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ABSTRACT 

 

Development of an Eye Tracking and On-Screen Pointing System for Physically 

Impaired People 

 

Eye tracking has become a popular field of research recently. It is not only getting more 

advanced but also giving rise to new research fields like eye tracking in neuro-architecture, 

e-sports etc. This project is a small step towards the wide-open research area of eye 

tracking. It has been developed with a vision to help the quadriplegic patients, who have 

limited movement capacity of their body. Due to their restricted movement, they have 

serious difficulties while working with computers and other electronic devices. Their needs 

might not be fully satisfied by current assistive technology, so a sophisticated eye tracking 

and on-screen pointing is required. With the help of this technology, physically disabled 

people will be able to communicate and use digital platforms more easily and with greater 

confidence thanks to a consistent, flexible, and intuitive interface. This technology aims to 

improve the quality of life for people with physical disabilities and encourage their active 

involvement in a variety of activities, such as social interactions, sports, education, and 

entertainment, by providing increased accessibility and inclusivity. The motivation behind 

developing an interactive system is to help people who have limited physical movement. 

Currently available solutions are in some cases costly. Whereas the proposed system in this 

research is more cost effective. This proposed system tracks the eye gaze using the webcam 

of a computer. Then it analyzes and responds with the output that in which region the person 

sitting in front of the camera is looking at. Taking input from the user’s eye movement, the 

system moves the mouse on the screen. This study provides a landmark based machine 

learning model that can track eye gaze and suggest designated message for the gaze. The 

accuracy of the proposed system is around 90%. This system can be an easy to install and 

more cost-effective solution to the patients suffering from physical disability. Hopefully 

this system will provide a more user-friendly way to quadriplegic patients in terms of 

communicating with the outside world.  
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সারসংক্ষেপ 

 

Development of an Eye Tracking and On-Screen Pointing System for Physically 

Impaired People 

 

 

বর্তমাক্ষে Eye Tracking গ ব েষণার জনপ্র িয় একটি প্রেষয় হ ব য় উবেব ে। এ ই ক্ষেত্রটি এ খ ন প্র েকপ্র িত হো র প াি াপা প্রি 

আরও নতুন গব েষণা ক্ষ েব ত্রর জন্য ও দ্ব ার উবমাচন কব রব ে ক্ষ েমন neuro-architecture, e-sports ই তয াপ্রি । 

এ ই গব েষণাটি eye tracking এ র স ম্ভ ােনা ময় গব েষণা জগব ত একটি ক্ষোট পি ব ে প । িব জক্টটি তাব ি র স াহায্য কর ার 

জন্য ত তপ্রর হব য় ব ে োর া স ীপ্রম ত চলাব ে রার েম তা রাব খন । অ ঙ্গ িতয ব ঙ্গ র স ীপ্রমত নড় াচড়া র েমতা র ক ারব ণ, তার া 

কপ্রিউটার এ েং অ ন্যান্য ই ব লকট্র প্রনক প্রিভাই স ব্য েহাবর স মস্যার স মু্মখীন হ ব য় থাব ক । েত তমাব ন িচপ্রল ত ি যুপ্রি দ্ব া রা তাব ি র 

প্রেব িষ িব ে া জনগুপ্রল স ম্পূণ তভ াব ে পূ রণ করা স ম্ভ ে হ য় না েব ল, ত াব ি র জন্য একটি eye tracking and on-

screen pointing system িব ে াজন । এ ই ি যুপ্রির স া হাবয্য স ীপ্রমত চলাব ে রা র েমত া র অ প্রিক ারী ব্য প্রি রা 

digital platform ব্য েহার করব ত পা রব ে আরও স হজভাব ে এেং আত্মপ্রে শ্বাব স র স াব থ । এ ই িযুপ্রির উবেশ্য হ ল 

স ীপ্রমত চলাব ে রা র েমত া থাকা ব্য প্রিব ি র মানপ্রসক স্ব াব যয র গুণগ ত ম ান উন্নত কর া এ েং ত ি নপ্রিন জীেব ে্ র অ ব নক ি রব নর 

কাে তক্র ব ম ত াব ি র স প্রক্রে  অ ংি গ্রহব ণর স ংখ্য া ে াড়াব ন া, ক্ষ েমন স ামাপ্র জ ক আব লাচনা, ক্ষখলাধুলা, প্র িো, এে ং প্রেব নাি ন ই তয াপ্রি । 

একটি interactive system ত তপ্ররর ক্ষ পেবন িি ান উবে শ্য হ ল স ীপ্রমত চলাব ে রার েম তা র অ প্রিকারী ব্য প্রিব ি র 

স াহায্য করা। েত তমাব ন িচপ্রলত স মািানগুপ্রল ক্ষেপ্র িরভাগ ক্ষ েব ত্র ব্য ে ে হুল । িস্ত াপ্রেত প্রসব েমটি তুলনামূ লক কম ব্য য় েহুল ভাবে 

ত তরী করা হব য় ব ে । িস্তাপ্র েত প্রসব েমটি Computer এ র webcam ব্য েহার কব র ক্ষচাব খর দৃ প্রি track কব র। 

তারপ র এ টি ববক্ষেষণ কব র জ াপ্রনব য় ক্ষি ে  ক্ষে camera র স ামব ন েব স থাকা ব্য প্রি screen এ র ক্ষকান অ ংিটাবত 

ক্ষি খব েন। ব্য েহারক ারী র ক্ষচাব খর দৃ প্রির িাট া প্রনবয় এ টি প্রিব ন মা উব স র অবস্থাক্ষের পবরবর্তে কব র । এ ই িব জ ক্টটি একটি 

Landmark  প্রভপ্রিক machine leraning model িি া ন কব র ে া ক্ষচাব খর দৃ প্রি ট্রয াক করব ত প াব র এে ং 

দৃ প্রির জন্য প্রন ি তাপ্র রত ে াত তা screen এ ক্ষি খাব ত প াব র । িস্তাপ্র েত প্রসব েবমর েথােথ তা িাে  ৯০% এ র কাোক াপ্রে । এ ই 

প্রসব েম ি াম কম এেং ব্য েহাবর স হজ ো স ীপ্রম ত চলাব ে রা র েম তা র অ প্রিকারী ব্য প্রিব ি র জন্য একটি স মািান হ ব ত পাব র। 

