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Abstract: Gesture recognition provides a natural and intuitive method for human—machine interaction. This paper
presents the design and experimental implementation of a low-cost hand gesture controlled smart robot using an
Arduino microcontroller, MEMS accelerometer sensor, RF communication, Bluetooth interface, and ultrasonic obstacle
detection. The system allows a mobile robot to be controlled by hand movements, Android application touch
commands, and voice recognition. The accelerometer mounted on the user’s hand senses tilt directions, which are
transmitted wirelessly to the robot for motion control. An additional obstacle detection mechanism improves
operational safety. The proposed system is developed as a laboratory-scale prototype and demonstrates reliable
performance with affordable hardware. The results indicate that gesture-based control combined with wireless
communication offers an efficient alternative to conventional remote-controlled robotic systems for automation and
assistive applications.

Keywords: Gesture recognition, Arduino, MEMS accelerometer, RF communication, Bluetooth, mobile robot, obstacle
detection.

l. INTRODUCTION

Robotics has become an essential component of modern automation systems in manufacturing, healthcare, defense, and
service industries. Conventional robotic systems are typically controlled using wired or dedicated remote controllers,
which limit flexibility and user convenience. In recent years, gesture recognition and wireless control techniques have
attracted considerable attention as natural and user-friendly interfaces for robotic applications.

Hand gesture controlled robots provide an intuitive means of interaction between humans and machines by translating
physical hand movements into motion commands. Such systems are particularly useful in hazardous environments,
assistive technologies for physically challenged individuals, and human-robot interaction research. With the rapid
development of microcontrollers, MEMS sensors, smartphones, and wireless communication modules, it is now
possible to design compact, low-cost gesture-controlled robotic platforms.

This paper presents the design and implementation of a hand gesture controlled smart robot using an Arduino
microcontroller and ADXL335 MEMS accelerometer sensor. The robot can be controlled using three modes: hand
gestures, Android application touch commands, and voice recognition through Bluetooth. An ultrasonic sensor is
incorporated for obstacle detection to improve safety. The proposed system aims to provide a flexible, economical, and
efficient control mechanism suitable for educational and practical robotic applications.
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The system is divided into two major sections: the transmitter (control) unit and the receiver (robot) unit. The
transmitter unit consists of an ADXL335 MEMS accelerometer connected to an Arduino Nano microcontroller. The
accelerometer senses hand tilt movements along the X and Y axes and generates corresponding analog voltages. These
voltages are digitized and processed by the Arduino to determine motion commands such as forward, backward, left,

and right.
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The processed control commands are transmitted wirelessly using either an RF transmitter module or a Bluetooth
module. The wireless link provides flexibility and mobility to the user while controlling the robot from a safe distance.
The receiver unit mounted on the robot comprises an RF receiver/Bluetooth module, Arduino microcontroller, motor
driver (L293D), DC geared motors, and an ultrasonic sensor. The received commands are decoded by the Arduino and
applied to the motor driver to control the direction and speed of the motors. Simultaneously, the ultrasonic sensor
continuously measures the distance to nearby obstacles and sends feedback to the microcontroller to avoid collisions by
stopping or altering the robot’s path.

The complete system consists of two main units: the transmitter unit and the receiver (robot) unit. The transmitter unit
captures hand gestures using an accelerometer and transmits the corresponding control signals wirelessly. The receiver
unit mounted on the robot decodes these signals and drives the motors accordingly.

2.1 Transmitter Unit

The transmitter unit comprises an Arduino Nano microcontroller, ADXL335 MEMS accelerometer, RF transmitter
module, and Bluetooth interface. The accelerometer senses tilt movements of the hand along X and Y axes. These
analog signals are processed by the Arduino to generate motion commands such as forward, backward, left, and right.
The commands are transmitted to the robot using RF communication or Bluetooth.

