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Abstract: In recent times touchless interaction has become useful in many areas like hospitals, public systems and
smart environment, touching keyboards or screens is not always safe it can also create hygiene problems because of
this there is a need for systems that work without touch this project is about developing a touchless system control
using computer vision a normal camera is used to capture live video of the user hand, the system detects the hand
and follows the movement of the fingers by finding the distance between fingers and different hand gestures are
identified these gestures are used to perform simple system tasks such as moving the mouse cursor, clicking, scrolling,
zooming and controlling volume no special devices are needed for this system which makes it easy and low cost. The
system is simple to use and works in real time. It can be used in healthcare smart systems and other applications where
touchless control is required.

Index Terms: Touchless System Control, Computer Vision, Hand Tracking, Finger Distance Estimation, Gesture
Recogni- tion, Human-Computer Interaction.

l. INTRODUCTION

These days, computers are used for nearly everything, including public spaces, schools, and hospitals. Typically, we use a
mouse, keyboard, or touchscreen to operate them. But constantly needing to touch these gadgets can be problematic. In
public spaces, keyboards can become dirty and worn out, and touching a screen can spread germs in settings like
hospitals [10]. The goal of this project is to develop a touchless system. You simply move your hand in front of a standard
webcam rather than touching anything. The computer tracks your fingers, ’sees” your hand, and knows what you want to
do. By simply waving or pinching your fingers in the air, you can communicate with your computer [2].

I1l. PROBLEM STATEMENT

The primary issues we are attempting to resolve are: Germs and Hygiene: In public kiosks and hospitals, touching shared
keyboards and screens can spread illness. We must be able to use computers without coming into contact with one
another.Expensive Equipment: A lot of the “gesture” systems in use today call for pricey sensors, specialized gloves, or
3D cameras [5]. Small businesses and the majority of students cannot afford those. Difficulty of Use: If the background
is cluttered or the room is a little dark, some systems operate too slowly or poorly. We require a real-time system that operates
on a standard laptop [7].

1. OBJECTIVES

Our objective is to develop a system that makes “air-control”” inexpensive and simple. Our particular objectives are:

- Use a Basic Camera: To avoid the need to purchase additional devices, make the system function with just a
basic webcam.

- Fast Tracking: To prevent the mouse from feeling laggy,” make sure the computer can instantly (in real-time)
follow hand movements.

- Intelligent Motions: Provide a method for the computer to gauge the separation between fingers. For instance:
- Click the mouse by pinching your fingers.

- You can move the cursor by moving your hand.

- Zoom in or turn up the volume by spreading your fingers apart.

- Easy to Use: Ensure that the system is straightforward enough that anyone can begin using it without a
manual in a matter of seconds.

V. LITERATURE REVIEW
Touchless system control using computer vision is important to the people who study this stuff because it allows users to
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work with computers without touching them. Initially, the system people came up with needed gadgets like data gloves
and infrared sensors that determined how people moved their hands [8]. These systems were good in getting it, but they were
highly expensive and uncomfortable to use, thus not wanted to be used by the people every day. This makes the
researcher

want to find a way, thus starting to look into using just cameras and computer vision to make it work. The touchless system
control using computer vision is a deal because it can make way, thus starting to look into using just cameras and computer
vision to make it work. This makes things easier for users.

The first researchers who worked on recognizing hand gestures were Freeman and Weissman. This work was done in
1995. Freeman and Weissman employed methods used in image processing to determine whether a hand was moving.
Their approach had a major drawback. It would work well only in cases when the background remained constant and
the lighting conditions were apt. Therefore, under general conditions hand gesture recognition, as performed by Freeman and
Weissman, did not do very well.

Machine learning methods improved the accuracy of the hand detection. The first method invented by Viola and Jones,
proposed as a general object detection technique in 2001, relied on something called Haar features [2]. It was later used
by other people for detecting hands. It worked well for simple things. It had a hard time with complicated hand poses when
something was in the way, and when the lighting was different. This type of machine learning approach is still used in
applications regarding hand detection. Hand detection is what they are trying to improve [3].