আিাকপ্রর এ ই প্রসব েম দ্ব ারা quadriplegia এ র ম ত ক্ষ রাব গ ভু গব ত থাকা ব্য াপ্রিব ি র জন্য আব ি পাব ির িকৃ প্রতর স াব থ 

ক্ষোগাব ে াগ কর া স হজ হ ব য় উেব ে। 
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CHAPTER 1 

INTRODUCTION 

 

Technology has always made human life easier. In terms of physically impaired 

individuals, its contribution is making history every now and then. With the passing days 

technology is improving the quality of life on earth. In terms of physically impaired 

peoples’ lifestyle, technology has brought some remarkable changes. Eye tracking, being a 

developing field of study for many years now, has shown great promise in enabling 

impaired people to interact with computers and other electronic devices. Its capability 

increases manifold when on screen pointing is incorporated with it. Eye tracking technology 

means to control computer like interfaces with eye movements. With eye tracking and on 

screen pointing, impaired people are now able to perform tasks like selecting or typing in 

computer like interfaces. Also, on-screen pointing lets people control the cursor movement 

which can work as an alternative of mouse and joysticks. 

By combining these two technologies, new opportunities have opened for physically 

challenged people. With the help of these technologies, they will get a chance to gain 

expertise in different computer-based systems using the human-computer interfaces. Their 

accessibility to information, communication process and participation in various fields will 

bring about significant changes in the society. 

For designing a complete eye tracking and on-screen pointing system, it will require the 

knowledge of computer science, electrical engineering, human factor engineering and many 

more. The system must be designed in such a way that it is accurate, reliable, and cost 

effective. Also, the usability of physically impaired people needs to be considered above 

everything. 

For example, Quadriplegia is a kind of disease which damages the spinal cord and makes 

the full body of the patient paralyzed. It limits the self-functioning capability of a human 

being by obstructing physical movement. A person suffering from quadriplegia completely 

depends on others for daily chores. Eye tracking can be a great help for quadriplegic patients 

for communicating with another person or machine. 

The development of an eye tracking based on-screen pointing system will specially change 

the overall lifestyle of physically impaired people. It will provide another method of 

interacting with Human-Computer Interface replacing mouse or joystick. Thus, physically 
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impaired people will get chance to participate in a lot more field than before. As a result, 

their socio-economic status, mental strength will improve. 

In this research, a system controlled by eye movement tracking has been introduced, which 

will be a significant help for physically impaired people in communicating with another 

people or machine. 

 

1.1      Problem Statement 

People with physical limitations, like quadriplegic patients, have a difficult time using 

computers and other electronic devices because of their limited range of motion. Available 

interfaces are not user friendly for them which lessens their involvement with the outside 

world. It also reduces their chances of acquiring knowledge and involvement in various 

activities. The variety of devices available in market does not fully meet their requirements. 

In some cases, they are costly to avail. It is therefore essential to develop an advanced eye 

tracking and on-screen pointing system that is appropriate for the special requirements of 

people with physical limitations. This system aims to empower people by offering a 

dependable, flexible, and easy-to-use interface that makes it easier to engage and 

communicate with digital platforms as well as outside world. 

This problem statement describes the current obstacles that people with physical disabilities 

must overcome and draws attention to the shortcomings in the assistive technology 

available today, paving the way for the creation of a novel solution. 

 

1.2      Objectives 

The overall objective of this project is to design a prototype of eye pointing based HCI 

system for quadriplegic patient. The main objectives of this project can be segmented into 

following: 

a. To detect and track eye pupil movement using Support Vector Machine (SVM) 

b. To demonstrate on screen pointing, tracking, and action prediction through 

machine learning or any other approach. 

 

 



3 
 

1.3      Methodology 

The methodology can be summed up in the following steps: 

The research will start with an extensive literature review with a view to identifying 

problems and learn about the technologies that has been used for previously proposed 

solutions. Then system architecture will be designed, and a Machine Learning (ML) 

algorithm will be selected. After that, experimental setup will be conducted based on the 

system architecture. The selected algorithm will be implemented, and the full system will 

be tested. Lastly, an experiment with 5 participants will be conducted for overall system 

validation. 

1. Selection of problem statement 

2. Set specific objectives for the research 

3. Perform literature review 

4. Develop system architecture 

5. Selection of machine learning algorithm 

6. Evaluate the performance of machine learning algorithm result and elevate the 

efficiency. 

7. Develop an experimental setup based on system testing and validation data. 

 

Fig. 1.1: Flow diagram of Methodology of the study. 

 

1.4      Potential Application 

The expected outcomes of the project are: 

• An efficient eye pupil detection and tracking system. 
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• An efficient on-screen pointing and action prediction system. 

 

1.5      Organization of the Remaining Chapters 

The rest is organized in the following order: 

In Chapter 2, literature review is discussed. 

In Chapter 3, data collection, preprocessing, and design of model architecture are given. 

In Chapter 4, experimental setup and implementation are discussed. 

In Chapter 5, system testing, result analysis and benchmarking are presented. 

In Chapter 6, the project is concluded. 

In Chapter 7 and 8 reference and appendix are given. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Eye tracking technology is discovering fascinating fields. Main part of this technology is 

tracking the eye movement and using the results for various purposes like user interest 

detection, attention span detection etc. Numerous solutions have come around in recent 

years. There are some popular available solutions or gadgets which can detect eye tracking 

like Tobii, EyeTech Digital Systems, SMI etc. 

 

2.1      Eye Tracking 

Eye tracking technology typically involves using specialized hardware, such as an eye 

tracker, that can detect and record the movement of the eyes as they look at a specific object 

or area. By analyzing the data gathered from an eye tracker, researchers can gain insights 

into how people process visual information, such as focusing part of a content, attention 

span, most viewed topics and so on. This information can be used to understand how people 

interact with technology, how they make decisions, how they perceive and remember visual 

information. Eye tracking has many practical applications, such as improving website and 

user interface design, evaluating the effectiveness of advertising and marketing campaigns, 

and diagnosing and treating vision problems. It has also been used to study a wide range of 

topics, such as reading comprehension, attention, and language processing. Overall, eye 

tracking is a valuable tool for researchers and professionals in many different fields, 

providing insights into human behavior and cognition that would be difficult or impossible 

to obtain through other methods. 

