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Abstract 

Eye tracking and gestures are relatively new input methods, changing the way 

humans interact with computers. Gestures can be used for games or controlling 

a computer through an interface. Eye tracking is another way of interacting with 

computers, often by combining with other inputs such as a mouse or touch pad. 

Gestures and eye tracking have been used in commercially available products, 

but seldom combined to create a multimodal interaction.  

This thesis presents a prototype which combines eye tracking with gestures to 

interact with a computer. To accomplish this, the report investigates different 

methods of recognizing hand gestures.  

The aim is to combine the technologies in such a way that the gestures can be 

simple, and the location of a user’s gaze will decide what the gesture does. The 

report concludes by presenting a final prototype where the gestures are 

combined with eye tracking to interact with a computer. The final prototype 

uses an IR camera together with an eye tracker. The final prototype is evaluated 

with regards to learnability, usefulness, and intuitiveness. The evaluation of the 

prototype shows that usefulness is low, but learnability and intuitiveness are 

quite high. 
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Abstract 

Eye tracking och gester är relativt nya inmatningsmetoder, som förändra sättet 

människor interagerar med datorer. Gester kan användas för till exempel spel 

eller för att styra en dator via ett gränssnitt. Eye tracking är ett annat sätt att 

interagera med datorer, ofta med hjälp av genom att kombinera med andra 

styrenheter såsom en mus eller styrplatta. Gester och eye tracking har använts 

i kommersiellt tillgängliga produkter, men sällan kombinerats för att skapa en 

multimodal interaktion. 

Denna avhandling presenterar en prototyp som kombinerar eye tracking med 

gester för att interagera med en dator. För att åstadkomma detta undersöker 

rapporten olika metoder för att känna igen gester. 

Målet är att kombinera teknologierna på ett sådant sätt att gestern kan vara 

enkla, och platsen för användarens blick kommer bestämma vad gesten gör. 

Rapporten avslutas genom att presentera en slutlig prototyp där gester 

kombineras med eye tracking för att interagera med en dator. Den slutliga 

prototypen använder en IR kamera och en eye tracker. Den slutliga prototypen 

utvärderas med avseende på lärbarhet, användbarhet, och intuition. 

Utvärderingen av prototypen visar att användbarheten är låg, men både 

lärbarhet och intuition är ganska höga.  

 

Nyckelord 

Eyetracking, Gestigenkänning, Multimodal interaktion, Människa-

datorinteraktion 
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1 Introduction  

In recent years, alternative ways of interacting with computers has emerged. 

The new interaction technologies are mainly speech, gestures, and touch. These 

technologies have the possibility of changing how we interact with technology. 

Eye tracking is another way to interact with computers, and has recently gained 

traction. Products such as the Microsoft Kinect [1] – a camera module that 

allows for gesture controlled applications and games. Apple’s Siri [2] uses voice 

recognition, allowing users to speak and interact with their mobile phone. 

Touch screens in mobile devices and laptops are just a few examples of how 

interaction has changed from keyboard and mouse or Text on Nine Keys (T9) 

[3]. 

 

1.1 Background 

Humans use gestures to interact with the environment. Gestures such as 

touching, grabbing, and dragging are used in the real world. Using this to 

control computers could make for a more natural interaction than what is 

currently used [4]. Gestures and eye tracking have been used in many projects 

to enable a new sort of interaction, although it is often as separate inputs. 

Creating a multimodal interaction by combining eye tracking and gestures is an 

area which remains mostly unexplored.  

 

1.2 Problem 

While eye tracking and gestures have been separately developed and sold 

commercially, there has not been much research into combining the two in a 

commercial product. There is room for exploring whether combining eye 

tracking and gestures could lead to new possibilities that may not be possible 

by using gestures or eye tracking separately. 

 

Gestures exist in many different forms. Some gestures are complex, such as sign 

language gestures. Other gestures are simpler, such as dragging the hand left, 

right, or closing the hand to select.  
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Looking at something on a computer screen may signal selection, but it is 

difficult to do activation using only the eyes without accidental activation [5].  

With gestures, the problem somewhat lies in how the gestures should be 

interpreted. It is possible to have complex gestures which are location 

independent, or the gestures may be more general but instead depend on the 

location relative to the screen. 

Combining gestures and eye tracking, the technologies can complement each 

other. The eye can signal where the user wants to interact, and the gesture can 

then signal what the user wants to do. By doing this, the separate parts can be 

simple - looking at a button and tapping with a finger to activate it.  

 

The question can then be formulated as: 

How can eye tracking and gestures be combined to control a computer? 

 

1.3 Purpose 

The purpose of this thesis is to present the work of combining eye tracking with 

gestures to control a computer. Different types of solutions for recognizing 

gestures are studied and discussed. The purpose of the work is to develop 

several prototypes and evaluate them. 

 

1.4 Goal 

The goal is to gain further insight into whether gestures and eye tracking can be 

combined to create new interactions with a computer. 

 

The deliverables of the project are 

 A prototype that combines gestures and eye tracking to control a 

computer. 

 An evaluation of the prototype concerning what special equipment is 

required. 

 An evaluation of the prototype with regards to learnability, usefulness, 

and intuitiveness 
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1.4.1 Benefits, Ethics and Sustainability 

The thesis gives further insight into how gestures and eye tracking can be 

combined and also what types of devices are suitable for using together with eye 

tracking. The prototypes can be used by Tobii and further developed if there is 

interest. Companies developing devices for recognizing gestures may consider 

integrating eye tracking into their device and Tobii may integrate capabilities 

to recognize gestures into their own hardware. 

 

Due to the fact that eye tracking and gesture recognition often relies on 

capturing images. The images captured may contain sensitive information and 

should not be saved without the user’s consent. The data captured from the eye 

tracker and gesture recognition device should also not be stored without the 

user’s consent. 

 

The combination of eye tracking and gestures could change the way the separate 

technologies are viewed, and possibly creating a new way of approaching 

multimodal interaction. The thesis could provide information about the 

positive and negative aspects of different kinds of technologies for recognizing 

gestures. 

 

If the prototypes developed in the thesis is to be deployed as a product for 

personal or office use, a study of ergonomics should be made to make sure that 

the prototypes are not harmful to use for extended periods of time. 

 

If the prototype is to be deployed for real use, and it reduces productivity of 

users, there is a possibility that the overall productivity decreases, leading to 

poor sustainability. 

 

1.5 The company - Tobii 

Tobii was founded in 2001 with prospects of developing eye tracking solutions. 

