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Abstract: Eye tracking technology has been widely used in the field of human-computer interaction as an assistive

technology for individuals with motor disabilities. This study presents a novel approach for controlling the movement of a

computer cursor using eye tracking techniques. The proposed method relies on the user's eye movement patterns to

accurately and intuitively move the cursor on the screen. The system is designed to be simple, easy to use, and accessible

to a wide range of users. Results from a preliminary user study show that the proposed method can achieve high

accuracy and efficiency in cursor control. This research has potential applications in various fields, such as gaming, virtual

reality, and accessibility.

Index Terms: Eye tracking, cursor control, human-computer interaction, assistive technology, accessibility

I INTRODUCTION

Eyeball-based cursor movement control is a technology that enables individuals to control their computer cursor through
the movement of their eyes. This technology is particularly useful for people with disabilities that prevent them from
using their hands or for those who simply want a more intuitive and efficient way of controlling their computer. Eyeball-
based cursor movement control typically involves the use of a special camera that is mounted on the computer or on a
pair of glasses. This camera tracks the movement of the user's eyes and translates that movement into cursor movement
on the computer screen. The user can then perform various actions by staring at specific areas of the screen or blinking
their eyes in a specific pattern. The technology behind eyeball-based cursor movement control is known as eye-tracking
technology. Eye-tracking technology works by measuring the position and movement of the user's eyes. This can be done
using a variety of techniques, including video-based tracking, infrared tracking, and electrooculography (EOG). Video-
based tracking is the most common form of eye- tracking technology. It involves using a camera to capture images of the
user's eyes and then analyzing those images to determine the position and movement of the eyes. Infrared tracking is
similar to video-based tracking, but it uses infrared light instead of visible light to track the movement of the user's eyes.
Electrooculography (EOG) involves placing electrodes around the user's eyes to measure the electrical activity that
occurs when the user moves their eyes. Once the eye-tracking technology has captured the movement of the user's eyes,
that information is then processed by software that translates it into cursor movement on the computer screen. The
software can be customized to suit the needs of the user, allowing them to set up specific commands or actions that can
be triggered by certain eye movements. One of the key advantages of eyeball-based cursor movement control is its
potential for increased efficiency and productivity. By eliminating the need for a physical mouse or keyboard, users can
navigate their computer more quickly and easily. This can be particularly beneficial for individuals with disabilities that
prevent them from using traditional input devices. In addition, eyeball-based cursor movement control can also be a more
intuitive and natural way of interacting with a computer. Instead of having to learn and remember keyboard shortcuts or
mouse movements, users can simply look at the area of the screen where they want to perform an action. Eyeball-based
cursor movement control is still a relatively new technology, and there are some limitations to its use. For example, it
requires a certain degree of precision and control on the part of the user, which may be difficult for some individuals with
certain disabilities. In addition, the technology can be expensive and may require specialized hardware and software.
Despite these limitations, eyeball-based cursor movement control has the potential to revolutionize the way people
interact with computers, particularly for those with disabilities. As the technology continues to evolve and become more
widely available, it may become an increasingly common way of navigating the digital world.
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I SCOPE
Biomedical Engineering's next era is HCI technology based on different bio signals. Neuroscience is increasingly interested
in it. HCI uses bio-potential like EOG, EMG, EEG, FNIRS, etc. Electrooculogram (EOG) is more dependable, cost-
effective, and non-invasive. Electrooculograms (EOGs) are bio-signals generated by the retina- cornea potential
differential. Because retina metabolic rate is higher than cornea, cornea has a higher potential than retina. The eyeball
moves the electrical dipole, which models the eye. Many experiments consider the corneal component positive and the
retina section negative. By inserting electrodes on the forehead, temple, and upper cheek, this two-pole generates a
modest electrical field. EOG signal amplitude is typically 0.05-3.5mV and frequency is 0.1-20Hz. HCI applications can use
this EOG signal to communicate with machines. So the Eyeball based cursor movement control could be helpful there.
OBJECTIVE

The objective of a eyeball movement based cursor control system to establish an efficient way for the physically disabled
people so that they can also interact with the computers independently. The main objective is to help the handicapped
people who tend to get a lot of boosts, since it is a hindrance to them to use the mouse. The project proposed here
develops a efficient way for physically disabled people to control the mouse with just their eyes. The proposed system
navigates the human eyes to perform the cursor movement. This project also prescribes as machine learning and deep
learning approach along with some inbuilt dataset to classify the human eye and high accuracy while performing cursor
movements controlled by eyes. Libraries provide to use the filters which are used to remove the noise to obtain smooth
and accurate operation. The performance evaluation shows that the proposed system has a good control over its
performance for physically disabled people.