Eye tracking technology offers a powerful means of understanding human behavior and 

cognition through the analysis of eye movements. By leveraging specialized hardware like 

eye trackers, researchers can delve into how individuals process visual information, make 

decisions, and interact with technology. 
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2.1.1    Ways of Eye Tracking 

Eye Tracking can be done using various technologies. These technologies offer various 

options to gather eye tracking data. Some examples are: 

• Electrooculogram (EOG): This method is mainly used in clinical purpose. In this 

process, electrodes are placed near the eye so that electrical signal generated by eye 

muscle movement can be detected. 

• Optical tracking: In this method, eye movement or tracking is done using cameras 

or other optical devices. It is a convenient method for research and technological 

development. 

• Magnetic tracking: In this process, magnets are used near eye to detect eye 

movements with the help of magnetic field. It is a less popular method than optical 

eye tracking or camera-based tracking. 

In summary, eye tracking can be accomplished through various technologies, each with its 

own advantages and applications. These different approaches offer researchers flexibility 

in choosing the most suitable technique for their specific needs, contributing to 

advancements in understanding eye movements and their implications across various fields. 

 

2.1.2    Use of Eye Tracking 

Data gathered from eye tracking can be put into use in several ways. For example, to detect 

the behavioral patterns or to measure the time between two fixations, the changes of pupil 

while watching a content etc. can be valuable. Some other potential uses of eye tracking 

have been discussed below: 

• Human-Computer Interaction: Eye tracking can revolutionize Human-Computer 

Interaction (HCI) field. It can be an alternative for mouse or joystick. 

• Market research: Eye movement analysis can be used to determine how customer 

accepts a product or its advertisement. Depending on the feedback, companies will 

gain an insight into customer interest, need and expectation. 

• Psychology and neuroscience: Eye tracking can be used in determining behavioral 

pattern of a person which can be helpful in understanding the person's personality. 

It can also be used in determining user’s ability to hold attention or concentration 

on specific matters. 
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• Medicine: Eye tracking can be useful in curing eye diseases. It can give us fast and 

accurate result about how a specific medicine is working on specific case. 

Eye tracking and eye movement analysis are contributing to numerous fields. They are 

becoming an important part of upcoming research and technologies. 

 

2.2      Eye Tracking and Physically Impaired People 

Eye tracking technologies have shown great improvement in the lives of physically 

impaired people. With the help of this technology, physically impaired people have got 

another opportunity to communicate with the outside world without the need for using a 

mouse, joystick etc. For individuals who have limited body movement, eye tracking can be 

used as an alternative input method. It will allow them to participate in various activities, 

performing tasks, seeking assistance. 

If eye tracking systems are combined with on-screen pointing, it can open huge 

opportunities for physically impaired people. With this, impaired people will be able to 

move cursors on-screen with the help of their eye movement, click on a particular area, 

seek assistance, or generate message on their own. It will give them a more convenient way 

of communicating with others, the potential to access information, and engage in various 

activities. It provides them with a sense of empowerment by providing them with the scope 

to participate in education, sports, entertainment and so on. 

The adoption of eye tracking technology represents a significant step towards inclusivity 

and accessibility, enriching the lives of physically impaired individuals and promoting their 

active engagement with the world around them. 

 

2.3      Quadriplegia 

Quadriplegia, also known as tetraplegia, is a medical condition in which a person 

experiences loss of all four limbs and the torso. It is typically caused by damage to the 

spinal cord in the neck region, often because of a traumatic injury, such as a severe fall or 

car accident. 

The severity of quadriplegia can vary, depending on the extent and location of the spinal 

cord injury. In some cases, a person may be able to move their arms or legs to some degree, 
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while in other cases they may have no control or sensation in any of their limbs. Paralysis 

may also affect the muscles that control breathing, swallowing, and other essential bodily 

functions. 

People with quadriplegia often require significant assistance with activities of daily living, 

such as dressing, bathing, and eating. They may also require specialized medical care, such 

as respiratory support or pressure sore management. 

Overall, quadriplegia presents significant challenges for affected individuals, highlighting 

the importance of comprehensive support and care to enhance their quality of life and 

functional independence. 

 

2.4      Support Vector Machine (SVM) Algorithm 

Support Vector Machine (SVM) was selected as the primary algorithm for detecting the 

screen region with the help of eye tracking. SVM is a powerful machine learning algorithm 

used for both classification and regression tasks (Fig. 1.2). It works by finding the optimal 

hyperplane that separates different classes or predicts continuous outcomes with maximum 

margin. SVM is known for its effectiveness in handling high-dimensional data and 

robustness to overfitting. 

 

Fig. 1.2: Support Vector Machine (SVM) 
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2.5      Background Study 

Several works have been done in this arena throughout the years. With the advancement of 

technology, eye tracking systems have evolved so much. More functional gadgets are 

available in market like Tobii, SMI etc. But not all of these technologies are in affordable 

range. 

Lida et al. (2022) researched on a gaze-assisted keyboard typing system for individuals with 

motor disabilities. It uses eye tracking technology to allow the user to select keys on an on-

screen keyboard and type out messages. The researchers have also presented an analysis 

that their proposed system performs better than other existing systems. 

Natalie et al. (2020) has discussed about the use of eye tracking hardware for gaze-guided 

magnification for low-vision computer users. They have created a gaze-controlled 

magnifying tool to probe technical feasibility and assessed eye tracking quality for low-

vision users as they performed reading and search tasks. 

Radu et al. (2019) developed an eye-tracking-based interface for real-time applications, 

analyzing the performance of eight algorithms to identify the most appropriate pupil 

detection algorithm. They found circular Hough transform algorithm performs best for real 

time eye tracking based applications. 

Alexandre et al. (2019) has presented a new assistive system based on eye tracking for 

controlling and monitoring a smart home, based on the Internet of Things. The system was 

tested by 29 participants without disability and 1 participant with severe disability and it 

was evaluated with good score from both group of participants. 

