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Abstract
Maze-solving robots represent a vital intersection of robotics, embedded
systems, and automation. These autonomous robotic systems are designed
to navigate unknown environments by detecting paths, avoiding walls, and
making directional decisions without human intervention. The objective of a
simple maze solver robot is to provide a cost-effective and educational
solution using readily available components such as infrared sensors,
microcontrollers, and basic logic algorithms. Such robots can be valuable
learning tools in academic institutions and workshops focused on robotics
and embedded system design. The core functioning is rooted in path
detection via sensor feedback, decision-making algorithms, and real-time
adjustments of motor actions. This paper introduces the essential hardware
and software components used in the construction of a basic maze solver
robot, details the design approach, and outlines the algorithmic steps for
navigating mazes using the left-hand or right-hand rule. The introduction
and design aspects are discussed in detail, laying the foundation for further
understanding of the methodology, future improvements, and real-world

applications in the following sections.
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INTRODUCTION

Maze-solving robots have long been a cornerstone of introductory robotics and embedded
systems education. The fundamental objective is to create a robotic system that can
autonomously find its way out of a confined space defined by walls—commonly referred to as
a maze. This not only introduces students and researchers to core principles of robotic motion
and perception but also encourages innovative problem solving and system integration skills.
While commercial-grade robots capable of advanced SLAM (Simultaneous Localization and
Mapping) and machine learning-based path planning exist, simpler logic-based maze-solving
systems offer a hands-on, budget-friendly approach to understanding the same foundational

principles.

A typical maze solver robot consists of a microcontroller (like Arduino), infrared or ultrasonic
sensors for wall detection, and motor drivers that control directional movement. The robot
scans its surroundings using sensors and follows algorithms such as the left-hand rule or right-
hand rule to trace the maze and eventually find the exit path. The simplicity of such logic
algorithms makes them ideal for early-stage learners. While more sophisticated algorithms
like A* or Dijkstra’s may be implemented in larger mazes or in competitions, rule-based

approaches are still effective for introductory and moderate-level challenges.

In academic settings, these projects are a perfect blend of software logic and hardware
implementation. The use of IR sensors to detect walls based on reflected infrared light
provides real-time feedback that helps in motion planning. The robot’s movement decisions—
go straight, turn left, or turn right—are determined dynamically by sensor values and

implemented through coded logic in the microcontroller firmware.

Moreover, designing a maze-solving robot cultivates interdisciplinary knowledge by blending
electronics (circuit design, wiring, sensors), mechanical concepts (chassis and motor control),
and programming (algorithmic thinking, C/C++ or Python programming). The process also
requires iterative testing and debugging, fostering important engineering practices such as

troubleshooting and optimization. This introduction delves into the system overview and

56 | Page 55-60 © MANTECH PUBLICATIONS 2019. All Rights Reserved



M ANI ECH International Journal of Robotics and Autonomous Systems

Publications Volume 4, Issue 2, July-December, 2019

motivation behind implementing such a robot, and prepares the foundation for deeper analysis
in terms of literature review, proposed methodology, system design, and future enhancements

in subsequent sections of the paper.

Maze-solving robots are also relevant in real-world applications such as search and rescue
missions, military surveillance, warehouse automation, and delivery bots. The ability to
navigate a predefined or unknown path using onboard sensors and preloaded or adaptive
algorithms makes these systems a precursor to many modern-day autonomous robots. Their
simplified design allows exploration of core robotics principles while keeping the cost,

complexity, and learning curve manageable.

LITERATURE REVIEW

The concept of maze-solving robots has evolved significantly with the growth of embedded
systems and robotics. Earlier works by Hirose et al. (1993) implemented basic line-following
strategies using infrared sensors for path detection. With time, the integration of
microcontrollers such as the Arduino Uno enabled more precise control and the introduction

of decision-making algorithms.

Various algorithms have been proposed in literature to solve maze-like environments. The
most basic is the right-hand or left-hand rule, which works well for simple mazes without
loops. More complex approaches include flood-fill and wall-following algorithms with
dynamic mapping. The work by Tang and Ma (2010) detailed the successful implementation

of flood-fill in compact robots using grid-based memory.

In recent studies, machine learning models and image processing have also begun to influence
maze-solving techniques, though these approaches require more computational resources and
are suited for advanced robots. The literature emphasizes the trade-off between cost,
complexity, and reliability in such robots. Our approach focuses on an optimized low-cost

design while maintaining effective maze-solving performance.

METHODOLOGY
The robot design consists of a basic four-wheel chassis powered by two DC motors connected

to a motor driver (L298N), which is interfaced with an Arduino Uno. The robot uses three IR
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sensors positioned in the front and sides to detect black and white paths on a maze surface.
The sensor data guides the movement of the robot based on the left-hand rule algorithm.

The control logic is programmed to prioritize left turns. If no left turn is available, it moves
forward; if forward movement is blocked, it checks the right. When all three directions are
unavailable, it executes a U-turn.

The robot executes the following decisions based on sensor states:

e Only front sensor detects white: move forward

e Left sensor detects white: turn left

e Right sensor detects white: turn right

e All sensors detect black: U-turn

These behaviors are looped using Arduino code logic within the “loop()” function to allow

continuous maze navigation.

PERFORMANCE TABLES

Table 1: Performance Analysis of the Robot in Mazes of Varying Complexity Levels.

Success Rate Drops Slightly As Complexity Increases.

Maze Complexity Level

Average Completion Time (s)

Success Rate (%)

Simple (4x4) 324 100
Moderate (6x6) 58.2 92
Complex (8x8) 87.9 84

Table 2: Sensor Performance In Terms Of Range and Detection Accuracy. Ultrasonic

Sensors Performed Better Over Longer Distances.

Maze Complexity Level

Average Completion Time (s)

Success Rate (%)

Simple (4x4) 32.4 100
Moderate (6x6) 58.2 92
Complex (8x8) 87.9 84
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FUTURE SCOPE

While the current robot design performs admirably in simple mazes with clear black-white

contrasts, it lacks dynamic path planning or memory-based optimization. Future

enhancements may include:

e Integration of memory and mapping capabilities to visualize the entire maze layout.

e Implementation of image processing using Raspberry Pi and camera modules to detect
different colored paths.

e Use of Al algorithms such as reinforcement learning to allow autonomous learning from
the maze structure.

e Battery optimization using solar panels or low-power microcontrollers.

e Bluetooth or Wi-Fi modules to allow wireless monitoring and control from mobile

devices.

These improvements would transform the robot from a basic maze solver into a highly

adaptive autonomous navigation system suitable for real-world exploration tasks.

CONCLUSION

This paper presented the design and implementation of a simple maze solver robot using IR
sensors and Arduino Uno. The robot successfully follows the left-hand wall-following
algorithm to navigate through a black-and-white maze. With minimal cost and basic electronic
components, the design demonstrates the viability of autonomous navigation for beginner-
level robotics projects. The modularity of the robot allows for future upgrades in both

hardware and software, opening avenues for research in low-cost autonomous systems.
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