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Abstract: In years people have become really interested in hand gesture recognition. They want to find
ways to interact with technology that feel more natural and don't require anything. Of using keyboards
and mice users can control systems with just their hand movements. This has become easier because of
improvements in computer vision. Now we can build systems that can see and track hand movements in
time. Tools like Media Pipe help us find hand landmarks accurately. OpenCV helps us process video
efficiently. Together Media Pipe and OpenCV make it possible to build gesture recognition systems that
work in time. In this paper we present a hand gesture recognition system that uses Media Pipe and
OpenCV. The system watches live video tracks hand movements and recognizes gestures using techniques.
Our goal is to make a solution that's easy to use and works well without needing expensive hardware. We
want to create a system that uses Media Pipe for hand landmark identification and OpenCV, for video
processing. This way our hand gesture recognition system can work smoothly and accurately.
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I. INTRODUCTION
We use technology every day. The way we use it is changing. Keyboards and mice are what we use most of the time.
They are not always the best way to do things especially when we need to do something without touching anything. This
is why people are looking for ways to interact with technology like using hand gestures.
We use hand gestures to talk to people all the time. If computers can understand what these gestures mean it will be easier
to use them. This is really useful for things, like games, virtual reality and helper technologies, where we need to be able
to control things smoothly.
The system uses something called Media Pipe to look at 21 points on our hand so it can see where our fingers are and
what they are doing. It uses OpenCV to take video from a webcam and look at the pictures in time. By looking at the
shape of our hand the system can see what gesture we are making and turn it into something that means something using
rules or basic computer learning.
One of the advantages of this method is that it is simple and easy to use. It does not need equipment and can work well
in real time. The system works well in lighting conditions and with different backgrounds. It keeps accuracy with little
delay.
This makes it suitable for real-life applications. For example, you can control a computer, with hand gestures. It can also
help with sign language communication. Another use is creating interfaces that do not require touching. Overall, this
project shows that combining Media Pipe and OpenCV can make a gesture recognition system. To make it even better
future improvements could include recognizing gestures. They could also use advanced learning techniques. This would
make the system more accurate and flexible.
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II. LITERATURE REVIEW

Hand gesture recognition is a growing field in human-computer interaction. It helps people control devices with hand
movements without having to touch them. This technology has uses. The combination of Media Pipe and OpenCV has
made gesture recognition systems better. They provide efficient solutions that researchers and developers can use. Media
Pipe, a framework developed by Google helps devices understand video input. It can identify 21 points on a person’s
hand. Open CV, a library for image processing works well with Media Pipe. It helps analyze video frames and recognize
gestures. Together they have made gesture recognition technology more accessible. This means people do not need
hardware to use it.

The basic idea behind hand gesture recognition is to capture video frames. Then it extracts information about the hands
shape and movement. Finally, it classifies these movements into gestures. Unlike methods that relied on manual analysis
of hand shape and colour modern systems use deep learning. This helps them learn from video data or pre-identified hand
landmarks. For hand gesture recognition to work in time it must process information quickly. It should do this in, then
100 milliseconds. This ensures a user experience.

I11. PROPOSED SYSTEM

The hand gesture recognition system they are talking about is supposed to be really simple and easy to use. It is made to
work with things like Media Pipe and OpenCV to figure out what people are doing with their hands when they are on a
video.

The system starts by taking video from a webcam using OpenCV. Then it looks at each picture to see if there is a hand
in it. When it finds a hand Media Pipe finds 21 points on the hand gesture recognition system, like the fingers and the
joints on the hand. These points, on the hand gesture recognition system help it understand how the hand is moving and
where it is.

Fig 1: 21 (0-20) important points on the hand

The system looks at these points to figure out what gesture is being made. It sees which fingers are open and which are
closed. It also measures how apart the fingers are. The system uses this information to match the hand movement to a
gesture. Then it does what that gesture is supposed to do.

