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Abstract—The Gesture Controlled Robot (Wheelchair) is
an advanced assistive system designed to enhance mobility
and independence for physically challenged individuals.
This work proposes a gesture-based control mechanism
that replaces conventional manual or joystick-operated
wheelchairs with a more intuitive human-machine
interface. The system is developed using an ESP8266
microcontroller as the central processing unit, integrated
with a MEMS sensor to capture hand gestures such as tilt
and directional movement. These gestures are wirelessly
transmitted from a transmitter unit to a receiver unit
using ESP8266 communication protocols. Upon reception,
the controller processes the signals and generates control
commands to drive DC motors via a motor driver circuit,
enabling precise directional motion of the wheelchair.

A regulated power supply ensures stable system
operation, while MAC address-based communication
enhances reliability and accuracy in data transmission.
The proposed system is cost-effective, user-friendly, and
efficient, making it suitable for real-time assistive
applications. This work demonstrates the integration of
embedded systems, wireless communication, and sensor
technologies to develop a smart mobility solution with
potential applications in assistive robotics, healthcare, and
IoT-based systems.

Keywords— Gesture Control, Smart Wheelchair, ESP8266,

MEMS Sensor, Wireless Communication, Embedded Systems,
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I. INTRODUCTION

In recent years, advancements in embedded systems and
robotics have significantly contributed to improving the
quality of life for individuals with physical disabilities.

Doi:10.48047/ijiee.2026.16.2.40

Assistive technologies, particularly smart wheelchairs, have
evolved from conventional manual systems to intelligent,
automated solutions. However, traditional wheelchairs that
rely on manual operation or joystick-based control are not
always suitable for users with severe motor impairments,
limiting their independence and ease of mobility.

To address these challenges, gesture-based control systems
have emerged as an effective alternative for human—machine
interaction. Gesture recognition enables users to control
devices using natural hand movements, thereby reducing
physical effort and enhancing usability. In this context, the
proposed Gesture Controlled Robot (Wheelchair) introduces
an innovative approach that allows users to operate a
wheelchair using simple hand gestures.

The system is designed using an ESP8266 microcontroller,
which serves as the core processing unit due to its compact
size, low cost, and integrated wireless communication
capabilities. A MEMS (Micro-Electro-Mechanical Systems)
sensor is employed to detect hand gestures such as tilt,
direction, and motion. These gestures are converted into
electrical signals and transmitted wirelessly from a transmitter
module to a receiver module using ESP8266 communication
protocols.

At the receiver end, the microcontroller processes the
received data and generates appropriate control signals to
drive DC motors through a motor driver circuit. This enables
the wheelchair to move in different directions, such as
forward, backward, left, and right. A regulated power supply
ensures stable and reliable operation of all system
components. Additionally, MAC address-based
communication enhances the reliability and accuracy of
wireless data transmission between modules.

The primary objective of this work is to develop a cost-
effective, user-friendly, and efficient assistive mobility system
that improves the independence of physically challenged
individuals. The proposed system also demonstrates the

practical integration of embedded systems, wireless
communication, and sensor technologies in real-world
applications. Furthermore, this project has potential
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applications in assistive robotics, healthcare systems, and
Internet of Things (IoT)-based smart environments.

II. REVIEW LITERATURE SURVEY

Recent advancements in assistive technologies have focused
on improving mobility solutions for physically challenged
individuals through automation and intelligent control
systems. Traditional wheelchairs rely on manual propulsion or
joystick-based control, which can be difficult for users with
severe motor impairments. These limitations have motivated
researchers to explore alternative control mechanisms based
on human—machine interaction [1].

Several researchers have proposed gesture-based control
systems using accelerometers and MEMS sensors. These
systems detect hand or head movements and convert them into
control signals for wheelchair navigation. Gesture-controlled
systems provide a more natural and intuitive interface,
reducing user effort and increasing accessibility [2].

