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Abstract - This project presents the design and
development of a voice-controlled robotic arm utilizing a
3D-printed 6 Degrees of Freedom (6DOF) structure. The
system integrates Arduino Nano as the microcontroller,
MG995 and SG90 servo motors for precise actuation, and
the Al Thinker VC-02 offline voice recognition module for
efficient voice command processing. The robotic arm can
recognize and execute pre-defined voice commands,
enabling hands- free operation without relying on external
internet connectivity. The offline wvoice recognition
capability ensures robust performance in environments
with limited or no network access, making the system
versatile and reliable. This project demonstrates the
potential for voice-controlled robotics in various
applications, such as automation, healthcare,
manufacturing, and assistive technologies. By combining
affordability, modularity, and practicality, this project
provides a foundation for further exploration of human-
robot interaction, paving the way for accessible and
intuitive control mechanisms in robotics.
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I. INTRODUCTION

The advent of voice-controlled technology has
revolutionized human- machine interaction, enabling devices
to respond seamlessly to spoken commands. This project, a
Voice-Controlled Robotic Arm, demonstrates the fusion of
voice recognition and robotics to create an efficient, user-
friendly system.

The robotic arm is built with a 6 Degrees of Freedom
(6DOF) 3D-printed structure, powered by MG995 and SG90
servo motors for precise and versatile movement. An Arduino
Nano serves as the microcontroller, orchestrating the
operations and ensuring smooth communication between
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components. At the heart of the project lies the Al Thinker
VC-02 offline voice recognition module, which allows the
robotic arm to process and execute pre-defined voice
commands without the need for internet connectivity.

This system provides a glimpse into practical applications
such as automation, assistive technology, and remote
operation, paving the way for enhanced accessibility and
innovative problem-solving in various domains. By combining
affordability, modularity, and functionality, this project
showcases how advanced technologies can be integrated to
create impactful solutions.

In order to facilitate human-robot interaction and control,
the recent design of various robots has fostered the emergence
of several control modes. One can cite the following
interaction modes: speech-based interaction, pointing on
image-based interaction control, gesture-based control,
myoelectric-based control, and even more recently brain-based
control.

As the many developed modes, gesture-based interaction
has been studied, designed and implemented by many authors.
A survey concerning gesture-based interaction is presented in
technically, in most applications, gesture-based interaction is
mainly based on object recognition and tracking approaches
involving Logatic webcamera.

In principle, in gesture-based interaction, any part of the
human body can be used for interacting with robots such as
hands, arms, heads, eyes, lips, cheeks. Any tool moved by the
human can also be used such as pencils, flags, sticks, etc.
Applications of gesture-based robot interactions are numerous
and can be adapted and extended according to many needs and
contexts.

In today's world, everything is automated and artificial
intelligence has invaded the market. One of the key elements
of innovation is robotics. Artificial intelligence and robotics
are separate but distinct fields. Robotics is the process of
making machines that can perform activities without human
assistance, while Al is the process of machines imitating
human learning and decision- making processes. Although
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robots can have Al components (and vice versa), the two can
exist independently of each other, and often do so. Most
robots perform simple, repetitive tasks that do not require
complex Al because their tasks are simple, predictable, and
preprogrammed.

A robot is a machine capable of automatically performing
series of complex tasks, including those that can be
programmed by a computer. The robot can be controlled by an
internal control system or an external control device. Although
some robots are built to look like humans, most robots are
machines that perform tasks that emphasize pure utility rather
than expressive aesthetics.

Robotic Arms are one of the fascinating engineering
creations and it is always fascinating to watch these things tilt
and pan to get complex things done just like a human arm
would. These robotic arms can be commonly found in
industries at the assembly line performing intense mechanical
work like welding, drilling, painting, etc., recently advanced
robotic arms with high precision are also being developed to
perform complex surgical operations. Previously we 3D
printed a robotic Arm and built a gesture controlled robotic
arm for pick and place operation. Robotics has created a great
impact on our society in this modern era and so reserve its
space in all fields like Engineering, Medical, Space Science,
and many more. Robots can be used in places where human
life is placed at risk such operations are bomb diffusing,
fireworks industry.

Robotics is a current emerging technology in the field of
science. A number of universities in world are working in this
field. Robotics is the new emerging booming field, which will
be of great use to society in the coming years. These days
many types of wireless robots are being developed and are put
to varied applications and uses. The author has developed a
robotic arm, with his own learning and resources, which is
operated & controlled wirelessly with the help of voice
recognition which transmits signal to the robot.

