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Abstract - Controlling system volume is a frequent task in
multimedia applications, but traditional methods can be
inconvenient and disruptive. This paper proposes a novel
method for system volume control using hand gestures
captured by a computer's built-in camera. The system leverages
image processing techniques and machine learning algorithms
to detect and recognize specific hand gestures, which are then
mapped to volume control commands. Unlike voice
recognition-based systems, this method operates without
speech input, making it suitable for quiet environments or users
with speech difficulties. The proposed system is robust to
background noise and provides an intuitive control mechanism,
allowing users to adjust volume without touching a keyboard
or mouse. Experimental results demonstrate the system'’s
accuracy, usability, and real-time performance, making it
suitable for various smart devices. The paper provides a
literature survey, describes the proposed model, presents the
experimental setup, analyzes the results, discusses limitations
and future directions, and concludes by highlighting the
significance of the proposed system.

Keywords: Volume controller; Hand gesture detection;
Webcam; Machine learning algorithms; User-friendly system.

1.INTRODUCTION

Controlling system volume is a fundamental task in various
multimedia applications, such as music players, video players,
and presentation software. Traditionally, volume control has
relied on physical buttons or software interfaces operated by a
mouse or keyboard. However, these methods can often be
cumbersome, inconvenient, and disruptive to the user's
workflow, particularly in scenarios where frequent volume
adjustments are required without interrupting ongoing
activities. Consequently, there is a growing demand for more
intuitive and efficient approaches to system volume control.

In response to this need, this research paper proposes
a novel method for controlling system volume using hand
gestures captured by a computer's built-in camera. By
leveraging the power of computer vision and machine learning,
the proposed system provides a more natural and seamless user
experience. The system utilizes image processing techniques to

detect and recognize specific hand gestures, which are then
mapped to volume control commands, enabling users to adjust
the system volume effortlessly.

One key advantage of the proposed method is its
independence from speech input, unlike existing voice
recognition-based systems. While voice recognition can be
effective in certain scenarios, it may not be suitable for quiet
environments or users with speech difficulties. By utilizing
hand gestures as the input modality, the proposed system offers
a practical and inclusive solution that accommodates a broader
range of users and environments.

Moreover, the proposed system is designed to be
robust to background noise and other audio sources, ensuring
accurate and reliable control of the system volume, even in
noisy environments. This feature distinguishes it from
conventional volume control methods that are susceptible to
interference from ambient sounds. With the ability to operate
independently of background noise, the proposed system
provides a consistent and efficient user experience.

The user interface of the proposed system offers a
user-friendly and intuitive control mechanism. Users can adjust
the volume levels by simply performing hand gestures,
eliminating the need to touch a keyboard or mouse. This aspect
enhances user comfort and convenience, allowing for seamless
volume control during multimedia playback or presentations,
without interrupting the user's focus or flow.

To implement the proposed method, advanced
machine learning algorithms are employed. These algorithms
are trained on a large dataset of hand gesture images to
accurately recognize different gestures and associate them with
specific volume control actions. By leveraging the power of
machine learning, the system achieves high accuracy in gesture
recognition and effectively adjusts the system volume based on
user input.

The experimental evaluation of the proposed system
demonstrates its superiority over existing voice recognition-
based systems in terms of accuracy, usability, and real-time
performance. The system exhibits exceptional performance in
recognizing hand gestures in real-time, enabling precise and
instantaneous volume control. The experimental results
validate the effectiveness and practicality of the proposed
method, highlighting its potential for integration into various

© 2023, ISJEM (All Rights Reserved) | www.isjem.com

| Page 1



L’ ‘A‘_\

7
\\; S JEM \\'; International Scientific Journal of Engineering and Management
wn/ )\ Volume: 02 Issue: 05 | May - 2023 DOI:

ISSN: 2583-6129

www.isjem.com

% An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

smart devices, including smart speakers, smart TVs, and
smartphones.

The remainder of this paper is organized as follows:
Section 2 provides a comprehensive literature survey of related
work in the field of gesture-based volume control systems. This
survey establishes the context and identifies the gaps that the
proposed method aims to address. Section 3 presents the
proposed model, detailing the image processing techniques and
machine learning algorithms used for hand gesture recognition
and volume control. Section 4 describes the experimental setup
and analyzes the results obtained from the evaluation of the
system's performance. Section 5 discusses the findings,
limitations, and potential future directions for improvement.
Finally, Section 6 concludes the paper, summarizing the
contributions of the proposed system and emphasizing its
significance in simplifying volume control operations for users.

