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Abstract: Hand gesture recognition system received great attention in the recent few years because of its
manifoldness applications and the ability to interact with machine efficiently through human computer
interaction. In this paper a survey of recent hand gesture recognition systems is presented. Key issues of
hand gesture recognition system are presented with challenges of gesture system. Review methods of recent
postures and gestures recognition system presented as well. Summary of research results of hand gesture
methods, databases, and comparison between main gesture recognition phases are also given. Advantages
and drawbacks of the discussed systems are explained finally.
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L. INTRODUCTION
Nonverbal communication is important in our life as it conveys about 65%of messages in comparison to verbal
communication that contributes no more than 35% of our interactions. Gestures can be categorized into hand and arm
gestures (recognition of hand poses, sign languages, and entertainment applications), head and face gestures (such as
nodding or shaking of head, direction of eye gaze, opening the mouth to speak, winking, and so on), and body gestures
(involvement of full body motion). Effective human computer interaction (HCI) requires gesture recognition methods
that are robust and accurate. Such recognition systems are used to serve as alternative for the commonly used HCI
devices such as mouse, keyboard etc. Automatic recognition systems, such as hand gesture recognition, are among the
most active research areas as well as one of the most significant for HCI. Hand gesture recognition is particularly useful
for applications that require natural human—machine interaction[1-40].
Developing hand gesture recognition system such as sign language applications is extremely important to overcome the
communication barrier with people that are unfamiliar with sign language. Technology that automatically translates
hand motions into text or audible speech for a non-signing person to interpret can help to reduce this barrier. The
vision-based hand gesture recognition system is one of the communications supports assistive technology that can be
applied in various applications such as communication, education, and rehabilitative tool.
The system also can be used to assist in situations where a human interpreter may not be available for interpreting sign
language. The task of hand gesture recognition is very challenging for the following reasons. First, the ability of the
system to handle inputs that vary considerably from the input used during the development stage. For hand gesture
recognition system, input that may not be considered during the development stage includes environmental noise,
signers’ variability, language variability, and so on. During the hand gesture recognition system database creation,
especially in vision-based system, many restrictions on environment of the signers have been applied to reduce the
problems in segmentation and tracking process[41-82].
Our hands are incredibly expressive tools. We use them to point, grab, communicate, and even convey complex
emotions. But what if computers could understand these gestures as intuitively as we do? This is the promise of hand
gesture recognition, a technology rapidly moving from science fiction to everyday reality.
At its core, hand gesture recognition is a technology that enables computers to interpret and understand the movements
of the human hand. It's a branch of computer vision and a subset of human-computer interaction (HCI). The goal is to
bridge the communication gap between humans and machines, allowing us to interact more naturally and intuitively.
Instead of relying solely on keyboards, mice, or touchscreens, we can use gestures to control devices, manipulate virtual
objects, and even communicate with others.
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The process of hand gesture recognition typically involves the following key steps:

1. Data Acquisition: This is where the system "sees" the hand. This can be achieved using various sensors,
including:

e RGB Cameras: Standard cameras capture color images and videos, which can then be analyzed for hand
shape and movement.

e Depth Sensors: Technologies like infrared cameras or time-of-flight sensors provide 3D depth
information, allowing for more accurate gesture interpretation, especially in complex environments.

e Wearable Sensors: Gloves equipped with sensors can track hand movements with precision, although they
can be less convenient.

2. Preprocessing: The raw data captured by sensors often needs to be cleaned and enhanced. This may involve
filtering noise, adjusting lighting conditions, or isolating the hand from the background.

3. Feature Extraction: This stage focuses on identifying key features of the hand, such as the position of
fingertips, the angles of joints, and the overall shape. Various algorithms and techniques are used for this,
including image processing, edge detection, and skeletonization.

4. Classification and Recognition: The extracted features are then fed into machine learning models, such as
neural networks or support vector machines. These models are trained on large datasets of gestures to
recognize specific patterns and associate them with corresponding commands or actions.

5. Output and Application: Finally, the system interprets the recognized gesture and triggers the appropriate
response, which could be controlling a cursor, opening an application, or even translating a sign language
word.