Il. RELEVANCE
1. Empowering Accessibility and Assistive Technology

One of the most profound impacts of integrating voice
recognition with robotic arms lies in the field of assistive
technology. People with physical disabilities, such as
paralysis, arthritis, or limb amputations, face significant
challenges in performing routine tasks requiring manual
dexterity. A voice-controlled robotic arm can provide an
intuitive interface for such users by enabling:

= Hands-Free Control: Individuals with limited or no
hand mobility can operate the robotic arm solely through
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voice commands, circumventing traditional manual
interfaces like joysticks or buttons which may be
inaccessible.

= Improved Independence: Voice control allows users to
perform essential daily activities— such as picking up a
glass, turning a knob, or moving objects—without
assistance from caregivers or family, fostering autonomy
and dignity.

= Customizable Command Sets: The voice recognition
system can be tailored to recognize commands specific to
user preferences, languages, or speech patterns, making
the technology inclusive and adaptable.

= Reducing Caregiver Burden: By empowering users to
control assistive devices themselves, the need for
constant human assistance is lowered, easing the burden
on healthcare providers and family members.

2. Enhancing Natural Human-Machine Interaction

Voice is the most natural form of communication for
humans. Leveraging it to control machines like robotic arms
revolutionizes how humans interact with technology by:

= Intuitive and Minimal Learning Curve: Unlike
complex remote controls or programming interfaces,
voice commands are easy to learn and remember. This
democratizes robotic technology for non-expert users
including elderly people or those unfamiliar with
technology.

= Hands-Free Environment Compatibility: In many
practical scenarios, users need their hands free — such as
in medical operations, industrial environments where
workers handle tools, or food preparation areas where
hygiene is critical. Voice control allows simultaneous
operation of robotic arms without manual intervention.

= Increased Operational Efficiency: Voice commands
can be issued more rapidly than manual input, enabling
faster reaction times and workflow improvements.

» Real-Time Feedback and Interaction: When paired
with feedback mechanisms (audio or visual), the system
fosters a conversational interaction model where users
receive immediate confirmation or error messages,
improving usability and reducing frustration.

3. Applications in Industrial and Manufacturing Sectors

Robotic arms are extensively used in industries for
repetitive, dangerous, or precise tasks. Adding voice control to
these systems can provide:

= Improved Operator Safety: Workers can operate
machinery from a safe distance using voice commands,
minimizing exposure to hazardous environments (e.g.,
high temperatures, toxic chemicals).
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= Flexible Task Management: Voice control enables
quick switching between tasks or functions without
needing to physically manipulate controls or reprogram
robots, which is valuable in small-batch or custom
manufacturing.

= Reduced Training Time: Factory workers or operators
can more quickly learn how to command robots using
natural language rather than complex programming
interfaces.

= Hands-Free Multi-Tasking: Operators can control
robotic arms while simultaneously performing other
tasks, increasing productivity.

4. Educational and Research Significance

This project provides a rich, interdisciplinary platform
combining robotics, embedded systems, signal processing, and
artificial intelligence, offering:

= Practical Learning: Students and researchers gain
hands-on experience designing and integrating hardware
(microcontrollers, servo motors, sensors) with software
(voice recognition, control algorithms).

= Innovation Opportunities: The system can serve as a
testbed for experimenting with emerging voice

recognition techniques, Al-based command
interpretation, or sensor fusion for better robotic
perception.

= Cross-Disciplinary Skill Development: Combining
electrical engineering, computer science, and mechanical
design, this project nurtures comprehensive technical
competencies crucial in modern engineering education.

= Foundation for Advanced Projects: The modular and
scalable design allows extensions into related domains
such as autonomous robots, smart home automation, or
Al-assisted robotics.

5. Cost-Effective Automation Solution

Robotic arms are often expensive and complex, limiting
their accessibility to large industries or research institutions.
The integration of voice recognition with affordable
microcontrollers and open- source speech tools brings several
benefits:

= Low-Cost Components: Utilizing Arduino, Raspberry
Pi, and commercially available voice modules drastically
reduces hardware costs without compromising
functionality.

