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ABSTRACT

Assistive robotics has become a vital research domain aimed at improving the quality of life for disabled and
elderly individuals by enhancing independence and reducing reliance on caregivers. This study presents the
design and implementation of a wireless gesture-controlled robot that enables intuitive and contactless control
for individuals with limited mobility. Using gesture detection sensors such as accelerometers, gyroscopes, or
IMU modules integrated with microcontrollers, the system interprets hand or wrist movements and wirelessly
transmits commands to the robot through RF, Bluetooth, or Wi-Fi communication. The robot executes
corresponding functions such as movement, object retrieval, and navigation assistance. The system is
designed with low-cost components, user-friendly operation, and high reliability to support everyday tasks.
The robot improves accessibility by eliminating complex interfaces and providing natural gesture-based
interaction. This research contributes to the development of smart assistive technologies that enhance
autonomy, safety, and comfort for disabled and elderly users.

Keywords: Assistive robotics, Gesture-controlled robot, Wireless communication, IMU sensors,
Accelerometer and gyroscope, Microcontroller-based system, Human—robot interaction, RF/Bluetooth/Wi-Fi
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I. INTRODUCTION

As global populations age and disability

rates increase, the need for assistive
technologies that support independence and
mobility becomes increasingly essential.
Conventional robotic control interfaces,
such as joysticks or mobile applications,
pose challenges for users with limited
physical ability or cognitive difficulty.
Gesture recognition offers a natural and
intuitive mode of interaction that mimics
human communication methods. Wireless
gesture-controlled robots combine sensing,
embedded processing, and communication
technologies to enable seamless and
effortless control. Recent advancements in
microcontrollers, wearable sensors, and
wireless modules have made such systems
cost-effective and highly functional. This
project focuses on developing a wireless
gesture-controlled robot that offers practical
disabled and

individuals in daily tasks, enhancing their

assistance  for elderly

quality of life through smart, reliable, and

accessible robotic technology.

I1. Related Words

Assistive robotics has gained significant
attention in recent years as researchers aim

to develop intelligent systems that improve

the independence and daily living
conditions of elderly and disabled
individuals. Gesture-based control has
emerged as a natural and intuitive

interaction method that eliminates the need

for complex interfaces such as keyboards or

touchscreens. By using wearable sensors
such as accelerometers, gyroscopes, and
inertial measurement units (IMUs), human
hand movements can be accurately detected
and translated into commands for robotic
These

seamless human-robot interaction, allowing

systems. technologies  enable
users to control robotic devices through
simple hand gestures and body movements.
studies have demonstrated the
IMU-based

systems  for

Several
effectiveness  of gesture
recognition controlling
machines and robotic platforms in various
assistive

applications, including

technologies and human-machine interfaces

[1], [6], [14].

Wireless  communication  technologies
further enhance the flexibility and usability
of gesture-controlled systems by enabling
remote operation and real-time data
transmission. Communication modules such
as RF, Bluetooth, and Wi-Fi are commonly
integrated with microcontrollers to transmit
gesture commands from wearable devices to
robots. This approach allows robots to
perform various actions such as navigation,
object manipulation, and environmental
monitoring. Researchers have developed
robotic

multiple gesture-controlled

platforms  that demonstrate  reliable
performance in tasks such as robotic arm
control, path planning, and teleoperation.
These systems highlight the advantages of
wireless gesture interfaces in improving
control accuracy and user convenience in

robotic applications [2], [3], [12], [13].
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Recent advancements in machine learning
and intelligent signal processing techniques
have further improved the accuracy and
adaptability of gesture recognition systems.
Deep learning models and classification
algorithms can analyze sensor data patterns
and recognize complex gestures with higher
precision. Such approaches are particularly
useful in domestic service robots and
assistive systems where reliable gesture
interpretation is critical for safe operation.
Intelligent gesture classification models
have been applied in service robots and
rehabilitation robots to support users with
mobility limitations and assist them in
These

the growing

performing  daily  activities.
developments demonstrate
potential of smart assistive robotics in
automation

healthcare and home

environments [5], [8], [11].