Today, Tobii is divided into three different business units; Tobii Pro, Tobii 



4 

  

Dynavox, and Tobii Tech. Tobii Pro is aimed at research, providing Eye 

Tracking to companies and scientists to study human behavior. Tobii Dynavox 

is aimed at creating assistive technologies using eye tracking for people with 

communication disabilities. Tobii Tech is aimed at commercial applications for 

eye tracking such as regular computing, computer gaming, and cars [4]. The 

project in this thesis is done as a part of Tobii Tech. 

 

1.5.1 Tobii’s requirements  

Tobii is interested in seeing if gestures and eye tracking can be combined. Tobii 

would like to see if it is possible to create simple interactions with a computer 

which would not be possible using either eye tracking or gestures alone. They 

are also interested in finding out different ways of recognizing gestures and how 

they work together with eye tracking. At the end of the project, Tobii expects a 

prototype implementation of gestures and eye tracking. 

 

1.6 Methodology / Methods 

The first choice when conducting research is to decide whether the research 

should use a qualitative or a quantitative research. A quantitative research 

method relies on large data sets and uses testing to confirm theories. A 

qualitative research method, on the other hand, often uses smaller data sets, 

often relying on interviews or case studies from which the data is then processed 

to come to conclusions [6]. 

The work in this thesis will use a qualitative method, as it aims to create 

prototypes (artifacts) and the problem is not quantifiable. No performance 

requirements have been set, and thus there are no performance measurements 

which are measurable. 

 

1.6.1 Philosophical Assumption 

When the research method has been chosen, the philosophical assumption has 

to be decided. The main philosophical assumptions are Positivism, Realism, 

Interpretivism, and Criticalism [6]. Positivism is a deductive approach, using 
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testing of quantifiable data to verify hypothesis. The Realism assumption is 

based more upon observations to gather understanding. Realism is based on 

the fact that who the observer is doesn’t change the way something is viewed. 

Interpretivism believes that it is what people feel and experience which is of 

utmost importance. Criticalism assumes that the human nature such as society 

and culture forms their opinion.  

The philosophical approach of this thesis is Interpretivism, as it will create 

prototypes which will then be evaluated using people’s experience with the 

prototypes. Another important aspect of Interpretivism, unlike Realism, is that 

an object is not viewed the same regardless of who the observer is. The other 

philosophical approaches deal with quantification to validate hypotheses 

(Positivism), which is difficult to apply on a qualitative research method. 

Criticalism believes that society, history and culture influence people’s 

perspective, which this thesis does not seek to investigate. 

  

1.6.2 Research Method 

The way of conducting the research can be described as a research method. For 

a qualitative research, the most common are Non-experimental, Descriptive, 

Analytical, Fundamental, Applied, Conceptual and Empirical [6]. A Non-

Experimental method can be seen as more of a qualitative approach to the 

research and often studies behaviors of users. Descriptive research is a more 

statistical approach which often uses existing data to draw conclusions. 

Analytical Research uses previously collected information to be able to make 

decisions. Fundamental Research can be seen as an investigation with the 

purpose of gaining new knowledge. Applied Research usually requires existing 

research to create new solutions.  Conceptual Research creates concepts based 

on existing concepts or creates entirely new ones. Empirical Research is focused 

on experiences formed by people and situations, and uses this to get evidence.  

The research method chosen for the thesis is Empirical research, as it will rely 

on data collected from observations and experiences to gain knowledge. 

Descriptive research is more aimed at gaining knowledge without reasoning 

why. Analytical research analyzes existing material and evaluates it to reach 

conclusions. Fundamental research is a method aimed at gaining new insight 
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to create innovations. Applied research is an investigation to answer a question 

with existing data available.  

 

1.6.3 Research Approach 

To draw conclusions, a research approach is applied. There are three main 

approaches; inductive, deductive, and abductive [6]. Inductive relies on 

collecting data and analyzing it to draw a conclusion, commonly used together 

with qualitative research and often to create computer systems. A deductive 

approach is often applied on a quantitative method [ibid]. Unlike an inductive 

approach, the deductive approach uses large amounts of data to create 

measurable results based on a hypothesis. The abductive approach is a mix of 

the inductive and deductive approach and usually has some prior observations 

already available [ibid]. 

As the project uses qualitative methods, an inductive research approach is used. 

Induction gathers enough opinions in order to gain an understanding. A 

deductive approach is more suited for quantitative studies, as it requires 

something measurable. An abductive approach is also not used, as it will not be 

based on prior observations. 

 

1.6.4 Research Strategy 

When conducting research, the strategy used is different for quantitative 

research and qualitative research. For qualitative research, the existing 

strategies are Action Research, Exploratory Research, Grounded theory, and 

Ethnography [6]. Action Research is usually employed to solve some sort of 

problem, usually in a particular area with a small amount of users. Exploratory 

Research uses surveys to explore and identify the issues at hand, not necessarily 

solving the issues, but rather presenting them. Grounded theory uses data to 

form a theory in an inductive manner. Ethnography studies people from aspects 

such as society and culture. Surveys can be used for qualitative research, 

depending on how it is carried out. Surveys can collect data over a longer period 

of time, which is more suited for quantitative methods. Like Surveys, Case 

Studies can also be applied to both qualitative and quantitative research. The 
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Case Studies strategy examines investigates phenomenon from a number of 

pieces of evidence. 

For this thesis, Grounded Theory will be used, collecting data and analyzing it 

to further build upon the data.  Action Research is not used because the project 

does not aim to solve a particular problem in a situation. Exploratory Research 

is not used because it aims more to present issues than solving them. The 

project will not use surveys or case studies, instead using already collected data 

and building from it. 

 

1.7 Delimitations  

Though the thesis discusses user comfort, it does not evaluate long-term effects 

and ergonomics of using the prototypes. 

 

1.8 Outline 

Chapter 2 gives a theoretical introduction to gestures and eye tracking. Chapter 

3 explains the methods that are used and applied in the project. Chapter 4 

describes the work of investigating different methods of gesture recognition. 

Chapter 5 presents the development of the final prototype, where eye tracking 

is combined with gestures. Chapter 6 presents the features of the final prototype 

created in the work in this thesis. Chapter 7 presents an evaluation of the final 

prototype in accordance with the goals for the thesis. In Chapter 8, conclusions 

from the project are presented and discussed. 
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2 Eye Tracking and Gestures 

This chapter introduces the theory behind eye tracking and different gesture 

recognition methods that can be used in the project of the thesis. Subsection 2.1 

describes theory surrounding eye tracking. Subsection 2.2 describes the theory 

and different devices for gesture recognition. Subsection 2.3 describes some 

related work and discusses what ideas are used for this thesis. 

