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Abstract 
This project presents the design and development of an autonomous robotic vehicle equipped with track sensing and 
obstacle avoidance capabilities using an L298 motor driver and a microcontroller. The vehicle is designed to move 
autonomously in different environments while detecting obstacles and making avoidance decisions. It is fitted with an 
HC-SR04 ultrasonic sensor, which continuously measures the distance for the presence of an obstacle and changes 
the path of the vehicle accordingly. The motor driver L298 controls the two DC motors, which aid in controlling the 
movement of the robot accurately. The microcontroller then processes this information from the ultrasonic sensor and 
instructs the motor driver to make adjustments to achieve a smooth navigation and obstacle avoidance in real-time. 
Designed for handling various types of terrains and obstacles, the robot showcases very advanced techniques of 
collision avoidance. The control software is written in the tonny and C++ programming, integrating sensor 
information with motor commands. This project is for improving efficiency and autonomy in terms of robotic vehicles, 
with absolutely no manual intervention to the least possible while improving operational reliability. 
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Introduction 
Autonomous vehicles have become an important area 
of research in robotics and intelligent transportation 
because they are capable of performing navigation 
tasks with minimal human intervention. These vehicles 
are designed to perceive their surroundings, interpret 
environmental information, and make appropriate 
movement decisions while maintaining safe and 
efficient operation. Advances in embedded systems, 
sensor technologies, and intelligent control algorithms 
have significantly improved the capabilities of 
autonomous robotic platforms. Such systems are now 
widely employed in industrial automation, warehouse 
logistics, surveillance, healthcare, agriculture, and 
educational robotics. A fundamental requirement for 
autonomous navigation is the ability to accurately 
detect the intended path while simultaneously 
identifying and avoiding unexpected obstacles. 
Reliable implementation of these capabilities enhances 
operational safety, reduces human effort, and improves 
the efficiency of autonomous mobile systems operating 
in dynamic environments. [1], [2] 
Track detection forms the foundation of autonomous 
navigation because it enables robotic vehicles to follow 
predefined paths with high positional accuracy. 

Depending on the application, track sensing may 
involve infrared sensors, optical sensors, or image-
processing techniques that continuously monitor the 
vehicle's alignment relative to the guiding path. The 
information collected by these sensors is processed by 
an embedded controller, which generates suitable 
control signals for steering and speed regulation. 
Accurate track detection minimizes navigation errors, 
improves travel efficiency, and allows robotic vehicles 
to perform repetitive tasks without operator assistance. 
Modern embedded controllers provide sufficient 
computational capability to process sensor information 
in real time while maintaining stable vehicle motion 
under varying operating conditions. [2], [4], [6] 