= Accessibility for SMEs and Developing Regions:
Small and medium enterprises (SMEs), educational
institutions, and users in  resource-constrained
environments can adopt robotic automation affordably.
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= Easy Maintenance and Upgradability: Open-source
software and modular hardware allow users to maintain
and upgrade systems without relying on proprietary
solutions.

*= Promotes Wider Adoption: Lower costs accelerate the
diffusion of robotic automation into sectors such as
agriculture, retail, healthcare, and domestic use.

6. Future-Ready and Scalable Technology Platform

Voice-controlled robotics is not only relevant for today’s
needs but also aligns with future technological trends:

= Al and Machine Learning Integration: With ongoing
advances in Al, voice recognition can evolve beyond
simple command matching to natural language
understanding, contextual awareness, and adaptive
learning, enabling the robotic arm to understand more
complex instructions or user habits.

= Internet of Things (IoT) and Cloud Connectivity:
Voice-controlled robotic arms can be integrated into loT
ecosystems, enabling remote monitoring, cloud-based
command processing, and real-time data analytics.

= Personalized and Adaptive Interfaces: Future systems
can learn individual user’s speech patterns, accents, and
preferences, increasing accuracy and user satisfaction.

= Multi-Modal Interaction: Voice control can be
combined with gesture recognition, visual feedback, or
haptic input, creating rich and intuitive human-robot
interfaces.

= Applications in Emerging Fields: These include
surgical robots, disaster response robots, smart homes,
and collaborative robots (cobots) working alongside
humans safely.

I11. LITERATURE REVIEW

[1] The user's gestures direct the movement of the robot
in this project. This model consists of transmitter unit with
PIC Microcontroller for recognition of gestures. The
instructions will be followed by the receiver unit with PIC
Microcontroller. This system was created at a low cost and
with a high level of efficiency.

[2] The goal of this project is to operate a robot. To do
this, the recorded pictures are processed using a circular
Hough transform-based method to determine the appropriate
targets. Then, to regulate the robot's motion, control signals
are supplied to the receiver unit.

[3] This paper describes how humans can communicate
with robots using basic hand gestures. This can be done using
a Leap motion sensor. We suppose that the robot is capable of
emotional interaction in this scenario. This study helps us to
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understand how human can interact with a robot using
effective hand gestures.

[4] In paper, they show a voice controlled based interface
for navigating a robot. Six axis accelerometer records the
user's hand motions. Any form of connection is used to
provide data wirelessly to a microcontroller. The received
signals are then converted into one of six car-robot
navigational control commands.

[5] This paper presents a method of controlling an
automatic with using voice the Arduino Lilypad. A motion
device attached on the arm is used to control the projected
model.

[6] The main purpose of this project is to control the
robotic arm's movement using an voice controller, that's far
more convenient than using a joystick or keyboard. This
paper's main contribution is the development of a simple and
effective object detection system on the robot's physical
model. The experimental results are used to assess the
suggested object detection algorithm and voice control.

[8] In this we are used voice to operate a robot. They
proposed a new user detection method, as well as detection
that relies on the robot's to voice recognize the in successive
frames.

[9] Haqqe et al. developed a 5-degree-of- freedom (DOF)
robotic arm controlled by voice input processed through a PC.
The system used a PIC18F452 microcontroller and RS-232
communication for sending commands from the PC to the
robot. Voice commands such as grip, release, and rotate were
recognized via Visual Studio and converted into motor
actions. While the system demonstrated effective control, its
reliance on a PC for processing introduces latency and limits
portability, as the voice processing was not embedded within
the hardware.

[10] Oyelami et al. presented a 4-DOF robotic arm
controlled through a dedicated voice recognition module
(HM2007) and an Arduino board. The HM2007 module
directly converted spoken words into digital codes that the
Arduino used to control servo motors. The system is
lightweight and intended for people with disabilities. It is low-
cost and fairly reliable in quiet environments. However, the
vocabulary is limited, and the system is not robust to
background noise or speaker variability.

[11] Sika et al. proposed a wireless robotic arm control
system using Arduino and a smartphone for voice input. The
voice commands are processed on the smartphone and
transmitted via Bluetooth (HC-05) to the Arduino, which
drives the servos accordingly. This approach offers flexibility
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and reduces wiring, making it more user- friendly. However,
Bluetooth communication can introduce delays, and the
system supports only a small set of predefined commands,
making it unsuitable for complex tasks.

