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Abstract: This research paper presents the design and
implementation of a stair-climbing robot that ascends stairs
without the use of mechanical legs. The robot employs a
sophisticated mechanism integrating ultrasonic sensors, a
rack and pinion system, and motorized wheels. The front-
mounted ultrasonic sensor detects the stairs and activates
the rack and pinion to lift the robot, accommodating steps
up to 12 cm in height. Once elevated, an underside
ultrasonic sensor detects the change in elevation,
prompting the wheels to rotate at a low RPM to stabilize
on the next step. This cycle repeats, enabling the robot to
navigate the entire staircase efficiently. Key components
include 100 RPM motors, an L298N motor driver, an
Arduino microcontroller, and a 12V battery. The proposed
design offers practical applications in various domains,
enhancing mobility and accessibility in environments with
staircases.
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I. INTRODUCTION

Stair-climbing robots represent a significant
advancement in the field of robotics, particularly for
applications requiring mobility in uneven and
complex environments. Traditional stair- climbing
robots often rely on mechanical legs to navigate steps,
which can increase design complexity, cost, and
mechanical vulnerability. This research paper
explores an innovative approach to creating a stair-
climbing robot that eschews mechanical legs in favor
of alternative mechanisms for vertical mobility. By
leveraging advanced design principles and cutting-
edge technology, this robot aims to offer an efficient,
reliable, and cost-effective solution for navigating
stairs.

The proposed design incorporates a combination of
wheels, tracks, and other innovative mobility solutions
to achieve the desired functionality. Specifically, the
robot employs a mechanism that allows it to lift and
place itself onto steps without the need for articulated
legs, thereby simplifying the design and enhancing
durability. This approach not only reduces mechanical
complexity but also improves the robot's adaptability

and operational efficiency in various environments.

This study details the entire design process, including
the conceptualization, prototyping, and testing
phases. The emphasis is placed on the robot's
structural design and the integration of sensors and
control systems to ensure precise and reliable
operation. The research also examines the robot's
performance, providing a comprehensive analysis of
its capabilities and limitations.

The findings from this research demonstrate the
potential applications and benefits of this novel
approach to stair climbing in robotics. Applications
range from domestic and commercial use to
emergency and rescue operations, where the ability
to navigate stairs quickly and efficiently can be
critical. By presenting a viable alternative to legged
locomotion, this study contributes to the ongoing
development of versatile and practical robotic
solutions for complex mobility challenges.

Il. LITERATURE REVIEW

Stair-climbing robots have been a significant focus
of research due to their potential applications in
various fields, such as search and rescue, eldercare,
and transportation of goods in multi-level buildings.
Traditional stair-climbing mechanisms often involve
complex legged designs inspired by biological
systems, which, while effective, can be mechanically
complex and costly. Recent advancements have
shifted towards simplified designs that utilize
wheeled and tracked configurations to enhance
stability and control.

One notable approach is the use of hybrid systems
combining wheels and tracks to navigate stairs
efficiently. Studies such as those by Hirose and
Fukushima (2007) have demonstrated the efficacy of
wheeled robots equipped with auxiliary tracks for
stair climbing. These designs ensure better stability
and adaptability to different stair geometries. but still
face challenges regarding energy consumption and
maneuverability.

Another innovative solution is the implementation of
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rack- and- pinion mechanisms to achieve vertical
motion. This approach, as explored by researchers
like H. Mori and S. Hirose (2002), leverages linear
actuators to lift the robot, thus eliminating the need
for complex leg mechanisms. This design simplifies
the control system and reduces the overall
mechanical complexity, making it a viable option for
real- world applications.

Ultrasonic sensors are widely used in robotics for
obstacle detection and navigation. Their integration
into stair- climbing robots has proven beneficial for
accurate distance measurement and obstacle
recognition. According to Y. K. Hwang and N. Ahuja
(1992), ultrasonic sensors provide reliable data for the
robot to adjust its path and ensure smooth climbing
operations.

In recent years, microcontroller-based control
systems, particularly those involving Arduino, have
gained popularity due to their ease of programming
and versatility. The use of Arduino in robotics, as
highlighted by M. Banzi and M. Shiloh (2014), allows
for precise control of motors and sensors, making it an
ideal choice for developing stair- climbing robots.

In summary, the development of stair-climbing robots
has evolved from complex legged systems to more
simplified and efficient designs utilizing wheels,
tracks, and linear actuators. The integration of
ultrasonic sensors and microcontroller- based control
systems has further enhanced their functionality,
making them more adaptable to various real- world
applications. This study builds on these advancements
by proposing a novel mechanism that combines the
benefits of ultrasonic sensing and rack and pinion
systems, aiming to achieve a practical and efficient
solution for stair navigation.

I. METHODOLOGY

The stair-climbing robot employs a sophisticated
mechanism to navigate staircases efficiently without
the use of mechanical legs. The primary detection
system is an ultrasonic sensor mounted at the front of
the robot. This sensor identifies the presence of stairs
and subsequently activates the rack and pinion
mechanism, which elevates the robot. The design
accommodates step heights up to 12 cm.

Once the ultrasonic sensor confirms the robot has
surmounted the initial step, the rack and pinion
mechanism is deactivated. To detect the change in

elevation, another ultrasonic sensor is positioned
underneath the robot. This sensor measures the
distance change due to the robot's elevation,
prompting the front wheels to rotate at a low RPM.
This controlled rotation allows the robot to stabilize
on the next step.

As the robot settles on each subsequent step, the front
ultrasonic sensor again identifies the next stair,
reactivating the cycle. This process continues until the
robot successfully navigates the entire staircase.

The basic components used in this design include:
Motors (4): 100 RPM: Provide the necessary

rotational force for the wheels, ensuring stable and
controlled movement.

Rack and Pinion: Facilitates the vertical movement
required to lift the robot onto each step.

Motor Driver (L298N): interfaces with the motors,
providing precise control over their operation.

Arduino: Serves as the central processing unit,
coordinating sensor inputs and motor outputs.
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Battery (12V): powers the entire system, ensuring
consistent performance.

FS-iA6B: Receiver from the remote controller.

The FS-iA6B ensures the signal received by the
remote controller. It has 6 PWM channels, a wireless
protocol called AFHDS 2A, and a range of 500 to
1500 m (in the air).

This methodology ensures the robot can climb stairs
smoothly and reliably, combining precise sensor
detection with controlled mechanical movements.
The integration of ultrasonic sensors with the rack
and pinion system allows for efficient vertical
navigation, while the controlled rotation of the
wheels ensures stability and safety. This approach
exemplifies the practical application of robotics in
overcoming everyday obstacles, offering potential
benefits in various real-world scenarios such as
personal assistance, search and rescue operations,
and automated delivery systems.

IV.RESULTS AND OUTPUT

The stair-climbing robot demonstrated effective
navigation of stairs using the designed mechanism.
The front ultrasonic sensor successfully detected the
presence of stairs and activated the rack and pinion
system, lifting the robot to surmount steps up to 12
cm in height. The underside ultrasonic sensor
accurately detected the change in elevation,
triggering the wheels to rotate at a low RPM,
ensuring the robot stabilized on the next step. The
cycle was repeated seamlessly, enabling the robot to
ascend the entire staircase. The integration of 100
RPM motors, an L298N motor driver, an Arduino
microcontroller, and a 12V battery facilitated the
robot's smooth operation. The experimental results
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validated the robot's capability to handle staircases

efficiently, offering potential

applications for

enhancing mobility and accessibility in various
settings.
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