In addition, the integration of Internet of
Things (loT) technologies and wearable
devices has expanded the scope of gesture-
loT-based

frameworks

controlled robotic  systems.

gesture  recognition allow
multiple smart devices and robots to be
controlled within interconnected
environments. Advanced research has also
explored the use of ROS-based robotic
systems, wearable IMU sensors, and
camera-based motion tracking to enhance
gesture recognition accuracy and enable
long-range human-robot interaction. These
technologies contribute to the development
of more intelligent, adaptive, and scalable

robotic systems capable of supporting real-

world assistive applications for elderly and
disabled individuals [7], [9], [10], [15].

1. PROPOSED MODEL
The proposed system focuses on the
wireless

development of a gesture-

controlled assistive robot designed to
support disabled and elderly individuals in
performing everyday tasks independently.
The system operates by detecting hand or
wrist gestures using wearable motion
sensors such as an  accelerometer,
gyroscope, or an Inertial Measurement Unit
(IMU). These sensors are connected to a
microcontroller that continuously reads
motion data and interprets the user’s
gestures. Each  predefined  gesture
corresponds to a specific command, such as
moving the robot forward, backward, left, or
right, or performing additional assistive
actions. The gesture signals are processed in
real time to ensure accurate and responsive
control of the robotic system.

The system is composed of two major
modules: the gesture sensing transmitter
unit and the robot control receiver unit. In
the transmitter unit, the wearable sensor
module detects the user’s hand movements
and sends the processed gesture commands
through a wireless communication module
such as RF, Bluetooth, or Wi-Fi. The
receiver unit, mounted on the robot,
contains a microcontroller that receives
these commands and translates them into
control signals for the robot’s motors and
actuators. A motor driver module is used to

regulate the speed and direction of the
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robot’s movement, allowing smooth
navigation in indoor environments such as
homes or healthcare facilities.

The assistive robot is designed to perform
essential  support  functions including
navigation assistance, object retrieval, and
basic mobility support. By interpreting
simple hand gestures, the robot can move
toward a location, carry small objects, or
assist users in accessing items that are
otherwise difficult to reach. This gesture-
based interaction eliminates the need for
complex interfaces like keyboards, mobile
applications, or voice commands, making
the system highly suitable for elderly

individuals or users with limited physical

abilities.
Furthermore, the  proposed  model
emphasizes  low-cost  implementation,

reliability, and ease of use. The system uses
affordable

simple wireless communication protocols to

electronic components and
make the technology accessible for real-
world deployment. The design also focuses
stable

on energy efficiency and

communication to ensure continuous
operation in assistive environments. By
combining gesture recognition, wireless

communication, and robotic mobility, the

proposed model provides a practical
assistive solution that enhances
independence, safety, and comfort for

disabled and elderly individuals in their
daily lives.
IV. PROPOSED SYSTEM

.-
.-
=i~

Fig.1.Block diagram

d

=

The diagram represents the block diagram of
the wireless gesture-controlled assistive robot
system. The ESP32 microcontroller acts as
the central processing unit that coordinates
all sensing, communication, and control
operations. On the input side, the system
receives signals from three main modules:
the RPS (Power Supply), MEMS sensor, and
Bluetooth module. The regulated power
supply provides the necessary electrical
power to operate the ESP32 and the
connected components. The MEMS sensor,
which typically includes an accelerometer
and gyroscope, detects the user’s hand or
These

represent different control commands such as

wrist  gestures. motion  signals
forward, backward, left, or right movement.
The Bluetooth module enables wireless
communication between the gesture sensing
device and the robot, allowing the gesture
data to be transmitted without physical
connections.

Once the ESP32 receives the gesture signals
from the MEMS through the

Bluetooth

sensor
communication  channel, it
processes the data and determines the
corresponding movement command. The
ESP32 then sends control signals to the

L293N motor driver module. The L293N
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acts as an interface between the low-power
control signals of the microcontroller and the
higher-power requirements of the motors. It
controls the direction and speed of the motors
by regulating the wvoltage and current
supplied to them.