The potential applications of hand gesture recognition are vast and continue to expand. Some notable examples include:

e Gaming and Virtual Reality: Immersive gaming experiences where players can interact with the virtual world
using natural hand movements.

e  Healthcare: Surgeons can use gestures to manipulate medical images without touching sterile equipment.
Physical therapy patients can use it for guided exercise programs.

e  Accessibility: Providing alternative control methods for individuals with disabilities, allowing them to operate
computers and devices using hand gestures.

e Human-Robot Interaction: Enabling more intuitive and natural interactions with robots in manufacturing,
assistive care, and other fields.

e Sign Language Interpretation: Automating the interpretation of sign language, bridging communication gaps
between deaf and hearing individuals.

e Smart Homes and IoT: Controlling smart devices at home with simple gestures, like adjusting the lighting,
volume, or temperature.

e  Education and Training: Creating interactive learning experiences and simulations.

e Retail and Customer Service: Enabling contactless interactions and creating more engaging customer
experiences.

While offering immense potential, hand gesture recognition faces several challenges:

e  Variability in Hand Shapes and Sizes: Different individuals have hands of varying shapes and sizes, which can
impact recognition accuracy.

e Complex Backgrounds and Occlusions: Distinguishing the hand from a complicated background or dealing
with partially hidden hands can be difficult.

e Real-Time Performance: Developing systems that can recognize gestures in real-time with minimal latency is
crucial for many applications.

e Robustness to Lighting and Environmental Conditions: Ensuring reliable performance across varying lighting
conditions and environments remains a challenge.

Future research is focused on addressing these challenges and further enhancing the accuracy, robustness, and
accessibility of hand gesture recognition systems. Developments in machine learning, sensozteshrology, and computer
vision are continuously driving progress in this field[83-116]. 4 .
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Hand gesture recognition is more than just a futuristic concept; it's a rapidly evolving technology with the potential to
transform how we interact with the digital world. As research continues and new applications emerge, we can expect to
see hand gestures become an increasingly integral part of our daily lives, making technology more intuitive, accessible,
and ultimately, more human. The future is quite literally in our hands[117-132].

II. LITERATURE REVIEW: AMMONIA DETECTION SYSTEMS
This section reviews existing research on ammonia gas detection technologies:

e Hand gesture recognition Technologies: Hand gesture recognition is an active area of research in the field of
computer vision and human-computer interaction. It aims to enable machines to understand and interpret
human gestures, facilitating more natural and intuitive interfaces. This review highlights key advancements,
techniques, and challenges in hand gesture recognition. Hand gesture recognition is a vital aspect of human-
computer interaction, enabling users to communicate with machines using natural gestures. Various methods
have been employed, including computer vision, depth sensors, wearable devices, and machine learning
algorithms. Computer vision utilizes cameras to capture hand images, while depth sensors provide additional
information to detect gestures. Wearable devices, such as smart gloves, track hand movements using sensors
like accelerometers and gyroscopes. ().

e Algorithms Developed & Used: Several algorithms have been developed for hand gesture recognition,
including convolution neural networks (CNNs), recurrent neural networks (RNNs), hidden Markov models
(HMMs), and support vector machines (SVMs). These algorithms are trained on databases such as the
NVIDIA Dynamic Hand Gesture Database and the STB Hand Gesture Database. Evaluation metrics include
accuracy, precision, recall, and F1-score.Hand gesture recognition has numerous applications in virtual reality,
gaming, healthcare, accessibility, and human-robot interaction. Future research directions include exploring
new algorithms, improving existing ones, and integrating hand gesture recognition with other modalities. Key
research papers have been published in top-tier journals and conferences. ().

II1. PROBLEM IDENTIFIED

People who are hearing impaired are left behind in video consultations. Our customers tell us that, because they can’t
sign themselves, they have to use basic text chat to hold their consults with hearing-impaired patients — a less than
ideal solution. With the growing adoption of tele health, deaf people need to be able to communicate naturally with
their healthcare network, regardless of whether the practitioner knows sign language.

With the growth and development in computing, user interaction with keyboard, mouse and other input devices are not
sufficient. These devices have certain limitations and henceforth the usable commands that can be directed to the
machine have also become limited. Moreover, it has become quite difficult for the blind and deaf to communicate with
others. Gesture Recognition allows to solve these problems by having a predefined data set. The gesture fed to the
devices is used as the input to invoke the command stored in the database and the corresponding output is displayed on
the screen. The primary step is to discover and track the hands, which includes to get the required picture or video and
pre-process it to recognize the hand by applying different procedures attributes to determine the signal generated by the
hand. Handling pictures, retrieval of information, recreating the picture can be utilized to generate the hand gesture.

IV. SYSTEM OVERVIEW: HARDWARE AND SOFTWARE COMPONENTS AND BLOCK DIAGRAM
Software:
e  The system utilizes the Arduino IDE for programming and Proteus for simulation and circuit design.

