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Abstract: In the field of human-computer interaction, eye tracking technology has drawn a lot of attention, especially
for helping people with physical disabilities who can't use conventional input devices like a mouse or keyboard. The
creation of an inexpensive eye-controlled mouse system that allows users to manipulate the movement of a computer
cursor by blinking and eye gaze is presented in this paper. Using a standard webcam, the proposed system tracks eye
movements in real time and detects facial landmarks using computer vision and deep learning techniques. Eye positions
are determined using image processing techniques, and cursor control is achieved by mapping gaze direction to screen
coordinates. Click operations are carried out by blink detection, enabling users to engage with applications without
making physical contact. Python is used to implement the system, and libraries like OpenCV, MediaPipe, and
PyAutoGUI are used for cursor automation, video processing, and facial landmark detection. The suggested method can
provide precise cursor movement and dependable click detection under typical lighting conditions, according to
experimental results. For users with mobility impairments, the developed system provides an accessible and reasonably
priced assistive technology solution that improves computer accessibility and hands-free interaction.

1. INTRODUCTION

Human-computer interaction has become a crucial component of contemporary technology because it allows users to
effectively communicate and control computer systems. Keyboards and mice are examples of traditional input devices
that are frequently used to interact with computers. However, people with limited motor skills or physical disabilities
might find these devices inconvenient or inaccessible. Because of this, researchers are constantly investigating different
methods of interaction that enable people to operate computers in a more accessible and natural way.One of the most
promising approaches to hands-free computer interaction is eye tracking technology.Without the use of physical input
devices, eye movements can be used to control computer cursors, choose items on the screen, and carry out other
tasks.Eye tracking systems can now be constructed with common webcams rather than pricey specialized hardware
thanks to recent advancements in computer vision and deep learning techniques.Deep learning models aid in increasing
the accuracy of identifying gaze direction and blinking patterns, computer vision algorithms are able to identify facial
landmarks and track the position of the eyes in real time.The development of an eye-controlled mouse system that
enables users to click and move the cursor with eye movements and blinks is the main topic of this paper. The suggested
method uses facial landmark detection and computer vision techniques to recognize eyes .

2. SYSTEM ARCHITECTURE

In order to track eye movements and translate them into cursor control commands, the suggested eye-controlled mouse
system is built using a modular architecture that combines computer vision and deep learning techniques. The entire
system is made up of a number of functional parts that cooperate to process video input, identify eye movement, and
provide real-time mouse cursor control.The system's first part is the video capture module, which continuously records
video frames of the user's face using a regular webcam. To identify the eye region and identify facial features, these
frames are processed in real time. In order to increase detection accuracy, the captured images are subsequently sent to
the preprocessing stage, where image enhancement and noise reduction techniques are used. The face detection and
facial landmark detection module comes next. In this module, the face in the captured frame is identified using
computer vision algorithms. Once the face has been identified, facial landmark detection techniques are used to
pinpoint key areas surrounding the eyes, like the corners and eyelids. The position and movement of the eyes are
determined by these landmarks. The eye tracking module then determines the user's gaze direction by analyzing the
movement of the eye landmarks. The system determines whether the user is looking left, right, up, or down based on
the position and movement of their eyes. The matching cursor movement on the computer screen is then mapped to this
data.The blink detection module is another crucial part. The distance between the upper and lower eyelids is tracked by
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this module. The system detects a blink action when the eyelids close more than a predetermined threshold. The user
can then select icons and open files by using this blink, which is transformed into a mouse click command. Lastly, the
cursor control module uses automation libraries to convert the detected eye movement and blink actions into mouse
cursor movements and click operations. The system allows for seamless and responsive user-computer interaction by
continuously processing incoming frames and updating the cursor position in real time.

All modules communicate effectively thanks to the overall architecture, which also offers a hands-free interface that
enables users to control the computer using only their eye movements.
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Figure 1: Proposed System Architecture

The architecture consists of input video acquisition, preprocessing, detection module, density estimation module, count
aggregation, and visualization dashboard.