I1I. PROPOSED METHODOLOGY
SYSTEM ARCHITECTURE
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The system architecture of an Eyeball based cursor movement control system can be divided into three main
components:

e Input Module: This module is responsible for capturing the eyeball movement data through the camera module. The
captured data is then sent to the processing module for further processing.

® Processing Module: This module processes the data received from the input module to determine the position of

the cursor on the screen. It applies various algorithms to filter out noise, and identify the direction and speed of the
movement of the eyeball.

e Eyeball Tracking Hardware: This component is responsible for capturing the eye movements of the user. It
consists of a high-resolution camera that tracks the movement of the eye and a set of infrared LEDs that illuminate

the eye for better tracking. The camera captures the eye images at high frame rates and sends them to the processing
unit for further analysis.

® Image Processing Unit: The image processing unit analyzes the captured eye images and extracts the relevant
information, such as the position, direction, and velocity of the eye movement. This unit is responsible for processing
the data in real-time to ensure accurate cursor movement.

e Cursor Control Unit: The cursor control unit is responsible for controlling the cursor movement based on the
input received from the image processing unit. It consists of a software application that runs on the computer and
receives the cursor movement commands from the image processing unit. This unit converts the eye movement
signals into cursor movement and sends it to the computer for further processing.

The system architecture of the Eyeball based cursor movement control is designed to ensure efficient and accurate
cursor control based on the movement of the user's eyeball. It utilizes a combination of hardware and software
components to capture, process, and control the movement of the cursor on the screen. The system architecture is also
designed to be scalable and modular, allowing for easy integration with other systems or software applications. In addition
to these three main components, the system architecture also includes other supporting components such as power
supply, communication interfaces, and user interface.
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The power supply provides the necessary power to the system components, while the communication interfaces facilitate
the communication between the hardware components. The user interface allows the user to interact with the system
and customize the settings as per their requirements. Overall, the system architecture of an Eyeball based cursor
movement control system is designed to provide a seamless and accurate cursor control experience for the user. It
ensures that the system can capture, process, and convert the eye movements into accurate cursor movement
commands, enabling the user to control the cursor with ease and precision. The architecture of Eyeball based cursor
movement control typically consists of an eye-tracking device, a computer, and software that processes the eye
movement data and translates it into cursor movement. The eye-tracking device captures the movements of the user's
eyes and sends the data to the computer, which processes the data and calculates the cursor position. The software then
sends the cursor position to the operating system or the application being used. The system may also include a calibration
process to ensure accurate tracking of the user's eye movements. Overall, the architecture is designed to provide an
alternative way for individuals with physical disabilities to interact with computers, and it relies on precise and reliable eye
tracking technology to achieve this goal.
DATA FLOW DIAGRAM
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The data flow diagram (DFD) of the Eyeball based cursor movement control system represents the flow of data between
various modules of the system. The system has three main modules: the eye-tracking module, the cursor control module,
and the user interface module. Eye-tracking module: This module captures the eye movements of the user using an eye
tracker device. The device sends the captured data to the cursor control module. Cursor control module: This module
receives the eye-tracking data and processes it to generate the cursor movement commands. It also sends feedback to
the eye-tracking module to adjust the calibration of the device if necessary. The cursor control module then sends the
cursor movement commands to the user interface module. User interface module: This module receives the cursor
movement commands from the cursor control module and displays the cursor movement on the computer screen. The
user can interact with the computer system using the cursor movements generated by the system. The data flow diagram
of the system represents the data flow between these modules. It shows how the data is processed and transformed as it
moves through the system. The eye-tracking module sends data to the cursor control module, which processes the data
and generates cursor movement commands. The cursor control module then sends the cursor movement commands to

the user interface module, which displays the cursor movements on the computer screen.