[12] Another study presented a voice-controlled robotic
arm designed specifically for individuals with physical
disabilities, using an Android smartphone, Arduino Nano, and
servo motors. The voice recognition was handled by a mobile
app, which sent commands to the robotic arm over Bluetooth.
This design focused on affordability and accessibility. It is
easy to use and helpful in daily tasks, but suffers from
limitations such as low payload capacity, a restricted
command set, and sensitivity to environmental noise.

[13] A review of Raspberry Pi-based robotic arms
highlights systems that use wvoice commands from
smartphones or microphones, processed using cloud services
or local speech recognition. Raspberry Pi provides better
computing power compared to Arduino, enabling more
complex processing. However, these systems tend to consume
more power and may not meet real-time response
requirements due to reliance on wireless networks or cloud
APIs for voice recognition.

[14] Kumar et al. introduced a robotic arm system that
incorporates neural network-based speech recognition. By
extracting features such as MFCC (Mel Frequency Cepstral
Coefficients) from voice input, the system trains a neural
network to classify different commands. This approach
improves recognition accuracy and handles speaker variation
better than simple keyword recognition. The challenge,
however, lies in the high computational cost and memory
requirements, making it difficult to implement on low-power
embedded hardware.

[15] An advanced approach was proposed using Hidden
Markov Models (HMM) for phoneme- level voice recognition.
This system, used for controlling a 3-DOF robotic arm,
utilized Linear Predictive Coding (LPC) for speech feature
extraction and applied HMMs to decode user commands. It
allows more flexible and natural command structures
compared to fixed keywords. However, it requires training
data, is sensitive to noise, and is computationally heavier than
simpler models.

[16] A unique healthcare- focused study introduced an
inflatable robotic arm with four degrees of freedom, made of
plastic and air-actuated materials for enhanced safety and
lightness. This robotic arm is voice-controlled and designed to
help patients with limited mobility perform tasks like eating.
The study showed that the voice-based system could control
the inflatable actuators with decent accuracy. However, the
softness of the structure limits precision and strength, and real-
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world performance is influenced by the reliability of voice
recognition.

[17] Another significant advancement was the
introduction of wireless communication between the voice
input device and the robotic arm controller, as demonstrated
by Sika et al. By utilizing smartphones to capture voice
commands and Bluetooth modules to transmit instructions
wirelessly to an Arduino-controlled arm, these systems
improved user convenience and reduced hardware complexity.
Wireless communication, however, introduced challenges
such as latency and potential signal interference, which
affected the smoothness and timeliness of robotic arm
movements. Moreover, the command set remained relatively
small, limiting the range of possible interactions.

[18] A notable direction in research focused on assistive
technology for people with disabilities. Researchers developed
voice-controlled robotic arms designed to aid daily activities
such as picking up objects or assisting in eating. These
systems often relied on smartphone applications for voice
recognition, sending commands via Bluetooth to
microcontroller-driven robotic arms. The primary goal was to
create accessible, low-cost solutions with simple interfaces.
Limitations included the inability to handle complex
commands, susceptibility to ambient noise, and limited
payload and precision of the robotic arms.

[19] More computationally powerful platforms like the
Raspberry Pi have been utilized to embed voice recognition
capabilities more directly within robotic systems. With the use
of open-source speech recognition engines and cloud APIs,
these systems offer more flexible and accurate voice
recognition. However, they require higher power consumption
and more complex programming, and often depend on stable
internet connections for cloud processing, which can introduce
latency and reliability issues in real-time control scenarios.

IV. THE PROPOSED WORK
1. System Overview

The project aims to develop a voice-controlled robotic
arm system that integrates voice recognition technology with
microcontroller-based robotic control. The system comprises
several key components, each playing a crucial role in
achieving seamless, hands-free operation:

Voice Recognition Module

This module is responsible for capturing and interpreting
the user’s spoken commands. It serves as the interface
between the user and the robotic arm. The voice recognition
system can be implemented using two approaches:
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» Offline Modules: For instance, the Elechouse Voice
Recognition Module, which offers reliable command
recognition without the need for internet connectivity.
This approach is ideal for privacy-sensitive or remote
environments.

= Online APIs: Such as Google Speech-to-Text, which
provides robust and accurate speech recognition by
leveraging cloud services. This can be implemented via
Python scripts on a PC or integrated into Android
applications.