 

2.1 Eye Tracking 

Most modern eye tracking devices use light to track where a user is looking. The 

eye tracker sends out light for a short period of time and a camera captures the 

reflection of the light in the pupil.  Figure 2-1 shows how the reflected glint 

(green lines) can be compared to the center of the iris (red lines) to calculate 

the direction of the eye (blue arrow). Using this image, it is possible to calculate 

where the user is looking [7]. The eye tracker itself may be placed in different 

ways – some are mounted under a display while others may be mounted inside 

glasses [8], [9].  

 

Tobii’s eye trackers can provide data to developers using the Stream Engine [10] 

and the Interaction Engine [ibid.]. The Stream Engine provides basic streams 

with information about gaze and eye position [10]. Tobii also provides data 

through the more advanced Interaction Engine, which provides with more 

advanced interactions and can be used to integrate with programs and games 

in a more powerful way [10]. 

 

 

Figure 2-1. A reflected light (glint) in the eye. Source: Wikipedia user Z22. Derivative work of 

file created by Björn Markmann [11].  

https://commons.wikimedia.org/wiki/User:Z22
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2.2 Gesture Recognition 

There are a few different approaches to doing gesture recognition. The ones 

presented use either a camera to extract information from images.  It is 

important to distinguish between dynamic gestures – such as swiping or 

tapping, and static poses – such as holding up a fist [12]. Different technologies 

of gesture recognition allow for different type of recognition, and this project 

focuses on gestures. 

Subsection 2.2.1 describes a few different libraries which provide functionality 

which enables gesture recognition. Subsection 2.2.2 describes how machine 

learning can be applied to recognize gestures. Subsection 2.2.3 describes 

characteristics and methods for using a regular camera to recognize gestures. 

Subsection 2.2.4 explains different depth sensing devices and how they 

recognize gestures. Subsection 2.2.5  explains the concept of field of view. 

Subsection Error! Reference source not found. shows the placement of 

different gesture recognition devices which are investigated in this thesis. 

 

2.2.1 Libraries for Gesture Recognition 

When performing gesture recognition with a regular camera such as a web 

camera, a few programs can simplify the process by providing some basic 

functionality such as object tracking and background segmentation. The most 

prominent library is Open Source Computer Vision Library (OpenCV) [13]. 

OpenCV is an open source library that focuses on computer vision and machine 

learning, making it well suited for recognizing gestures. OpenCV has 

capabilities such as object tracking, identifying objects, and recognize faces. 

Using OpenCV, it is possible to capture images from a web camera, filter them 

to remove background, and then track movements. Emgu CV [14] is another 

library which provides the same functionalities as OpenCV but is compatible 

with more programming languages. 

 

2.2.2 Machine Learning 

Another way of detecting objects, which does not usually require any pre-

processing of images, is machine learning. Some of the most famous examples 
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of machine learning for images are Haar cascades, a method which looks for 

certain features in an image [15]. This method requires extensive training for 

the algorithm. This training is done for a specific feature, such as detecting 

human faces. It is then shown thousands of pictures of human faces and is then 

able to learn what a human face looks like. 

 

2.2.3 Regular Camera 

A regular camera is a camera with one image sensor. Examples of a regular 

camera is a web camera on a laptop, a camera on a mobile phone, or a digital 

camera. Using the image captured by one of these devices, there are some 

different ways of identifying human hands, often using an existing computer 

vision program such as OpenCV.  

 

First, the image needs to be processed to filter out the parts which are not 

interesting, such as the background. When the background has been filtered, 

the hand and fingers can then be detected. 

 

There are three main methods of extracting the hand from the rest of the image 

[16]. The first of these methods is background subtraction – letting the camera 

calibrate the background as a baseline and then introducing the hand after. 

Background subtraction requires that the background does not change. 

The second method is edge detection, usually the Canny Edge Detection, which 

works by looking at light intensity gradients in picture [16], [17]. 

The third method is to use a color filter to remove everything which does not 

look hand colored. The color which the camera sees will be different depending 

on the lighting conditions and also depending on the color of the user’s skin, 

requiring either calibration or manual configuration [16].   

 

When the image is filtered, the hand can be found using methods such as 

looking for convexity defects [16]. Convexity defects [ibid.] can be seen as the 

space between the fingers. Using the length of the defects and the angle formed 

by the two fingers beside it, individual fingers can be identified. Using this 

method, however, the hand needs to be facing the camera. Actions such as 
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pointing at the camera are not possible to detect, as there is no depth 

information when using a single camera.  

 

2.2.4 Depth-sensing Device 

A depth-sensing device has at least one camera and a light emitter. The depth-

sensing devices investigated in this thesis use either a method called Time of 

Flight (ToF) [18] or Structured Light [19]. ToF is based on the fact that the speed 

of light is known, and can use a camera and an IR emitter to calculate distance 

by measuring the phase shift between the emitted and reflected light [18]. 

Structured light projects a pattern and uses the displacement of the pattern to 

calculate depth [19]. 

The depth sensing devices presented here use either Infrared Light (IR) or 

Near-Infrared Light (NIR) in order to calculate depth [20]–[22]. Using a depth-

sensing camera allows for skeletal tracking, meaning that fingers can be 

separately tracked, which allows small movements to be captured and 

recognized.  

 

There are three commercially available popular depth sensing devices today - 

the Leap Motion [23], the Microsoft Kinect and the Intel RealSense [24] . The 

Microsoft Kinect is mainly intended for use between 0.8 and 4 meters [25]. The 

Intel RealSense is rated for use from 0.2 to 0.6 meters [26]. The Leap Motion 

has a minimum distance of 82.5 millimeters and a maximum distance of 317.5 

millimeters [27]. 

 

The depth sensing devices presented here use either Infrared Light (IR) or Near 

Infrared Light (NIR) in order to calculate depth. As the eye tracker also relies 

on NIR light [28], interference may become an issue. The interference may 

affect performance in many ways. For example, the light emitted from the 

depth-sensing device may reflect in the user’s eyes and interfere with the eye 

tracking. On the other hand, the light emitted from the eye tracker may also 

interfere with the depth-sensing device, making gestures difficult to capture. 

Both these types of interference are something that needs to be evaluated if a 

depth-sensing device is used for the work in this thesis. 
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2.2.5 Field of View  

When using a camera to detect gestures, the field of view of the camera 

determines how much the camera can see at a given distance. With a wide field 

of view, the camera has a wider and taller view at a given distance when 

compared to a narrow field of view.  

 

 

Figure 2-2. An illustration of a device’s field of view [29]. 