Mina et al. (2020) has proposed a system to determine user performance in virtual training 

by eye gaze tracking and based on that elevate the level of the training and so on. 

Teng et al. (2019) proposed an electrooculography-based human-computer interactive 

system that demonstrated better performance and accuracy than the conventional methods. 

There have been several works on different kinds of predictive systems using machine 

learning algorithms as well. Khan et al. (2019) developed a predictive system with BSAS 

clustering and Naive Bayes algorithm to assist in the diagnosis of type 2 diabetes. In another 

study, an m-health application was developed using support vector machine (SVM) 

(Qureshi et al., 2020). Predictive systems have found their way into many other health-
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informatics related subjects like prediction of cesarean child birth (Khan et al., 2020) and 

many others (Preetha, 2020). 

A comparison table among the studied articles in presented in Table 2.1. 

Table 2.1: Related studies 

Author(s) Eye 

tracking 

method 

Motivation and 

objective 

Findings Limitations 

Teng et al. 

(2019) 

Electroocu

logram 

(EOG) 

 

To get feature from eye 

movements data by 

applying band power & 

HHT and classify them 

using PRNN. This will 

help is development of 

the assistive device for 

elderly people. 

Band Power method 

given better result 

than HHT method 

Only age and 

gender-based data 

have been 

considered to 

choose 

classification as 

well as recognition 

accuracy model 

Mina et al. 

(2020) 

Head 

mounted 

eye 

tracking 

glasses 

Improve the quality of 

virtual training system 

using eye tracking data 

Analysis shows that 

the proposed method 

can identify 

different patterns 

with hold-up time 

and distraction 

Pattern determines 

whether the user 

can follow the 

virtual training or 

not. Other 

practical elements 

have not been 

taken to 

consideration 

Alexandre 

et al. 

(2019) 

The Eye 

Tribe 1.0, 

Tobii Pro 

Design a smart home 

system for physically 

challenged people 

The assistive system 

obtained around 

80% score from the 

participants who 

evaluated it 

In some cases, 

anti-reflective film 

has been used to 

prevent infrared 

eye tracker. 

Radu et al. 

(2019) 

Head-

mounted 

eye 

tracking 

interface 

Determine which of the 

six algorithm performs 

better for eye tracking 

application 

CHT algorithm gave 

better results 

Lighting 

conditions were 

nonuniform 

Natalie et 

al. (2020) 

GazePoint 

GP3 

Improvement of 

magnification control 

through eye gaze 

Video based eye 

tracking could be 

more effective if 

feedback from low-

vision user is 

integrated. 

Sample size was 

small 

 

In order to evaluate the usability of the applications towards specific target groups, several 

researches have conducted with different usability measurement metrices. Suha et al. 
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(2022) and Muaz et al. (2021) assessed the usability different mobile applications for target 

users like autistic users. Other works like learning system for deaf and mute users were also 

developed (Hasnin et al., 2023). 

 

2.6      Research Gap 

A research gap in this area is the affordability and accessibility of eye tracking technologies 

for individuals with motor disabilities. While existing studies have explored various 

applications and functionalities of eye tracking systems, there is limited research on the 

development of affordable and user-friendly eye tracking solutions specifically tailored to 

the needs of individuals with disabilities. Additionally, there is a need for comparative 

studies evaluating the performance and effectiveness of different eye tracking technologies 

in real-world settings, particularly for users with diverse levels of motor impairment. 

Addressing these gaps could contribute to the development of more inclusive and accessible 

assistive technologies for individuals with disabilities. 

 

2.7      Summary 

This chapter looks at recent studies on eye tracking and explores different technologies 

already out there. It shows that while some progress has been made, there's still a big need 

for a system that's easier to use and doesn't cost as much, especially for people who can't 

move their limbs much. Many of the current options are often expensive or too complicated 

for people with mobility issues. Therefore, there is need for a solution that's affordable and 

simple to use. By pointing out these gaps in existing technology, this chapter emphasizes 

the importance of creating new solutions that user-friendly for people with disabilities. 
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CHAPTER 3 

DATA COLLECTION, PREPROCESSING, AND DESIGN OF MODEL 

ARCHITECTURE 

 

In this project, a detailed system has been designed to achieve the goals. This chapter 

explains how the system works, including eye tracking, data labelling, data preprocessing, 

creating machine learning models, and setting up the environment needed. 

Before getting into the technical details, a lot of research has been done to understand what 

has already been done. Based on this, a solution is aimed for building that's easy to use, 

doesn't cost much, and helps people with limited movement. This solution should be easier 

for the patients to use technology and improve their lives. 

This chapter has been segmented into how the system works, explaining the methods and 

tools used. By doing this, a clear picture has been drawn of how the system functions and 

how it could make technology more accessible for people with mobility challenges. 

 

3.1      Data Collection 

Data collection process is described below with the help of a pseudocode. 

Algorithm 1 Data Collection Process  

  1:  Initialize camera object.  

  2:  Initialize file to save dataset.  

  3:  while True do  

  4:   Read frame from camera.  

  5:   Preprocess frame (flip, convert to RGB, etc.).  

  6:   Detect face landmarks using face Landmarks.dat.  

  7:   Extract left and right eye landmarks from detected landmarks.  

  8:   Calculate normalized landmark values for each eye.  

  9:   Calculate the white part proportion for each eye. 

10:   Take the ratio of the previous value for left eye and right eye. 

11:   Combine landmark and ratio value into a single row of data.  

12:   Display frame with detected landmarks.  

13:   Write region value based on eye tracking data to file.  

14:  end while 

 

 



13 
 

3.1.1    Eye Tracking Process 

The process starts by tracking the face through video camera (webcam) of a PC. Then 

landmark points in the face have been detected. Six landmark points (Left Eye: 36, 37, 38, 

39, 40, 41 and Right Eye: 42, 42, 44, 45, 46, 47) around an eye is used to locate the position 

of the eye.  

 

Fig. 3.1: Facial Landmark Image. 

Then the position of the pupil is detected. If we take left eye for example, we have to 

determine the midpoints of (37,38) and (40,41). Then a vertical line connecting the 

midpoints and a horizontal line connecting (36,39) is considered and their intersecting point 

is considered to be the pupil location. Same process has been followed for the right eye just 

the landmark points will be different for it.  

