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ABSTRACT: Robotics is a rapidly evolving field that plays a vital role in modern
technology, enabling automation, efficiency, and safety in various applications. This paper
presents the design and development of an obstacle avoiding robot, an autonomous system
capable of detecting and avoiding obstacles without human intervention. The robot uses
sensors, such as ultrasonic or infrared modules, to continuously monitor its surroundings and
make real-time navigation decisions. The system consists of key components including a
sensing unit, microcontroller, motor driver, and power supply. The ultrasonic sensor detects
obstacles by measuring the time delay of reflected sound waves, while the microcontroller
processes this data and controls the robot’s movement accordingly. The proposed robot
demonstrates reliable performance in basic navigation tasks and can be applied in areas such
as industrial automation, surveillance, healthcare, and education. This work highlights the
importance of integrating sensors, control systems, and actuators to develop intelligent and
autonomous robotic systems.
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1. INTRODUCTION

Advancements Robotics is a rapidly evolving field of science and engineering that focuses on
the design, development, and application of robots. The term “robot” was first introduced in
1920 by Karel Capek in his play R.U.R. (Rossum’s Universal Robots). Since then, robotics
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has transformed from a conceptual idea into a crucial technology influencing industries such
as manufacturing, healthcare, defense, and space exploration. The origins of robotics can be
traced back to early automation systems developed in ancient civilizations, such as
mechanical clocks and simple machines. The Industrial Revolution further accelerated this
progress by introducing automated machinery for mass production. A major breakthrough
occurred in 1954 when George Devol developed the first programmable robot, Unimate,
which was later deployed in industrial manufacturing. With advancements in
microprocessors, sensors, and embedded systems, modern robots have become more
intelligent, compact, and capable of interacting with their environment. Today, technologies
such as Artificial Intelligence (Al), Machine Learning (ML), and the Internet of Things (IoT)
have significantly enhanced robotic capabilities, enabling autonomous decision-making and
human robot collaboration.

Automation refers to the use of technology and control systems to perform tasks with
minimal human intervention. In today’s fast-paced world, automation is essential for
improving productivity, accuracy, and efficiency. Manual processes are often time-
consuming and prone to errors, whereas automated systems provide consistent and reliable
results. Automation also enhances workplace safety by reducing human involvement in
hazardous environments such as chemical plants, mines, and high-temperature industries.
Additionally, it helps in reducing operational costs by optimizing resource utilization and
minimizing waste. With the integration of advanced technologies, automation is now widely
used in healthcare, agriculture, transportation, and smart homes. In robotics, automation
enables machines to sense their surroundings, process data, and perform actions
independently, forming the basis for intelligent systems like obstacle avoiding robots.

An obstacle avoiding robot is an autonomous mobile robot designed to detect obstacles in its
path and navigate safely without human intervention. It continuously senses its environment
using sensors such as ultrasonic, infrared (IR), or proximity sensors. Based on the sensor
input, a microcontroller processes the data and decides the appropriate action, such as moving
forward, stopping, or changing direction. The system typically includes a sensing unit,
control unit, driving unit, and power supply. The microcontroller (e.g., Arduino) acts as the
brain of the robot, while motor drivers control the movement of motors. This integration
enables the robot to operate independently in unknown environments. Obstacle avoiding
robots form the foundation of advanced systems such as self-driving cars, robotic vacuum
cleaners, and automated guided vehicles (AGVs). They are also widely used in education to
demonstrate the principles of robotics and embedded systems.

Applications of Obstacle Avoiding Robot

Obstacle avoiding robots have wide applications across multiple domains:

. Industrial Automation: Used for material handling, warehouse management, and
assembly operations.

. Domestic Applications: Found in robotic vacuum cleaners and home automation
devices.

. Defense and Security: Used for surveillance, bomb detection, and rescue
missions in hazardous areas.

. Healthcare: Assist in hospital tasks such as medicine delivery and patient
monitoring.

. Transportation: Core technology in autonomous vehicles and AGVs for safe
navigation.
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. Education and Research: Serve as basic models for learning robotics, sensors,
and control systems.