 

Figure 2-2 shows what field of view of a device looks like. The wider the field of 

view, the more the camera can capture horizontally. The taller the field of view, 

the more the camera can capture vertically. The field of view is important when 

considering different cameras, as a wider field of view will allow gestures to be 

captured at a wider angle from the camera. 
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2.3 Related work 

Related work using depth sensors and eye tracking includes a study performed 

by Jerzy M. Szymański et al. [30]. They conducted a usability evaluation of 

using gestures with eye tracking. The experiment was to interview users after 

using an application, which gives information about a shopping mall. The 

application can be navigated using eye tracking and gestures. The report does 

not state specifically how the eye tracking or gesturing was implemented in 

their application. The report evaluated the project by measuring how much the 

gestures blocked the eye tracker from seeing the eyes, and how long a specific 

task took. Some general observations and remarks about user comfort, 

precision of eye tracking and interactions were made. The user comfort was 

stated to be high, but impacted by losing hand tracking and cursor movement 

problems.  The project was carried out with a standing user with a large screen 

and using full arm movements.  

 

Another project by H. Lee et al. [31] used depth with two wide-angled cameras 

and then using the OpenCV library to calculate where the user is looking. The 

gestures were captured using a Microsoft Kinect and used full body gestures. 

The system was used to control a television and play games on a big screen 

television. 

 

The related work focuses on making the gestures and eye tracking the only input 

methods, while this project in this thesis focuses on having it as a complement 

to keyboard and touch pad. The work in this thesis will also focus on making 

smaller, simpler gestures than the related work, and aims for it to be used 

during personal or office computing use. The related work by Jerzy M. 

Szymański et al. [30] used a Tobii eye tracker, as does this project. The work by 

H. Lee et al. [31] uses a custom solution with OpenCV which this project will 

not use. The project in the thesis investigates different depth sensing devices, a 

web camera, and an IR camera for the recognition of gestures. Depending on 

the results of this investigation, one of these devices for recognition of gestures 

will be used. 
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3 Method 

This chapter describes the research methods and development methods which 

are used in this thesis. Subsection 3.1 describes the data collection method used 

in the thesis, and subchapter 3.2 explains the methods for analyzing the data. 

Subchapter 3.3 describes quality assurance and how it is employed in the thesis. 

Subchapter 3.4 presents different development methods and selects one which 

is used in this thesis. 

 

3.1 Data Collection Methods 

When gathering data, there are a few different data collections methods which 

can be used. When using qualitative research, Questionnaires [6], Case Study 

[ibid], Observations [ibid], Interviews [ibid], and Language and Text [ibid] are 

most prominently used. A Questionnaire for a qualitative research means that 

data is collected by asking questions which are open ended. Case Studies are 

focused on a small number of people to be analyzed. Another method is 

observations – observing behavior to collect data. Interviews are much like 

questionnaires but are often allowed to delve deeper. Language and Text focus 

on understanding meaning of what is said or written and collect data from it. 

This thesis will use observations and questionnaires to collect data. Users 

testing the prototypes will be observed and questions will be asked after having 

used the prototypes about their experiences in order to get data.  

 

3.2 Data Analysis Methods 

To analyze the collected data when using a quantitative method, Statistics or 

Computational Mathematics is used. As the thesis uses a qualitative method, 

these analysis methods are not very suitable. 

When using a qualitative method, Coding, Analytic Induction, Grounded 

Theory, Narrative Analysis, Hermeneutic, and Semiotic are the different ways 

of analyzing data [6]. 

Coding is a way to convert qualitative data to a more quantitative form to be 

able to process it. 



15 

  

Analytic Induction and Grounded Theory both focus on collecting data and 

analyzing it until the hypothesis can be verified or falsified. 

Narrative Analysis, Hermeneutic, and Semiotic relate to analysis of literature 

and text. 

The data collected in this thesis will be analyzed using Grounded Theory, 

interpreting the collected data gained from observations and questionnaires to 

acquire knowledge. Hermeneutic and Semiotic are more suitable for analyzing 

literature and therefore not used. 

 

3.3 Quality Assurance 

The last step in the research is the quality assurance, which includes things such 

as verifying the ethics and validity of the research [6].  

As the research is of a qualitative nature, the quality assurance for the thesis 

will need to apply the properties of validity, dependability, confirmability, 

transferability and ethics [ibid]. 

Ethics concern things such as confidentiality [6], privacy [ibid], and the ethical 

aspects concerning treatment of participants of the research. 

For qualitative research, validity is ensuring that the research has been 

conducted properly. 

Dependability [6] is the judgement of the conclusion and whether it can be seen 

as correct. Confirmability [6] means that the research has been conducted in a 

correct manner without being modified by the person conducting the research. 

Transferability [6] is the property of creating information which can be used by 

other researchers. 

3.4 Development methods 

This chapter contains descriptions of the methods used for software 

development and methods during the work of the thesis.  

 

3.4.1 Prototyping 

Prototyping is a way to develop a small test of an idea, which could be a 

subsystem or a system. One variant of prototyping is called evolutionary 
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prototyping [32]. Evolutionary prototyping allows for the prototypes to be 

developed in iterations based on feedback for the prototype. As the work in the 

thesis is of the explorative nature, this allows the prototypes to be iterated and 

refined based on user feedback and knowledge gained from development.  

Prototyping will be used as it is well suited for Human Computer Interaction 

(HCI) [22], and also projects where the requirements are not yet known. 

3.4.2 Waterfall 

The Waterfall model is an approach to system development, using a waterfall 

structure [33]. The waterfall flows from the first step; requirements, through 

design and implementation and finally verification ending with maintenance. 

The waterfall method has the requirements in the initial phase, and changing 

requirements in a waterfall model is difficult. 

The Waterfall model is not used because the work in the thesis does not have 

requirements defined from the start. 

 

3.4.3 Spiral Model 

The Spiral model [34] is a model which aims to fix some shortcomings of the 

Waterfall method in software development by using iterations. An iteration 

starts with identifying objectives, alternate ways of approaching problems, and 

constraints. This is then followed by identifying risks, which are then used to 

move the project forward. Depending on the risks of each path, an evolutionary 

prototype may be created, or another path may be taken. 

The Spiral model assumes that all requirements are known before the work is 

started [34], which is not the case for this thesis. Because of the requirements 

not being known beforehand, it will not be used in the work presented in this 

thesis. 

3.4.4 Scrum 

Scrum [35] is a development method used in product development, and often 

for software development. It tries to make development more agile by dividing 

the work into small tasks, which are then set out to be accomplished. The tasks 

can be estimated in time but this is not a necessity. The development schedule 

is divided into sprints, usually ranging from two to four weeks long. Before the 
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sprint, the product owner decides what tasks should be completed when the 

sprint has ended. After each sprint, a working system or subsystem is expected, 

and it is common to have a demonstration of the things completed in the sprint. 

Every day during development has time set aside for stand up meetings, where 

every member of the project group explains what they are working with and if 

there are any problems. 

 

A lightweight Scrum implementation was used in the work of the thesis, taking 

some parts such as sprints and combining them with prototyping. As the work 

is carried out as a one-person team, some parts such as daily standups are not 

used. The sprints lasted two weeks each, after which a small demonstration was 

held and the direction of the project was discussed. 