One of the good things, about this system is that it works right away. Users can interact with it easily without waiting. It
does not need equipment or a lot of setups. This makes it easy for anyone to use the hand gesture system. The system is
a way for people to interact with computers using hand gestures. The hand gesture system can be made better by adding
more gestures or using new techniques to make it more accurate.colors which contrast well both on screen and on a black-
and-white hardcopy, as shown in Fig. 1.
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IV. TYPES OF HAND GESTURE RECOGNITION
Hand gesture recognition is something that can be broken down into kinds based on how people do the gestures and how
computers figure them out. The main kinds of hand gesture recognition are explained below.

1. Static Hand Gestures:

When we talk about hand gestures we are talking about gestures where our hand does not move. The computer can tell
what the gesture is from one picture. For example, we can show numbers with our fingers give a thumbs-up sign or make
a peace sign. These gestures are easy for the computer to recognize because they do not involve any movement, which
makes them good for fast things.

2. Hand Gestures:

Dynamic hand gestures are different because they involve moving our hand. The computer has to look at pictures to
understand what we are doing. For example, we can wave at someone swipe our hand or draw shapes in the air. Hand
gesture recognition of gestures is more expressive but it is also harder for the computer to figure out because it has to
track the movement and understand what is happening over time. Dynamic hand gestures, like these are a lot more
complicated for the computer to recognize.

3. Vision-Based Gesture Recognition:

This kind of thing uses cameras to take pictures of your hand movements and figure out what you are doing by looking
at the pictures. There are tools like Media Pipe and OpenCV that do this. People like to use it because it's cheap and you
do not need any extra stuff.

4. Sensor-Based Gesture Recognition:

This way uses helpers like data gloves or things that can feel when you move to see what your hands are doing. These
systems are usually really good at getting it right. They can be very expensive and might not be comfortable to wear
every day. Vision-Based Gesture Recognition is different, from Sensor-Based Gesture Recognition because Vision-Based
Gesture Recognition uses cameras and Sensor-Based Gesture Recognition uses sensors.

Summary

In terms gesture recognition can be:

« Static or Dynamic based on how it moves

* Vision-based or Sensor-based based on what technology it uses

Each type has its own good points. The choice depends on the application. It also depends on the cost and how accurate
it needs to be.
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Fig 2: different hand gestures

V.METHODOLOGY
The system works in a way so it’s easy to grasp and put into action. The main goal is to track hand movements with a
webcam. Then it identifies gestures one step at a time using Media Pipe and OpenCV.
This way understanding and using the system is straightforward. The hand movements are captured through the webcam.
Media Pipe and OpenCV are used to recognize the gestures step, by step.
1. Video Capture:
The process starts by switching on the webcam and recording video using OpenCV. We break this video into parts, which
we call frames so the system can look at each one carefully.

2. Hand Detection and Tracking:

We look at each frame to see if there is a hand, in it. When we find a hand, we put marks on 21 spots, like the fingertips
and the joints. The Video Capture and Hand Detection and Tracking process uses these spots to figure out the shape of
the hand. How the hand is moving. The hand is what helps the system understand the movement.

3. Landmark Extraction:
The system collects the positions of 21 points on the hand after it is detected. This is, like making a hand map. The map
is used to understand the gesture.
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FLOW CHART OF THE PROPOSED MODEL
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Fig 3: Flow chart for proposed model

4. Gesture Recognition:
The system then studies this hand map. It checks which fingers are open or closed and how apart they are. Based on this
information it decides what gesture is being shown.

5. Output Display:
Once the gesture is recognized it is connected to an action like controlling something on the screen. The result appears
away. This makes the interaction feel smooth.

6. Real-Time Processing:
All these steps happen fast and continuously. This allows the system to respond away without any delay.

VI. APPLICATION
1. Hand gesture recognition helps us interact with technology in a natural way. We can use hand movements instead of
traditional input devices like keyboards and mice.

2. Human-Computer-Interaction:
When we use hand gestures, we can control the cursor, click, scroll or do actions easily. This makes interaction faster
and more intuitive with hand gestures.
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3. Virtual-Reality-Gaming:
With hand gestures we can interact with environments in a real way. This makes the experience more immersive and fun
with hand gestures.