Obstacle avoidance is another essential component of 
autonomous navigation because real-world 
environments frequently contain static and dynamic 
objects that may obstruct the vehicle's movement. 
Ultrasonic sensing has become one of the most widely 
adopted techniques for obstacle detection due to its 
simplicity, low cost, and reliable distance measurement 
capability. The HC-SR04 ultrasonic sensor 
continuously emits ultrasonic pulses and measures the 
time required for reflected signals to return after 
striking nearby objects. Based on the measured 
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distance, the embedded controller determines whether 
an obstacle exists within the predefined safety zone and 
initiates corrective actions such as stopping, turning, or 
selecting an alternative path. The integration of 
obstacle avoidance algorithms with real-time sensing 
significantly improves navigation safety while 
reducing the possibility of collisions. [3], [8] 
Efficient motion control is equally important for 
ensuring smooth navigation of autonomous robotic 
vehicles. Motor driver circuits such as the L298 dual 
H-bridge controller provide the necessary interface 
between the low-power microcontroller and the DC 
drive motors. The motor driver receives control signals 
from the embedded processor and regulates the 
direction and speed of individual motors, enabling 
forward movement, reverse motion, left and right 
turning, and obstacle avoidance maneuvers. 
Combining embedded control software with reliable 
motor drivers allows robotic vehicles to execute 
navigation commands accurately while maintaining 
stability across different operating conditions. 
Programming languages such as C++ provide 
flexibility for implementing sensor integration, 
decision-making algorithms, and motor control 
functions within resource-constrained embedded 
systems. [5], [6] 
Recent developments in embedded intelligence and 
Internet of Things (IoT) technologies have further 
enhanced autonomous robotic systems by enabling 
real-time communication, distributed sensing, and 
intelligent decision-making. Embedded controllers can 
now integrate information from multiple sensors, 
process environmental data efficiently, and execute 
navigation algorithms with minimal computational 
delay. Although many autonomous robotic vehicles 
operate independently without cloud connectivity, the 
concepts developed through IoT research have 
contributed significantly to improving sensor 
interoperability, data acquisition, and embedded 
communication frameworks. These technological 
advancements support the development of autonomous 
systems capable of operating reliably in complex 
environments while adapting to changing operating 
conditions. [7], [9] 
Autonomous robotic vehicles have applications 
extending far beyond laboratory demonstrations. In 
industrial environments, they transport materials 
between workstations, perform warehouse inventory 
management, and assist in automated manufacturing 
processes. Similar technologies are employed in 
hospitals for medicine delivery, in agriculture for field 
monitoring, and in hazardous environments where 
human access is difficult or unsafe. The demand for 
intelligent robotic systems continues to increase 
because of their ability to improve productivity, reduce 

