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Abstract: Robotics and autonomous systems are essential in contemporary technology, with uses that 

span from industrial automation to personal support. An essential need for any mobile robot is the 

capability to move through its surroundings safely and be operated by a user. Conventional remote-

controlled (RC) vehicles provide manual operation but are unaware of their surroundings, making them 

susceptible to crashes. 

This project showcases a dual-function robotic vehicle utilizing Arduino microcontroller technology. The 

system incorporates an HC-SR04 ultrasonic sensor for detecting obstacles and an HC-05 Bluetooth 

module for remote control. The vehicle can function in two separate modes: an autonomous mode that 

intelligently maneuvers by avoiding obstacles independently, and a manual mode where it is controlled 

wirelessly through a specialized smartphone app. An Arduino Uno board interprets sensor information 

and user instructions to manage the motors via a motor driver module. 

The main goal of this project is to develop a flexible, affordable robotic platform that showcases 

fundamental ideas of embedded systems, sensor integration, and wireless communication. The system is 

instructive, easy to use, and acts as a basis for more complex robotics projects, including those related to 

path planning or IoT integration. 

This dual-mode strategy improves the capabilities and practical use of the robotic vehicle, rendering it 

appropriate for educational purposes, amateur projects, and as a model for advanced autonomous 

systems. 
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I. INTRODUCTION 

The area of mobile robotics has experienced significant expansion, fueled by improvements in sensors, 

microcontrollers, and communication technologies. Robots are progressively used in changing environments where 

they need to engage with their surroundings and react to human instructions. Autonomous navigation and remote user 

control are two essential abilities for these robots. 

A collision-avoiding vehicle can function autonomously, utilizing sensors to detect its surroundings and make choices 

to avert accidents. This is an essential aspect for applications such as vacuum cleaning robots, warehouse logistics, and 

self-driving cars. Conversely, Bluetooth control offers a straightforward and efficient means for direct human-robot 

interaction, advantageous in situations needing accurate maneuverability, like material handling or surveillance. 

Although there are sophisticated options utilizing LiDAR, intricate computer vision, or 4G/5G connectivity, these 

technologies are frequently expensive and complicated for newcomers and smaller projects. To tackle this issue, this 

project presents an affordable, dual-function robotic vehicle constructed with readily available embedded parts. The 

setup focuses on an Arduino Uno microcontroller, which connects with an HC-SR04 ultrasonic sensor for measuring 

distance and an HC-05 module for Bluetooth connectivity. The L298N motor driver controls the DC gear motors that 

power the wheels. 
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The suggested system provides two functional modes. In self-driving mode, the vehicle continuously detects obstacles 

and navigates around them without any user intervention. In manual mode, the user has complete control, issuing 

movement commands (forward, backward, left, right, stop) through a smartphone application. This combined feature 

renders the project a superb resource for education and showcasing. 

This project offers an extensive platform for grasping the fundamentals of robotics by merging autonomous sensing 

with user-directed control. It is economically efficient, expandable, and acts as a foundation for incorporating more 

advanced functionalities such as line tracking, GPS navigation, or IoT-enabled monitoring later on. 

 

II. LITERATURE SURVEY 

using IoT technology, featuring live video streaming and obstacle evasion, emphasizing its use in security and remote 

observation. Sharma and Lee [2] (2024) employed a multi-sensor fusion technique for autonomous navigation, 

integrating ultrasonic and infrared sensors to improve environmental awareness. Chen [3] (2023) developed a 

Bluetooth-operated robotic arm combined with a mobile platform for educational and pick-and-place uses. 

Kumar et al. [4] (2023) introduced an intelligent wheelchair that integrated voice and Bluetooth control with semi-

autonomous obstacle avoidance, emphasizing assistive technology. Garcia and Martinez [5] (2023) investigated the 

application of Arduino and Raspberry Pi in swarm robotics, showcasing basic interaction and obstacle evasion among 

various units. Wang et al. [6] (2022) introduced a sophisticated algorithm for path planning in autonomous vehicles, but 

their research demanded significant computational resources. 

Singh and Agarwal [7] (2022) developed an affordable agricultural robot for identifying and eliminating weeds, 

employing simple ultrasonic sensors for managing boundaries. Tanaka et al. [8] (2022) designed a robotic toy vehicle 

for kids, incorporating interactive elements such as clap-activated control and basic obstacle avoidance. Fernandez [9] 

(2021) created a line- following robot that incorporated an obstacle detection capability, allowing it to stop and restart 

its route. 

Ibrahim et al. [10] (2021) concentrated on creating a Bluetooth-operated home automation cart intended for moving 

small objects around a home. Nguyen [11] (2020) assessed the performance of IR and ultrasonic sensors for obstacle 

detection in mini-robots, finding that ultrasonic sensors offered superior range and dependability. Okafor and Eze [12] 

(2020) developed a DTMF-based mobile phone control system for a robot, serving as an alternative to Bluetooth 

technology. 

