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Abstract:

Hand gestures constitute a kind of nonverbal
communication applicable in several domains,
including interactions among deaf-mute individuals,
robotic manipulation, human-computer interface
(HCI), home automation, and medical applications.
Research publications concerning hand gestures
have used many methodologies, including those
using instrumented sensor technologies and
computer vision. The hand sign may be categorized
under many classifications, including posture and
gesture, as well as dynamic and static, or a
combination of both. This study reviews the research
on hand gesture strategies, highlighting their
advantages and disadvantages in various contexts.
Furthermore, it enumerates the efficacy of these
methodologies, emphasizing computer vision
techniques that address points of similarity and
divergence, hand segmentation methods employed,
classification algorithms and their limitations, the
quantity and categories of gestures, the dataset
utilized, detection range (distance), and the type of
camera implemented. This article provides a
comprehensive introduction of hand gesture
techniques, along by a concise assessment of
potential applications.

Keywords: hand gesture, hand posture, computer

vision, human—computer interaction (HCI)

1-INTRODUCTION
Hand gestures represent a facet of body language,
communicated via the palm's center, finger
positioning, and the configuration formed by the
hand. Hand motions may be categorized as static or

dynamic. The term static gesture denotes a fixed
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hand form, whereas dynamic gesture involves a
sequence of hand motions, such as waving. A
multitude of hand motions exists inside a gesture;
for instance, a handshake differs across individuals
and is influenced by temporal and spatial contexts.
The primary distinction between posture and gesture
lies in the fact that posture emphasizes the
configuration of the hand, while gesture pertains to
the movement of the hand. The primary
methodologies for hand gesture research are
categorized into the wearable glove-based sensor
approach and the camera vision-based sensor
technique [1,2].

Hand gestures are a compelling area of study since
they enhance communication and serve as a natural
mode of contact applicable in many contexts.
Historically, hand gesture detection was
accomplished using wearable sensors affixed
directly to the hand via gloves. These sensors
registered a bodily reaction in accordance with hand
motions or finger flexion. The obtained data were
then processed using a wired computer attached to
the glove. This glove-based sensor system might be
become portable by using a sensor connected to a
microcontroller. Figure 1 demonstrates that hand
gestures for human—computer interaction (HCI)
originated with the development of the data glove
sensor. It provided straightforward instructions for a
computer interface. The gloves used several sensor
types to record hand motion and position by
identifying the precise coordinates of the palm and
fingers' locations [3]. Multiple sensors using the
same bending angle approach include the curvature
sensor [4], angular displacement sensor [5], optical

fiber transducer [6], flex sensors [7], and
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accelerometer sehsor [8]. These sensors use various
physical principles based on their classification.
Despite the favorable results of the aforementioned
procedures, they include certain restrictions that
render them inappropriate for the elderly, who may
encounter pain and perplexity stemming from issues
related to wire connections. Moreover, aged
individuals afflicted with chronic illnesses that lead
to muscular function deterioration may find it
challenging to don and doff gloves, resulting in pain
and limitations when worn for extended durations.
These sensors may potentially induce skin injury,
infection, or unpleasant responses in those with
sensitive skin or those with burns. Furthermore,
some sensors are very costly. A research by
Lamberti and Camastra [9] solved some of these
issues by using a computer vision system utilizing
colored marking gloves.

This investigation did not need the connection of
sensors; nevertheless, it required the use of colored
gloves. These limitations prompted the creation of
innovative and economical methods that eliminated
the need for heavy gloves. These methodologies are
referred to as camera vision-based sensor
technologies. The advancement of open-source
software libraries has facilitated the detection of
hand gestures applicable in various domains,
including clinical operations [10], sign language
[11], robotic control [12], virtual environments [13],
home automation [14], personal computing and
tablets [15], and gaming [16]. These approaches
fundamentally include substituting the instrumented
glove with a camera. Various kinds of cameras are
used for this purpose, including RGB cameras, time-
of-flight (TOF) cameras, thermal cameras, and night
vision cameras.

Algorithms using computer vision techniques have
been created to identify hands via various kinds of
cameras. The algorithms endeavor to segment and

identify hand characteristics, including skin tone,
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morphology, movement, skeletal structure, depth,
three-dimensional modeling, and deep learning
identification, among others.