Hardware:
e Key hardware components include an Arduino Uno microcontroller, an MQ135 gas sensor, a 16x2 LCD
display, a buzzer, a breadboard, and a GSM module for communication.
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SOFTWARE used
1 Arduino Uno
2. Proteus

Hardware used

1.16 x 2 Led display

2. Arduino Uno

3. Buzzer

4. Bread Board

5. GSM Module

Segmentation process is the first process for recognizing hand gestures. It is the process of dividing the input image (in
this case hand gesture image) into regions separated by boundaries. The segmentation process depends on the type of
gesture, if it is dynamic gesture then the hand gesture need to be located and tracked, if it is static gesture (posture) the
input image has to be segmented only. The hand should be located firstly, generally a bounding box is used to specify
the depending on the skin color and secondly, the hand have to be tracked, for tracking the hand there are two main
approaches; either the video is divided into frames and each frame have to be processed alone, in this case the hand
frame is treated as a posture and segmented, or using some tracking information such as shape, skin color using some
tools such as Kalman filter.

The common helpful cue used for segmenting the hand is the skin color, since it is easy and invariant to scale,
translation, and rotation changes. Different tools and methods used skin and non-skin pixels to model the hand. These
methods are parametric and non-parametric techniques, Gaussian Model (GM) and Gaussian Mixture Model (GMM)
are parametric techniques, and histogram based techniques are non- parametric. However it is affected with
illumination condition changes abs different races. Some researches overcome this problem using data glove and
colored markers which provide exact information about the orientation and position of palm and fingers. Others used
infrared camera, and range information generated by special camera Time-of-Flight (ToF) camera, although these
systems can detect differentskincolorsunderclutteredbackgroundbutitisaffectedwithchangingintemperature degrees

besides their expensive cost.
Training Images
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Fig.1 Block Diagram
The segmentation considered as an open issue problem itself. The color space used in a specific application plays an
essential role in the success of segmentation process; however colour spaces are sensitive to lighting changes, for this
reason, researches tend to use chrominance components only and neglect the luminance components such as r-g, and
HS color spaces. However there are some factors that obstacle the segmentation process whichds; complex background,
illumination changes, low video quality. Applied HSV color model which concentrates
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used YCbCr color space. Used normalized r-g color space. Some pre-processing operations are applied such as
subtraction, edge detection, and normalization to enhance the segmented hand image.

V. SYSTEM DESIGN
The following Fig 2 shows the circuit connection of this Work.
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Fig.2 Circuit Diagram

Working and Operation of Circuit:

Gesture recognition is a technology that allows machines or devices to interpret and respond to human gestures. It
involves using sensors and algorithms to track and analyse the movements of the human body, particularly the hands,
arms, and fingers, and then translating those movements into actions or commands. Gesture recognition can be a useful
tool in Al environments because it allows for more natural and intuitive interactions between humans and machines.
The idea of gesture recognition is one that has been examined by both the field of Al and PC respectively.

Similar to the evolution of the subject, works about the use of gesture recognition in PC appeared before the works
about Al. One of the earliest mentions of Gesture Recognition for PC describes ways to control embedded computers as
per the PC vision with the use of speech and gestures with a proposed system arriving later. One of the first mentions of
Gesture Recognition in Al described gesture recognition as one of the new technologies at the time that can be used to
create an intelligent user interface. Examples of the usage of gesture recognition in such environments can be found in,
where a sample of gestures is given along with some uses for them. A point of interest in their work is the presentation
not only of gestures involving hand motions but gestures that involve other objects as well.

Gesture recognition has been also shown to be a feasible method for biometric security in Al applications. Since each
person performs gestures with a slight variance in movements, there is room for identification. However, it shall be
noted, that because of the limited scope of these variances, in reality, such a system could function correctly only when
used within a small group of people, such as a family. One more limitation of gestures is that they may vary from
person to person. This means that asset of gestures pre-programmed for a majority of users, may not be suitable for all.
Nomadic Gestures, is a concept that allows the user to define the set of gestures that they want to use with any given
device, and upload their customers. This allows users to customize the controls of a system to a set that they are able
and comfortable to perform. With this concept, personalization and adaptability are taken a step further, reducing the
amount of learning a user has to undergo in order to use a specific device.

VI. CONCLUSION
Hand gesture recognition addresses a fault in interaction systems. Controlling things by hand is more natural, easier,
more flexible and cheaper, and there is no need to fix problems caused by hardware devices, since none is required.
From previous sections, it was clear to need to put much effort into developing reliable and robust algorithms with the
help of using a camera sensor has a certain characteristic to encounter common issues and achieve a reliable result.
Each technique mentioned above, however, has its advantages and disadvantages and may perform well in some
challenges while being inferior in others.
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