 

An iterative development cycle is well suited for prototyping, as knowledge can 

be acquired by developing the prototype, which can then be used to iterate and 

build upon in further. For this reason, a combination of Prototyping and Scrum 

will be used in the project presented in this thesis. 
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4 Implementation of Gesture Recognition on Different 

Devices 

This chapter describes the investigation and first implementation that was 

carried out to see the capabilities and limitations for different devices regarding 

recognition of gestures. Subsection 4.1 describes the investigation and 

implementation of different depth sensing devices. Subsection 4.2 describes the 

investigation of a web camera in a laptop for gesture recognition. 

4.1 Depth sensing devices 

The depth sensing devices investigated in this thesis are the Leap Motion [23], 

the Intel RealSense [24], and the Microsoft Kinect [1]. 

4.1.1 Kinect 

As the minimum operating range of the Kinect is deemed too long for the 

purpose of this project, it will not be used. The Kinect has a “near-mode” for 

close distances, but this mode is limited in regards to what it can track [25]. 

 

4.1.2 Leap Motion 

The Leap Motion [23] uses its dual cameras together with IR emitters to create 

a 3D representation of its view [21]. As the eye tracker uses NIR emitters, the 

interference of the two could worsen performance of the Leap Motion or 

degrade the eye tracker’s performance. To combat this, the Leap Motion has 

built in IR compensation from outside sources [36]. This makes the Leap 

Motion more robust to IR light emitted from outside sources such as the eye 

tracker. A short test was run on the eye tracker to make sure that the 

performance was not worsened when using the Leap Motion found that the 

Leap Motion’s emitters were not strong enough to affect the eye tracking. 
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The Leap Motion is intended to be placed in front of the keyboard, but this 

project places it at the bottom of the screen pointing towards the user’s head, 

as can be seen in figure 4-1.  

 

 

The Leap Motion provides an Application Programming Interface (API) [37] 

with information such as fingertip positions in a 3D space, as well as pre-

defined gestures such as swiping from left to right or tapping with the index 

finger. A visual representation can be seen in Figure 4-22, where bones in the 

hand can be distinguished from each other. 

 
Although the Leap Motion is meant to be placed on the table facing up, in this 

project the camera is placed under the screen next to the eye tracker to allow 

gestures to be performed without having to lift the arm from the keyboard, 

instead using only the hand and fingers.  

 

The gestures provided by the Leap Motion API were tested and observed how 

well they functioned. The test included five participants, who were asked to 

perform a tap and swipes in four directions. The gestures provided were found 

to be unsatisfactory with regards to robustness, meaning they were too hard to 

perform correctly.  

 

Figure 4-1. The placement of the Leap Motion 
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Because the provided gestures were not found to perform well enough, custom 

gestures were written. The custom gestures were captured by following the tip 

of the ring finger and measuring what angle and speed it moved in the 3D space. 

When the finger had moved a long enough distance, at an angle which was 

within the margin of error of a swipe in a direction, the gesture was seen as 

performed. Moving the index finger or the whole hand down then up resulted 

in a tap gesture. 

 

The Leap Motion sometimes had problem recognizing the hand in front of the 

tracker. This much because the gestures were performed at a distance which is 

close to the minimum recommended distance. To fix this issue, hiding the hand 

and showing it again would again make it possible to recognize the hand. 

Prototypes using the Leap Motion were evaluated on a bi-weekly basis during 

the meeting as part of the Scrum schedule. If the Leap Motion was deemed to 

perform well enough by the supervisor at the company, the work continued. 

After having worked with the Leap Motion for a month, the results of the 

implementation with the Leap Motion was considered to not be good enough 

Figure 4-2. A hand visualized in a 3D space using the Leap 

Motion. 
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for the project due to poor tracking at close range, and thus the project focused 

on with investigating other devices. 

 

4.1.3 Intel RealSense 

The RealSense is placed on top of the screen, where it can be angled either 

towards the user’s head or down towards the keyboard. In this project, it is 

aimed down towards the keyboard to allow gestures without moving the hands 

away from the keyboard.  The placement of the RealSense can be seen in figure 

4-3. 

 

 

The Intel RealSense [24] can use its dual cameras to extract a depth image using 

an IR emitter and using structured light to calculate distance [19]. The output 

image can be seen in Figure 4-44, where a RealSense camera is positioned on 

the top of a laptop screen pointed towards the keyboard. In the figures, the lines 

show different depths. As the eye tracker used in the project relies on emitting 

NIR light [7], the result is an interference that can be seen in figure 4-5. This 

interference in practice makes the two devices difficult to use together, as the 

RealSense image will be interfered by the light sent from the eye tracker.  

 

Figure 4-3. The placement of the RealSense 
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Because of the interference caused by using both an eye tracker and the 

RealSense, the RealSense will not be used in the work in this thesis. 

 

 

4.2 Web camera 

In this project, the web camera built in to a HP Elitebook 830 was used. The 

images are VGA sized (640*480 pixels) and are delivered at 30 Hz. The images 

are then processed using the Emgu CV library.  The web camera on the laptop 

is located at the top of the screen, and is pointed towards the user’s head. An 

illustration of the placement of the camera can be seen in 4-6.  

 

 

  

Figure 4-4. The depth image from a 

RealSense without an eye tracker active. 

Figure 4-5. The depth image from a 

RealSense with an eye tracker active. 

Figure 4-6. Placement of the web camera 
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To be able to capture gestures with the web camera, a few different approaches 

were tried. The first approach used color segmentation – using the color of the 

skin to separate the hand from the background. This technique was not found 

to be robust enough for use, as differing lightning in the environment affects 

the colors. 

 

Another approach was by using Haar cascades [15], a machine-learning 

algorithm to find features such as faces and fists. Haar cascades do not require 

the image to be segmented in any way, the cascades can be applied on a normal 

image captured straight from the camera. From there, the Haar cascade 

technique is used to find objects of interest in an image, such as an open palm 

or a face. Haar cascades proved to be more robust than color segmentation, but 

in order to create new gestures; hundreds of hours have to be spent on collecting 

images and entering them into an algorithm. 

 

Because the web camera is centered on the face, and the field of view of the 

camera is quite narrow, gestures can be hard to perform correctly without 

running the risk of the hand disappearing out of frame. The gestures also need 

to be performed at around shoulder level, making it unsuitable for use over 

longer periods of time.  

 

Neither the Leap Motion or the web camera were found to be well suited for the 

project, leading to a shift towards using a simple IR camera to see if it was 

possible to recognize gesture using only an IR video stream. The development 

of the prototype using an IR camera will be explained in the next chapter. 
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5 Development of Prototype 

This chapter will describe the characteristics of the device used for the final 

prototype. It will also describe the development of the prototype. 