This study discusses the many issues associated with
these strategies in the following parts. Applications

of Hand Gesture Recognition

« Human-Computer Interaction
0 Navigating interfaces without a mouse or
keyboard.
0 Gesture-controlled presentations or smart TVSs.
+ Gaming
0 Enhancing user experience in virtual reality (VR)
or augmented reality (AR).
* Healthcare o Assisting individuals with
disabilities to interact with devices.
* Robotics o Controlling robotic arms or drones.
* Sign Language Interpretation 0
Translating sign language into text or speech.
« Surveillance and Security o Monitoring
suspicious activities via hand gestures. Challenges
* Environmental Variability

Changes in lighting, background clutter, and
occlusion of hands can impact system performance.
» Gesture Variability
Differences in hand shapes, sizes, and motion speeds
among users make consistent detection difficult.
* Processing Power
Real-time gesture recognition requires efficient
algorithms and hardware capable of handling high
computational loads.
» Hardware Dependence
High-quality sensors or cameras may increase
system costs, limiting accessibility.
» Complex Gesture Classification
Recognizing complex or continuous gestures
requires sophisticated models that can track
sequential movements accurately.

Noise and Errors
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Gesture recognition systems may misclassify
gestures due to noise in input data or incomplete
gestures.

Impact

Enhanced Human-Computer Interaction
Hand gesture recognition improves the way people
interact with technology, offering touchless control

in smart devices and applications.

Increased Accessibility
Provides assistive technologies for individuals with
disabilities, enabling them to interact with devices

more effectively.

Advancements in AR/VR and Gaming
Revolutionizes immersive experiences in
augmented and virtual reality by enabling intuitive
and natural controls.

Efficiency in Robotics and Automation

Enables precise and dynamic control of robots and
automated systems, especially in industries like
manufacturing or healthcare.

Applications in Sign Language Translation

Helps break communication barriers for the hearing-
impaired by translating sign language gestures into
text or speech.

Impact on Education and Training

Facilitates interactive learning environments where
users can control virtual elements using gestures,

enhancing engagement.

2-LITERATURE REVIEW
This work, entitled "A Sliding Window Approach to
Natural Hand Gesture Recognition using a Custom
Data Glove," introduces a novel technique for
identifying natural hand motions using a specifically

engineered data glove.

The purpose of this study was to identify distinct
hand motions by executing specified patterns with
our hands. The data glove used in this investigation

had sensors designed to capture and quantify hand
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motions and orientations. The recorded motions
were then used to create a three-dimensional model
of the hand. This study primarily focuses on the
identification of hand gestures via a data glove
integrated with motion, bending, and pressure
sensors. The authors meticulously chose 31 hand
gestures that are both instinctive and conducive to
interaction, allowing them to function as adaptable
controllers for many computer platforms. The
research utilizes a data glove and associated sensors
to precisely identify and interpret hand movements,
facilitating efficient communication and control
with computer systems. The authors investigate the
capabilities of the bespoke data glove in recording
and analyzing hand motions, facilitating the
detection of predetermined hand gestures. This
study's results advance the development of gesture-
based interfaces, providing new opportunities for
intuitive and natural interaction with computer
systems.

The research article entitled "3-D Hand Motion
Tracking and Gesture Recognition Using a Data
Glove" presents a novel methodology for
monitoring hand movements and identifying
gestures via the use of a data glove. This research
expands on the ideas established in the Sliding
Window Project, investigating analogous topics and
methodologies. The authors of the research have
created an extensive system for three-dimensional
hand motion tracking and gesture identification,
using a specially constructed data glove referred to
as the KHU-1. The KHU1 data glove has three tri-
axis accelerometer sensors, a controller, and a
Bluetooth module, allowing the wireless transfer of
hand motion signals to a linked PC. Moreover, the
researchers have developed an advanced 3-D digital
hand model used for precise hand motion tracking
and identification. This digital hand model is
designed according to kinematic chain theory, using

ellipsoids and joints to depict the many components
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of the hand. ThroUgh the analysis of signals obtained
from the data glove and their subsequent mapping
onto a 3-D digital hand model, the system can
precisely monitor hand motions and identify
gestures. This study's results enhance hand motion
tracking and gesture recognition technology,
establishing a foundation for more natural and
immersive  human-computer interaction. The
proposed system demonstrates the capability of data
gloves to capture and understand hand motions,
hence creating opportunities for diverse applications
in virtual reality, gaming, and robotics.

This work, titled "Home Outlet and LED Array
Lamp Controlled by a Smartphone with Hand
Gesture Recognition," introduces a system enabling
users to manage house outlets and LED array
lighting via a smartphone using hand gesture
recognition. This project facilitated the management
of home automation systems using a smartphone. It
assessed the data from the phone's integrated
sensors, such as the gyroscope and accelerometer, to
identify motions and activate them appropriately.
This study presents a home outlet and LED array
light controlled by hand gesture detection via a
smartphone, including two components: a
smartphone application and a wireless remote-
control unit (WRCU). The program can interpret the
accelerometer and gyroscope data from a
smartphone using hand gesture recognition and
transmit a control instruction to the wireless remote
control device. The wireless remote control device
may interpret the incoming message and replicate
the related action. This design has an LED array bulb
as the house outlet for controlling both the on/off
and dimming functions.