 

Fig. 3.2: Pupil Locating Image 
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After detecting pupil for both eyes, white region around the pupil has been analyzed. With 

the help of it, eye tracking has been done. The process has been described by a flow chart 

below 

As shown in Fig 3.1, in this project we have worked with only eye landmark points that is 

Left Eye: 36, 37, 38, 39, 40, 41 and Right Eye: 42, 42, 44, 45, 46, 47. For each of these 

landmark points a pixel (x, y) data has been generated. This data is stored in a row for one 

time eye detection. With it the region a user is gazing at is stored also. So, we are getting 

13 points for each traversal of eye detection. These data are stored in an excel file. At first 

these data are used to train the SVM. Then based on the training, real time eye gaze 

detection is tested to see whether it is detecting eye gaze correctly or not.  

 

Fig. 3.3 Eye Tracking Process  
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Fig. 3.4 Sample of the Collected Data 

 

This is the dataset which was used in this project. Here (x, y) pixel values have been 

gathered for the 6 landmark points of each eye. Then the region was denoted with 1-4 

numerical values were 1 is for left-up, 2 is for right-up and 3 is for right-down and, 4 is for 

left-down, 4Region was segmented based on Gaze Ratio. The box plot of the left eye (Fig. 

a) and the right eye (Fig. b) shows a summary of the collected data. It can be seen that the 

average values of ‘x’ coordinates for left eye are within 250-300 and for right eye are within 

325-375, while the average values of ‘y’ coordinates are near to 150. 

 

Fig. 3.5: Box plot of left eye data 
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Fig. 3.6: Box plot of right eye data 

 

3.1.2    Data Labeling 

While collecting the eye tracking data, labeling was commenced simultaneously. Here are 

the steps that were taken to data labeling. 

• Defining Labeling Criteria: Determining the specific eye movement characteristics 

or features those needs to be capture through labeling. These could include types of 

eye movements (e.g., saccades, fixations), regions of interest on the screen, or 

specific behaviors associated with eye gaze. 

• Preparing Data: Eye movement data is collected or recorded using an eye tracking 

device or software. It is ensured that the data is properly formatted and organized 

for labeling. 

• Selecting Labeling Tools: Labeling tools or softwares are chosen that allow the 

visualization of the eye movement data and the efficient application of labels. This 

could be specialized eye tracking software or general-purpose annotation tools. In 

this project, labeling was done manually in Microsoft Excel. 

• Commencing Labeling: The eye movement data is labeled according to the defined 

criteria. The selected labeling tools are used to mark relevant features or behaviors 
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directly on the data visualization. Appropriate labels or tags are assigned to each 

data point or segment. 

• Reviewing and Quality Control: The labeled data is regularly reviewed to ensure 

consistency and accuracy. Quality control measures, such as double-checking labels 

by multiple annotators or comparing labeled data with ground truth information, are 

implemented. 

• Resolving Ambiguities: Any ambiguities or uncertainties encountered during 

labeling are addressed by consulting with domain experts or revising labeling 

guidelines as needed. It is ensured that all annotators are aligned on interpretation 

and application of labels. 

 

3.2      Data Preprocessing 

The steps which have been followed for data pre-processing are shown below: 

• Feature Scaling of Numeric Data: Numeric values were normalized to eliminate 

bias and to obtain better accuracy.  

• Missing Value Management: The columns with missing values were dropped in 

order to improve performance of the prediction systems.  

• Non-Numerical Feature Handling: There were no non-numerical features in the 

dataset. 

• Division of Dataset: After completion of pre-processing, the dataset was ready for 

being used in the SVM prediction model. The whole dataset was randomly divided 

into Training set and test set with a ratio of 80:20. 

 

3.3      Development of SVM Architecture 

In this project, the Support Vector Machine (SVM) algorithm was utilized for machine 

learning. SVM is recognized for its effectiveness in classification and regression tasks. 

Landmark point data from eye tracking was collected and stored in an Excel spreadsheet, 

where pixel positions (x, y) were recorded. Initially, the SVM was trained using a 
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substantial amount of data. Subsequently, the performance of the SVM model was 

evaluated using test data. 

 

3.3.1   Reasons for Selecting SVM 

A wide range of algorithms were considered for the eye tracking application. But, Support 

Vector Machine (SVM) was preferred for the eye tracking applications due to several 

reasons: 

• Effectiveness in Classification: SVM is known for its robust performance in 

classification tasks. In eye tracking, SVM can effectively classify eye movements 

into different categories, such as gaze direction or fixation duration. 

• Handling Non-linear Relationships: SVM can effectively handle non-linear 

relationships between input features and output labels. This is crucial in eye 

tracking, where the relationship between eye movement patterns and corresponding 

actions or stimuli may not be linear. 

• High Dimensionality: Eye tracking data often involve a high-dimensional feature 

space, especially when considering multiple eye movement parameters. SVM can 

handle high-dimensional data efficiently and is less prone to overfitting compared 

to other algorithms. 

• Generalization: SVM tends to generalize well to unseen data, making it suitable for 

eye tracking applications where the model needs to perform accurately on new 

individuals or in different environmental conditions. 

• Kernel Trick: SVM allows for the use of different kernel functions to map input 

data into higher-dimensional feature spaces. This flexibility can help capture 

complex relationships in eye tracking data that may not be linearly separable in the 

original feature space. 

Overall, SVM's ability to handle classification tasks in high-dimensional spaces, its 

effectiveness in handling non-linear relationships, and its generalization capabilities make 

it a suitable choice for eye tracking applications. 
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3.3.2   Hyperparameter Tuning 

Hyperparameter tuning is a crucial step in optimizing the performance of machine learning 

models, including Support Vector Machines (SVMs). Hyperparameters are parameters that 

are set prior to the training process and cannot be directly learned from the data. Examples 

of hyperparameters for SVMs include the choice of kernel type, the regularization 

parameter (C), and the kernel-specific parameters (such as gamma for the RBF kernel). 

Random search is a hyperparameter optimization technique that involves randomly 

selecting combinations of hyperparameters from a predefined search space and evaluating 

their performance using cross-validation. Random search was chosen for tuning 

hyperparameters because it is a simple yet effective approach that can often outperform 

exhaustive grid search in finding good hyperparameter configurations, especially in high-

dimensional search spaces (Fig. 3.7). 