5.1 Camera placement and characteristics 

For the final prototype, an IR camera was placed next to the eye tracker and 

used to recognize gestures. A illustration of how the IR camera is mounted can 

be seen in Figure 5-1. 

 

The image captured is a grayscale image, meaning all pixels are shades of gray. 

An image captured from the camera can be seen in Figure 5-22.  

 

 

Figure 5-1. Placement of IR camera 

Figure 5-2. A grayscale image from the IR camera 
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The image has 256 different possible pixel values, with 1 being completely black 

and 256 being completely white.  

The image captures an IR view, which is illuminated by the light from the eye 

tracker. The light emitted from the eye tracker is difficult to see with the naked 

eye, due to it being in the lower part of the visible spectrum, but can clearly be 

seen illuminating the images from the IR camera.  

 

 

Figure 5-3 shows a hand placed in front of the camera, showing its brightness 

compared to the background. 

5.2 Image Processing for Recognition of Gestures 

The first step of creating the prototype is the image processing. The images 

come straight from an IR camera, and need to be processed in order to get the 

desired data. Initially, the development focused on getting the images from the 

camera into a program and be able to display the images on the screen. After 

the images were available and viewable in the program, different types of 

background segmentation could be applied and the results could be observed.  

 

 

Figure 5-3. A grayscale image with a visible hand 
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The illumination from the tracker seen on the image can be used to segment the 

foreground from the background by assuming that nearby objects will be 

brighter than far away objects. Using this fact, together with a technique called 

thresholding, the image can be converted into a black and white image. This is 

done by taking the grayscale image and going through every pixel in the image. 

If a given pixel is darker than a certain threshold, it becomes black. If the pixel 

is brighter than the threshold, it becomes white. The threshold function gives a 

binary image, which can be seen in Figure 5-4.  

 

The thresholding makes recognition easier as the background is removed from 

the image and there are no soft edges around objects. Different threshold values 

were tried and evaluated for their performance with regards to computational 

speed and background segmentation efficiency.  

 

The most important function of the thresholding is to remove background – but 

applied too aggressively and it may remove important information from the 

foreground. 

 

When the background has been segmented from the foreground, the 

recognition of gestures can be implemented, with the assumption that 

everything that the camera sees is the hand. To track the movements of the hand 

Figure 5-4. A grayscale image with threshold function applied. 
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and find gestures, several techniques were tried. Techniques such as using edge 

detection were tried and the result was observed. 

 

Haar cascades [15] were tried but did not give a sufficient accuracy, possibly 

because the trained samples used were not made for IR images. Instead, 

simpler methods such as tracking large objects in the images was tested. 

 

To detect and track motion in the images, blob detection [38] was used. Blob 

detection is a technique to track separate objects (blobs) from images, without 

regard for their appearance. This technique does not distinguish from holding 

up an entire hand or just a finger. Blob detection detects one blob per connected 

area, meaning holding up the entire hand will give one large blob. Holding up 

the left and right index fingers on different sides of the camera will detect two 

blobs, making it difficult to tell what gesture is being performed.  This means 

that the prototype is limited to gesturing with only one hand at a time. 

 

As the placement of the IR camera is similar to that of the Leap Motion [23], 

much of the same principles for recognizing gestures could be used. Unlike the 

Leap Motion [23], however, the images are given without an API to access 

things such as pre-defined gestures or positions of fingers. Without an API, the 

images have to be manually processed to get the information and to recognize 

gestures. The camera also lacks any depth sensing ability, and instead gives a 

plain image with only two axes. This makes it more difficult to determine at 

what distance from the eye tracker something is placed. Determining depth is 

still possible, and this can be done for example by using the size of an object in 

the image. This only works if the size of the object is known, which is more than 

likely not the case. When using the Leap Motion [23], which has a three 

dimensional representation, a tap gesture can be detected by noticing that a 

finger moves closer to the device. An equal movement towards the eye tracker 

would only be visible as the finger becoming a bigger part of the image.  

 

A short test was run on how an activation gesture could look like. There were 13 

participants and data was collected and analyzed using Grounded Theory. 

Participants were asked to imagine a gesture-controlled computer and then 
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perform an activation gesture and observing their behavior. The hypothesis for 

the analysis was that people would perform taps towards the keyboard. Some 

people performed a pinching motion, either between the index finger and 

thumb, or with four fingers and the thumb. Most people performed a tapping 

motion, either with the whole hand or with a finger. The direction of the tap was 

either in towards the screen or down towards the keyboard. 

As there is no sure way to tell if an object is traveling towards the screen with 

the camera, the “tapping towards the keyboard” gesture was implemented. This 

way, when the hand in the image moves down and then returns to where it was 

indicating that a tapping motion is being performed. 

 

The prototype has support for two different kinds of gestures. The two types of 

gestures are swipes in all four directions, and tapping. A swipe is simply moving 

the hand from left to right, down to up, or the reverse. The gestures are 

performed parallel to the screen. 

 

The gestures were tested on a handful of people and observing their behavior 

and interviewing them about what they felt most natural and comfortable. This 

was then taken into consideration when designing the swipe distance, angle, 

and velocity. An example of a horizontal swipe as seen from the camera can be 

seen in Figure 5-5. 

 

Figure 5-5. A blob-detected hand performing a horizontal swipe. 
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5.3 Implementing Eye Tracking 

The prototype uses Tobii’s Stream Engine [10], an API that allows for data such 

as gaze point on screen and eye positions. The gaze point is given as a point with 

an x and a y coordinate on the computer screen. The prototype uses this to 

decide whether a user is looking at an edge of the screen. If the user is looking 

at an interactive edge of the screen, it will light up with a subtle glow. This is the 

signal that a gesture can be performed and that the prototype will perform an 

action if the correct gesture is made. If the user is looking at a button, the button 

will be highlighted informing the user that an action can be taken.  

 
 

5.4 Combining Eye Tracking with Gestures 

6 Interaction Examples with Eye Tracking and Gestures  

After the initial exploration into different types of devices for recognizing 

gestures and combining them with eye tracking, this chapter describes the 

features of the final prototype. The prototype uses an IR camera to recognize 

gesture 

6.1 Features of the prototype 

As the idea of the prototype is to have simple gestures and then combine them 

with eye tracking, the features of the prototype have to reflect this idea and be 

appropriate. The interaction with the computer comes in the form of small 

interactions with parts of Windows, such as notifications and menus accessible 

by the user. The features of the prototype can be seen as interaction samples 

which show how the prototype could be used and could be developed further 

with other ideas. 