This work, entitled "Home Appliance Control via a
Hand Gesture Recognition Belt in an LED Array
Lamp Case," introduces an innovative method for
managing home appliances with a hand gesture

recognition belt. The prototype included an
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accelerometer and a gyroscope to identify hand
motions, along with a filter to eliminate jitter. The
receiving device decodes the information and
replicates the action. This research presents a
wearable gesture remote controller consisting of two
components: a hand gesture recognition belt and a
receiver unit. The controller employs an
accelerometer and a gyroscope to detect hand
motions, with a Kalman filter to mitigate jitter noise
caused by minor hand tremors. The receiver unit is
capable of decoding the received information and
executing the associated action. This design has an
LED array bulb as the home appliance used for
controlling the on/off function and the dimming
capability.

This work, entitled "A Real-Time Hand Gesture
Recognition Approach Based on Motion Features of
Feature Points," delineates a method for the real-
time identification of hand gestures. This project
employs depth sensors such as Microsoft Kinect and
Leap Motion for gesture detection. This program
attempted to identify and specify the precise position
of each joint in the fingers, among other areas. This
only monitors your fingers and does not execute any
further tasks. This study delineates an accurate
mapping of feature points, including the palm
center, fingers, and joints, using Kinect technology.
A unique recognition technique using the exact
motion characteristics of these feature points is also
introduced. Their technology has been validated via
a range of applications, demonstrating its robustness
and suitability for future implementation in real-
time HCI systems. This study, entitled
"Technologies of Hand Gesture Recognition Based
on Vision," presents an overview of several
technologies used for vision-based hand gesture
recognition. This study examines the progress and
prospective uses of hand gesture recognition. The
authors examine several computer vision

methodologies that facilitate the recognition and
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interpretation of hand gestures, hence enhancing
natural and intuitive humancomputer interaction.
The document emphasizes the significance of this
technology in sectors such as healthcare, virtual
reality, and robotics, illustrating its capacity to
transform these areas. The authors provide
significant insights into the potential and future
applications of vision-based hand motion detection
technologies. The article entitled "Visual
Interpretation of Hand Gestures for Human-
Computer Interaction: A Review" offers an
extensive examination of visual interpretation
methodologies for hand gestures within the realm of
humancomputer interaction. The authors examine
many methodologies used for hand gesture
detection, including appearance-based techniques,
model-based strategies, and data-driven approaches.
They examine the obstacles and prospects in hand
gesture identification and emphasize the need of
resilient and instantaneous solutions. The review
article functions as a significant resource for
academics and practitioners in the domain of
gesture-based human-computer interaction. It was
published in the IEEE Transactions on Pattern
Analysis and Machine Intelligence in July 1997.
This study, entitled "Review of Gesture Recognition
Based on Vision," offers an extensive examination
of visionbased gesture identification systems. It
provides an extensive summary of vision-based
gesture recognition technologies. The authors
provide a comprehensive evaluation of several
computer vision methods and algorithms used in
gesture  detection systems. Their discourse
encompasses the obstacles and progress in gesture
detection, specifically addressing feature extraction,
gesture categorization, and real-time tracking.

The study examines the applications of gesture
recognition in domains like human-computer
interaction, sign language interpretation, and virtual

reality. The authors' review provides significant
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insights into  cutting-edge  approaches and
prospective developments in vision-based gesture
detection, making it a beneficial resource for

academics and practitioners in the domain.

HAND GESTURE METHODS

The main objective of gesture recognition research
is to develop a system capable of identifying
particular human gestures for the transmission of
information or for command and control
applications. Consequently, it encompasses not only
the monitoring of human movement but also the
interpretation of such movement as meaningful
directives. Two methodologies are often used to
analyze gestures for human-computer interaction
applications. The first method relies on data gloves
(either wearing or in direct touch), whereas the
subsequent method utilizes computer vision,

eliminating the need for any sensors to be worn.

Hand Gestures Based on Instrumented Glove
Approach

Wearable glove-based sensors can record hand
motion and location. Moreover, they can accurately
provide the precise coordinates of palm and finger
positions, orientations, and configurations using
sensors affixed to the gloves . This strategy
necessitates the user's physical connection to the
computer, hence impeding seamless interaction
between the user and the device. Moreover, the cost
of these gadgets is considerably elevated.
Nevertheless, the contemporary glove-based
method employs touch technology, which is a more
promising and is regarded as industrial-grade haptic
technology. The glove provides haptic feedback,
enabling the user to perceive the form, texture,
movement, and weight of a virtual item using
microfluidic technology. Figure 3 illustrates an

instance of a sensor glove used in sign language.
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Hand Gestures Based on Computer Vision
Approach

The camera vision-based sensor is a prevalent,
appropriate, and effective method since it facilitates
contactless connection between people and
computers [16]. Various camera configurations may
be used, including monocular, fisheye, time-of-
flight (TOF), and infrared (IR) . This technique
presents multiple challenges, such as lighting
variability, background complications, occlusion
effects, intricate backgrounds, a trade-off between
processing time and resolution or frame rate, and the
presence of foreground or background objects with
similar skin tones or resembling hands. The

subsequent sections will address these difficulties.

