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Abstract - The Arduino-powered Obstacle Detection Robot is a mobile, autonomous robot that can traverse its
surroundings without running into impediments. The central control unit of the system is an Arduino microcontroller, which
is interfaced with sensors like infrared or ultrasonic modules to identify things in its path. A motor driver that drives the
wheels in response to real-time sensor feedback controls the robot's movement. To ensure smooth navigation, the Arduino
processes the data and tells the motors to halt, reverse, or change course when an obstruction is detected within a
predetermined distance.This project shows how sensors, microcontrollers, and actuators may be combined to create a
straightforward yet powerful robotic system with uses in intelligent robotic gadgets, automated cars, and instructional
robotics. The design prioritizes affordability, ease of use, and scalability for future improvements.

1. INTRODUCTION

Manual supervision of mobile robots can be dangerous, ineffective, and prone to human mistake in a variety of settings,
including plant floors, warehouses, and hazardous places. An autonomous navigation system that uses real-time sensing to
identify impediments and dynamically modify its course is desperately needed.

Jeevan M. et al. (2021) presented the simplest system in a publication [1]. This paper proposes an Arduino Uno that may
directly command the motor driver to alter the movement of the DC motors if the ultrasonic sensor's distance reading is
less than a certain threshold. This demonstrates that basic stop-and-turn obstacle avoidance may be achieved with a
straightforward threshold. Beyond the fundamental configuration, E. S. S. Aravinda et al. (2022) demonstrated a significant
improvement in the robot's perception by merely adding a servo motor to sweep the ultrasonic sensor left and
right.Because the Arduino receives distance readings from a considerably wider field of view, the robot can now choose
whether to turn left or right instead of just "seeing" straight ahead [2]. The performance comparison between the HC-SR04
and the more sophisticated LIDAR sensor was covered in the study by Prasetyo et al. (2023). I also needed to make sure
that, despite its modest cost, the HC-SR04 is the best option for my project. The main conclusion was this research
demonstrated the ultimate goal: creating a robot that can employ basic sensor input and highly sophisticated Al to
produce incredibly efficient, adaptive, and nearly human-like navigation algorithms, demonstrating the enormous
potential for further advancement in this subject.

I. Problem Statement

Autonomous robots frequently struggle to navigate properly in dynamic areas without running into obstacles. Robots
cannot always be controlled manually, and collisions can harm the robot or its surroundings. The primary challenge is how
to use straightforward and affordable technology to allow a small, mobile robot to identify obstructions in its path in real-
time and autonomously take actions (stop, turn, or change course) to prevent collisions.

The goal of this project is to create an Arduino-based obstacle detection robot that employs infrared or ultrasonic sensors
to continuously analyze its environment and navigate by avoiding obstacles on its own. The solution will lay the
groundwork for creating more intelligent, self-sufficient robotic systems that can be used in practical navigation and safety
applications as well as instructional settings.

II. Proposed work

Using Arduino as the central controller, the proposed effort entails designing, constructing, and programming an
autonomous obstacle-detecting robot. The robot's sturdy, lightweight frame is outfitted with DC motors that are linked to
a motor driver, giving it exact control over its forward, backward, and rotational motions. The robot is equipped with an
ultrasonic sensor (like the HC-SR04) to continuously scan the way ahead and provide real-time distance measurements in
order to detect obstructions. When an impediment is identified within a predetermined threshold distance, the robot will
stop, turn, or change course according to the navigation logic implemented by the Arduino microcontroller, which
processes these sensor inputs.
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An adequate battery pack is used to meet the system's power requirements, guaranteeing a steady voltage supply to the
Arduino board, motors, and sensors. In order to improve sensor location, detection range, and movement algorithms, the
robot is tested and optimized in a variety of scenarios and surroundings with obstacles of varied sizes and forms. As a
teaching tool for robotics, sensors, and embedded systems, the finished system seeks to exhibit dependable autonomous
navigation, obstacle avoidance, and useful application of microcontroller-based control.

