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Abstract: This paper presents a hand gesture recognition system for contactless computer control using
computer vision techniques. The system uses OpenCV and MediaPipe to detect hand landmarks and
recognize gestures in real time through a webcam. Recognized gestures are mapped to actions such as
cursor movement and clicking, enabling natural and touch-free human—computer interaction.
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1. INTRODUCTION
Hand gesture recognition enables users to interact with computers using natural hand movements instead
of traditional input devices. This project presents a contactless system that uses a webcam to capture
real-time hand gestures. Computer vision techniques with OpenCV and MediaPipe are used to detect and
analyze hand landmarks. The recognized gestures are mapped to actions such as cursor movement and
clicking for efficient system control.

2. LITERATURE SURVEY
The Gesture recognition has gained significant importance in human—computer interaction for enabling
touchless control systems. Earlier methods used hardware devices like sensor gloves, which were costly
and less user-friendly. Recent approaches use computer vision techniques with OpenCV and MediaPipe
for real-time hand tracking. These advancements have made gesture-based systems more efficient,
accurate, and accessible.

From the reviewed literature, the following key observations can be made:

e Early systems relied on hardware-based gesture detection methods.
e MediaPipe enables real-time detection of 21 hand landmark points.
e Modern systems focus on improving accuracy and real-time performance.

3. PROPOSED SYSTEM
The proposed system focuses on providing an efficient and contactless way to control a computer using
hand gestures. It uses a webcam to capture real-time video and processes the frames using computer
vision techniques. The MediaPipe framework detects hand landmarks and identifies finger positions,
which are then analyzed to recognize specific gestures. These gestures are mapped to system actions
such as cursor movement, mouse clicks, dragging, and volume control. The system aims to provide a
simple, low-cost, and user-friendly solution for gesture-based interaction.
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Hand Gesture Detection:

The system uses the MediaPipe hand tracking model to detect the user’s hand from the webcam video
feed. It extracts 21 landmark points representing the positions of finger joints and fingertips. These
landmarks help in accurately identifying the hand structure and finger movements.

Gesture Recognition Process:

After detecting the hand landmarks, the system analyzes the positions of the fingers to determine the
gesture being performed. Predefined rules are applied to identify gestures such as palm, fist, or pinch.
Each recognized gesture corresponds to a specific system function.

System Control and Interaction:

Once a gesture is recognized, the system converts it into a corresponding computer command. Libraries
such as PyAutoGUI are used to perform actions like cursor movement, clicking, dragging, and volume
control. The results are displayed through the user interface, allowing users to interact with the system
in real time.

System Architecture Diagram Hand Gesture Control System
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Fig 1: Proposed System

The system implements a set of predefined hand gestures to control computer operations without physical
input devices. Each gesture is mapped to a specific action, enabling intuitive and touchless interaction.
Basic operations such as cursor movement, clicking, and dragging are performed using simple hand
movements. Additional controls like volume adjustment and system deactivation are also integrated for
extended functionality. The gesture recognition mechanism ensures accuracy and responsiveness in real-
time applications. This method reduces dependency on traditional hardware and improves user
convenience. The design focuses on simplicity, efficiency, and ease of learning for users. It also supports
seamless interaction in environments where physical devices are not practical.

The gesture control system allows users to interact with a computer using simple hand movements. An
open palm is used to move the cursor, while a pinch gesture with the thumb and index finger enables
drag-and-drop actions. A closed fist performs a left click, and raising the index and middle fingers
triggers a right click. For system controls, raising three fingers (index, middle, and ring) increases the
volume, while using the index, middle, and pinky fingers decreases it. Holding a closed fist for a few
seconds can turn the system off, making the interface intuitive and touch-free.
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Action

Gesture Name How to Perform the Gesture Gesture Image

Cursor Move the Open your palm (all fingers
| Movement mouse pointer extended) and move your hand
‘ slowly.
‘ Drag and Drop Drag and drop Bring thumb and index finger
objects on the together (pinch gesture) and move :
screen hand 4
Left Click Left mouse click Close your hand into a fist
(all fingers folded). QW
| Right Click Right mouse click Raise index and middle finger while
other fingers stay closed.
‘ Increase Volume Increase system | Raise three fingers: index, middle, | LN
volume and ring finger. Y \
X
volume while ring finger stays closed.