The module will be trained or programmed to recognize a
predefined set of voice commands tailored to control the
robotic arm effectively.

Microcontroller Platform

The core processing unit of the system, which interprets
recognized commands and generates corresponding control
signals for the robotic arm. Two potential platforms include:

= Arduino Uno: A widely used, cost-effective
microcontroller suitable for handling PWM signals for
servo motor control.

= Raspberry Pi: A more powerful single-board computer
capable of handling complex voice recognition tasks and
interfacing with multiple peripherals simultaneously.

The choice depends on project requirements such as
computational complexity, scalability, and cost.

Robotic Arm

A mechanical arm equipped with 4 to 6 degrees of
freedom (DOF) to allow versatile movement in multiple
directions. The arm will be actuated by servo motors, enabling
precise and smooth motion. Key movements include:

= Base rotation to orient the arm horizontally.

= Shoulder joint movements for vertical arm lifting or
lowering.

= Elbow joint movements for forward and backward
extension.

= Gripper mechanism for grasping and releasing objects.

This  modular
manipulation tasks.

design enables a broad range of

Motor Driver Circuit

Since microcontrollers cannot supply the current needed
for servo motors directly, motor driver circuits will be used.
Popular choices include:
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L298N: A dual H-bridge motor driver that supports
bidirectional control.

PCA9685: A 16-channel PWM controller for precise
servo control.

These drivers translate low-power control signals from

the microcontroller into the high-power signals required by the
servo motors.

2. Working Methodology

The system operates through a sequence of well-defined

steps to ensure smooth and responsive interaction:

1.

Voice Command Input
The user issues voice commands through a microphone.
These commands are restricted to a predefined
vocabulary such as "move up," "grip," "rotate left," etc.,
to facilitate accurate recognition.
Speech Recognition
The captured audio is processed either locally (offline) or
in the cloud (online), converting the voice signals into
text. This text is then compared with the set of
predefined commands to determine the intended action.
Command Processing
The recognized command is transmitted to the
microcontroller platform. The microcontroller runs a
control algorithm that maps the text commands to
specific motor instructions, including direction, speed,
and duration of servo motor actuation.
Robotic Arm Control
Using Pulse Width Modulation (PWM) signals, the
microcontroller commands the servo motors to perform
the desired movements. This enables the arm to lift,
rotate, extend, or grasp objects as per the command.
Execution and Feedback (Optional)
After executing the movement, the system may provide
real-time feedback to the user. This can include:
= Visual indicators such as LEDs lighting up to
confirm command reception.
= Audio responses like a beep or voice confirmation
to enhance user interaction.
= Integration of sensors for more advanced
feedback (e.g., confirming grip success or
obstacle detection).

3. Key Features of the Proposed System
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Modular and Scalable Design

The system architecture allows easy integration of
additional sensors such as cameras for object recognition,
distance sensors for obstacle avoidance, or force sensors
for grip feedback. This future-proofs the system for
advanced capabilities.

Cost-Effectiveness

Utilization of low-cost, widely available components
ensures affordability, making the project suitable for
educational purposes and applications in assistive
technology.

Real-Time Command Execution

The system is designed for minimal latency between
voice command recognition and arm movement,
providing a smooth and natural user experience.
Expandable Command Set and Al Integration

The architecture supports adding new voice commands
and the possibility of incorporating Al-based learning
models to recognize more complex commands or adapt
to user preferences over time.

4. Expected Outcomes

Upon successful completion, the project is expected to

deliver:

A Fully Functional Prototype

A voice-controlled robotic arm capable of executing
predefined basic tasks with accuracy and responsiveness.
Basic Task Execution

The arm will be demonstrated performing essential
actions such as picking up objects, placing them at
specified locations, rotating to different angles, lifting
items, and controlling the gripper for grasping.
Hands-Free Interaction Demonstration

The project will validate the concept of natural language
interaction with robotic hardware, showing the system’s
potential to assist users who cannot operate traditional
manual controls.

Assistive Technology Potential

The prototype will serve as a foundational model for
assistive devices designed to help individuals with
physical — impairments perform  everyday tasks
independently, improving their quality of life.
Foundation for Future Enhancements

The modular design and software architecture will
provide a base for integrating advanced features such as
Al-driven  command interpretation,  sensor-based
feedback, and more complex manipulations.

