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Abstract—When people want easier ways to interact
with their computers, hardware inputs like keyboard and
mouse are often using less. A fresh approach shows how
a virtual setup can be handled by moving hands in front
of any regular webcam. Instead of using on hardware
devices, smart software tracks key movements using
live hand gesture movements. The system turns natural
gestures into the actions on screen. Ahead of its time,
the online mouse lets you tap left, tap right, even scroll
and also volume and brightness adjustments. By
processing data in a real-time, user interactions remain
smooth and responsive From the starting, choosing
Python along with OpenCV and MediaPipe makes the
things clarity. Lights stays under the control and the
timing stays reliable once tested. This approach is
especially useful when the users are unable to perform
the physical tasks using the traditional devices. In this
project interacting with the hands is not required.
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Mouse and Keyboard, Computer Vision, OpenCV,
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II. INTRODUCTION

A computer is operated by a mouse and keyboard. These
are helpful to the people to perform the basic tasks.
While using hardware input devices at every situation is
not convenient. In some cases, physical interaction with
hardware devices may be difficult, and not possible. So
the hand gesture based interaction is simple and
provides the free way of communication with the
computers.

Gestures are natural movements of the human hands and
can be easily performed without any special training.
We can operate the computer using the hand gestures. It
makes the work easier. With the development of these
type of real-time hand gesture techniques, it is used to
detect and track the hand movements using an ordinary
camera.

The action with fingers is used to send commands to the
computers. This approach allows the users to control the
mouse and keyboard actions without directly touching
any hardware. This project presents the Al-Enhanced
Gesture-Controlled Virtual Mouse and Keyboard. The
system captures the hand movements such as gestures
through the camera and perform the operations such as
cursor movements, clicking and typing. The main aim
of this project is to provide a simple, efficient and
contactless input devices. That bridges the gap between
the human and computer with more flexible and user-
friendly.

III. LITERATURE SURVEY

Human and computer interaction was improved with the
development of artificial intelligence and computer
vision. So then many researchers were tried to reduce
the usage of hardware devices like mouse and keyboard
and introduced the gesture based systems. These
systems allow users to to control the computer using
hand movements and provide the touch free interaction.
In earlier research, virtual mouse systems are developed
using webcams to detect hand gestures. For detecting
hand gestures some methods are required like gloves to
track the finger movements. Later, markerless
techniques are introduced to detect hand movements
directly from the camera using image processing
algorithms. This made the system usage easily.

With usage of the ai models like OpenCV and
MediaPipe, gesture recognition has become more
accurate. Researchers are also developed the virtual
keyboard using hand gestures. Even though systems
work well in many cases but facing some problems like
lighting and also some times gesture recognition also. In
this project. An effort is made to develop a simple virtual
mouse and keyboard that can works in real time and
makes the computer usage easier.
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system does not require any external sources like gloves
and sensors. It works using only camera and software.
Making it simple and cost effective. The main objective
of this project is maintaining a smooth, real-time and
contactless method to operate a computer while
improving the interaction and accuracy.

VI. SYSTEM ARCHITECTURE
1. Input Module

o The webcam acts as an input device.

o It is used for to capture the hand movements in
live video.

o The captured video is sent to the system
continuously to the system.

o Clear video input is important for accurate
results.

2. Pre-Processing Module

o The captured video frames are adjusted for the
better quality.

o Noise and unwanted background disturbances
are reduced and minimized.

o The image converted into suitable format for
easy processing.

o The step improves the overall performance of
the system.
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IV. EXISTING SYSTEM 3. Frame Processing Module
In the existing system, computers are operated using the . The live video is divided into the individual
physical devices like mouse and keyboard. The working frames.
of these devices is very good. But they want the physical ° Each frame is analyzed separately.
contact. In some situations using hardware devices is . This helps in detecting hand movements clearly.
not comfortable and practical also. But some researchers o Continuous frame processing and ensures the
developed the alternative usage for the systems namely smooth working.
like gesture based systems. But many of those systems 4. Hand Detection and Tracking Module
require the extra components like gloves, sensors, . The system detects the hand in each frame.
webcams to track the hand movements. This also o The landmarks like finger tips and finger joints
increased the cost and complexity also. And also facing are identified
problems like lighting, background disturbances and . These landmarks helps the system to work more
responses delay affected the over all performance. .

effectively.

. Accurate tracking improves the gesture
V. PROPOSED SYSTEM .

. recognition.

The proposed system introduces the Al-enhanced 5 Gesture Recognition Module
gesture controlled virtual mouse and keyboard. It uses ) . . .

. The finger positions are captured to identify the
the web cam to capture the hand movements and .