2. Construction

In order to build an Arduino obstacle detection robot, the mechanical and electrical parts must be assembled in a balanced
and small package. The main components of the robot, including the motors, Arduino board, motor driver, ultrasonic
sensor, and power supply, are usually mounted on a two-wheeled chassis. Typically, the chassis contains a small caster
wheel at the front or rear to provide stability while in motion, as well as two DC geared motors mounted on either side and
attached to a wheel. Screws, standoffs, or double-sided tape are used to firmly install the Arduino Uno and the L293D
motor driver module on top of the chassis, making sure that all connections are tidy and brief.

1. Arduino Uno

Figure 1: Arduino Uuo

Module using Microcontroller

The Arduino Uno is an open-source microcontroller board built around the ATmega328P chip, as shown in figure 1. It can
process data, read sensor inputs, and regulate outputs like motors or LEDs. It runs at 5V with a 16 MHz clock, has 14
digital 1/0 ports (6 PWM), 6 analog inputs, and 32 KB flash memory. Because of its ease of use and adaptability, it is
frequently utilized in robotics, automation, and electronics projects. It can be powered by an external battery or USB.

Reading Sensor Data:
The ultrasonic sensor (HC-SR04) sends signals to the Arduino Uno. The sensor operates by emitting ultrasonic waves and
timing how long it takes for the echo to return after colliding with an obstruction. The Arduino uses its digital input pin
(ECHO) to read this echo time, decides if the way ahead is clear or blocked, and uses the speed of sound to calculate the
distance to the barrier.

Processing and Decision-Making:

The Arduino uses the logic that has been written into it to process the distance measurement. For instance, the Arduino
chooses to stop the robot and alter its course if the barrier is within a predetermined threshold distance (such as 20 cm).
The robot can proceed if it detects no obstacles. The Arduino is fully responsible for this decision-making process.

Controlling Motors via Motor Driver:

High-power DC motors are not directly driven by the Arduino Uno. Rather, it transmits control signals (HIGH/LOW) to the
motor driver (L298N), which subsequently provides the motors with the necessary voltage and current. The motors can
rotate left or right or move forward or backward based on the signals from the Arduino. This makes it possible for the
robot to go around obstacles on its own.
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Serial Monitoring:

Additionally, the Arduino may use a serial monitor to transmit robot status and sensor information to a computer. This is
helpful for troubleshooting or examining the robot's real-time reaction to obstacles.

Overall Coordination:

To put it briefly, the Arduino Uno functions as the robot's brain, continuously executing the following loop: sense —
process — decide — act. The robot can perform autonomous obstacle avoidance thanks to its integration of sensor inputs,
execution of programmed logic, and output of motor control commands.

2.Ultrasonic Sensor
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Figure 2: Ultrasonic Sensor for obstacle Detection

The ultrasonic sensors for obstacle avoidance are depicted in Figure 2. There are numerous sensors that can be utilized to
identify barriers. Among the most widely used sensors are sonar, ultrasonic sensors, cameras that can be employed in
computer vision, and infrared sensors (IR). It is capable of measuring thousands to hundreds of points in its range of
vision. Ultrasonic sensors are used in robot design to identify and avoid obstacles. When an obstruction is discovered, the
frequency signals that the ultrasonic sensors continuously transmit are reflected back and used as input.

3. Wheels

Figure 3: Wheels for Movement

Wheels enabling the robot's locomotion are depicted in Figure 3. Wheels are essential to the mobility and stability of an
Arduino-powered obstacle-detecting robot. The robot typically employs a two-wheel differential drive system, in which a
caster wheel is positioned at the front or rear to maintain balance and two DC geared motors are connected to two wheels
on either side of the chassis. The primary wheels are installed directly onto the motor shafts and are typically composed of
rubber or plastic with a diameter of 6 to 7 cm. The robot can move forward, backward, and around obstacles with ease
thanks to these wheels, which translate the rotational motion of the motors into linear motion. Because they provide good
traction on a variety of terrain and guarantee smooth travel, rubber-treaded wheels are favored. In contrast, the caster
wheel is a tiny, freely rotating roller or ball that supports the robot's weight and facilitates resistance-free rotation. For
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small Arduino-based obstacle avoidance robots, the combination of two driven wheels and one caster wheel offers a
straightforward, reliable, and effective design.