V. PROBLEM STATEMENT

Traditional methods of controlling robotic arms—such as

joysticks, buttons, or programmed instructions—often require
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physical interaction, technical knowledge, and continuous
manual input. These methods can be inaccessible to users with
physical disabilities, inefficient in hands- free environments,
and unsuitable for tasks that require real-time adaptability and
natural interaction.

With the increasing demand for more intuitive and
accessible control systems, there is a need for a low-cost, user-
friendly solution that allows hands- free and voice-based
control of robotic arms. Despite the availability of voice
recognition technologies, their integration with embedded
systems for controlling multi-degree-of- freedom robotic arms
remains limited, expensive, or complex to implement.

Therefore, the challenge lies in designing and developing
a voice-controlled robotic arm system that is:

= Cost-effective,

= Simple to use,

= Capable of executing basic movements,

= Easily adaptable for assistive, industrial, or educational
use.

This project aims to address this problem by developing a
functional prototype that leverages voice recognition
technology to control a robotic arm in real-time, offering a
practical solution for applications requiring natural and
accessible human-robot interaction.

Voice recognition technology offers a promising
alternative for controlling robotic arms by enabling natural,
hands-free communication. However, current implementations
of voice- controlled robotic arms face several critical
challenges. First, many systems depend on external processing
units such as personal computers or smartphones to interpret
voice commands, resulting in latency, reduced portability, and
increased system complexity. This reliance limits the
deployment of truly embedded and standalone robotic
systems.

Second, the accuracy and robustness of voice recognition
algorithms are often compromised in real-world environments
due to background noise, speaker variability, and limited
vocabularies. Many existing solutions operate on small,
predefined command sets with minimal flexibility, which
restricts the range of user interactions and reduces the
system’s adaptability to different users and contexts.

Third, the computational requirements of advanced voice
recognition techniques, such as those involving machine
learning and natural language  processing,  pose
implementation difficulties on low-power microcontrollers
typically used in robotic arms. This results in a trade-off
between system performance and hardware constraints.

© 2026 IRJIET All Rights Reserved

International Research Journal of Innovations in Engineering and Technology (IRJIET)

ISSN (online): 2581-3048
Volume 10, Issue 1, pp 198-207, January-2026
https://doi.org/10.47001/IRJIET/2026.101025

Lastly, there is a lack of standardized methodologies to
evaluate the effectiveness, responsiveness, and user
satisfaction of voice-controlled robotic arms across different
application domains. This gap hinders the development of
universally accepted design practices and benchmarks.

Given these challenges, there is a pressing need to
develop a voice-controlled robotic arm system that integrates
an embedded, efficient, and robust voice recognition module
capable of accurately interpreting a wide range of commands
in noisy environments. The system should minimize latency,
support continuous and flexible control, and be accessible to
users with varying physical abilities. Achieving these
objectives will enhance the practical usability and inclusivity
of robotic arms, particularly for assistive technology
applications, thereby improving the quality of life for
individuals with mobility impairments and expanding the
scope of robotic automation.

V1. OBJECTIVES

The main objective of this project is to design and
implement a robotic arm that can be controlled using human
voice commands, making the system more intuitive,
accessible, and user-friendly.

Specific Objectives:

1. Design and Construction of the Robotic Arm:
Develop a multi-degree-of-freedom robotic arm capable
of executing a variety of movements including gripping,
rotating, lifting, and releasing objects. The arm should be
constructed with appropriate actuators (such as servo
motors) and controlled by a microcontroller to ensure
precise and smooth motion.

2. Implementation of Embedded Voice Recognition
System:
Integrate a voice recognition module directly into the
robotic arm’s control system to process voice commands
locally, reducing dependence on external devices such as
PCs or smartphones. This embedded system should be
lightweight, energy-efficient, and capable of real-time
processing to enhance system portability and
responsiveness.

3. Development of Robust Voice Command Processing
Algorithm:
Create or adapt voice recognition algorithms capable of
accurately identifying a predefined set of commands
despite environmental noise, speaker differences, and
varying speech patterns. The algorithm should minimize
recognition errors and processing delays, ensuring quick
and reliable command execution.
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4. Wireless Communication Integration:

Implement wireless communication technology, such as
Bluetooth or Wi-Fi, to enable seamless transmission of
voice commands from the user’s input device (e.g.,
microphone or smartphone) to the robotic arm controller.
This wireless setup should support low latency and
secure data transmission to facilitate real-time control.