Skin color detection is a prevalent technique for
hand segmentation, utilized in various applications
including object classification, restoration of
degraded photographs, tracking of human
movement, video surveillance, human-computer
interaction, facial recognition, hand segmentation,
and gesture recognition. Skin color detection has
been accomplished by two methods. The first
approach is pixel-based skin identification, whereby
each pixel in an image is identified as skin or non-
skin independently of its neighboring pixels. The
second approach involves regional skin detection,
whereby skin pixels are spatially analyzed based on
attributes such as intensity and texture. Color space
serves as a mathematical framework for
representing picture color information. Various
color spaces may be used depending on the
application type, such as digital graphics and image

processing applications.

Application Areas of Hand Gesture Recognition
System
Investigations into hand motions have emerged as a

compelling and pertinent domain; it provides a
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method for intuitive engagement and diminishes the
expense associated with using sensors, particularly
data gloves. Traditional interactive techniques rely
on many devices, including a mouse, keyboard,
touch screen, joystick for gaming, and consoles for
machine operation. The following sections

delineate many prevalent uses of hand gestures.

Signlanguage Home automation

\ \ Virtual environment

ol

" Clirucal (mdhedlt}l“

[ Gaming \
Roboticcontrol | \ PC and tablet App

°

Figure 4: Most common application area of hand

gesture interaction system[1]

3-IMPLEMENTATION
The execution of the Gesture Recognition system
entails many essential phases. Initially, a varied
collection of annotated gesture examples must be
created. This dataset must include a diverse array
of hand gestures performed by users, accounting
for different perspectives, lighting situations, and
hand locations to guarantee comprehensive
training. Upon collection of the dataset,
preprocessing procedures are used to improve the
quality of the input data. Image scaling,
normalization, and noise reduction techniques may
be used to guarantee uniform input for the
detection and training systems. The subsequent
phase involves the implementation of the detection
system, tasked with gathering and analyzing input
data to identify the presence of gestures. Advanced
computer vision methods, including hand
identification algorithms, are used to recognize and
locate hands within the input. Hand landmarks or

key points may be derived by techniques such as

25


http://ijmec.com/

hand tracking or posture estimation. These markers

are subsequently archived for later examination.

Sequential Execution:
1. Training System: The application is capable of

training the model on user-defined gestures.

2. Detection System: The software is capable of
identifying user-trained motions.

3. Data Collection: The application gathers data for
each gesture.

4. Preprocessing: The acquired gesture undergoes
processing for training or detecting purposes.

5. Model Optimization: The neural network model is
refined to analyze gesture data.

6. Integration and Real-time Processing: The model is
trained on the processed data.

7. User Interface and Feedback: The outcome of the
gesture recognition model is shown on a user
interface. 8. Testing and Evaluation: This is an
optional function that allows the user to see the

distribution and correctness of the data.

4-RESULTS

( User Input J

Iinput
[ Acquisition j

[m Preprocessing j
Hand
Detection

Gesture
Recognition

Owutput
—CpD
L Renderir g

ISSN: 2456-4265
IUMEC 2025

International Journal of Multidisciplinary Engineering in Current Research - IIMEC

Volume 10, Issue 1, January-2025, http://ijmec.com/, ISSN: 2456-4265

26


http://ijmec.com/

International Journal of Multidisciplinary Engineering in Current Research - IJMEC

V’ Volume 10, Issue 1, January-2025, http://ijmec.com/, ISSN: 2456-4265
= L ¢
( Camera Dalamu:nw }
INPUT LAYER

Module Nooie

PROCESSING LAYER

3
{Prepfocem ‘ [meﬁmm}
J

[
[WMMMMJ ‘ Qutput Devices I

OUTPUT LAYER

l

Deployment
Environment

5-CONCLUSION
When it comes to interface systems, hand gesture
recognition is a solution to a problem. When things

are controlled by hand, it is more natural, easier,

more adaptable, and more cost-effective.

Additionally, there is no need to address issues that
are generated by hardware devices since doing so is
not necessary. It was made abundantly evident in the

preceding sections that it is necessary to devote a

significant amount of time to the development of
algorithms that are dependable and robust, with the
assistance of a camera sensor that has a certain
feature, in order to meet frequent problems and
produce a result that is trustworthy. All of the
aforementioned strategies, on the other hand, come
with their own set of benefits and drawbacks, and

they could be very effective in some situations while

being less effective in others.
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