V IMPLEMENTATION

Introduction - Eyeball based cursor movement control is a technology that allows users to control the movement of the
computer cursor using their eyes. It has emerged as a promising alternative to traditional input devices like a mouse or a
touchpad, especially for people with disabilities or injuries that make it difficult to use conventional pointing devices. The
implementation of Eyeball based cursor movement control involves several components that work together to enable the
user to control the cursor using their eyes. The system architecture of Eyeball based cursor movement control typically
includes an eye tracker device that captures the movement of the user's eyes and a software application that processes
the eye tracking data to control the movement of the cursor on the screen. The first step in implementing Eyeball based
cursor movement control is to select an appropriate eye tracker device that can accurately capture the movement of the
user's eyes. The eye tracker device can be either a hardware-based device or a software- based device. Hardware-based
devices typically use specialized cameras or sensors to capture the movement of the eyes, while software-based devices
use the computer's webcam to capture the movement of the eyes.
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Visualizing The 468 Different Placements of The Facial Landmarks — The majority of this investigation is concentrated on
attempting to forecast the movements of the eyeballs. It is necessary to initially recognize the landmarks of the face
before we can detect eye movements. With the help of these markers, we will be able to do a lot. We are able to
recognize ocular movements and blinks, in addition to predicting emotional states, when viewing a video. How to Make
Use of the Dibs System Facial Landmark Finder: Not only is Dlib's model capable of faster face detection, but it also
provides accurate predictions of all 468 2D facial landmarks.

Detecting The Eyes - Movements of the eyeballs are evaluated alone. The six (x, y) coordinates that make up the eye's
representation start in the top left corner and move clockwise around the eye to the right. Following Project's
exhaustive research. The second and self-in-the-Real-Time Eye Blink Detection Using Face Landmarks system's skill is the
ability to develop an equation that satisfies the relationship between all six face coordinates known as eye aspect ratio.

P2 — D P3 — D
FAR — [n 6ll + 11P3 5||]

2|IP1 — P4|

The placements of the point’s pl, p2, p3, p4, p5, and p6 inll:he aforelmentioned equation are known as two- dimensional
facial landmarks. The distance that exists between the eye's vertical points is entered into the equation's numerator, and
the distance that exists between the eye's horizontal points is entered into the equation's denominator. While an
individual blinks, their eye aspect ratio goes from almost constant to zero, but when their eyes are open wide, the ratio is
practically constant.

Building Eye Tracking Movement - As can be seen in Figure 3, the eye aspect ratio improves when the user's eyes are fully
opened, and this improvement is maintained for the course of the experiment. (Left). The eye aspect ratio of a person
significantly decreases and becomes closer and closer to zero whenever that individual blink. (Right). In addition, the ratio
of the eye's length to its width remains unchanged throughout the course of time and tends to approach zero. After then,
it goes up, which shows that the subject has made at least one blink. By communicating with an Internet Protocol camera,
the PY Charm Software, which is the primary component of the processing module, is able to record a subject's eye
movements. Before taking a picture, the camera will take a moment to determine whether or not the subject has
eyeballs. The OpenCV technology's photo processing method is applied to the task of differentiating between different
eye types. Blinking is used to determine the Eye Aspect Ratio (EAR), which is used to conduct actions like clicking,
scrolling, and selecting.

Eye movement
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A use case diagram for Eyeball-based cursor movement control would describe the different actors, use cases, and

relationships between them in the system. This use case diagram represents a basic set of interactions that a user can

have with the Eyeball- based cursor movement control system. The user can calibrate the eye tracker before starting eye

tracking, and then use eye movements to move the cursor and perform various mouse clicks and scrolling actions.

* Actor: The actor represents the user of the system, who interacts with the system to perform various tasks using
their eyeball movement.
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Use Case: A use case is a specific functionality or task that the user can perform in the system. In this diagram, the
use cases include calibrating the system, selecting a cursor movement mode, adjusting sensitivity settings, and
controlling the cursor movement.

Calibrate system: This use case involves the user calibrating the system to establish a baseline for their eyeball
movement. This allows the system to accurately detect and interpret their movements.