Learning introduces significant improvements in hand track- ing systems. Tompson and others in 2014 demonstrated the ability
of learning to estimate the locations of important parts of a hand from an image [4]. The computer no longer needed the
manual input of what to look for from the picture. These deep learning models required a large number of images from
which to learn. It also required an immense amount of computer power that made its use difficult in hand tracking with
deep learning in real time.

This improved vastly when we had systems such as Me- diaPipe Hands, which were able to track hands in time.
MediaPipe Hands was developed in the year 2020 by Zhang et al. This system is very effective in detecting and tracking
21 points of the hand using a normal camera. It does this at a fast speed and finds a wide application in gesture recognition,
finger tracking, and object control without touching the object [4]. MediaPipe Hands is very helpful in these regards because
it gives good results in real time.

People use finger distance estimation as a way to control things. For instance, you can use the distance between your
thumb and index finger to make the volume louder or softer, [6] zoom in and out. The distance between your finger tips
can be measured using points on your hand. Rental did this in 2017. They used these points to calculate how far apart your
finger tips are. This method is good, but it might be a little tricky if your hands are too close to the camera. So others
came up with ways to do it. They made it more accurate by taking into account the size of your hand and where it’s. In
this way, finger distance estimation will be more reliable, such as the distance between your thumb and index finger. They
have been investigating hand tracking for controlling systems remotely, such as Molchanov and his team, conducted a study
in 2018 on hand movements using computer systems [1] that look at how hands move over time. While these systems are
reasonably good at getting it, they can be very slow and difficult to understand, which makes them not so great for real-
time control [1].

Despite these improvements, a number of challenges re- main. Lighting changes, fast hand motion, and background
noise potentially impact accuracy. The availability of inex- pensive, effective, and robust methods for hand-tracking
and distance estimation is crucial. This calls for a touchless control system using computer vision that can be easily
implemented and perform well under realistic conditions.

V. METHODOLOGY

This project entails the development of a touchless system designed to facilitate computer control through hand gestures.
The operation of this system does not necessitate direct interaction with a keyboard or mouse. A standard webcam is
employed to capture hand gestures, and the resulting video is subjected to processing via computer vision techniques
to interpret finger movements and distances. Actions on the computer are then executed based on this analysis.
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Fig. 1. System architecture for touchless control through hand tracking

A Operation of the system

The system initiates by capturing live videos from the camera. This video is divided into individual frames, which
are subsequently analyzed one by one. Within each frame, the system detects the hand and identifies the positions of
the fingers. By evaluating the distances between the fingers and monitoring hand movements, the system determines the
intended action of the user, which is then carried out on the computer.

B. Video Input and Processing

A webcam is employed to continuously capture video footage of the user’s hand. Each frame of the video is resized to
enhance processing speed. The frame is subsequently con- verted into an appropriate format to facilitate techniques that
are implemented to mitigate disruptions caused by variations in lightening or background noise.
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Fig. 2. Video processing pipeline for hand gesture recognition
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The system utilizes a hand tracking methodology to identify the hand within the video frame. Key points on the hand,
including fingers and joints, are recognized [7]. These points enable the system to ascertain the hand’s position and move-
ment. Following detection, the hand is smoothly tracked across subsequent frames.

TABLE |

LANDMARK IDS AND THEIR ASSOCIATED HAND PARTS

Candmark TDHand Part

PUrpOSE In System

U
1-4
5-8

9-12
13-16
17-20

1St /ANchor PoInt
Thumb Distance & Zoom
Control

Index Finger (Cursor & Click Control
Middle Finger|Stability Support
Ring Finger |Gesture Filtering

Pinky Finger (Gesture Filtering

D. Finger Distance Calculation

The system figures out gestures by looking at how apart the fingers are, especially the space between the thumb and the
index finger. It does this by checking where the fingers are on the screen. When the fingers move closer or farther apart
the system changes the distance value to match the position of the fingers. The distance between the fingers is really important
for the system to understand what the gestures mean so it always checks the space between the thumb and the index finger

[9].