In addition, wireless communication technologies such as Wi-
Fi and Bluetooth have been integrated into smart wheelchair
systems.  Microcontrollers like  Arduino, NodeMCU
(ESP8266), and Raspberry Pi are widely used for processing
sensor data and transmitting control signals. Among these,
ESP8266-based systems offer advantages such as low cost,
compact size, and built-in Wi-Fi capability, making them
suitable for real-time applications [3].

Some advanced systems incorporate IoT and Al-based
features, including obstacle detection, voice control, and
health monitoring. While these systems provide high
functionality, they increase system complexity and cost,
limiting their use in low-cost applications [4].

Based on the literature, it is evident that MEMS sensor-based
gesture  control combined with ESP8266  wireless
communication offers a simple, cost-effective, and efficient
solution. The proposed system builds upon these approaches
to develop a reliable and user-friendly gesture-controlled
wheelchair.

III. RESEARCH METHODOLOGY

The proposed system is designed to control a wheelchair
using hand gestures detected through a MEMS sensor and
processed using an ESP8266 microcontroller.

A. System Design

The system consists of two main units:
Transmitter unit (MEMS sensor + ESP8266)
Receiver unit (ESP8266 + motor driver + DC motors)
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The MEMS sensor detects hand tilt and motion, which
are transmitted wirelessly to control the wheelchair.

B. Data Acquisition

The MEMS sensor continuously senses hand movements
such as forward tilt, backward tilt, left, and right. These
movements are converted into electrical signals and sent to
the ESP8266 microcontroller.

C. Data Processing

The ESP8266 processes the received sensor data and
maps each gesture to a specific movement command
(forward, backward, left, right, stop).

D. Communication System

Wireless communication is established between
transmitter and receiver using ESP8266 modules. MAC
addressing ensures reliable and accurate data transfer.

E. Control Mechanism

At the receiver end, the processed data is used to control
DC motors through a motor driver circuit, enabling
wheelchair movement.

IV. PROPOSED METHODOLOGY

The proposed system introduces an intelligent and user-
friendly approach for controlling a wheelchair using hand
gestures, eliminating the need for physical effort or complex
control mechanisms. The system architecture is divided into
two main modules: the transmitter unit and the receiver unit,

which communicate wirelessly using ESP8266
microcontrollers.
In the transmitter unit, a MEMS (Micro-Electro-

Mechanical System) sensor is used to detect the orientation
and movement of the user’s hand. The sensor continuously
measures tilt angles along different axes (X and Y directions).
These analog values are read by the ESP8266 microcontroller,
which processes the data and converts it into digital
commands corresponding to specific gestures such as forward,
backward, left, right, and stop.

To ensure accurate gesture recognition, threshold values
are predefined for each direction. When the sensor readings
exceed these thresholds, the system interprets the movement
as a valid gesture. This approach helps in reducing noise and
avoiding unintended movements. The processed data is then
transmitted wirelessly using ESP8266 communication
protocols such as ESP-NOW or Wi-Fi-based transmission.

At the receiver unit, another ESP8266 module receives the
transmitted data. The received signals are decoded and
mapped to corresponding movement commands. These
commands are then sent to a motor driver circuit (such as
L298N), which acts as an interface between the
microcontroller and the DC motors.

The motor driver controls the speed and direction of the
motors by supplying appropriate voltage and current.
Depending on the command received, the motors rotate in
forward or reverse direction, enabling the wheelchair to move
accordingly. Differential motor control is used to achieve
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turning movements by varying the speed or direction of
individual motors.

A regulated power supply unit is incorporated to ensure
stable voltage levels for all components, including the
ESP8266, MEMS sensor, and motor driver. Proper voltage
regulation prevents fluctuations that could affect system
performance.

The proposed methodology emphasizes real-time
operation, low latency, and high reliability. The system is
designed to be cost-effective, energy-efficient, and easy to
implement, making it suitable for practical deployment in
assistive mobility applications.

V. WORKING PRINCIPLE

The working principle of the gesture-controlled wheelchair
system is based on the integration of sensor-based input,
wireless communication, and motor actuation.

Initially, the MEMS sensor detects the motion and
orientation of the user’s hand. The sensor measures
acceleration and tilt along multiple axes and generates
corresponding analog signals. These signals are continuously
monitored by the ESP8266 microcontroller in the transmitter
unit.