4. Assistive-Technology:
Hand gesture recognition helps people with disabilities. They can. Use devices easily especially with basic sign language
recognition using hand gestures.

5. Smart-Home-Control:
We can control things like lights, fans or TVs with hand gestures. This makes home automation easy to use with hand
gestures.

6. Touchless-Systems:
Hand gesture recognition is useful in hospitals and public places. It helps keep things safe by minimizing physical contact,
with hand gestures.

7. Education-Training:
Hand gestures can be used in learning. Students can control simulations or models with hand gestures easily.

VII. ANALYSIS
The system we are talking about does a job when we use it in real life situations. It is simple, to use. It does what we need
it to do.
1. Accuracy:
The system gives us results when we make basic gestures and the room is well lit and the background is not too messy.
2. Performance:
The system works fast and we do not have to wait at all so we can interact with it right away and it feels smooth.
3. Ease-of-Implementation:
The system is really easy to set up and you do not need to buy equipment so students and developers can use it.
4. Robustness:
The system works well when everything is perfect but it does not work as well in bad light or when there is a lot of stuff
in the background or when many hands are in the way.
5. Scalability:
Now the system only recognizes a few gestures but the system can be made better by adding more rules or using machine
learning models to make the system recognize more gestures.
6. Future-Improvements:
We can make the system better by using techniques, like deep learning and by using better data and improving the way
the system tracks things this will make the system more accurate and flexible and a better system.

VIII. RESULTS
The system was tested in time using a webcam to see how it does in everyday situations. It worked well.
In lighting the system worked great. It could track hand movements. Respond really fast which made it feel like the
system was reacting to what the user was doing right away. The system is really fast. There is no delay between showing
a hand gesture and getting a response from the system, which makes the hand gesture system comfortable to use without
getting frustrated. The hand gesture system is very good at recognizing hand gestures, which is one of the best things,
about the hand gesture system.
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The system has some problems. It does not work well in low light or when the background is too busy. The system also
has trouble when people move their hands fast or when their fingers are partly hidden. This sometimes causes mistakes
when the system is trying to recognize hand movements. With these small problems the system is good for simple things
and it seems like it could be very useful. If we make some changes, to the system it will be even better. People can use it
for real things.

XI. FUTURE SCOPE

The current hand gesture recognition system is good for tasks but it can be improved a lot. One easy way to make it better
is to teach it to understand gestures. The system now only knows a basic gestures. If it could understand complex gestures,
it would be really helpful, in everyday life. The hand gesture recognition system needs to recognize gestures to be more
useful. It has to improve to work in real-life situations.

The system can be made smarter by using techniques like machine learning or deep learning. This helps it become more
accurate and better at handling users hand shapes and environments. Another area to improve is its performance in
conditions. For example, the system can be trained to work in low lighting, messy backgrounds or when parts of the hand
are not clearly visible. In the future this system could be connected with technologies like reality augmented reality or
smart home devices. This would let users control systems in a more natural way using just their hands. The system can
also be developed for phones or small devices. This makes it more portable and accessible, for use. The system has a lot
of potential to grow and become more accurate, flexible and useful in real-life applications.

X. CONCLUSION

In this paper we presented a hand gesture recognition system using Media Pipe and OpenCV. The main goal was to create
a system that lets users interact with computers in a way using hand movements. This system detects and tracks hand
gestures in time with good accuracy especially in normal lighting. It is fast easy to use. Does not need expensive hardware
making it suitable for everyday use. Although the system works well it has some limitations, like reduced accuracy in
lighting or complex backgrounds. These challenges can be improved with better techniques and further development.
Hand gesture recognition can be implemented in an effective way using modern tools like Media Pipe and OpenCV.
Media Pipe and OpenCV make it possible to create a system. With improvements our hand gesture recognition system
has the potential to become even more reliable. It could be widely used in areas like touchless interaction, smart systems
and assistive technologies. Hand gesture recognition systems like ours can help people interact with computers in a
natural way. Our system is a step, towards making hand gesture recognition a technology.
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