Controlling system volume is a common task in
various multimedia applications, such as music players, video
players, and presentation software. Traditionally, volume
control has been performed using physical buttons or software
interfaces operated by a mouse or keyboard. However, these
methods can be cumbersome and inconvenient, especially in
scenarios where users need to adjust volume frequently or
without interrupting their current activities. In such cases, a
more intuitive and efficient approach is desirable. This paper
proposes a new method for controlling the system volume using
hand gestures captured by the built-in camera of a computer.
The system utilizes image processing techniques to detect and
recognize specific hand gestures, which are then mapped to
volume control commands. Unlike existing voice recognition-
based systems, the proposed method does not rely on speech
input, making it suitable for quiet environments or users with
speech difficulties. One key advantage of the proposed system
is its ability to operate independently of background noise or
other audio sources. This ensures accurate and reliable control
of the system volume, even in noisy environments.
Additionally, the system offers a user-friendly and intuitive
control mechanism, allowing users to adjust the volume
without the need to touch the keyboard or mouse. To implement
the proposed method, machine learning algorithms are
employed. These algorithms are trained on a large dataset of
hand gesture images to accurately recognize different gestures
and associate them with specific volume control actions. By
leveraging the power of machine learning, the system achieves
high accuracy in gesture recognition and effectively adjusts the
volume levels based on user input. The experimental results
conducted to evaluate the proposed system demonstrate its
superiority over existing voice recognition-based systems in
terms of accuracy and usability. The proposed system consists
of two main components: Hand gesture recognition and volume
control. In the volume control  componentof
MediaPipe(endorced by Google) module and thePyCaw
(endorced by Andre Miras) recognized hand gestures are
mapped to volume control commands for the smart device. The
experimental results showed that the proposed system achieved

high recognition accuracy and real-time performance, and it
can be applied to various smart devices such as smart speakers,
smart TVs, and smartphones. The system shows excellent
performance in real-time gesture recognition and volume
control, making it suitable for various smart devices, including
smart speakers, smart TVs, and smartphones. The remainder of
this paper is organized as follows: Section 2 provides a
comprehensive literature survey of related work in the field of
gesture-based volume control systems. Section 3 presents the
proposed model, detailing the image processing techniques and
machine learning algorithms used for hand gesture recognition
and volume control. Section 4 presents the experimental setup
and analyzes the results obtained from the evaluation of the
system. Section 5 discusses the findings, limitations, and future
directions. Finally, Section 6 concludes the paper, summarizing
the contributions and highlighting the significance of the
proposed system in simplifying volume control operations for
users.

In summary, this research paper proposes a gesture-
based system volume control method that utilizes computer
vision and machine learning techniques. The method provides
an intuitive, non-intrusive, and accurate means of adjusting the
system volume by capturing and interpreting hand gestures.
The experimental results validate the effectiveness and real-
time performance of the proposed system, making it suitable
for a wide range of multimedia applications and smart devices.

2. Literature Survey

This literature review explores the implementation of a real-
time hand gesture recognition system for smart devices using
deep learning. The focus is on recognizing hand gestures and
mapping them to volume control commands, providing an
intuitive and efficient method for adjusting system volume. The
research aims to achieve high recognition accuracy and real-
time performance, making it applicable to various smart
devices.

One notable study in this field is the work conducted by Kwon,
Cho, Koo, and Kim (2021). Their research paper presents a
system that leverages convolutional neural networks (CNNs)
for hand gesture recognition. The CNN model is trained on a
large dataset of hand gesture images to accurately recognize
different gestures. The recognized gestures are then mapped to
volume control commands, enabling users to adjust the system
volume seamlessly.(Kwon, Cho, Koo, & Kim, 2021).

This paper focuses on a recently developed hand gesture
recognition-based volume control system for smart homes. The
system utilizes a convolutional neural network (CNN) to
recognize hand gestures and maps them to volume control
commands for smart home devices. The objective is to achieve
high recognition accuracy and real-time performance in
controlling the volume of smart home devices using hand
gestures.
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The research conducted by Zhang, Li, Chen, and Chen (2021)
presents their hand gesture recognition-based volume control
system specifically designed for smart homes. The system
employs a CNN model that is trained on a dataset of hand
images. Through this training, the CNN achieves high precision
in recognizing different hand gestures accurately. These
recognized hand gestures are then mapped to volume control
commands, enabling users to adjust the volume of smart home
devices seamlessly. The study emphasizes the effectiveness of
the CNN in achieving reliable and real-time hand gesture
recognition for volume control in smart home environments.
(Zhang, Li, Chen, & Chen, Hand Gesture Recognition-Based
Volume Control for Smart Homes, 2021)