Zhang [13] (2019) presented a robot capable of toggling between autonomous and manual modes, akin to this project, 

but employed a more intricate Wi-Fi interface. Ali et al. [14] (2019) developed a robot for fire-fighting that. 

 

III. PROPOSED METHODOLOGY 

The creation and execution of the Obstacle Avoidance and Bluetooth Control Car adhere to an organized approach that 

combines a microcontroller, sensors, a communication module, and motor control components to establish a flexible 

and smart robotic system 
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The suggested robotic vehicle is an adaptable system intended for both self-driven functionality and user-guided 

steering. It operates using a lithium-ion battery pack, delivering a consistent and portable DC supply for all elements, 

such as the microcontroller, sensors, and motors. 

The central processing unit of the system is the Arduino Uno microcontroller, which serves as its main intelligence. It 

constantly gathers data from two main sources: the HC-SR04 ultrasonic sensor and the HC-05 Bluetooth module. The 

HC-SR04 sensor is placed on a servo motor, enabling it to scan the surroundings by rotating as much as 180 degrees. It 

produces ultrasonic waves and records the duration for the echo to come back, determining distances to barriers 

between 2cm and 400cm. In self-driving mode, this information is utilized to determine navigation choices. 

The HC-05 Bluetooth module allows for wireless interaction between the vehicle and a smartphone. A tailor-made 

mobile app, developed with platforms such as MIT App Inventor or a comparable Android IDE, offers an easy interface 

featuring buttons for movement control (Forward, Backward, Left, Right, Stop). Commands transmitted from the app 

are received by the HC-05 and forwarded to the Arduino, which carries them out in manual mode. 

The logic for decision-making in the Arduino determines the operational mode and manages the actuators. It analyzes 

the sensor data and user inputs, contrasting distance measurements with a set safety limit (e.g., 15 cm). When an 

obstacle is sensed within this distance in autonomous mode, the Arduino initiates an evasion action, like turning to the 

left or right. Regarding motor control, the Arduino transmits signals to the L298N motor driver module, supplying the 

required current and voltage to operate the two DC gear motors connected to the wheels, allowing for accurate 

movement management. 

The software of the system utilizes a state machine architecture, enabling smooth transitions between "Autonomous" 

and "Manual" modes through commands from the smartphone app or a physical toggle on the vehicle. This dual-

function ability is the main aspect of the project, providing both smart autonomy and direct user management. 

In addition to its primary functions, the system exhibits great scalability. It can be enhanced with extra sensors, like 

infrared sensors for line tracking, a WiFi module (ESP8266) for IoT management, or a camera module for first-person 

view (FPV) operation. The chassis is built to be modular, enabling the straightforward attachment of accessories such 

as grippers or additional sensors. This renders the project an excellent basis for additional experimentation and 

advancement in the area of robotics. 

The obstacle and Bluetooth-controlled car project aims to design a smart vehicle that can operate both manually 

through Bluetooth and automatically using obstacle detection. The system is built around an Arduino microcontroller, 

which integrates a Bluetooth module (HC- 05), an ultrasonic sensor (HC-SR04), a motor driver (L298N), and DC 

motors mounted on a chassis. The Bluetooth module enables wireless communication between the car and a mobile 

application, allowing users to send commands such as forward, backward, left, right, and stop. Simultaneously, the 

ultrasonic sensor continuously monitors the surroundings to detect obstacles. When an object is detected within a 

specific range, the Arduino automatically stops or redirects the car to prevent collisions. The entire operation is 

managed through programming in the Arduino IDE using C/C++, which coordinates both manual and autonomous 

modes. Finally, the system is tested in various conditions to ensure stable Bluetooth connectivity, accurate obstacle 

detection, and smooth motor control, making it an efficient and reliable prototype for smart robotic applications. 

 

IV. CONCLUSION 

The Bluetooth Control Car and Obstacle Avoidance project effectively showcases the combination of essential 

embedded systems principles within a functional and adaptable robotic platform. The car serves as a useful and 

instructional resource for grasping robotics by providing both self-driving and manual control options. 

It successfully navigates around obstacles in its surroundings, minimizing the chance of harm and allowing for self-

sufficient functioning. The Bluetooth control capability enables intuitive and quick user interaction, rendering the 

project captivating and relevant to actual remote control situations. 

In conclusion, this initiative acts as an affordable and thorough introduction to robotics, ideal for both students and 

enthusiasts. Its modular structure also facilitates future upgrades, including the addition of extra sensors, improved 

navigation algorithms, or IoT integration. 
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