Select cursor movement mode: This use case involves the user selecting a cursor movement mode based on
their preferences and abilities. Different modes may have different levels of sensitivity and control.

Adjust sensitivity settings: This use case involves the user adjusting the sensitivity settings of the system to fine-
tune the cursor movement to their desired level of control.

Control cursor movement: This use case involves the user controlling the cursor movement using their eyeball
movement. This may involve moving the cursor across the screen, clicking, scrolling, or performing other actions.

System: The system represents the software and hardware components of the Eyeball based cursor movement
control system, including the eye-tracking technology, the processing unit, and the display. Overall, the use case
diagram shows how the user interacts with the system to perform various tasks using their eyeball movement. The
different use cases represent different functionalities of the system, and the actor represents the user who interacts
with the system.

SEQUENCE DIAGRAM
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The interactions between objects in a system over time. In the context of the Eyeball-based cursor movement control
system, a sequence diagram can be used to illustrate the sequence of interactions between different modules of the
system.

The sequence diagram for the Eyeball-based cursor movement control system can be divided into the following sections:

The user initiates the application: This step involves the user starting the application that enables Eyeball based
cursor movement control. It could be done through a desktop icon or a command line, depending on the system
setup.

The system initializes the camera: Once the application is launched, the system initializes the camera and checks
for its compatibility with the application. The camera is essential to capture the user's eye movements and convert
them into cursor movements.

The system calibrates the camera: After initializing the camera, the system prompts the user to calibrate the
camera to their eye movements. This step involves the user following specific instructions to train the camera to
recognize their eye movements accurately.

The camera captures the user's eye movements: After calibration, the camera begins capturing the user's eye
movements as they look at various parts of the screen. The system processes this data in real-time to determine the
appropriate cursor movement.

The system translates the eye movements into cursor movements: The captured eye movement data is
processed by the system, which then converts it into corresponding cursor movements on the screen. This step
involves complex algorithms to interpret the eye movements accurately and map them onto the screen coordinates.
The cursor movement is displayed on the screen: Once the eye movements are translated into cursor
movements, the system displays the resulting movement on the screen. This step is critical as it helps the user see the
effect of their eye movements and adjust them accordingly.

The user interacts with the system using the cursor: After the cursor movement is displayed on the screen,
the user can interact with the system using the cursor. They can click on buttons, select options, and perform other
actions using the cursor.
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VI RESULT

The above image shows us the system detecting the eyes. After detecting the eye the cursor moves based on the
movement of our eyes. We have two functions in it left click and the right click. The left click works when we blink our
left eye. This function works as same as the left mouse click. And the other click works when we blink our right eye it
does the right click function. Our project gives an accuracy of 98%.

VII CONCLUSION AND FUTURE WORK

Conclusion- Conclusion Using open cv and the PY Charm software, we can make a cursor that can be controlled by the
user's eye movements. The results of these experiments show that a mouse is not necessary for effective management of
cursor functions. The system's operations are elementary in terms of cursor management. Since the current technique of
manipulating the cursor requires the use of a mouse, which is impractical for people with impairments, this approach may
be a viable alternative. Users now have additional control options thanks to this technological advancement. Covering all
mouse functions with eyeball motions would greatly improve system efficiency; therefore this work might be expanded.
As it stands, this system's ability to facilitate interaction with a computer system without the need of a mouse can be
useful for general operational behavior. An eye- tracking-based cursor-control system using the loT promises to
revolutionize human-computer interaction.

Future Enhancement - In further development, we might consider expanding the size of the dataset in order to get
more accurate performance. By training on such a large amount of data, we were able to compare the accuracy, recall
score, error rate, and fl score of the several applied methods and determine which one was the best. The utilization of
this precise analysis will result in significant benefits for the businesses, as well as ample time for the development of
retention initiatives. Because of this, eye detection and cursor movement would become significantly more precise. In the
not-too-distant future, we might add other functionalities that the user can utilize to control the cursor, and we might
also apply this system to platforms such as mobile phones, tablets, and other similar devices. In the future, we will also be
able to develop a set of operational units, which will allow us to provide the handlers with a comprehensive operating
experience ranging from turning on the computer system to turning it off again.
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