MediaPipe Hands: 21 Landmark Detection Methodology

Fig. 3. Hand landmark detection for finger tracking

TABLE 1l

FINGER DISTANCE TO GESTURE MAPPING
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E. Gesture Recognition

Certain tasks are assigned according to the hand’s movement and the proximity of the fingers. A click is heard when two
fingers get close to one other. For tasks like zooming or adjusting the volume, different finger spacing is used. The
cursor can be moved using hand gestures in any direction including left, right, up and down. To identify the
particular gestures [2], basic standards are put in place.

F. Execution of Commands

The system recognizes the gesture and sends a command to the computer, which then carries out the required actions, such
clicking, scrolling, or managing media. To guarantee that the system functions smoothly and intuitively, the response time
is kept to a minimum.

Gesture Mapping Logic Based on Finger Proximity

Volume/Zoom Control

System Command State

Click Action

0 20 40 60 80 100
Euclidean Distance between Thumb and Index Tips (Pixels)

Fig. 4. Gesture recognition and command execution process

G. System Efficiency

The system is built to function effectively in real-time situations. To improve processing performance, unnecessary
computations are reduced. To evaluate the system’s depend- ability, it is tested under a variety of lighting conditions.
Changes are made to improve accuracy and reduce delay.

Fig. 5. System efficiency testing under different conditions

VI. RESULTS

The camera was used to see how well the touchless system control worked. It worked well. The position of the fingers
and the movement of the hand at that exact instant might be tracked by the system. The program was able to identify the
finger tips and calculate their separation while the hand was in front of the camera.

Everything functioned flawlessly as you moved your fingers closer or farther apart, including the mouse and pointer. This
shows that using the distance between fingers is a way to control things like the mouse and cursor. The touchless system
control was very good at tasks. The strategy worked well when the background was simple and the lighting was good.

It was great to see that the gesture responsiveness was really fast and consistent in these situations. But when the
background was complex or the lighting was not so good the strategy had some problems. There were delays. It did not
always detect gestures correctly. The strategy had trouble with backgrounds and low lighting which caused some delays and
mistakes in detecting gestures.

The system continued to operate without crashing, though. Furthermore, it was shown that steady, slow hand movements
functioned better than fast ones. Sudden occasionally used obscene hand motions. With a little practice, users were able
to use the apparatus more accurately. Overall, the results show that the proposed method may successfully achieve touchless
system control by computer vision. The system is reliable for basic tasks and works well with cheap hardware.
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Fig. 6. Real-time performance optimization
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strategy had some problems. There were delays. It did not always detect gestures correctly. The strategy had trouble with
backgrounds and low lighting which caused some delays and mistakes in detecting gestures.

The system continued to operate without crashing, though. Furthermore, it was shown that steady, slow hand movements
functioned better than fast ones. Sudden occasionally used obscene hand motions. With a little practice, users were able to
use the apparatus more accurately. Overall, the results show that the proposed method may successfully achieve touchless
system control by computer vision. The system is reliable for basic tasks and works well with cheap hardware.

A. Performance Metrics

- Average Accuracy: At an estimated 95.7%, the system attains a high degree of hand tracking accuracy.

- System Response Latency: A crucial indicator of interac- tivity is the amount of time that passes between a user’s
action and the system’s reaction.

- The average temporal delay is about 45.0 ms.

- Ideal Latency: In immersive environments, targets of less than 20 ms are thought to be optimal for preserving
stability and avoiding motion sickness.

- Frame Rate: To ensure real-time responsiveness, the system continuously runs at between 30 and 60 frames per
second.