Turn System OFF Deactivate gesture Hold a closed fist for about 3 seconds.
system Show both hands to the camera and

l ("
keep them closed. l“: ﬁ‘

‘ Decrease Volume Decrease system Raise index, middle, and pinky finger
|

Fig 2: Description of Gestures used for system control

4. METHODOLOGY

The methodology of the system is organized into the following steps:

1. Initialization:
Load all required libraries such as OpenCV, MediaPipe, and PyAutoGUI for system functionality.
Initialize the webcam to start capturing real-time input from the user.

2. Frame Capture:
Continuously capture video frames from the webcam to ensure real-time interaction. Maintain a
steady frame rate for smooth and responsive performance.

3. Preprocessing:
Convert captured frames from BGR to RGB format for compatibility with the processing model.
Resize and optimize frames if required to improve detection accuracy and speed.

4. Hand Detection:
Use MediaPipe to detect the presence of a hand in each frame. Extract 21 key landmark points that
represent finger joints and hand structure.

5. Feature Extraction:
Analyze the positions of the detected landmarks to determine finger orientation and movement.
Identify which fingers are open or closed based on relative positions.

6. Gesture Recognition:
Apply predefined rule-based logic to interpret specific hand gestures. Compare extracted features
with known gesture patterns for accurate classification.

7. Gesture Mapping:
Map each recognized gesture to a corresponding system action such as cursor movement or clicks.
Ensure correct mapping to avoid unintended operations.

8. Execution:
Execute the mapped actions using PyAutoGUI to control the system interface. Perform operations
like mouse movement, clicking, and dragging in real time.

9. User Interface:
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Display the processed video feed along with detected landmarks and gesture information. Provide
visual feedback to help users understand system responses.

10. Loop Process:
Repeat all steps continuously to maintain uninterrupted interaction. Stop the process only when the
user performs the defined exit gesture or closes the application.

5. PROPOSED SYSTEM RESULTS

The proposed system successfully detects and recognizes hand gestures in real time using a webcam.
The system is able to accurately identify gestures such as open palm, pinch, and fist based on hand
landmark positions. Users can effectively control cursor movement, perform clicking actions, and
execute basic system operations without using a mouse or keyboard. The response time of the system is
fast, providing smooth and continuous interaction. The system performs well under normal lighting
conditions and shows reliable accuracy.

e Real-time gesture recognition with good accuracy.

e Smooth cursor control and quick response time.

e Effective contactless system control without hardware
The user interface is designed to provide a simple and interactive platform for controlling the system
through gestures. It includes clearly defined sections for live video streaming, mode selection, and
system status display. The interface allows different operational modes such as gesture control,
presentation mode, and video mode with ease.
SystemControlMode:
This mode enables users to perform basic system operations using hand gestures. Functions such as
cursor movement, clicking, scrolling, and opening or closing applications can be controlled without
physical input devices. It provides a touchless interaction environment, improving accessibility and
convenience.
PresentationMode:
Presentation mode is designed to assist users during presentations by allowing gesture-based slide
control. Users can navigate between slides, start or stop the presentation, and highlight content using
predefined gestures. This enhances presentation delivery by enabling smooth, hands-free control.
VideoMode:
Video mode allows users to control media playback through gestures. Functions such as play, pause,
forward, rewind, and volume adjustment are supported. This mode offers a seamless and interactive way
to manage video content without relying on traditional input devices. Overall, the results demonstrate
that the proposed system provides an efficient, user-friendly, and contactless method for computer
control.

Camera OFF
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Fig 3: User Interface and user guide
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The response time of the system was fast, and balancing actions were initiated without noticeable delay.
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Fig 5: Right Click action by hand gesture recognition
Overall, the system demonstrated reliable performance in Capturing, detecting and performing
operations.

6. CONCLUSION

The Hand Gesture Recognition for Contactless Control project demonstrates an effective way of
interacting with computers without using physical input devices. The system uses a webcam to capture
hand movements and processes them using computer vision techniques. By utilizing libraries such as
OpenCV and MediaPipe, the system detects hand landmarks and recognizes different gestures in real
time. These gestures are then mapped to system actions like cursor movement, clicking, dragging, and
volume control. The developed desktop application provides a simple and user-friendly interface, making
the system easy to use. This approach improves convenience and reduces physical contact with devices.
The project also shows how gesture-based interaction can enhance human-computer interaction. It
eliminates the need for additional hardware and works efficiently using a standard webcam. Overall, the
system provides a reliable and cost-effective solution for touchless device control and has potential
applications in various fields such as smart homes, healthcare, and virtual environments.
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