2. PROPOSED METHODOLOGY

An obstacle avoiding robot is an autonomous and intelligent system designed to detect
obstacles in its path and navigate safely without human intervention. The main objective of
this project is to develop a robot that can sense obstacles using sensors, process the data
through a microcontroller, and take appropriate actions to avoid collisions. Such robots are
widely used in applications like autonomous vehicles, industrial automation, military
surveillance, and domestic cleaning systems.

The proposed robot operates using an ultrasonic sensor to continuously monitor its
surroundings. It detects obstacles, calculates their distance, and decides whether to move
forward, stop, or change direction. The entire decision-making process is controlled by a
microcontroller, which acts as the brain of the system.

Block Diagram Description
The system consists of the following main components:

e Power Supply Unit

e Microcontroller Unit

e Ultrasonic Sensor Module
e Motor Driver Circuit

e DC Motors and Wheels

e Robot Chassis

Each component performs a specific function and collectively enables obstacle detection and
avoidance.

Power Supply Unit

The power supply unit provides electrical energy to all components of the robot. A
rechargeable battery (such as a 9V battery or 7.4V lithium-ion battery) is used as the primary
power source. Since different components require different voltage levels, a voltage regulator
is used to maintain a stable 5V supply for the microcontroller and sensors, while motors
receive higher voltage as needed. Capacitors are also used to reduce noise and ensure stable
operation.

Microcontroller Unit

The microcontroller is the central control unit of the robot. In this project, an Arduino Uno
(ATmega328P) is used due to its simplicity and cost-effectiveness. It performs the following
tasks:

e Sends trigger signals to the ultrasonic sensor
e Receives echo signals
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e Calculates the distance of obstacles

e Compares distance with a predefined threshold
e Generates control signals for the motor driver
e Controls robot movement

The program is written in embedded C or Arduino language and ensures real-time response to
obstacles.

Ultrasonic Sensor Module

An HC-SR04 ultrasonic sensor is used for obstacle detection. It consists of a transmitter and
receiver. The transmitter emits ultrasonic waves (40 kHz), which reflect back after hitting an
obstacle. The receiver captures the echo signal, and the distance is calculated using:

Distance = (Speed of Sound x Time) / 2

The calculated distance is then sent to the microcontroller for processing.
Working Principle of Ultrasonic Sensor

The operation of the ultrasonic sensor follows these steps:

e The microcontroller sends a trigger pulse.
e The sensor emits ultrasonic waves.

e Waves strike an obstacle and reflect back.
e The receiver detects the echo signal.

e The echo duration is measured.

e Distance is calculated.

If the distance is below a threshold, the robot initiates avoidance action.
Motor Driver Circuit

The motor driver (L293D or L298N) acts as an interface between the microcontroller and
motors. It:

Amplifies control signals

Supplies sufficient current to motors

Controls direction (forward/reverse)

This ensures proper motor operation without overloading the microcontroller.

DC Motors and Wheel Mechanism

The robot uses two DC geared motors for movement. The motion depends on motor rotation:

Both motors forward — Robot moves forward
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Both motors stop — Robot stops

Left motor stops — Robot turns left

Right motor stops — Robot turns right
This mechanism allows smooth navigation around obstacles.
Algorithm for Obstacle Avoidance

The system follows a simple algorithm:
Start the system

Initialize components

Move forward

Measure distance

If distance > threshold — continue forward
If distance < threshold:

Stop

Turn left/right

Recheck distance

If path is clear — move forward

Repeat continuously

Decision-Making Process

The robot compares the measured distance with a predefined threshold (e.g., 20 cm). If an
obstacle is detected within this range, it stops and changes direction. The turning strategy
may include:

e Always turning left
e Always turning right
e Choosing the clearer path

This ensures efficient and collision-free navigation.
Working in Real-Time Environment

When powered on, the robot begins moving forward while continuously scanning its
surroundings. If no obstacle is detected, it continues moving. When an obstacle is detected
within the threshold distance, the robot stops and changes direction. After turning, it again
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checks the path and resumes movement. This real-time sensing and response make the robot
autonomous and intelligent.