6.1.1 Hidden Menus 

One of the features is to show a menu which is revealed only when you look at 

a specific point on the screen and perform a gesture, a so-called “hidden menu”. 

One example of a hidden menu is the Action Center [39], which can be seen in 
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figure 6-1. The Action Center in Windows 10 [38] is a notification center which 

gathers notifications and lets the user view, open, and dismiss them. It also 

holds quick toggles for things such as brightness, Wi-Fi [41], and Bluetooth 

[42]. Normally, the Action Center can be shown by pressing a button on the task 

bar or pressing Windows + A. With the prototype, the Action Center can be 

revealed by looking at the right edge of the screen and performing a right to left 

swipe. The setting toggles can be highlighted using eye tracking. When a setting 

is highlighted, performing a tap gesture with a finger toggles this setting, 

allowing the user to, for example, change the brightness. The menu can then be 

dismissed by performing a left to right swipe. 

 

 

Another example of a hidden menu that can be revealed with gestures is the 

Tobii EyeX Tray [43], a part of the EyeX suite [ibid.]. The EyeX Tray contains 

some settings related to the EyeX, such as turning on or off eye tracking or 

accessing the settings. The EyeX Tray can be seen in figure 6-2. 

With the prototype, the EyeX Tray can be revealed by looking at the bottom 

right edge of the screen and performing an upward swipe. Looking at items in 

the menu will highlight them, allowing users to perform a tap gesture to activate 

Figure 6-1. The Windows 10 Action Center 
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the highlighted option. The EyeX Tray can then be dismissed by performing a 

left-to-right swipe. 

 

 

 

 
 

Figure 6-3. The Windows 10 Task View showing an overview of open windows. 

Figure 6-2. The Tobii EyeX Tray 
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Another menu, which can be accessed by using gestures and eye tracking, is the 

Windows 10 Task View, which can be seen in figure 6-3. The Task View allows 

you to get an overview of open windows and switch between them. Normally, 

this menu is revealed by pressing Windows + Tab on the keyboard.  

With gestures and eye tracking, the Task View can be revealed by looking at the 

left edge of the screen and performing a left to right swipe – dragging the menu 

from the left side of the screen.  When the Task View is visible, the user can look 

at one of the windows to highlight it. When a window is highlighted, performing 

a tap gesture with a finger dismisses the Task View and brings the highlighted 

window into foreground.  

 

6.1.2 Interacting with Notifications 

Another feature in the prototype is interacting with notifications. Notifications 

in Windows 10 are a small way of notifying the user of things such as system 

updates or new mails. An example of a notification can be seen in figure 6-4. 

Notifications appear in the bottom right corner of the screen, and can normally 

be activated with the mouse.  

 

 

If the notification is an email for example, pressing the notification brings up 

the email. If the user presses on the X in the top right corner, the notification is 

dismissed and can be accessed later in the Action Center. With the prototype, 

the notification is first highlighted when the user is looking at it to show that it 

can be interacted with. When the notification is highlighted, performing a 

Figure 6-4. A Windows 10 notification 



33 

  

tapping gesture activates the notification. If a left-to-right swipe is performed 

while the notification is highlighted, the notification is dismissed. 

 

 

This chapter describes some interaction examples that are implemented as a 

part of the prototype. The interactions act as an extension of Windows, enabling 

eye tracking and gestures with features and functions already existing in the 

system. The Further features using the same concepts and principles could be 

developed into new functionalities not describes in this chapter. 
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7 Evaluation of Prototype 

This chapter will present an evaluation of the final prototype created in the work 

of this thesis. The rest of the chapter is structured as follows; subsection 7.1 

describes the structure and contents of the evaluation. Subsection 7.2 describes 

the results of the evaluation. 

 

7.1 Evaluation Structure 

According to the goals of the thesis, the prototype should be evaluated with 

regard to usefulness, intuitiveness, and learnability. Usefulness [44] is a 

measure of how useful the prototype is to the user. Intuitiveness is how easy it 

is to use without learning. Learnability [45] is closely related to intuitiveness, 

measuring how easy it is to learn. To evaluate the prototype with these criteria, 

a combination of the Technology Acceptance Model (TAM) [44] and the System 

Usability Scale (SUS) [46] was used. TAM is mostly aimed at measuring 

perceived usefulness [44], while SUS is more aimed at general usability [46].  

 

TAM [44] and SUS [46] were combined into one questionnaire, to be filled in 

after having tested the prototype for around 20 minutes. The test was split up 

into three different tasks. The order of the tasks was randomized as to not 

introduce an element of learning which could affect the success of the tasks. The 

participants were put into a situation; sitting at the computer at the office and 

writing something in a Word document. The tasks were: 

 

1. Reveal Action Center and press Bluetooth, and then dismiss the Action 

Center 

 

2. A) View a notification and dismiss it 

B) View a notification and activate it 

 

3. Reveal the EyeX Tray and enter the Settings. Press the Games and apps 

and copy the text under “Apps”. Use the Task View to switch back to 

Word and paste the copied text 
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Before the tasks started, the different functionalities of the prototype were 

explained to the participants. The Action Center and Task View were also shown 

and explained, and asking the participants if they had used it previously. 

Before the questionnaires started, participants were informed that their 

answers are documented, but anonymous. 

 

The statements in the questionnaire are 

 

1. I would imagine that most people would learn to use this system very 

quickly. 

2. I thought there was too much inconsistency in this system. 

3. The system was easy to learn how to use 

4. I needed to learn a lot of things before I could get going with this system. 

5. This product enables me to accomplish tasks more quickly.  

6. I feel in control using the system. 

7. This product decreases my productivity 

 

The participants were asked to grade every statement on a scale from 1 to 5. 

Every statement has the possibility for a comment, allowing for more insight as 

to why a statement was graded poorly or why it was graded well. The statements 

are made in an alternating order. The first statement has a negative 

connotation, the second has a positive connotation and so on. The reason for 

this ordering is to not let respondents answer a top grade for all statements 

without thinking, instead needing to think and consider what is being asked 

[46].  

 

Statement 1 and 3 concerns both intuitiveness and learnability, making the user 

think of how other people would perceive the prototype. Statement 2 and 6 are 

general about the prototype. As the prototype relies on eye tracking and 

gestures, it can be sometimes be difficult to coordinate and feel a loss of control. 