operational costs, and perform repetitive tasks with 
consistent accuracy. Consequently, developing reliable 
navigation systems that combine track detection with 
obstacle avoidance remains an important research 
objective in modern robotics. [2], [5], [8] 
The proposed Advanced Track Detection and 
Obstacle Avoidance System for Autonomous 
Vehicles addresses these requirements by integrating a 
microcontroller, HC-SR04 ultrasonic sensor, L298 
motor driver, DC motors, and embedded control 
software into a compact autonomous robotic platform. 
The ultrasonic sensor continuously monitors the 
surrounding environment for obstacles, while the 
controller processes sensor data and generates 
appropriate motor control signals through the L298 
driver. The embedded software, developed using C++ 
and the Thonny programming environment, 
coordinates track sensing and obstacle avoidance to 
ensure smooth and reliable navigation. By combining 
real-time sensing, embedded decision-making, and 
efficient motor control, the proposed system provides a 
practical solution for autonomous robotic applications 
requiring reliable navigation with minimal human 
intervention. [3], [6], [8], [9]. 
 

Literature Review 
S. Thrun, W. Burgard, and D. Fox introduced a 
comprehensive framework for autonomous mobile 
robotics by presenting probabilistic techniques for 
perception, localization, mapping, and navigation. 
Their work explained how autonomous robots can 
estimate their position in uncertain environments using 
sensor information and statistical algorithms. The 
authors demonstrated that probabilistic decision-
making significantly improves navigation accuracy by 
reducing errors caused by noisy sensor measurements. 
The proposed techniques laid the theoretical 
foundation for modern autonomous navigation systems 
and have been widely adopted in mobile robotics 
research. Although the study primarily emphasized 
localization and mapping, the concepts of sensor 
integration and autonomous decision-making remain 
highly relevant for obstacle detection and track-
following applications. [1] 
R. Siegwart, I. R. Nourbakhsh, and D. Scaramuzza 
presented the design principles and operational 
concepts of autonomous mobile robots by discussing 
locomotion systems, sensing technologies, motion 
planning, and navigation strategies. The authors 
explained that successful autonomous navigation 
depends on the efficient integration of sensing devices, 
embedded controllers, and motion control algorithms. 
Their work also highlighted the importance of real-
time environmental perception for maintaining safe 
vehicle movement under dynamic operating 
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conditions. The comprehensive discussion on mobile 
robot architecture provides valuable guidance for 
developing embedded robotic vehicles capable of 
autonomous track detection and obstacle avoidance. 
[2] 
J. Borenstein and Y. Koren investigated the 
application of ultrasonic sensing for obstacle detection 
and collision avoidance in autonomous mobile robots. 
The researchers demonstrated that ultrasonic sensors 
provide reliable distance measurements for identifying 
nearby obstacles without requiring physical contact. 
Their obstacle avoidance strategy enabled robotic 
vehicles to modify their travel path whenever an 
obstacle was detected within a predefined safety 
distance. The study concluded that ultrasonic sensing 
is a cost-effective and practical solution for 
autonomous navigation, particularly in indoor and 
structured environments. The principles described in 
this work continue to influence the development of 
modern robotic obstacle avoidance systems employing 
sensors such as the HC-SR04. [3] 
S. M. LaValle proposed several path-planning 
algorithms that enable autonomous robots to determine 
safe and efficient routes between starting and 
destination points. The study discussed graph-based 
search methods, motion planning techniques, and 
collision-free navigation strategies applicable to both 
static and dynamic environments. The author 
emphasized that intelligent planning algorithms 
improve navigation efficiency by minimizing 
unnecessary movements while ensuring obstacle-free 
operation. Although the work focused primarily on 
algorithmic path planning rather than embedded 
hardware implementation, its theoretical concepts 
provide an important basis for designing autonomous 
robotic vehicles capable of making real-time 
navigation decisions. [4] 
M. Quigley et al. introduced the Robot Operating 
System (ROS), an open-source software framework 
developed for robotic system integration and 
application development. The authors demonstrated 
that ROS provides reusable software libraries, 
hardware abstraction, sensor communication, and 
modular programming environments that simplify 
robotic application development. Their work showed 
that integrating sensing devices, actuators, and 
navigation algorithms within a common software 
architecture significantly improves development 
efficiency and system scalability. Although the 
proposed autonomous vehicle in this study employs 
embedded programming rather than ROS, the modular 
software concepts presented by the authors have 
influenced the design of many modern autonomous 
robotic platforms. [5] 
M. S. Bhatia and P. Sharma developed an 

autonomous robot navigation system that employed 
ultrasonic sensors and embedded control techniques to 
improve obstacle detection and collision avoidance. 
Their proposed system continuously measured the 
distance between the robotic platform and surrounding 
objects using ultrasonic sensing, while a 
microcontroller processed the acquired information to 
generate appropriate motor control commands. 
Experimental evaluation demonstrated that integrating 
embedded processors with real-time sensing 
significantly improved navigation accuracy and 
reduced the probability of collision in structured 
environments. The authors concluded that ultrasonic-
based navigation provides a simple, economical, and 
reliable solution for autonomous mobile robots 
operating in indoor and outdoor environments. 
However, the system mainly focused on obstacle 
detection and did not incorporate dedicated track 
detection algorithms for guided autonomous 
navigation. [6] 
 