 

Fig. 3.7 Hyperparameter tuning with random search 

 

 

3.3.3   Model Training 

After preprocessing training data and selection of hyperparameters, the SVM model was 

trained with the training data. To initialize the model, the following code snippets were run. 

𝑓𝑟𝑜𝑚 𝑠𝑘𝑙𝑒𝑎𝑟𝑛. 𝑠𝑣𝑚 𝑖𝑚𝑝𝑜𝑟𝑡 𝑆𝑉𝐶 

𝑚𝑜𝑑𝑒𝑙 =  𝑆𝑉𝐶() 
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Sci-kit learn is an open-source library with an extensive collection of implementations of 

data science and ML algorithms. The SVM classifier was imported from sci-kit learn and 

in instance of the classifier was created. Then the model was trained with the training data. 

𝑚𝑜𝑑𝑒𝑙. 𝑓𝑖𝑡(𝑥_𝑡𝑟, 𝑦_𝑡𝑟) 

 

3.4      Summary 

This project aimed to design a detailed system focusing on achieving specific goals, which 

are explained in this chapter. The system's functioning, including eye tracking, machine 

learning model creation, and environment setup, is elaborated upon. Prior to delving into 

technical details, extensive research was conducted to understand existing solutions, aiming 

to develop a user-friendly, cost-effective solution to aid individuals with limited movement 

in using technology and improving their quality of life. 
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CHAPTER 4 

EXPERIMENTAL SETUP AND IMPLEMENTATION  

 

This chapter describes how the whole system works in a more technical level. Through this 

chapter how data is collected, how the process is designed and implemented, how SVM has 

been trained and tested is discussed. 

 

4.1       Overall Plan for the Eye Tracking Application 

The full process of the eye movement tracker can be represented with a flow diagram in 

Fig. 3.8. The whole process is repeated as long as the application is running. 

 

Fig. 4.1 Overall Process Flow Chart 

 

4.2 Software Interface Design 

For eye tracking, PC screen has been divided into four regions as Left-Up, Left-Down, 

Right-Up, Right-Down. 
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Fig. 4.2 PC Screen Segmentation 

 

Suppose when a person will gaze at “Left-Up” segment, it will be highlighted as shown 

below.  

 

Fig. 4.3 PC Screen Segmentation (example 1). 

 

Similarly, when he will stare at “Right-Down” it will be highlighted as shown below.  

 

Fig. 4.4 PC Screen Segmentation (example 2). 
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4.3      Environment Setup 

The following hardware and software components were setup as a part of preparing the 

environment (Table 4.1). 

Table 4.1: System test environment 

Component Type Component Name Specification 

Hardware Processor Intel Core i5-8265U (8 CPUs) @ 1.60GHz   

1.80 GHz 

Memory 12 GB 

Graphics Processor NVIDIA GeForce MX150 

Graphics Memory 8 GB 

Screen Resolution 1920 x 1080 

Software Operating System Windows 11 Home 64 bit 

Python 3.8.2 

OpenCV 4.4.0.46 

Pandas 0.20.3 

Dlib 19.8.1 

Matplotlib 3.3.4 

Numpy 1.19.5 

 

4.4      Implementation of Eye Movement Tracker in Python 

To implement the eye movement tracker using the trained model, the following python 

modules were imported: cv2, numpy, dlib, hypot, pandas, sklearn and svc. After importing 

the libraries, the following steps are followed: 

• Step 1: Reading the image from webcam 

• Step 2: Converting the image to greyscale 

• Step 3: Locating landmarks from the image 

• Step 4: Calculation gaze ratio from the landmarks 

• Step 5: Feed the gaze ratio of both eyes to the predictor model and find the output 

region from the model 

• Step 6: Mark the section of the screen corresponding to the predicted region from 

eye movement tracking 
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• Step 7: Repeat from Step 1 

 

4.4.1    System Development 

System Language  : Python 

System Version  : Python 3.6 

Libraries  : OpenCV, Pandas, Dlib, Matplotlib, Numpy etc.   

The program has been written in python using the libraries mentioned before. ML classifier 

SVM was trained with the collected test data and then tested with test data from the faces 

of different subjects. The results have been analyzed and presented afterwards. The 

application can detect the regions properly based on eye gaze tracking and by blinking in a 

specific region it displays some necessary messages. 

 

4.4.2    Software Tool 

For coding and system implementation, PyCharm software has been used. It is an open- 

source IDE built by JetBrains. Python file execution, Excel data storing, SVM training and 

testing were conducted using this IDE.   

 

4.5      Conduction of Primary Test 

While testing the application, when a user gazes at a region it is highlighted. Here four type 

eye movement have been considered: Left_up, Left_Down, Right_Up, Right_Down. 

Images have been shown below. 
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Fig. 4.5 Eye Pupil Position for (a) Left_Up, (b) Left_Down, (c) Right_Up, (d) 

Right_Down Region 

 

While 4.6 (a) case occurs, PC screen highlights the Left_Up region. Similarly, for 4.6 (b) 

case it highlights the Left_Down region, 4.6 (c) case it highlights the Right_Up region and 

lastly for 4.6 (d) case it highlights the Right_Down region. Images have been shown below. 

    

   

Fig. 4.7 Output Screen for (a) Left_Up, (b) Left_Down, (c) Right_Up, (d) Right_Down 

Eye Gaze 

 

4.6      Summary  

This chapter explains all the technical details about how the system works. It talks about 

how data is collected, how the software is designed, and how testing is done. The data 

collected is used to teach the SVM, which is then tested to see how well the system can 
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detect where someone is looking. This helps us understand how well the system works and 

sets the stage for further testing and evaluation.  
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CHAPTER 5 

SYSTEM TESTING, RESULTS ANALYSIS AND BENCHMARKING 

 

The thorough testing and analysis phase is crucial in assessing the efficacy and potential of 

any system. In this section, we delve into the rigorous testing conducted on our system, 

aimed at evaluating its performance and reliability in real-world scenarios. Furthermore, 

we present a detailed analysis of the results obtained from these tests, highlighting key 

findings and insights gleaned from comparing different methodologies. Additionally, we 

discuss the implications of these results and outline potential avenues for future 

enhancements and integration into broader systems. This section serves as a comprehensive 

overview of the testing, analysis, and future prospects of our eye tracking and on-screen 

pointing system for physically impaired individuals. 