. . . . specific gestures.

processes them using the computer vision techniques Based h defined rul w

[ ]
like OpenCV and MediaPipe. Based on the position and ) ) ased on the predelined Tuies, gestures are

. identified.
movement of fingers different gestures are performed ) ) i
. . . Different gestures are used for different actions.

and converted into the computer commands. This ] ]

. For example, moving the index finger controls

the cursor and some fingers combinations perform the
click operations.

6. Gesture Mapping Module

. Each captured gesture is converted to a specific
computer function.

. Then the system checks the whether the gesture
matches the predefined conditions.

. This module ensures that correct action is
performed for the gesture.

7. Command Execution Module

. Once a gesture is recognized, it is converted
into the computer command.

. Then the system performs the actions according
to the gesture like cursor movements, clicking, scrolling
and also typing.

. This process happens continuously in real time
for smooth interaction.

8. Output Module

. The final action was displayed on the computer
screen.

. The cursor movements and typing appears

based on the gesture performed.
. This completes the interaction between the user
and the computer.
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VII. METHODOLOGY
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Figurel: System Architecture of Al-Enhanced Gesture
Controlled Virtual Mouse and Keyboard
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Figure 2 : System Architecture of Gesture Controlled
Virtual Mouse.
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Figure 3 : Usecase Diagram

The system starts by loading the required libraries and
then activate the webcam. The camera starts the capture
the hand movements as input processing.

2. Video Capture and Frame Processing

The webcam captures real-time video of users hand
movements. Then the captured video was divided into
the several frames for easy tracking. And each frame is
processed separately for best results.

3. Hand Detection and Tracking

The system detects the hand in each frame and then
identifies important landmarks such as finger tips and
joints of fingers. These points helps the tracking of
finger movements.

4. Gesture Recognition

The position and movements of fingers are captured to
identify the particular gestures. And each gesture is
linked to a particular action like cursor movements,
clicking, scrolling, and typing also.

5. Command Execution

After recognition the gesture, the converts the gestures
into the computer commands and perform the correct
actions. This process is done continuously to ensure the
smooth interaction.

6. Real-Time Processing

The system performs all operations continuously
without any delay. Real-time processing ensure the
smooth cursor movements and quick response to
gestures. So it is very useful to the users to interact with
the computer without using any hardware devices.

7. Error Handling and Accuracy Improvement
The system checks the hand movements before
executing the commands. It avoids the unwanted actions
by confirming the gesture for a short duration. This
improves accuracy and reduces mistakes during
operation.

VIII. IMPLEMENTATION

The Proposed Al-enhanced gesture controlled virtual
mouse and keyboard system was implemented using the
Python programming language. OpenCV library was
used for handling image processing tasks and
MediaPipe was used for hand detection and tracking
hand movements. The webcam captures the live video
of the users hand movements and the video is processed
frame by frame. Each frame is analyzed to detect the
hand and identify important landmarks such as
fingertips and finger joints. MediaPipe provides 21 hand
landmark points. Which help in accurately tracking
finger positions. The coordinates of the index finger are
mapped to the screen resolution to control the cursor
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movement smoothly. To avoid sudden jumps, smooth
techniques are applied during cursor movement. The
distance between the specific fingers is calculated and
perform the click operations according to the hand
movements. For example, when the thumb and index
finger come close together then a left click operation is
performed. Similarly, other finger combinations are
used to performed the right click. And palm opened then
it will detect the hand tracking and performed the
scrolling operations and also based on another gestures
other operations are also performed like brightness,
volume also. A virtual keyboard layout is displayed on
the screen, and based on the gestures used to select key
and type characters. The system continuously captures
frames, processes gestures and executes commands in
real time. All modules work together inside a loop to
ensure smooth and responsive interaction. The
implementation was tested under different lighting
conditions to check performance and accuracy. The
system performs effectively in proper lighting and
provides a simple and contactless way to control the
computer without using physical input devices.

IX. RESULTS
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Figure 1: Right click operation using Al Enhanced
gesture controlled virtual mouse
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Figure 2:Alphabet typing using Al Enhanced Gesture
Virtual Keyboard
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Figure 3:Typing using Al Gesture Controlled Virtual
Keyboard

X. CONCLUSION

In this project, an Al-enhanced gesture controlled
virtual mouse and keyboard system was successfully
developed and implemented. The system uses webcam
to detect hand movements and recognize gestures using
computer vision techniques like OpenCV and
MediaPipe. Based on the gestures actions like, cursor
movement, clicking, scrolling, brightness and volume
adjustments and typing are performed. The system
works in real-time and allows users to operate the
computer without physical input devices. Although in
works best under lighting conditions, it still provides a
simple and effective alternative for computer
interaction.
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