Al-Fuqaha, M. Guizani, M. Mohammadi, M. 
Aledhari, and M. Ayyash presented a comprehensive 
survey of Internet of Things technologies and their 
applications in intelligent embedded systems. The 
authors discussed the integration of sensors, 
communication protocols, cloud computing, and edge 
processing for developing autonomous monitoring and 
control systems. Their study emphasized that IoT-
based architectures improve interoperability, real-time 
data acquisition, and distributed decision-making, 
thereby enhancing the efficiency of intelligent robotic 
platforms. Although the survey primarily focused on 
communication technologies rather than robotic 
navigation, the principles of sensor integration and 
embedded intelligence provide a strong foundation for 
autonomous vehicle development. The work also 
highlighted the importance of reliable sensor 
communication in achieving efficient autonomous 
system performance. [7] 
Y. Liu, X. Zhang, and J. Wang proposed a real-time 
obstacle detection and avoidance system for 
autonomous mobile robots using ultrasonic sensing 
technology. The researchers implemented continuous 
distance measurement algorithms that enabled the 
robotic platform to identify nearby obstacles and 
execute avoidance maneuvers without human 
intervention. Their experimental results demonstrated 
that ultrasonic sensing provides stable performance 
under varying environmental conditions while 
maintaining low computational complexity suitable for 
embedded controllers. The authors further reported that 
efficient integration of sensor data with motor control 
algorithms significantly improved navigation 
reliability and reduced collision rates. Their findings 
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strongly support the adoption of HC-SR04 ultrasonic 
sensors in embedded autonomous vehicle applications 
requiring economical and real-time obstacle avoidance 
capabilities. [8] 
P. Corke presented a comprehensive study on robotics, 
machine vision, and intelligent control algorithms for 
autonomous mobile systems. The author explained the 
integration of embedded controllers, motion control 
strategies, perception algorithms, and sensor fusion 
techniques for achieving reliable autonomous 
navigation. The study highlighted that effective 
coordination between sensing devices and motor 
control mechanisms enables robotic vehicles to 
respond intelligently to changing environmental 
conditions while maintaining stable movement. 
Furthermore, the work emphasized the importance of 
software-based decision-making algorithms in 
improving navigation efficiency and reducing 
operational errors. Although the proposed framework 
includes advanced vision-based navigation techniques, 
the fundamental concepts of embedded control and 
sensor integration are equally applicable to ultrasonic 
sensor-based autonomous robotic vehicles. [9] 
 
Research Gap 
The reviewed literature demonstrates significant 
progress in autonomous robotic navigation through the 
application of ultrasonic sensing, embedded 
controllers, path-planning algorithms, and intelligent 
software architectures. Previous studies have 
successfully addressed individual aspects such as 
localization, obstacle detection, probabilistic 
navigation, motor control, and robotic software 
development. However, many existing systems focus 

primarily on either obstacle avoidance or navigation 
algorithms without providing an integrated solution 
that combines track detection, real-time obstacle 
avoidance, and efficient motor control within a 
compact embedded platform. Furthermore, several 
reported systems employ computationally intensive 
vision-based methods that increase hardware 
complexity and implementation cost, making them less 
suitable for educational and low-cost robotic 
applications. 
The proposed Advanced Track Detection and Obstacle 
Avoidance System for Autonomous Vehicles 
addresses these limitations by integrating a 
microcontroller, HC-SR04 ultrasonic sensor, L298 
motor driver, DC motors, and embedded C++ control 
software into a single autonomous navigation platform. 
The system continuously detects obstacles, processes 
sensor information in real time, and controls vehicle 
movement through coordinated motor commands, 
enabling reliable navigation with minimal 
computational complexity and reduced implementation 
cost. 

Proposed System 
The proposed system uses a combination of track 
sensing and obstacle detection technology, such as 
infrared or ultrasonic sensors, to allow autonomous 
vehicles to follow a defined path while intelligently 
avoiding obstacles in real-time. The system 
continuously scans the surroundings and adjusts the 
vehicle’s direction to stay on track and prevent 
collisions. It is a cost-effective and efficient solution 
suitable for small-scale autonomous vehicles, especlly 
in indoor or controlled environments. 