Finally, the DC motor module executes the
movement commands generated by the
ESP32 through the motor driver. Depending
on the interpreted gesture, the motors rotate
in specific directions to move the robot
forward, backward, or turn left or right. This
integrated operation of sensing, wireless
communication, processing, and motor
control allows the robot to respond instantly
to the user’s gestures. As a result, the system
provides a simple, intuitive, and contactless
control mechanism, making it highly suitable
for assisting disabled and elderly individuals

in performing

everyday mobility and

assistance tasks.

Fig.2. ESP32-DOWDQ6 chip

V. RESULTS AND DESCUSSIONS

The proposed Wireless Gesture-Controlled
Assistive Robot for Disabled and Elderly
Individuals improves assistive mobility and
human-robot

interaction by integrating

gesture sensing, wireless communication,
embedded processing, and robotic motion
control. The system continuously monitors
the hand or wrist movements of the user
using a MEMS-based motion sensing
module connected to the ESP32 controller.
The MEMS
parameters such as tilt, acceleration, and

sensor  detects motion
orientation of the user’s hand. These gesture
signals are transmitted wirelessly through
the Bluetooth communication module to the
ESP32 controller,

received data and interprets the gestures as

which processes the

robot movement commands. Based on the
recognized gestures, the robot performs
corresponding actions such as forward
movement, backward movement, left turn,
or right turn. This gesture-based interaction
eliminates the need for physical contact with
control devices and provides a convenient
interface for users with limited mobility.

The specifications of the components used
in the proposed system are presented in
Table 1. The ESP32 microcontroller acts as
the central processing unit responsible for
receiving gesture signals, processing sensor
data, and controlling the robotic movement.
The MEMS sensor is used to detect hand
gestures by measuring acceleration and
angular motion of the user’s wrist. The
Bluetooth  module  enables  wireless
communication between the gesture sensing
unit and the robot controller. The L293N
motor driver module serves as the interface
between the ESP32 controller and the DC
motors, enabling control of motor direction

and speed. The DC motors are responsible
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for driving the robot’s movement in
different directions, while the regulated
power supply ensures stable power delivery
to all electronic components.

TABLE 1: SYSTEM COMPONENT

SPECIFICATION

SI.N Specificatio
Components
ns

Operating
Voltage:
3.3V, Wi-Fi
and
Bluetooth

1 ESP32

enabled
microcontrol

ler

Provides

stable power
RPS (Regulated Power

2 supply  for
Supply)
system
components

Detects hand
MEMS Sensor
gestures and
3 (Accelerometer/Gyrosc )
motion
ope) N
orientation
Enables
wireless
communicati
4 Bluetooth Module
on between
controller

and robot

Controls
direction and
speed of DC

motors

5 L293N Motor Driver

SI.N Specificatio
Components
ns

Provides

mechanical
6 DC Motors

movement

for the robot

Mechanical
structure
7 Robot Chassis supporting
motors and

electronics

Provides
portable
power

8 Battery supply  for
the robot

system

The hardware implementation integrates the
ESP32 controller with the MEMS sensor,
Bluetooth communication module, motor
driver, and DC motors to achieve gesture-
based robotic control. During system
operation, the MEMS sensor continuously
detects the orientation and movement of the
user’s hand. These motion signals are
interpreted as predefined gesture commands
and transmitted wirelessly through the
Bluetooth module to the ESP32 controller.
The ESP32 processes the received data and
determines the appropriate control action for
the robot. Based on the processed
commands, the controller sends control
signals to the L293N motor driver module,
which regulates the voltage and current
supplied to the motors.