The microcontroller processes the sensor data by
comparing the measured values with predefined threshold
levels. Based on this comparison, the system identifies the
intended gesture. For example, a forward tilt beyond a certain
angle is interpreted as a command to move forward, while a
backward tilt indicates reverse motion. Similarly, left and right
tilts correspond to directional turns.

Once a gesture is recognized, the ESP8266 encodes the
command into a digital format and transmits it wirelessly to
the receiver unit. The communication is established using
ESP8266’s built-in Wi-Fi capabilities, ensuring fast and
reliable data transfer.

At the receiver side, the ESP8266 module receives the
transmitted signal and decodes it to extract the control
command. This command is then sent to the motor driver
circuit, which controls the DC motors connected to the
wheelchair.

The motor driver operates by controlling the polarity and
voltage supplied to the motors. By changing the direction of
current flow, the motors can rotate in clockwise or
counterclockwise directions. This enables forward and
backward movement. For turning, one motor is slowed down
or reversed while the other continues to rotate, allowing
smooth directional control.

The entire process occurs in real time, allowing immediate
response to user gestures. The system continuously updates its
operation based on new sensor inputs, ensuring dynamic and
responsive control.

Additionally, safety can be enhanced by incorporating
features such as a “stop” gesture or automatic halt in case of
signal loss. This ensures reliable and secure operation of the
wheelchair.
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Fig. 6.2. Block Diagram

VII. RESULTS AND OUTCOMES

The proposed gesture-controlled wheelchair system
was successfully designed and implemented using ESP8266,
MEMS sensor, motor driver, and DC motors.

Fig. . The MEMS sensor accurately detected hand gestures,
and the ESP8266 processed and transmitted the data
effectively. The wireless communication between transmitter
and receiver was stable and reliable.
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Fig.2. The system responded correctly to gesture inputs,
enabling smooth movement in all directions. The DC motors
operated efficiently based on control signals, ensuring precise
navigation.
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Fig. 7.1. Outputl

Fig. 7.2. Output2

Doi:10.48047/ijiee.2026.16.2.40

The overall performance was found to be stable,
responsive, and user-friendly. The system reduced the need for
manual operation and provided an intuitive control
mechanism. It proved to be a cost-effective and reliable
solution for assistive mobility applications.

VIII.CONCLUSION

The Gesture Controlled Robot (Wheelchair)
presented in this work demonstrates an effective and
innovative solution for improving the mobility of physically
challenged individuals. By utilizing MEMS sensor technology
and ESP8266-based wireless communication, the system
provides an intuitive and user-friendly interface for controlling
wheelchair movement through simple hand gestures.

The implementation of the system showed reliable
performance in detecting gestures and translating them into
accurate movement commands. The wireless communication
between the transmitter and receiver units was stable, ensuring
real-time response and smooth operation. The integration of a
motor driver circuit enabled efficient control of DC motors,
resulting in precise and flexible movement of the wheelchair
in multiple directions.

One of the key advantages of the proposed system is
its cost-effectiveness and simplicity compared to existing
advanced assistive technologies. Unlike complex systems that
rely on image processing or artificial intelligence, this design
uses minimal hardware components while still achieving
efficient performance. This makes it suitable for practical
deployment, especially in low-resource environments.

The system significantly reduces the physical effort
required by users and enhances their independence and quality
of life. It also minimizes the need for external assistance,
making it a valuable solution in healthcare and rehabilitation
applications.

Future enhancements can further improve the system
by integrating obstacle detection sensors, voice control
features, and loT-based monitoring systems. Advanced
functionalities such as GPS tracking, health monitoring, and
mobile application control can also be incorporated to make
the system more intelligent and versatile.

In conclusion, the proposed gesture-controlled
wheelchair system successfully combines embedded systems,
wireless communication, and sensor technologies to deliver a
reliable, efficient, and user-centric mobility solution. It holds
great potential for further development and real-world
implementation in assistive robotics and smart healthcare
systems.
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