Summary of Project Working

The obstacle avoiding robot operates by integrating sensors, a microcontroller, and motor
control mechanisms. It continuously senses its environment, processes data, and adjusts its
movement to avoid obstacles. This project demonstrates the practical implementation of
embedded systems and robotics, highlighting the effective combination of hardware and
software for real-world applications.

3. SYSTEM DESIGN & COMPONENTS
Block Diagram of the Robot

A typical obstacle avoiding robot can be represented using a block diagram that shows the
flow of data and control signals between different components:

Sensors (Ultrasonic/IR): Detect obstacles in the environment
Microcontroller (Arduino UNO): Processes sensor data and makes decisions
Motor Driver (L293D/L298N): Amplifies control signals

Motors (DC Motors): Drive the robot’s movement

Power Supply (Battery): Provides electrical energy to all components

The sensors send input data to the microcontroller, which processes it and sends control
signals to the motor driver. The motor driver then operates the motors accordingly, enabling
the robot to move and avoid obstacles.

Hardware Components
a) Microcontroller (Arduino UNO)

The Arduino UNO acts as the brain of the robot. It continuously reads sensor inputs,
processes the data, and executes programmed instructions to control the robot’s movement.

Features:

e 14 Digital Input/Output pins

e 6 Analog input pins

e 16 MHz clock speed

e USB interface for programming

Advantages:

e Easy to program and use
e Cost-effective
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e Widely supported with extensive community resources
b) Sensors
Ultrasonic Sensor (HC-SR04):

e Emits ultrasonic waves and measures the time taken for the echo to return
e Operating range: 2 cm to 400 cm

e Accuracy: approximately 3 mm

e Widely used due to reliability and low cost

Infrared (IR) Sensor:

e Detects obstacles using reflected infrared light
e Suitable for short-distance detection
e Performance may be affected by ambient light conditions

Proximity Sensor:

e Detects nearby objects without physical contact
e Provides high accuracy at very short distances

Comparison of Sensors:

Table 1: Comparison of Sensors

Sensor Type Range Accuracy | Cost Limitations

Ultrasonic (HC-SR04) | 2-400 cm | £3 mm Low May fail on soft/angled surfaces
Infrared 2-30cm | Moderate | Low Sensitive to ambient light
Proximity <10 cm High Medium | Limited detection distance

c) Motor Driver (L293D / L298N)

Microcontrollers cannot directly drive motors due to limited current output. A motor driver
acts as an interface between the microcontroller and motors.

L293D: Dual H-bridge motor driver, capable of controlling two DC motors
L298N: Supports higher current, suitable for larger or more powerful robots
Functions:

e Amplifies control signals

e Provides sufficient current to motors

e Enables forward and reverse motion

e d) Motors & Wheels

e DC Motors: Simple, affordable, and easy to control
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e Speed is controlled using Pulse Width Modulation (PWM) signals
e Enables movements such as forward, backward, left, and right

e) Power Supply

The robot is powered using a rechargeable battery (typically 9V or 12V). A stable power
supply is essential for proper functioning of sensors, microcontroller, and motors. Voltage
regulators are used to ensure consistent voltage levels.

Table 2: Power Budget Example

Component Voltage (V) | Current (mA) | Power (mW)
Arduino UNO 5 50 250
Ultrasonic Sensor | 5 15 75

Motor Driver 5-12 100 500-1200
DC Motor (x2) 9-12 300 each 2700-3600

Software Components
a) Programming Logic
The robot operates based on simple decision-making logic:

e Initialize sensors and motors

e Continuously read sensor data

e Compare measured distance with a threshold value
e Ifan obstacle is detected — change direction

e Otherwise — move forward

b) Flowchart
The flowchart represents the working process:

e Start

e Initialize system

e Read sensor data

e Check distance

e I[f obstacle detected — stop and turn
e FElse — move forward

e Repeat continuously
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START

READ SENSOR

Yes OBSTACLE —_— NO

MOVE FORWARD

Figure 1: Flowchart of the working process

4. RESULTS AND DISCUSSION: OBSTACLE AVOIDING ROBOT

Functional Performance: The obstacle avoiding robot successfully detected and avoided
obstacles using ultrasonic sensors mounted at the front and sides. In controlled environments,
it achieved an average detection accuracy of approximately 92% for obstacles within a range
of 2-80 cm. The robot was able to change its path within 0.8 seconds after detecting an
obstacle, significantly reducing the risk of collision. In real-world conditions, the system
maintained an overall success rate of around 85%, demonstrating good robustness. However,
performance slightly decreased when dealing with soft or irregularly shaped objects due to
weaker signal reflection.
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Speed and Maneuverability: The robot maintained an average speed of 0.25 m/s on flat
surfaces. During frequent obstacle avoidance, the speed reduced to approximately 0.18 m/s,
as additional time was required for sensing and decision-making. The robot demonstrated
reliable turning capability using a differential drive mechanism, allowing precise directional
control. However, minor delays were observed in highly cluttered environments, and
occasional wheel slippage occurred on smooth surfaces such as tiles.

Power Consumption: The system was powered by a 12V rechargeable battery, providing
continuous operation for about 2.5 hours. Power consumption increased by approximately
15% during frequent obstacle avoidance due to higher motor activity and processing load.
Despite this increase, the system remained thermally stable, indicating efficient power
management and reliable component performance.

Sensor Reliability: The ultrasonic sensors performed effectively when detecting solid
objects such as walls, furniture, and rigid barriers. However, detection accuracy dropped to
around 70% for soft or absorbent materials, as these surfaces do not reflect ultrasonic waves
effectively. Additionally, occasional false detections occurred when the sensor encountered
angled or uneven surfaces, leading to slight inaccuracies in distance measurement.

System Output: Overall, the robot successfully achieved its primary objective of
autonomous navigation with minimal collisions. It performed well in both structured and
semi-structured environments, demonstrating stability and efficiency. However, certain
limitations were observed in highly cluttered spaces and when detecting non-reflective or soft
materials. These challenges highlight the need for further improvements, such as the
integration of multiple sensors (sensor fusion) or advanced algorithms, to enhance accuracy
and reliability.

————

Figure 2: Hardware Prototype
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Figure 3: Final Running Project Hardware

5. CONCLUSION

The development and testing of the obstacle avoiding robot represent a significant step
toward understanding autonomous navigation and sensor-based decision-making. The project
successfully demonstrates that a low-cost robotic system, equipped with ultrasonic sensors
and a simple reactive algorithm, can effectively detect and avoid obstacles in both controlled
and semi-structured environments. The robot achieved its primary objective of safe
navigation without collisions while maintaining stability, maneuverability, and energy
efficiency. The results validate the effectiveness of ultrasonic sensors for short-range obstacle
detection, achieving high accuracy in controlled conditions and fast response times suitable
for real-time applications. The system also showed good adaptability in real-world
environments, although performance slightly decreased in cluttered spaces and with soft or
non-reflective objects. These limitations highlight the need for further improvements rather
than shortcomings of the design.

The project also emphasizes the importance of mechanical and system design. The
differential drive mechanism provided effective control, but issues such as wheel slippage
and limited sensor coverage indicate areas for refinement. Additionally, the robot
demonstrated efficient power usage, making it suitable for small-scale applications, though
further optimization is required for extended and large-scale operations. This project proves
the feasibility of developing a functional, cost-effective autonomous robot. It provides a
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strong foundation for future advancements in robotics and highlights the potential of
integrating intelligent systems for real-world applications in education, industry, and
automation.

REFERENCES

[1] S. P. Chaturvedi, A. Yadav, A. Kumar, and R. Mukherjee, “Unlocking IoT Security:
Enabling the Future with Lightweight Cryptographic Ciphers,” in Intelligent
Computing Techniques for Smart Energy Systems (ICTSES 2023), Lecture Notes in
Electrical Engineering, vol. 1277, pp. 189-199, 2025.

[2] N. Nigam and N. Soni, “Recent Advances in Internet of Things (IoT): Technologies,
Applications, and Challenges,” International Journal of Engineering Trends and
Applications (IJETA), vol. 11, no. 6, pp. 40-44, 2024.