5. User Accessibility and Ergonomics:

Design the system interface to be user-friendly and
accessible, especially targeting users with physical
disabilities or limited motor functions. The voice-
controlled robotic arm should enable these users to
perform everyday tasks independently, improving their
quality of life and ease of interaction with technology.

6. Performance Testing and Evaluation:

Conduct comprehensive testing to evaluate the system’s
overall performance. Key performance indicators include
voice recognition accuracy, response latency, mechanical
precision of the robotic arm’s movements, and
robustness under different environmental conditions
(such as background noise levels). User feedback should
also be collected to assess usability and satisfaction.

7. Scalability and Future Enhancement Exploration:
Explore the possibility of expanding the system’s
capabilities by increasing the command vocabulary and
incorporating advanced natural language processing
(NLP) methods. This would allow more natural,
conversational voice commands and support continuous
control over the robotic arm, moving beyond simple
discrete commands.

8. Safety and Reliability Assurance:

Ensure that the robotic arm operates safely and reliably,
with fail-safe mechanisms in place to prevent unintended
movements or malfunctions. This is particularly critical
if the system is used in assistive or healthcare
environments, where user safety is paramount.

VIl. METHODOLOGY

—

Power Supply

Voice
Recognation
Module

ATMEGA 328
Microcontroller

Servo Motor

MIC Speaker

Figure 1: Block Diagram of Development of robotic arm controlling by
using voice recognition
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1. Power Supply:

= Provides the necessary electrical power to all the
components in the system, including the microcontroller,
voice recognition module, and servo motors.

2. Microphone (MIC):

= Captures the user's voice commands and sends the audio
signals to the Voice Recognition Module.

3. Voice Recognition Module:

= Processes the audio input from the microphone.

= Converts spoken commands into digital signals or
instructions.

= Sends these
Microcontroller.

= Can also output audio to a speaker (e.g., for feedback or
confirmation sounds).

instructions to the Atmega 328

4. Speaker:

= Qutputs sounds or responses generated by the Voice
Recognition Module, such as confirmation beeps or
voice feedback.

5. Atmega 328 Microcontroller:

= Acts as the brain of the system.

= Receives commands from the Voice Recognition
Module.

= Processes these commands and generates appropriate
control signals.

= Sends control signals to the servo motors to perform the
desired movements.

6. Servo Motors:

= Execute the movements or actions based on commands
from the microcontroller.

= These could be used to move robotic parts, open/close
mechanisms, or any task requiring precise control.

Flow Summary:

= The user speaks a command into the microphone.

= The Voice Recognition Module interprets the voice
command.

=  The command is sent to the microcontroller.
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VIIl. APPROX VALUES

Table 1: Approximate Values

Sr. No. | Component Quantity Cost
1 Arduino 1 1799
Nano/Node MCU
2 Flex Sensor 1 825
3 10K Resistor 1 50
4 MPU6050 1 826
5 Hand Gloves 1 4823
6 Connecting Wires 1 100
7 Breadboard 1 250
8 RF Transmitter 1 2000
9 Antenna 1 359
Total 11050

IX. TIME SCHEDULE

Table 2: Time schedule (proposed time-6 months)

Month

Work Schedule

Aug 25 — Sept 10, 2025

Finding problem in searching place
(hospital, agriculture, petrol pump,
MSEB etc.).

Sept 11 — Sept 25, 2025

Discussion on effective problems and
identification of most real problem.

Sept 26 — Oct 10, 2025

Final selection of problem.

Oct 11 — Oct 25, 2025

Collect references (books, journals,
research papers, online sources).

Oct 26 — Nov 10, 2025

Fixing suitable project title.

Nov 11 — Dec 10, 2025

Literature review (study of past work,
existing solutions, gap).

Dec 11 - Dec 31, 2025

Discussion on costing of project and
estimation of budget (~15Kk).

Jan 1 - Jan 20, 2026

Preparation of block diagram (input—
process—output).

Jan 21 — Feb 20, 2026

Methodology and flowchart
preparation.

Feb 21 — Mar 15, 2026

Draft report preparation (Intro,
Problem statement, Literature,
Costing, Block diagram,
Methodology)

Mar 16 — Apr 10, 2026

Correction, editing, and final report
writing

Apr 11 — Apr 26, 2026

Final submission, viva and
presentation.
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