Block Diagram 

 
Figure 1 : Block Diagram 
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Block Diagram Explanation 
Figure 1 illustrates the architecture of the proposed 
Advanced Track Detection and Obstacle Avoidance 
System for Autonomous Vehicles. The system consists of 
four major sections: the power supply unit, input module, 
microcontroller (processing unit), and output module. 
These components work together to enable autonomous 
navigation, obstacle detection, real-time decision-
making, and vehicle control. 
The power supply unit provides a regulated DC voltage 
to all electronic components in the system. It ensures a 
stable power source for the microcontroller, sensors, 
communication modules, motor driver, and output 
devices. A reliable power supply is essential for 
maintaining uninterrupted operation of the autonomous 
vehicle during navigation. 
The input section comprises the Ultrasonic Sensor, IR 
Sensor, Bluetooth Module, and GPS Module. Each 
component performs a specific function in collecting 
information from the surrounding environment. The HC-
SR04 ultrasonic sensor continuously measures the 
distance between the robot and nearby objects by 
transmitting ultrasonic pulses and receiving the reflected 
echoes. The measured distance enables the system to 
identify obstacles located in front of the vehicle and 
initiate collision avoidance when necessary. 
The IR sensor is responsible for detecting the predefined 
track or guiding path. It continuously senses the contrast 
between the track and the surrounding surface, allowing 
the robotic vehicle to maintain its direction while moving 
autonomously. Whenever the robot deviates from the 
desired path, the IR sensor provides corrective 
information to the controller so that appropriate steering 
adjustments can be made. 
The Bluetooth module enables short-range wireless 
communication between the robotic vehicle and an 
external device such as a smartphone or computer. 
Through this communication interface, users can monitor 
system operation, transmit commands during testing, and 
receive status information from the autonomous vehicle. 
The GPS module provides geographical positioning 
information by receiving signals from navigation 
satellites. The location data can be used to monitor the 
robot's position during outdoor operation and may also 
support future navigation enhancements requiring 
coordinate-based movement or location tracking. 
At the center of the system is the microcontroller, which 
acts as the main processing unit. It continuously acquires 
data from all input modules, processes the received 
information using embedded control algorithms, and 
determines the appropriate navigation decision. The 
controller compares the measured sensor values with 
predefined threshold conditions to identify track 
deviations and nearby obstacles. Based on the processing 
results, it generates suitable control signals for the motor 

driver, display unit, buzzer, and communication interface. 
The IoT communication interface provides 
connectivity between the autonomous vehicle and remote 
monitoring applications. Operational information, 
navigation status, obstacle detection events, and system 
parameters can be transmitted to cloud-based platforms 
or monitoring devices. This feature improves remote 
supervision and enables future implementation of 
intelligent fleet monitoring systems. 
The output section consists of the OLED display, 
driver circuit, robot motors, and buzzer. The OLED 
display provides real-time visualization of important 
operating parameters such as obstacle detection status, 
track detection information, navigation direction, and 
system messages. The display assists users during system 
testing and maintenance by presenting current operating 
conditions. 
The driver circuit, implemented using the L298 motor 
driver, acts as the interface between the low-power 
microcontroller and the high-current DC motors. Since 
the microcontroller cannot directly supply sufficient 
current to drive the motors, the L298 driver amplifies the 
control signals and regulates the direction and speed of 
each motor according to commands received from the 
controller. 
The robot motors provide the mechanical movement 
required for autonomous navigation. The motors perform 
forward, reverse, left-turn, and right-turn movements 
depending on the processed sensor information. During 
normal operation, the motors propel the robot along the 
detected track, while during obstacle detection they 
execute the required avoidance maneuver to maintain safe 
navigation. 
The buzzer functions as an audible warning device. 
Whenever an obstacle is detected within the predefined 
safety distance, the microcontroller activates the buzzer 
to indicate the presence of an obstruction. The audible 
alert also assists users during testing by confirming 
successful obstacle detection and system response. 
Overall, the proposed block diagram integrates sensing, 
embedded processing, wireless communication, and 
motor control into a unified autonomous navigation 
system. The continuous interaction between the sensors, 
microcontroller, communication modules, and output 
devices enables the robotic vehicle to detect the track, 
avoid obstacles, monitor its location, and navigate safely 
with minimal human intervention. This integrated 
architecture provides a reliable, low-cost, and efficient 
solution for autonomous robotic applications in 
education, industrial automation, warehouse logistics, 
and intelligent transportation systems. 
 