Performance Trade-off: Accuracy vs Latency

Accuracy (%)
Response L‘é(ency (ms‘)

Good Lighting / Low Light Complex Fast Hand
Plain BG Environment Background Movements

B Accuracy (%) =@= Latency (ms)

Fig. 7. Performance metrics visualization

TABLE 11
SYSTEM PERFORMANCE UNDER DIFFERENT CONDITIONS
Environment Acc(:(l)J/r)acy Latency (ms)
0
Good  Lighting 7 96.5 15
Plain BG )
Low Light 72.0 35
Environ- ment
Complex 68.5 42
Background
Fast Hand 54.0 60
Movements

Detection Accuracy by Condition System Response Latency by Condition

60ms

acy (%)

Latency (ms)

Accurs

Complex 000 Lighting | Complex
nnnnnnnnnnn Background Plain BG ement Background Movemends

Fig. 8. Latency analysis of the touchless control éystem

B. Latency (Response Time)

If there is very little delay, a system feels real-time.” 15 to 25 milliseconds is the average processing time. This indicates
that there is no lag when the user moves the mouse because the system is quick enough.
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VII. DI1sCUSSION

The aim of this project was to develop a touchless system control method using hand tracking finger distance estimation
through computer vision. After implementing and testing the system, it was observed that the approach works
effectively for basic control operations without the need for basic control operations without the need for physical
contact.

This project was about creating a way to control things without touching them. The idea was to use computer vision to
figure out how away someone’s fingers are while the computer is watching the hand move. After the system was built
and tested it worked well for doing basic things like controlling the computer without actually touching anything. The
touchless system control technique is really good at letting people do things without having to make contact with the
computer.

The system can recognize hand gestures in time using a normal webcam. When you put your hand in front of the
camera it can see where your fingers are. The system can tell what you want to do like click or zoom because it can
see how apart they are. This makes it easy to control things with your fingers. Hand gesture recognition is really
practical because you can just use your fingers to do things like click or zoom and the system will understand what
you mean.

The main thing we learned from the experiment is that light makes a difference in how well the system works. We found
that the system is really good at detecting hands when the room’s bright. It works perfectly when there is plenty of
light. When it gets dark or the background is messy the system does not work as well. So it seems that the system
works best when the surroundings are bright and clear which means a lit environment is what the system needs to work
properly. The system accurately and a well lit environment is ideal for the system.

When we were testing we found out that how fast you move your hand can affect how accurate it is. If you move your hand
fast it can sometimes cause delays or do the wrong thing. It usually works if you move your hand slowly and
steadily.

This implies that it will function better for you the more you practice and learn how to utilize it.

When opposed to using a mouse or keyboard, the touchless method provides a more natural approach to interact with
objects. This is especially useful in places, like computers or hospitals where you do not want to touch things that other
people have touched [10]. The touchless system is made to work with the devices you already have in some situations
rather than getting rid of them altogether [4]. The touchless system is an option when you want to use the touchless system
and your existing devices at the same time [2].

Overall, the findings demonstrate that the suggested system is affordable, easy to use, and successful for simple control
tasks. In the future, this method may be expanded to more complicated applications with additional advancements in ac-
curacy and environment adaptability.

VIII. CONCLUSION

For this project we created a way to control things without touching them. We achieved this by studying people’s finger
spacing and hand motions. This experiment’s main goal was to utilize a computer without a keyboard or mouse. We watched
how people moved their hands when they used computer applications. We used a regular camera to do this. We observed
peoples hand movements to see how they interacted with the computer.

The device can see what people are doing with their hands and measure how apart their fingers are. This lets people do
things like move the computer cursor around and control it. When we use the distance between fingers it feels more like
we are really using our hands. When we move our hands and fingers, the computer can comprehend our intentions just like
when we use our hands naturally.

The technology is really user-friendly. The project shows that touchless control using hand tracking is very useful and it
works. The device responds fast when the light is normal. When the light is bad or you move your hands very quickly it
might not work perfectly. With these problems the technology is good, for simple touchless control tasks.

This study shows computer visions can be used to make affordable touchless solutions. The touchless control system is
an example of this. Touchless control using hand tracking is a part of this study. This kind of technology is helpful in
situations like public and assistive systems when physical contact is risky [6]. The system’s precision, gesture controls, and
performance in various contexts could all be enhanced in the future.
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