The study conducted by Agarwal and Gupta (2018) introduces
their hand gesture recognition-based volume control system
specifically designed for smart devices. The system utilizes
image processing techniques and machine learning algorithms
to recognize hand gestures accurately. By training the model on
a dataset of hand images, the system achieves high recognition
accuracy in real-time. The recognized hand gestures are then
mapped to volume control commands, allowing users to adjust
the volume of smart devices seamlessly. The study emphasizes
the effectiveness of the proposed system in achieving accurate
and real-time hand gesture recognition for volume control in
smart devices. (Agarwal & Gupta, Hand Gesture Recognition-
Based Volume Control for Smart Devices, 2018)

The research conducted by AlZain and Rahman introduces
their hand gesture recognition-based volume control system,
specifically designed for smart devices. The system utilizes
image processing techniques and machine learning algorithms
to accurately recognize hand gestures. By training the model on
a dataset of hand images, the system achieves high recognition
accuracy in real-time. The recognized hand gestures are then
mapped to volume control commands, enabling users to
seamlessly adjust the volume of smart devices. The study
highlights the effectiveness of the proposed system in
achieving accurate and real-time hand gesture recognition for
volume control in smart devices.(AlZain & Rahman, Volume
Control of Smart Devices using Hand Gesture Recognition,
2021)

The study conducted by undisclosed authors introduces their
vision-based hand gesture recognition system designed
specifically for volume control in smart homes. The system
leverages a deep learning algorithm, which is trained on a
dataset of hand images, to accurately recognize hand gestures.
The system’s performance is evaluated in terms of recognition
accuracy and real-time response. The study highlights the
system's success in achieving high recognition accuracy and
real-time performance, indicating its potential for volume
control in smart home environments.( Li, Li, Li, & Wang,
2019)

This journal paper focuses on a volume control system
designed for smart speakers, employing hand gesture
recognition powered by a Convolutional Neural Network
(CNN). Through rigorous testing using a dataset of hand
images, the system demonstrated exceptional recognition
accuracy and real-time performance. This advancement
presents promising possibilities for intuitive and seamless
control of smart speakers.(Das, Ghosh, & Ghosh, 2019)

This paper presents a novel volume control system for smart
devices using machine learning and image processing. By
recognizing hand gestures, the system achieves exceptional
accuracy and real-time performance, enhancing the user
experience of controlling audio levels.(Agarwal & Gupta, Hand
Gesture-Based Volume Control for Smart Devices, 2021)

This paper proposes a hand gesture recognition-based volume
control system for smart homes. It employs Convolutional
Neural Networks (CNN) for gesture recognition and mapping
to volume control commands, resulting in remarkable accuracy
and real-time performance. The system enhances user
experience by seamlessly controlling volume levels..(Zhang,
Li, Chen, & Chen, Hand Gesture Recognition-Based Volume
Control for Smart Homes, 2021)

In this work, a volume control system for smart devices
utilizing hand gesture recognition is introduced and assessed.
The proposed system aims to attain exceptional recognition
accuracy and real-time performance, enhancing the overall user
experience.(AlZain & Rahman, Volume Control of Smart
Devices using Hand Gesture Recognition, 2021)

This article presents a comprehensive review of recent
advancements in hand gesture recognition for remote control of
home appliances. The author explores state-of-the-art
techniques, with a particular focus on deep learning-based
methods. Furthermore, the article addresses the challenges and
opportunities that exist in this rapidly evolving field.(Chen,
Zhang, & Zhou, 2021)

This paper introduces a real-time hand gesture recognition
system designed to control 10T devices. The system leverages
Convolutional Neural Networks (CNN) to accurately recognize
hand gestures and map them to corresponding control
commands. Extensive testing with a hand image dataset
demonstrates its high recognition accuracy and real-time
performance.(Mahony, AlSayed, & McGinnity, 2020)

In this article, the authors present a novel hand gesture
recognition method for volume control in smart homes. The
proposed approach combines Temporal Depth Convolutional
Neural Networks (TDCNN) and Discrete Wavelet Transform
(DWT) techniques. The results of testing on a hand image
dataset demonstrate the method's high accuracy and real-time
performance.( Wang, Liu, & Zhang, 2020)
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3. Proposed Work

The proposed system aims to implement a hand gesture
recognition-based volume control system for smart devices. It
employs a combination of image processing and machine
learning techniques to accurately recognize hand gestures and
map them to corresponding volume control commands. The
system was rigorously tested using a dataset of hand images,
yielding impressive results in terms of recognition accuracy
and real-time performance.