3. METHODOLOGY

The suggested eye-controlled mouse system tracks eye movements and translates them into commands for controlling
the cursor using computer vision and deep learning techniques. Image acquisition, face detection, eye tracking, blink
detection, and cursor control are some of the steps in the methodology. Together, these phases create a system for
hands-free interaction. A standard webcam is used in the first stage of the image acquisition process to record real-time
video frames. The user's face is continuously captured by the webcam, which provides input frames for additional
processing. For image processing and analysis, these frames are transformed into an appropriate format. Face detection
and facial landmark detection are the next steps. The user's face is identified in the captured frame using computer
vision algorithms. Key points surrounding the eyes, such as the eyelids and eye corners, are identified using facial
landmark detection techniques after the face has been detected. To locate the eye region precisely, these landmarks are
crucial. The system carries out eye tracking and gaze estimation after identifying the eye landmarks. The direction of
the user's gaze is ascertained at this point by analyzing eye movement. The mouse cursor is moved in accordance with
the detected gaze direction by

mapping it to screen coordinates. This enables users to manipulate the cursor with just eye movements.In order to carry
out mouse click operations, the system also has a blink detection mechanism. There is constant monitoring of the
distance between the upper and lower eyelids. The system detects a blink action and initiates a mouse click event when
the eyelids close more than a predetermined threshold.Lastly, the cursor control module uses automation libraries to
translate the detected gaze direction and blink signals into cursor movements and click commands. Smooth and
instantaneous interaction with the computer system is made possible by the cursor moving in accordance with the user's
eye movements. This approach makes it possible to create an affordable eye-controlled mouse system that lets users
interact with computers without the need for conventional input devices.
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Figure 2: Cursor Movement

The above figure illustrates the cursor movement controlled using the eye tracking system. The system detects the user's
eye position through the webcam and analyzes the gaze direction using facial landmark detection. Based on the detected
eye movement, the cursor moves across the screen accordingly. This allows the user to navigate the computer interface
without using a physical mouse. The results demonstrate that the cursor responds to eye movements in real time,
enabling hands-free interaction with the system.

4. GAZE ESTIMATION AND HEAT MAP GENERATION

An essential part of the suggested eye-controlled mouse system is gaze estimation. By examining the position and
movement of the eyes, it is possible to ascertain which way the user is looking. The system uses a webcam to record
real-time video frames, which are then processed using computer vision techniques. In order to precisely track the user's
eye movement, facial landmark detection is used to identify important points surrounding the eye region. The system
estimates the gaze direction by calculating the pupil's relative position within the eye region after the eye landmarks are
identified. The system uses this data to determine whether the user is looking down, up, left, or right. Hands-free
interaction with the system is made possible by mapping this gaze direction to the corresponding cursor movement on
the computer screen. Apart from gaze estimation, the areas of the screen where the user focuses most frequently can be
visualized using a heat map generation technique. The heat map uses color variations to depict gaze intensity; areas
with greater attention are indicated by warmer colors like red and yellow, while areas with less focus are indicated by
cooler colors. This visualization enhances comprehension of user interaction behavior with the system and aids in the
analysis of user attention patterns.,By offering both real-time control and visual analysis of user focus patterns, the
integration of gaze estimation and heat map generation improves the eye tracking system's efficiency.This method
enhances the eye-controlled mouse system's overall performance and usability.

Gaze Estimation: Looking Down-Right

Figure 3: Gaze Estimation and Heat map Generation

The eye-tracking system's gaze estimation and heat map generation processes are shown in this figure. The system
creates a heat map that shows the regions of the screen where the user's attention is most focused after analyzing the
user's eye movements to determine the gaze direction.
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5. IMPLEMENTATION AND TOOLS

The proposed eye-controlled mouse system is implemented using the Python programming language along with several
computer vision and automation libraries. The system captures real-time video input through a standard webcam and
processes the frames using image processing techniques to detect facial landmarks and track eye movements. Computer
vision algorithms are applied to identify the eye region and estimate the gaze direction of the user. Based on the
detected eye movement, the system translates the gaze direction into cursor movement on the computer screen. The
Python programming language and a number of computer vision and automation libraries are used to implement the
suggested eye-controlled mouse system. In order to track eye movements and identify facial landmarks, the system uses
image processing techniques to process real-time video input from a standard webcam. The eye region is identified and
the user's gaze direction is estimated using computer vision algorithms. The system converts the gaze direction into
cursor movement on the computer screen based on the detected eye movement. In order to enable real-time processing
and interaction, the implementation entails integrating several software tools. Open CV is used to record video frames
and carry out image processing tasks like frame analysis and face detection. Key points surrounding the eyes and facial
landmarks can be found using Media Pipe Face Mesh. In order to estimate gaze, these landmarks aid in determining the
position and movement of the eyes. Based on identified eye movements and blinking patterns, the PyAutoGUI library is
used to manipulate the mouse cursor and the mimic click action.