 

5.1      System testing 

The system has been designed keeping the objectives in mind. At first two screen will pop-

up in-front of the user. On the left one, there will be pointing as per the user gaze. And on 

the right one, user’s image will be shown. If the user is gazing at the left-up region, left-up 

region on the left screen will be marked. Similarly, if he is gazing at the right-down region, 

it will be marked on the left screen. 

Fig. 5.1 User Gazing at Left-Up 
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Fig. 5.2 User Gazing at Left-Down 

 

Fig. 5.3 User Gazing at Right-Up 

 

Fig. 5.4 User Gazing at Right-Down 
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The system has been tested on multiple people. So, there were variation in eye landmark 

point data. Also, lighting conditions were adjusted during multiple phases of testing. It had 

an effect on eye tracking. 

Some patterns of gazing were followed during testing. Like a clockwise gazing has been 

performed to check whether the implemented system can detect it correctly or not. 

Similarly, anti-clock, z pattern, x pattern etc were tested to check system’s performance. 

  

 
 

Fig. 5.5 Clockwise Pattern 

  

  

Fig. 5.6 Anti-Clockwise Pattern 
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Fig. 5.7 Z Pattern 

 

5.2      Result Analysis 

To determine the performance of the SVM model for determining screen regions with eye 

tracking, a test dataset of 100 samples were chosen. The expected output of the test dataset 

can be seen in Table 5.1: 

Table 5.1: Summary of test dataset 

Class No of Sample 

Left Up 26 

Right Up 20 

Right Down 17 

Left Down 37 

 

After predicting the screen region from the test dataset with SVM multiclass classifier, the 

performance of the model was calculated. 

 

5.2.1   Confusion Matrix 

To measure the performance of the machine learning model that utilizes support vector 

machines (SVM) as its underlying algorithm, a multiclass confusion matrix was created 

using the model's predicted outputs. (Table 5.2).  
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Table 5.2: Multiclass confusion matrix for all four regions 

 Expected 
P

re
d
ic

te
d

 

 Left_Up Right_Up Right_Down Left_Down 

Left_Up 23 0 0 0 

Right_Up 3 18 1 2 

Right_Down 0 2 16 5 

Left_Down 0 0 0 30 

 

Some observations can be made from the confusion matrix. They are: 

• The diagonal elements represent the correctly predicted outcomes. The overall 

accuracy of the system was found to be 87%. 

• The model did not confuse any sample originally belonging to Left_Up with 

Right_Down or Left_Down. That means the boundary between Left_Up and 

Right_Down was well learned by the model. Similarly, the boundary between 

Left_Up and Left_Down was also learned well by the classifier. 

• To improve the performance of the classifier, the predictive results of Left_Down 

can be improved further as 7 out of 37 (18.92%) samples belonging to this class 

were misclassified. 

To better understand the performance of the model for individual regions, the combined 

confusion matrix was summarized into smaller one-vs-all confusion matrixes for individual 

regions. 

 

5.2.2   Performance on Individual Regions 

For Left_Up region, no false-positive prediction was observed in the one-vs-all confusion 

matrix (Table 5.3). The performance metrics observed are provided below. 

Table 5.3: One-vs-all confusion matrix for detection of Left Up region 

 Expected 

P
re

d
ic

te
d

  Left_Up Not Left_Up 

Left_Up 23 (TP) 0 (FP) 

Not Left_Up 3 (FN) 74 (TN) 
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𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
=

23 + 74

23 + 3 + 0 + 74
= 0.97 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
=

23

23 + 0
= 1 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
=

23

23 + 3
= 0.88 

 

For Right Up region, the one-vs-all confusion matrix is shown in Table 5.4. The 

performance metrics observed are provided below. 

Table 5.4: One-vs-all confusion matrix for detection of Right Up region 

 Expected 

P
re

d
ic

te
d

  Right_Up Not Right_Up 

Right_Up 18 6 

Not Right_Up 2 74 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
=

18 + 74

18 + 74 + 6 + 2
= 0.92 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
=

18

18 + 6
= 0.75 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
=

18

18 + 2
= 0.90 

For Right Up region, the one-vs-all confusion matrix is shown in Table 5.5. The 

performance metrics observed are provided below. 

Table 5.5: One-vs-all confusion matrix for detection of Right_Down region 

 Expected 

P
re

d
ic

te
d

  Right_Down Not Right_Down 

Right_Down 16 7 

Not Right_Down 1 76 
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𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
=

16 + 76

16 + 76 + 7 + 1
= 0.92 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
=

16

16 + 7
= 0.70 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
=

16

16 + 1
= 0.94 

 

For Left Up region, no false-positive prediction was observed in the one-vs-all confusion 

matrix (Table 5.6). The performance metrics observed are provided below. 

Table 5.6: One-vs-all confusion matrix for detection of Left_Down region 

 Expected 

P
re

d
ic

te
d

  Left_Down Not Left_Down 

Left_Down 30 0 

Not Left_Down 7 63 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
=

30 + 63

30 + 63 + 0 + 7
= 0.93 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
=

30

30 + 0
= 1 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
=

30

30 + 1
= 0.97 

 

The compiled values of metrics from all four classes show that the model works better for 

Left Up region of the screen, while the classifier needs to be trained better for Right Up and 

Right Down region (Table 5.7). 

Table 5.7: Combined list of accuracy, precision and recall for all four classes 

Class/Region Accuracy Precision Recall 

Left_Up 0.97 1 0.88 

Right_Up 0.92 0.75 0.90 

Right_Down 0.92 0.70 0.94 

Left_Down 0.93 1 0.97 
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5.3      Benchmark Testing of the Eye Tracking Application 

In order to run benchmarking tests on the application, a test environment was set up with 

similar specifications as pointed in Table 5.1 for system test. After initial setup of the test 

system, the following benchmarking tests were conducted. 