Schematic Diagram 
 



            International Journal of Artificial Intelligence and Computer Electronics 
        Volume: 02, Issue: 01, Jan-Mar 2026, pp:41-49 

P-ISSN 3117-8529 | E-ISSN 3117-8537 
 

46 
ijaice.com 

 

 
 

Figure 2: Schematic Diagram 
 

Implementation: 

 
 

Figure 3: Workflow 
 

Result 
 

 
Figure 4: Hardware kit 

 
Figure 5: Hardware kit when supply is ON 

 
Figure 6: IR Sensor Detected Path 
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Figure 7: Obstacle is Detected by the Ultrasonic Sensor 

 
Figure 8: Direction command is given to the Vehicle via 

Bluetooth

 
Figure 9: IR Sensor-Based Obstacle Detection 

System Output 
 

 
Figure 10: Ultrasonic Sensor-Based Obstacle 

Detection Output 
 

Conclusion: 
The Advanced Track Detection and Obstacle Avoidance 
System for Autonomous Vehicles presented in this work 
demonstrates an effective and economical solution for 
autonomous robotic navigation using embedded system 
technology. The proposed system integrates an HC-SR04 
ultrasonic sensor, IR sensor, microcontroller, L298 motor 
driver, Bluetooth module, GPS module, OLED display, 
DC motors, and buzzer into a unified platform capable of 
performing real-time track detection and obstacle 
avoidance. The microcontroller continuously processes 
sensor data to identify the predefined track and detect 
obstacles located in the vehicle's path. Based on the 
acquired information, the controller generates appropriate 
motor control signals to ensure smooth navigation while 
avoiding collisions. 
The integration of Bluetooth and GPS modules further 
enhances the functionality of the system by enabling 
wireless communication and location tracking, making 
the robotic vehicle suitable for intelligent monitoring 
applications. The OLED display provides real-time 
operational information, while the buzzer offers 
immediate audible alerts whenever obstacles are detected. 
Experimental implementation confirms that the hardware 
prototype performs reliable track following, accurate 
obstacle detection, stable motor control, and efficient 
navigation under laboratory conditions. The proposed 
system minimizes human intervention, improves 
navigation safety, and offers a cost-effective platform for 
autonomous robotic applications. Owing to its simple 
architecture, low implementation cost, and reliable 
performance, the developed system is well suited for 
educational robotics, warehouse automation, industrial 
material handling, and intelligent transportation research. 
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Future Scope 
Although the proposed autonomous vehicle successfully 
performs track detection and obstacle avoidance, several 
enhancements can further improve its intelligence, 
efficiency, and applicability in real-world environments. 

 Artificial Intelligence (AI) and Machine 
Learning (ML) algorithms can be incorporated 
to enable intelligent object recognition and 
adaptive navigation in dynamic environments.  

 Computer vision using high-resolution cameras 
and image processing techniques can replace 
conventional IR sensors for more accurate lane 
and track detection under varying lighting 
conditions.  

 LiDAR or depth sensors can be integrated with 
ultrasonic sensors to improve obstacle detection 
accuracy and enable three-dimensional 
environmental mapping.  

 GPS navigation can be combined with digital 
mapping and path-planning algorithms to 
support autonomous outdoor navigation over 
larger geographical areas.  

 Internet of Things (IoT) cloud connectivity can 
be expanded to enable real-time vehicle 
monitoring, remote diagnostics, and fleet 
management through web-based dashboards.  

 Advanced path-planning algorithms such as A*, 
Dijkstra's algorithm, or Simultaneous 
Localization and Mapping (SLAM) can be 
implemented to improve autonomous decision-
making in complex environments.  

 Wireless communication technologies such as 
Wi-Fi, LoRa, or 5G can replace Bluetooth to 
increase communication range and support real-
time data transmission over longer distances.  

 Additional environmental sensors, including 
accelerometers, gyroscopes, and inertial 
measurement units (IMUs), can be integrated to 
improve vehicle stability, localization accuracy, 
and motion control.  

 Energy-efficient battery management systems 
and autonomous charging mechanisms can be 
incorporated to increase operational duration for 
continuous field deployment.  

 The proposed platform can be extended to 
support autonomous delivery robots, warehouse 
logistics, agricultural monitoring, hospital 
service robots, search-and-rescue systems, and 
intelligent transportation applications. 
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