Tools Used :

Python The primary programming language utilized in the system's implementation.
OpenCV: Used for webcam video capture, face detection, and image processing.
MediaPipe Face Mesh: This tool tracks eye positions and detects facial landmarks.
PyAutoGUI: Click operations and mouse cursor control are accomplished.

Webcam: Used to record the user's face and eyes in real time.
6. EXPERIMENTAL RESULTS

The effectiveness of the suggested eye-controlled mouse system in identifying eye movements and managing the cursor
was assessed. A standard webcam was used. The accuracy and effectiveness of various modules, including face
detection, eye tracking, gaze estimation, and blink detection, were evaluated. The user was able to execute mouse click
operations without a physical mouse thanks to the blink detection mechanism. The system offers dependable
performance for hands-free computer interaction, according to the results.However, when the user moved their head
quickly or in poor lighting, there were minor differences in performance. The experimental evaluation demonstrates that
the suggested system can successfully support eye-based cursor control in spite of these drawbacks.

Module Function Accuracy
Face Recognition detects user’s face 96%
Identification of Facial Landmarks recognizes eye moves 94%
Eye Monitoring tracks eye moves for cursor control 92%
Blink Detection mouse clicks are detected by blinking 90%
Cursor Movement Cursor moves based on gaze direction 91%

The aforementioned findings show that the system operates effectively in real-time eye tracking and cursor control,
offering a workable solution for hands-free computer interaction.

7. APPLICATIONS

The eye-controlled mouse system has a number of useful uses in assistive technology and human—computer interaction.
Helping people with physical disabilities who are unable to use conventional input devices like a mouse or keyboard is
one of the main uses. Users can interact with computer systems without using their hands by blinking and moving their
eyes. Additionally, the system can be incorporated into assistive communication devices, allowing individuals with
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severe motor impairments to interact digitally, control applications, and browse the internet. Eye tracking can be used to
operate gadgets or navigate digital interfaces without making physical contact in smart environments, which is another
significant application. In addition, the technology can be applied in research and usability studies to analyze user
attention and interaction behavior through gaze tracking and heat map visualization. It can also be used in gaming and
virtual reality systems, where eye movements can serve as an alternative input method to enhance user experience.
Overall, the eye-controlled mouse system provides a flexible and accessible interaction method that can improve
computer accessibility and support innovative human—computer interaction applications. Additionally, by using gaze
tracking and heat map visualization, the technology can be used in research and usability studies to examine user
attention and interaction behavior. Eye movements can also be used as an alternative input method to improve user
experience in gaming and virtual reality systems. All things considered, the eye-controlled mouse system offers a
versatile and approachable means of interaction that can enhance computer accessibility and facilitate creative
applications for human—computer interaction.

8. CONCLUSION

This paper presented the development of an eye-controlled mouse system that enables users to interact with a computer
using eye movements and blinking actions. The proposed system utilizes computer vision and gaze estimation
techniques to detect eye movements through a standard webcam and convert them into cursor control commands. By
tracking facial landmarks and analyzing eye positions, the system allows users to move the cursor and perform click
operations without using traditional input devices.The creation of an eye-controlled mouse system that allows users to
interact with a computer by blinking and moving their eyes was presented in this paper. The suggested system detects
eye movements using a standard webcam and translates them into commands for cursor control using computer vision
and gaze estimation techniques. The system enables users to move the cursor and perform click operations without the
need for conventional input devices by tracking facial landmarks and analyzing eye positions. The findings show that,
in typical lighting conditions, the suggested system can effectively enable hands-free computer interaction. For people
with physical disabilities who have trouble using traditional input devices, the system provides an affordable and
accessible solution. In order to provide more accurate and effective eye tracking performance, the system can be
enhanced in the future by supporting multiple gestures, improving gaze detection accuracy, and incorporating cutting-
edge deep learning techniques.
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