable short-range communication with 

low power consumption. The transmitter module 

attached to the remote controller sends control data 

to the receiver module mounted on the UGV. The 

movement of the UGV is achieved using DC 

motors controlled through an Adafruit Motor 

Shield. The motor shield enables precise control of 

motor speed and direction while reducing the load 

on the microcontroller. A stepper motor is 

integrated into the system for precise rotational 

movement, particularly for camera positioning or 

turret control. 

 Joystick modules are used to provide 

directional control inputs. The Y-axis controls 

forward and backward movement, while the X-axis 

controls left and right steering. A potentiometer is 

incorporated to control servo motor positioning. 

The chassis of the UGV is constructed using 

lightweight aluminium materials. Aluminium 

provides an ideal balance between structural 

strength and mobility. The four-wheel drive system 

enhances stability and terrain adaptability, allowing 

the vehicle to navigate rough surfaces effectively. 

The software implementation is developed using 

the Arduino Integrated Development Environment 

(IDE). The transmitter code reads analogue inputs 

from joysticks and sensors, converts them into 

digital values, and transmits them wirelessly. The 

receiver code interprets these values and controls 

the motors and servos accordingly. The 

implementation ensures low-latency 

communication and responsive vehicle control. 

III. HARDWARE AND SOFTWARE 

COMPONENTS 

 The hardware architecture of the proposed 

UGV integrates several components to achieve 

efficient movement, communication, and 

monitoring. The Arduino Uno serves as the central 

controller. Its analogue and digital input/output pins 

facilitate communication with sensors, motors, and 

wireless modules. The microcontroller is 

programmed using C/C++ syntax within the 

Arduino IDE environment. 

 The NRF24L01 wireless communication 

module plays a critical role in establishing 

communication between the remote and the UGV. 

The module supports multiple channels and low-

power operation, making it suitable for battery-

powered robotic systems. DC motors provide 

movement for the robotic platform. These motors 

are selected based on torque requirements and 

terrain adaptability. Stepper motors are integrated 

for precise rotational movement. The Adafruit 

Motor Shield controls these motors efficiently by 

regulating speed and direction. 

 A wireless camera module is mounted on 

the UGV to provide real-time video transmission. 
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This feature enables operators to monitor the 

environment remotely and improve situational 

awareness during surveillance operations. The 

joystick module serves as the primary input device 

for movement control. The potentiometer enables 

servo positioning, while rotary encoders provide 

precise rotational control. Voltage regulators ensure 

stable power supply distribution across all 

components. 

 The Arduino IDE provides a user-friendly 

programming environment for developing and 

debugging the system software. Its extensive 

library support simplifies integration with sensors, 

communication modules, and motor drivers. 

 The developed UGV system was tested 

under different operational conditions to evaluate 

its performance, communication stability, and 

mobility. Experimental results demonstrated that 

the wireless communication system provided 

reliable control within the intended operational 

range. The NRF24L01 modules successfully 

transmitted control data with minimal latency. The 

motor control system enabled smooth forward, 

backward, and directional movement. The four-

wheel drive configuration improved traction and 

stability across uneven surfaces. The robotic 

platform demonstrated effective manoeuvrability 

during indoor and outdoor testing. 

 The camera system successfully transmitted 

live video footage, enabling remote navigation and 

surveillance. Operators could monitor obstacles and 

environmental conditions in real time, significantly 

improving situational awareness. The use of 

Arduino technology simplified hardware 

integration and software development. The modular 

architecture of the system allows future upgrades 

involving advanced sensors, artificial intelligence 

algorithms, and autonomous navigation 

capabilities. 

 Although the developed system 

demonstrated satisfactory performance, certain 

limitations were observed. The communication 

range of the NRF24L01 module is relatively 

limited compared to other robust communication 

systems. Battery limitations also restrict operational 

duration. Environmental conditions such as 

extreme terrain or weather may affect performance 

and communication reliability. Nevertheless, the 

proposed system successfully demonstrates the 

feasibility of developing low-cost robotic platforms 

for surveillance and tactical applications using 

open-source technologies. 

 The proposed UGV system has numerous 

applications across military, industrial, and civilian 

domains. In military operations, the system can be 

used for border surveillance, reconnaissance, bomb 

disposal, and battlefield monitoring. The ability to 

remotely monitor hazardous environments 

significantly reduces risks to soldiers and security 

personnel.  In disaster response operations, 

UGVs can assist in locating survivors, inspecting 

collapsed structures, and delivering emergency 

supplies. Industrial sectors can utilize robotic 

vehicles for inspecting hazardous facilities, 

pipelines, and chemical plants. 

 UGVs can play a significant role in the 

space sector for planetary exploration, habitat 

inspection, and autonomous maintenance 

operations. Space agencies can deploy robotic 

ground vehicles on the Moon or Mars for terrain 

mapping, sample collection, and transportation of 

scientific equipment. Surface missions can benefit 

from autonomous robotic systems capable of 

operating in hazardous and extreme environments 

with minimal human intervention. Future 

developments in artificial intelligence and space 

robotics are expected to further enhance UGV 

performance in extraterrestrial missions. Advanced 

computer vision algorithms can support 

autonomous navigation and obstacle avoidance on 

uneven terrain, while sensor fusion techniques 

using LiDAR, stereo cameras, and radar can 

improve environmental awareness. Integration with 

satellite communication systems can enable reliable 

remote operation and real-time data transmission 

during long-duration space exploration missions.

  

Cybersecurity enhancements involving encrypted 

communication protocols can improve resistance 

against cyberattacks and unauthorized access. 

Renewable energy technologies such as solar 

charging systems can increase operational 
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endurance. The concept of swarm robotics, where 

multiple UGVs operate collaboratively, represents 

another promising area of future research. 

Coordinated robotic systems could perform 

complex surveillance and tactical missions more 

effectively than individual units. 

 This research paper presented the design 

and development of an Arduino-based Unmanned 

Ground Vehicle for military surveillance and 

remote operational support. The proposed system 

successfully integrates Arduino microcontrollers, 

wireless communication modules, motor control 

systems, sensors, and camera technologies to create 

a cost-effective robotic platform capable of 

operating in hazardous environments. 

 The developed UGV demonstrates efficient 

wireless communication, reliable mobility control, 

and real-time monitoring capabilities. By reducing 

direct human involvement in dangerous 

environments, the system improves operational 

safety and efficiency. The use of commercially 

available hardware components and open-source 

software platforms makes the system affordable, 

scalable, and suitable for educational, industrial, 

and military applications. Although certain 

limitations exist regarding communication range, 

battery endurance, and environmental adaptability, 

the project establishes a strong foundation for 

future robotic advancements. Emerging 

technologies involving artificial intelligence, 

autonomous navigation, and advanced sensor 

systems are expected to further enhance the 

capabilities of unmanned robotic systems. 

 The findings of this study demonstrate that 

Arduino-based UGVs provide an effective solution 

for surveillance, reconnaissance, and remote 

operations. Continued research and development in 

this field will contribute significantly to the 

evolution of intelligent robotic systems capable of 

supporting both military and civilian applications in 

the future. 
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