 

5.3.1    Eye Tracking Speed Test 

The time needed for capturing the facial image from webcam and predicting the region of 

the screen can be seen in Fig. 5.8. The average time to detect the screen region from eye 

tracking is near to 1.30 seconds, which is satisfactory. 

 

Fig. 5.8: Eye tracking detection time 

 

5.3.2    Long Term Stability Test 

The long-term stability and reliability of the eye tracking software was evaluated by 

conducting prolonged testing sessions over an extended period. This helps in identifying 

any potential drift or degradation in tracking performance over time. Fig. 5.9 shows that the 

performance of the eye tracking application retains its running speed even after almost 2 

hours of operation. 

 

Fig. 5.9: Long term stability test 
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5.4      Summary 

The testing and analysis phase of the eye tracking and on-screen pointing system for 

physically impaired individuals was conducted meticulously to assess its efficacy and 

potential in real-world scenarios. Through rigorous testing, we evaluated the system's 

performance and reliability, considering variations in eye landmark point data and lighting 

conditions. 

Overall, this section provides a comprehensive overview of our testing, analysis, and 

outlines potential directions for future development and integration into broader systems. 

  



36 
 

CHAPTER 6 

CONCLUSION 

 

This chapter describes the overall thesis by using four subsections to summarize the thesis’s 

outcome, contribution of the research, limitations, and scope for future work. 

6.1      Project Outcome 

The expected outcome of this thesis was to prepare a system which can provide quadriplegic 

patients an easier way for communicating with the outside world with the help of eye gaze 

tracking. Before building the project, literature review was done to understand the available 

solutions and research done in this area. Limitations were listed and system architecture 

was sketched. After that a python-based application has been developed to track eye gaze 

and display necessary message. Finally, the system was tested and result was analyzed. 

 

6.2      Project Contribution 

The main contribution of this project was to make a system which can track the eye gaze 

of physically impaired people and express their need easily. After doing literature review 

and knowing about the solutions, a cost-effective model has been designed. Then with the 

help of machine learning algorithm SVM its performance has been elevated. The proposed 

system can be a solution to the patients who have limited physical movement for 

communicating with the outer world and also provide a way to avail modern technology. 

 

6.3      Limitations 

The limitation of this project work are as follows: 

• Dataset Limitations: Data from quadriplegic patients or impaired people was 

excluded from this project due to the challenges associated with collecting data from 

these sensitive individuals. 

• Environmental Limitation: Data were collected in normal environment not in 

hospital environment. Lighting conditions varied in some data. 
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6.4      Future Works 

This project was designed in a small scope. But it can be incorporated with bigger solutions 

making it special user friendly. It can be implemented in a large scale to help the physical 

impaired people and get them involved in the technological field. The future works of this 

project includes: 

• To incorporate wearable device option for eye tracking. 

• To add more functionalities using eye tracking like on screen typing, on screen 

scrolling etc. 

• To use this as a tool which can tell us about user engagement to a digital content. 

• To use this as an assistive tool for impaired patients. Using this tool patients can ask 

whatever they want or they can seek help from concerned persons. 
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APPENDIX A 

PROJECT IMPLEMENTATION CODE 

 

 

In this project, cv2, numpy, dlib, math, pandas, sklearn has been used. 

 

The pynput.mouse is a whole package containing function for mouse control. Two empty 

arrays have been declared as dataset and temp. Then using a cv2 function named 

VideoCapture we are taking computer’s default webcam video as an input. Using Dlib’s 

face detector package frontal face is being detected from the input video. Then message 

font is being set to ITALIC.
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In the above function, it is detected that if the person sitting in front of the webcam is 

blinking his eyes or not. Using facial landmarks, the computer recognizes a face and then 

processes the instructed steps. In the below picture, there are 67 points. In this project only 

the green marked points will be considered. 

 

At first, two-line length has been taken for each eye. If we consider left eye, there are six 

points to consider - 36, 37, 38, 39, 40, 41. The line connecting point (36,39) and line 

connecting mid points of (37,38) and (41,40) are concerned two lines. In the above image 

lines have been shown in red color. The ratio of these two lines was considered. If the ratio 

falls under a certain percentage, eyes are closed. That’s how blinking has been detected.
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In the gaze detection part, eye points have been passed from the main function in two 

segments – left segment and right segment. Here received eye point values have been taken 

into a numpy array. 

 

 
 

Then the pixel value of that corresponding point (x,y) has been stored in an excel. 
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First, a mask (a black image same size of our frame) is designed so that only eye region can 

be separated from the whole face. Here minimum and maximum pixel value of eye region 

has been determined with the help of numpy min and max function. Only the eye region 

part has been taken into gray_eye. The thresholding has been done to gray_eye image so 

that the image becomes binary. Then on that binary output cv2.nonzero function was used 

to count the non-zero values on the left and right. If the person is looking to the left, there 

will be more non-zero values on right and visa versa. A ratio of left side non-zero values 

and right side non-zero values has been taken and based on that it is determined whether 

the person is looking into left or right.  

 

 
 

Then values stored are used to train a SVM which will tell on which side a person in front 

of the webcam is looking into.  

 

 
 

Here two frames have been declared. On one the captured video will be shown and on the 

other a white background with four regions will be shown so that it can be detected in which 

region the person is looking at. Then a midpoint determining function was defined.  
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Here the faces have been stored in faces array. 

 
 

For blinking detection. Left eye and right eye landmark points have been passed into the 

blinking function and the return value is stored in a variable. Then the average of those two 

values is the blinking ratio. 

 

 
 

Same as blinking_ratio, eye landmark points have been passed to gaze detection function 

one by one. Then the return values were stored and average of them has been taken. Then 

using if-else the gazing region has been determined while building the training data set. 

Here the regions have been marked as below: 

 

 

 Left-Up →1 Right-Up→2  

 

 

 Left-Down→4 Right-Down→3  
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First the testing data has been loaded. Then Predicted value as per the training data has been 

shown. If the predicted value is 1, the region is Left-Up. If the predicted value is 4, the 

region is Right-Down. 

 

 
 

Lastly, the based on the blinking_ratio value, blinking is detected. The video frame and the 

output result has been shown. At the end all frames have been destroyed to clear the 

memory. 

 