[3] G. Sharma, N. Hemrajani, S. Sharma, A. Upadhyay, Y. Bhardwaj, and A. Kumar,
“Data Management Framework for IoT Edge-Cloud Architecture for Resource-
Constrained IoT Applications,” Journal of Discrete Mathematical Sciences and
Cryptography, vol. 25, no. 4, pp. 1093-1103, 2022.

[4] R. Kawatra, D. K. Dharamdasani, R. Ajmera, et al., “Internet of Things (IoT)
Applications, Tools and Security Techniques,” in 2nd International Conference on
Advance Computing and Innovative Technologies in Engineering (ICACITE), 2022.

[5] P. Jha, S. Vashishta, and V. Sharma, “Smart Agriculture: loT-Enabled Plant Disease
Detection and Classification Using Image Processing,” International Journal of Global
Research in Science and Technology (IJGRST), vol. 9, pp. 142-146, 2024.

[6] G. K. Soni, D. Yadav, A. Kumar, and L. Sharma, “Flexible Antenna Design for
Wearable IoT Devices,” in IEEE 3rd International Conference on Technological
Advancements in Computational Sciences (ICTACS), pp. 863-867, 2023.

[7] R. Chinmayi et al., "Obstacle Detection and Avoidance Robot,” 2018 IEEE
International Conference on Computational Intelligence and Computing Research
(ICCIC), pp. 1-6, 2018.

[8] J. Borenstein and Y. Koren, “Obstacle avoidance with ultrasonic sensors,” in IEEE
Journal on Robotics and Automation, vol. 4, no. 2, pp. 213-218, April 1988.

[9] Pradeep Kumar, swetha Suresh B, “object following robot using raspberry pi and
openCV ”, IJEET - volume 35 number 4 - May 2016.

[10] B. Dai, X. Xiao, and Z. Cai, ‘“Present situation and future development of mobile
robot path planning technology,” Control Engineering of China, vol. 12, no. 3, pp.
198-202, 2005.

[11] X. Zhao, Z. Wang, and C. Huang, “Mobile robot path planning based on an improved
a star algorithm,” Robot, vol. 40, no. 6, pp. 903-910, 2018.

[12] D. Fox, W. Burgard, and S. Thrun, “The dynamic window approach to collision
avoidance,” IEEE Robotics & Automation Magazine, vol. 4, no. 1, pp. 23-33, 1997.

[13] H. Gao, Z. Ma, and Y. Zhao, “A fusion approach for mobile robot path planning
based on improved a* algorithm and adaptive dynamic window approach,” in
Proceedings of 2021 IEEE 4th International Conference on Electronics Technology
(ICET), Chengdu, China, May. 2021, pp. 882-886.

[14] C. Lao, P. Li, and Y. Feng, “Path planning of greenhouse robot based on fusion of
improved a star algorithm and dynamic window approach,” Nongye Jixie
Xuebao/Transactions of the Chinese Society of Agricultural Machinery, vol. 52, no. 1,
pp. 14-22, 2021.

[15] J. Zhu and L. Xu, “Design and implementation of ros-based autonomous mobile robot
positioning and navigation system,” in Proceedings of 2019 18th International

ISSN: 2455-3832 Page 311



International Journal of Global Research in Science and Technology (JGRST) | Velume-10, 2025

Symposium on Distributed Computing and Applications for Business Engineering
and Science (DCABES), pp. 214-217, 2019.

[16] V. Kunchev, L. Jain, V. Ivancevic, and A. Finn, “Path Planning and Obstacle
Avoidance for Autonomous Mobile Robots: A Review,” in Knowledge-Based
Intelligent Information and Engineering Systems, Proceedings of the 10th
International Conference (KES 2006), Lecture Notes in Computer Science, vol. 4252,
pp. 537-544, 2006.

[17] G. Fedele, L. D’Alfonso, F. Chiaravalloti, and G. D’Aquila, “Obstacle avoidance
based on switching potential functions,” Journal of Intelligent and Robotic Systems,
vol. 90, pp. 387405, 2018.

ISSN: 2455-3832 Page 312