4.DC Motor
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Figure 4: DC Motor to Drive

A DC motor is perfect for robotic applications since it has an integrated gearbox that increases torque while decreasing
speed, as seen in figure 4. Two DC gear motors power the wheels and regulate movement in an Arduino obstacle-detecting
robot. They typically run at 6-12 V and 150-300 RPM. The robot can move smoothly and with sufficient power to support
its weight thanks to the gearbox. The Arduino can regulate the speed and direction of these motors for forward, backward,
and turning motions by connecting them to a motor driver module (such as the L293D or L298N).

5. Motor Driver(L298N)
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Figure 5:Motor Driver for Speed Control

As illustrated in Figure 5, by converting the low-current control signals from the Arduino into higher-current signals that
can power the motors safely, the motor driver serves as an interface between the Arduino and the motors. as shown in
Figure 5. The majority of motor drivers are built on an H-bridge circuit, which regulates the direction of current flow to
enable the motor to rotate in both directions. The L293D and L298N are popular motor driver modules that can
simultaneously operate two DC motors. It has enabling pins (ENA and ENB) for PWM signal-based speed control and input
pins (IN1-IN4) for direction control.The Arduino may simply instruct the robot to move forward, backward, stop, or turn
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by adjusting the logic levels of these input pins after connecting the motor driver to the Arduino and the motors. Based on
the ultrasonic data, the Arduino sends control signals to the motor driver in your obstacle detection robot.

6. Robot Chassis

Figure 6:Robot Chassis basic frame of Robot

The base or frame that houses all of a robot's parts, including motors, wheels, sensors, an Arduino, and a battery, is called a
robot chassis, as seen in figure 6. It gives the robot stability, balance, and structural support. Typically composed of metal,
plastic, or acrylic, chassis frequently have pre-drilled holes for simple component attachment. The chassis of a mobile
robot contains the control boards, sensors for navigation, and motors and wheels for mobility. A well-designed chassis
serves as the robot's skeleton, guarantees smooth movement, and safeguards parts.

7.Jumper Wires

Figure 7:Jumper Wires for Connection

Figure 7 illustrates how several components, including the Arduino, ultrasonic sensor, motor driver, and power supply, are
connected via jumper wires. These flexible, insulated wires have pins on both ends, making solderless connections simple
and dependable. Jumper wires connect the sensor pins to the Arduino for data reading, transfer power and ground signals
to the components, and connect the Arduino control pins to the motor driver for motor control. Additionally, they facilitate
circuit assembly, modification, and troubleshooting. All things considered, jumper wires are essential to the obstacle-
detecting robot's correct electrical connections and seamless operation.

8. Battery

Figure 8:Battery for power supply

© 2025,IRJET | ImpactFactorvalue:8.315 | IS09001:2008 Certified Journal | Page 545



‘, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 12 Issue: 11 | Nov 2025 www.irjet.net p-ISSN: 2395-0072

Batteries, a portable electrical energy source that transforms chemical energy into electricity to power electronic devices,
are depicted in Figure 8. It provides power to parts such as the Arduino, motors, sensors, and motor drivers in robots.
Rechargeable Li-ion/Li-Po batteries or 9V or 12V batteries are popular options for small robots. Typically installed on the
chassis, the battery needs to meet the components' voltage and current requirements. It acts as the main source of energy,
allowing the robot to function independently.

3. Working

Ultrasonic detection and motor control are the foundation of the robot's operation. Here's a thorough explanation:
1. Movement Setup: Two DC motors are attached to the robot's wheels.
¢ Arduino uses a motor driver (L298N) to regulate motor rotation.

By default, the robot advances until it encounters an obstruction.

2. Detection of Obstacles

 The robot has a front-mounted ultrasonic sensor (HC-SR04).

« This is how the sensor functions:

1. Uses the Trig pin to transmit an ultrasonic pulse.

2. Awaits the echo to reach the echo pin again.

3. Making Choices

¢ The Arduino continuously measures the sensor's distance.

« The distance is compared to a threshold, such as 15 cm.