2.1 TRANSMITTER

5V Power
Supply
MICROCONTROLLER
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MEMS S ATMEGA328 —  RF Transmitter
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2.2 Receiver Unit

The receiver unit consists of an Arduino microcontroller, RF receiver module, motor driver (L293D), DC geared
motors, ultrasonic sensor, and power supply unit. The received data is decoded and used to control the direction and
speed of the motors. The ultrasonic sensor continuously monitors the distance to obstacles and stops or redirects the
robot when an obstacle is detected.
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I, HARDWARE COMPONENTS

3.1 Arduino Microcontroller

Arduino Nano based on ATmega328 is used as the main controller due to its compact size, low power consumption,
and ease of programming. It processes sensor data, generates control signals, and interfaces with wireless modules and
motor drivers.

3.2 MEMS Accelerometer (ADXL335)

The ADXL335 is a three-axis accelerometer capable of measuring accelerations up to £3 g. It provides analog voltage
outputs proportional to acceleration along X, Y, and Z axes. In this system, the sensor is used to detect hand tilt angles
to determine motion commands.

3.3 RF Communication Module
A 433 MHz RF transmitter—receiver pair is employed for short-range wireless communication. The transmitter sends
encoded serial data, and the receiver demodulates and forwards it to the microcontroller for decoding.

3.4 Bluetooth Module (HC-05)
The HC-05 Bluetooth module enables wireless communication between the robot and an Android smartphone. It
supports touch-based and voice-based control modes through a mobile application.

3.5 Motor Driver (L293D)
The L293D dual H-bridge motor driver is used to drive two DC geared motors. It allows bidirectional control and
provides sufficient current amplification for motor operation.

3.6 Ultrasonic Sensor (HC-SR04)
The HC-SR04 ultrasonic sensor measures the distance to obstacles using time-of-flight of ultrasonic pulses. When the
measured distance falls below a predefined threshold, the robot stops or changes direction to avoid collision.

V. METHODOLOGY

The operational flow of the system is as follows:

e The accelerometer senses hand tilt angles along X and Y axes.

e The Arduino converts analog sensor outputs into digital values and maps them to motion commands.

e The commands are transmitted wirelessly using RF or Bluetooth.

e The receiver unit decodes the commands and activates the motor driver accordingly.

e The ultrasonic sensor continuously checks for obstacles and overrides motion commands if necessary.
Three control modes are implemented: - Gesture Mode: Robot motion is controlled by hand tilts. - Touch Mode:
Direction commands are sent from an Android application. - Voice Mode: Voice commands are processed by the
smartphone and transmitted via Bluetooth.

V. SOFTWARE IMPLEMENTATION

The Arduino Integrated Development Environment (IDE) is used to develop embedded C programs for both transmitter
and receiver units. The transmitter program reads accelerometer values, applies threshold logic, and transmits encoded
commands. The receiver program decodes incoming data, controls motor direction using L293D, and processes
ultrasonic sensor feedback.

An Android application is developed using MIT App Inventor to provide touch-based and voice-based control
interfaces. Bluetooth communication is established using serial communication protocols.

VI. EXPERIMENTAL RESULTS AND DISCUSSION
The prototype robot was tested under laboratory conditions. The gesture control mode demonstrated smooth and
responsive motion for forward, backward, left, and right directions. Bluetooth control through the Android application

provided reliable performance within a range of approximately 10 meters. The ultrasonic obstacle detection
successfully prevented collisions by stopping the robot when an obstacle was detected within 20 cm.
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The system exhibited low latency, stable wireless communication, and accurate gesture recognition. The overall cost of
the system remained low due to the use of readily available components. However, environmental noise and hand

tremors occasionally caused minor deviations, which can be improved using filtering algorithms and gyroscope
integration.

VII. CONCLUSION

This paper presented a low-cost hand gesture controlled smart robot using Arduino, MEMS accelerometer, RF
communication, Bluetooth, and ultrasonic sensors. The system offers multiple control modes and reliable obstacle
detection, making it suitable for automation, assistive technologies, and educational purposes. Future work may include
camera-based gesture recognition, 10T integration, and autonomous navigation capabilities to enhance system
intelligence and scalability.
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