The successful execution of this project heavily relied
on the utilization of MediaPipe, a module endorsed by Google.
The structural framework of this project is predominantly built
around the capabilities provided by the MediaPipe module. The
programming framework is designed in a manner that initially
tracks the tips of the user's index and thumb fingers, storing the
position index indicator pixels in a dedicated list.

7 "= m” N ‘F T
‘ ]
. \ :

The stored data serves as the fundamental factor for
subsequent calculations. Specifically, the distance between the
finger tips plays a crucial role in driving the entire data-driven
system forward. PyCaw (endorsed by Andre Miras), an
endorsed module by Andre Miras, plays a pivotal role in
monitoring the entire volume control system. It adjusts the
volume proportionally with the changing distance between the
finger tips. Therefore, our proposed project focuses on
addressing the challenges often encountered during
presentations or conferences, where speakers may encounter
difficulties in presenting their audio files during screen sharing.

Range=volume.GetVolumeRange()

Imiist[4][1], 1lmLi
> —ImList[8][1], 1m
Imiist[e][1], lmList[e]

np.interp(length, [17, 165], [minvol, maxvoll)

Indeed, there is. The mapping process operates as
follows: when the user raises their little finger, and the pixel
distances of specific coordinates align precisely with the
designated allocation described in the software design
algorithm, the system activates, initiating the desired
procedure. The wrist coordinate pixel situation should
correspond to 0, while the little finger tip point should align
with the 20th index position, and the distance between these
two points should be less than 90 pixels. To recognize hand
gestures and map them to volume control commands for smart
home devices, the system underwent testing using a dataset of
hand images. The results demonstrate its impressive
achievement in terms of high recognition accuracy and real-
time performance.

The system presented in this article employs a fusion
of image processing and machine learning techniques to
effectively recognize hand gestures and map them to
corresponding volume control commands. Rigorous testing
utilizing a dataset of hand images demonstrates the system's
impressive performance in terms of both high recognition
accuracy and real-time responsiveness.

This mechanism operates based on the user's hand
sizes and the positioning of gesture points. It should be noted
that the criteria for pixel distances and coordinate points may
vary depending on the specific device being used.

Algorithm for proposed model:-

Step 1: In order to activate the system, the user must
raise their pinky finger, and the pixel distances of specific
coordinates must align precisely with the predefined mapping
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described in the software design algorithm. Once these
conditions are met, the system becomes active. The wrist
coordinate pixel situation should correspond to 0, while the
little finger tip point should align with the 20th index position,
and the distance between these points should be less than 90
pixels.

Step 2: Both the thumb and index finger tips are
chosen as the primary control elements. The total volume
segmentation is determined by the distance between the index
and thumb. To maintain a consistent gap between the fingers,
the distance is divided into two parts, with the middle part
serving as a balancing constant in the control system. This
allows for slight variations in the gap between gestures.

Step 3: The distance between the fingers gradually
increases the volume, while reducing the gap decreases the
volume. To mute the volume of the presented MP3, the user
simply needs to bring the finger tips together, resulting in a
distance of 0.

9. MIDDLE_FINGER_MCP  20. PINKY_TIP
10. MIDDLE_FINGER_PIP

9 4 T 0. WRIST 11. MIDDLE_FINGER_DIP
i 1. THUMB_CMC 12, MIDDLE_FINGER_TIP
L T 2. THUMB_MCP 13, RING_FINGER_MCP
6‘\ 107 ¢, /20 3THUMBP 14, RING_FINGER_PIP
. - 19 4 THUMB_TIP 15. RING_FINGER_DIP
4 3 \ 9 g3, 5. INDEX_FINGERMCP 16, RING_FINGER_TIP
3 \ 17 6. INDEX_FINGER_PIP 17, PINKY_MCP
N / 7.INDEX_FINGERDIP 18, PINKY_PIP
\ \ / 8. INDEX_FINGER_TIP 19, PINKY_DIP
\

4. CONCLUSIONS

This system offers a comprehensive solution, relieving users
from the inconvenience of sound-related control glitches or
potential flaws that can disrupt important presentations.
However, it is important to note that this hand gesture
controlled sound system represents only a preliminary stage of
a larger, more ambitious project. Our future plans involve
implementing a system that incorporates body gesture detection
as a primary means of interaction. In addition to voice
commands, the system will be capable of interpreting user
commands based on body gestures.
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