The L293N motor driver plays an important
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role in enabling smooth robotic motion. It
allows the ESP32 controller to control the
direction and speed of the DC motors while
protecting the microcontroller from high
current loads. Depending on the detected
gesture, the motor driver activates the
motors in specific directions, allowing the
robot to move forward, backward, or rotate.
The robot chassis and motor assembly
provide stable mechanical support for
movement, enabling the robot to navigate
indoor environments such as homes,
hospitals, or care centers.

The experimental results demonstrate that
the proposed gesture-controlled assistive
robot successfully responds to user hand
gestures and performs the corresponding
MEMS
accurately detects gesture movements, and

the Bluetooth

motion actions. The sensor

communication module
reliably transmits gesture data to the ESP32
controller. The system processes gesture
commands with minimal delay, enabling
real-time robotic response. The motor driver
and DC motors effectively translate the
control signals into mechanical movement,
allowing smooth and responsive navigation
of the robot.

Overall, the implementation of the proposed
system enhances assistive robotics by
providing an intuitive and wireless gesture-
based control mechanism. The integration of
MEMS sensors, embedded processing, and
wireless communication enables disabled
and elderly individuals to interact with
robotic systems easily and safely. The

system demonstrates reliable performance,

low implementation cost, and user-friendly
operation, making it suitable for practical
healthcare

assistive  applications in

environments, smart homes, and
rehabilitation systems.

VI. CONCLUSION AND FUTURE
SCOPE

Conclusion:

The development of a wireless gesture-
controlled robot offers an impactful solution
for improving the independence and quality
of life of disabled and elderly individuals.
Through intuitive gesture-based interfaces
and reliable wireless communication, the
robot assists users in navigation and task
execution  without requiring complex
controls. Literature findings emphasize the
relevance of gesture recognition in assistive
technologies and validate its effectiveness
for mobility-restricted users. The proposed
system integrates wearable IMU sensors,
embedded

communication into a robust and accessible

processing, and  wireless
assistive robot. Future advancements may
incorporate Al-based gesture prediction,
obstacle detection, voice support, and loT
monitoring to further enhance safety and
user experience.

Future Scope:

The proposed wireless gesture-controlled
assistive robot provides a foundation for
developing advanced assistive robotic
systems for disabled and elderly individuals.
In the future, the system can be enhanced by
integrating advanced gesture recognition
algorithms and machine learning techniques

to improve the accuracy and reliability of
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gesture interpretation. By analyzing larger

gesture datasets and using intelligent

classification models, the robot can
recognize more complex hand movements
and adapt to different users. This
improvement will allow the system to
provide more personalized assistance and
reduce errors in gesture detection during
real-time operation.

Further improvements can be made by
sensors  and

integrating  additional

perception modules such as cameras,
ultrasonic sensors, and obstacle detection
systems. These enhancements will enable
the robot to navigate autonomously in
complex environments while avoiding
obstacles and ensuring safe movement.
Vision-based object recognition can also be
incorporated to allow the robot to identify
and retrieve specific items requested by the
user. Such features will significantly
enhance the robot’s ability to perform daily
assistance tasks in home and healthcare
environments.

Another potential future development
involves incorporating Internet of Things
(1oT)

monitoring systems. With loT integration,

connectivity and  cloud-based
the robot can communicate with smart home
devices and remote monitoring platforms to
provide enhanced support for elderly care.
could

Caregivers or family members

remotely monitor the robot’s activity,
receive alerts, and provide assistance when
required. This connectivity would enable the
robot to become part of a larger smart

healthcare ecosystem designed to support

independent living for elderly and disabled
individuals.

Additionally, future versions of the system
could focus on improving portability,
energy efficiency, and mechanical design.
The robot can be designed with lightweight
materials, improved battery management
systems, and compact electronic modules to
increase operational time and mobility.
control, mobile

Integration of voice

application interfaces, and advanced
human-robot interaction techniques could
usability. With

improvements,  the

further enhance these
gesture-controlled
assistive robot can evolve into a more
intelligent, autonomous, and multifunctional
assistive platform capable of providing
reliable support in real-world healthcare and
rehabilitation environments.
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