If the distance is greater than the threshold, the robot advances since the path is clear.

If the distance is less than the threshold:

* When an obstacle is spotted, the robot reacts to prevent collisions by stopping, turning left or right, or reversing,
depending on the programming.

4. Motor Control: The L298N motor driver is used to control motors.

e Arduino transmits HIGH/LOW signals to the L298N's input pins:

1. For each motor, one pin should be HIGH and the other should be LOW.

2. Toreverse, use the opposite HIGH/LOW pins.

3. To turn, one motor travels ahead while the other stops or reverses.

5. Continuous Loop: To enable the robot to maneuver around obstacles on its own, this loop repeatedly repeats: ¢ Measure
distance - Compare with threshold — Decide action — Move motors.

4, Result

Figure 9: Modal of Obstacle Detector Robot

e The Obstacle Detection Robot project successfully produced a small autonomous robot that can recognize
impediments in its path and prevent collisions, as seen in fig. 9. During testing, the robot advances on its own and
stops, rotates, and changes course to avoid obstacles when the ultrasonic sensor detects an object within a
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predetermined range. The real-time operation of the system shows how well the Arduino, motor driver, motors,
and sensors are integrated.

e The project displays:

e Without human assistance, the robot can navigate a basic environment
e The ultrasonic sensor initiates motor operations and accurately measures distance.
e The wheels' direction and movement are effectively managed by the motor driver.

All things considered, the project accomplishes its objective of autonomous obstacle detection and avoidance, making it a
useful illustration of fundamental robotics, sensor integration, and microcontroller programming. Multiple sensors, speed
control, or remote monitoring can all be added to make it even better.

5. Advantages

e Shows real-world autonomous navigation: Similar to household and industrial robots, it illustrates how robots detect
their surroundings and make decisions without human input.

¢ Reliable obstacle detection: The robot is safer and more dependable thanks to the HC-SR04 sensor's precise non-contact
distance measurement.

« Enhances problem-solving abilities: Students hone robot movement and sensor precision while learning troubleshooting,
system integration, and creative design.

« Basis for advanced robotics: Provides the framework for more intricate systems such as self-driving cars, indoor
mapping robots, or smart home navigation robots.

¢ Real-Time Operation: The robot navigates smoothly and effectively by processing sensor inputs instantly and reacting
fast to obstacles.

6. Disadvantages

e Limited Detection Precision: The ultrasonic sensor's overall reliability is diminished by its inability to identify
translucent, curvy, or soft objects.

« Limited Operational Range: The robot cannot plan long-distance routes or anticipate distant obstacles due to its limited
sensing range.

e Environmental Sensitivity: Outdoor factors such as bright sunshine, uneven surfaces, and noise interference negatively
impair sensor performance.

¢ No Mapping Capability: It is limited to basic navigation without environmental awareness because it is unable to create
or store maps of its surroundings.

« Limited Mechanical Strength: The robot's capacity to manage large loads or rugged terrain is diminished by its
lightweight chassis and basic DC motors.

« Battery-Dependent Operation: Recharging or replacing batteries frequently is necessary due to their short lifespan.

CONCLUSION

The Arduino-powered obstacle detector robot is a potent illustration of how basic yet efficient electronics may provide
sophisticated behavior. The robot can sense its environment, make judgments in real time, and move without human
help thanks to the integration of the ultrasonic sensor with the Arduino controller. This research not only meets its
purpose of identifying and avoiding impediments but also illustrates the possibilities of embedded systems in modern
automation. We get hands-on experience with fundamental engineering ideas like sensor interface, motor control, and
autonomous navigation with this design. All things considered, the initiative is a step toward more sophisticated
robotics, demonstrating that even modest advancements can result in significant technical advancement.

Future Scope

The Arduino can easily instruct the robot to move forward, backward, stop, or turn by adjusting the logic levels of these
input pins after connecting the motor driver to the Arduino and the motors. Based on the ultrasonic data, the Arduino
sends control signals to the motor driver of your obstacle detection robot.eco-friendly. These developments could open the
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door to next-generation robots by making the project appropriate for use in delivery systems, industrial automation,
surveillance, and autonomous cars
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