Statement 4 is a measure of the intuitiveness – is there a long process before 

understanding the prototype. Statement 5 and 7 measure the usefulness of the 

prototype. 
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The sample size is seven people. Using a small number people can give a good 

enough approximation of the user experience if the participating users are from 

the right target group [47]. The participants are people from Tobii, who have 

tried eye tracking before. The data was analysed using Grounded Theory, 

collecting data and analysing it to see if the prototype was working well. The 

grades for each statement were used as a guideline for what that specific 

statement was trying to capture. The evaluation was carried on until a pattern 

had emerged where it seemed like adding more testing would not change the 

results significantly. Using this method, the separate aspects (learnability, 

usefulness, and intuitiveness) can be measured, because the statements were 

picked to show the aspects separately. The comments linked to the statements 

may be a good indicator as to why something is good or bad. For example, if 

everyone rates the statement “this product decreases my productivity” as a 5, 

and all comments are about the prototype being slow, it might be a good 

indication that the speed is the main detractor of the score. 

 

 

7.2 Evaluation Results 

 

1. I would imagine that most people would learn to use this system very 

quickly. 

 

The average rating was 2.4, which is somewhere between “disagree” and 

“neutral”. The comments were mostly related to not knowing how much 

the camera could see and therefore not knowing where the gestures 

could be performed. The comments also mentioned that learning how to 

perform the tapping gesture was difficult. 

 

2. I thought there was too much inconsistency in this system. 

 

The average grade was 2.3 – a bit above “disagree”. The reason for the 

grade was stated to be whether the gestures were being recognized. The 
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consistency between the different types gestures and the prototype was 

said to be high, however not being able to perform the gesture greatly 

detracted from the score. 

 

3. The system was easy to learn how to use 

 

The average grade was 3.6 – between “neutral” and “agree”. The 

different types of gestures were easy to learn and the eye tracking 

combined with gesture made sense. Learning how to perform the 

gestures and where to perform them were comments likely to reduce the 

score. 

 

4. I needed to learn a lot of things before I could get going with this system. 

 

This statement had an average grading of 2.0 – “disagree”. The different 

types of gestures were easy to learn and where to look when performing 

the gestures was also easy. There were also comments about how and 

where to do the gestures, saying it was difficult to learn where and how 

to perform the gestures. 

 

5. This product enables me to accomplish tasks more quickly.  

 

The average grading was 1.1 – close to “strongly disagree”. On one hand, 

comments were saying that there were other ways of doing the same 

things but quicker. On the other hand – things that could have been 

quicker with the prototype were slowed down due to the tapping gesture 

being difficult to execute. 

 

 

6. I feel in control using the system. 

 

This statement was graded an average of 1.9 – close to “disagree”. The 

comments mostly explained the grading as not knowing when a gesture 

would be performed correctly and when it would not be. Some comments 
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also spoke of the prototype interpreting the wrong gesture than what the 

user had in mind. 

7. This product decreases my productivity 

 

The average grade of this statement was 4.1 – close to “agree”. The 

comments were somewhat related to gestures not being recognized 

correctly by the prototype every time. This statement also pertains 

somewhat to the features that the prototype provides. If the features 

provided are something that the user would not normally use, this can 

make the prototype decrease the productivity. 

 

 

 

The comments and the grading of the statements show an overall negative 

response to the prototype. Many comments mention that the difficulty of 

performing a gesture correctly was a detractor. The combination of not 

knowing exactly where and exactly how the gesture should be performed 

worsened the experience. Because of the issues with the gestures, the 

prototype was not seen as very useful, as it could take a long time to perform 

the gesture correctly. The gestures themselves and the combination was 

seen as good – easy to learn and intuitive. 
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8 Conclusions and Future Work 

This chapter draws conclusions from the project and outlines future work. 

Subsection 8.1 presents the conclusion of the thesis. Subsection 8.2 discusses 

the results from the evaluation and from the development and subsection 8.3 

describes the future work. 

8.1 Conclusions 

The objective of the thesis was to find out whether eye tracking and gestures 

could be combined to control a computer. A prototype with a few different 

interactions was created, focusing on simple gestures combined with eye 

tracking. The goals were 

 

 A prototype that combines gestures and eye tracking to control a 

computer. 

 An evaluation of the prototype concerning what special equipment is 

required. 

 An evaluation of the prototype with regards to learnability, usefulness, 

and intuitiveness 

 

A prototype combining gestures and eye tracking has been successfully created 

using an IR camera to recognize simple gestures such as swiping and tapping 

towards the keyboard. The eye tracking was used to decide where the gesture 

would be applied. 

 

The prototype requires an eye tracker and an IR camera. The only requirement 

of the IR camera is that it needs to be a short wavelength camera, to be able to 

use the light produced by the eye tracker for illumination. This means that a 

camera such as the Raspberry Pi NoIR camera [48] could be used.  

The work in the thesis investigated several devices for use in the project, but it 

was ultimately decided that the most interesting result would be trying to see 

what could be done with an IR camera and an eye tracker. 

The report provides some initial testing with different devices and eye tracking, 

explaining things such as interference between devices which can be used in the 
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future when exploring a combination of technologies which are dependent on 

emitting light.  

 

The initial investigation of different devices tried commercial devices for 

gesture recognition. The devices were specifically made for recognition of 

gestures with years of development, making them more specialized with a 

better ability to recognize gestures. 

The prototype has also been evaluated to test its learnability, usefulness, and 

intuitiveness. A user study was performed with a focus on qualitative data. The 

data was analyzed using Grounded Theory, trying to capture the comments 

rather than the grading to identify weak and strong points. 

 

The statements in the study concerning learnability were rated medium to high, 

the reason being stated as learning how to perform the gesture correctly and in 

the right position was difficult. The gestures themselves were stated to be easy 

to learn. 

 

The intuitiveness was stated to be quite high – the principles of the prototype 

and the combination of the eye tracking and simple gestures being the reason 

for the answer. 

 

The statements concerning usefulness were rated very low, with the comments 

describing there being better way to perform the same actions but faster. The 

comments also mentioned the gestures not being recognized as a reason for the 

negative impact on usefulness.  

 

8.2 Discussion 

The prototype is limited partly by the hardware for recognition of gestures. The 

prototype is also limited by the limited knowledge of signal processing and 

image processing.  

 

When evaluating the learnability of the prototype, perhaps more time should 

be taken as to try a single participant multiple times but with a week or two as 
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a cooling down period. Testing on the same person on multiple occasions could 

be a good metric of how much that has been learned that is applied. Learnability 

also has a short-term aspect; how long it takes to learn how to perform a specific 

gesture. The short-term aspect of learnability is closely related to intuitiveness. 

The more intuitive something is, the less it needs to be learned. If something is 

not very intuitive, it may take some time to learn. 

 

The participants had all previously used eye tracking, which could impact the 

results of the evaluation. Participants were not asked about their prior 

experience with gestures. 

 

Usefulness is a broad term which depends on how the user defines something 

as useful. Usefulness may refer to something which can help the user 

accomplish work. Helping the user accomplish work can be done in different 

ways. The evaluation conducted in this thesis investigated the speed of which 

tasks are completed with the prototype, which is one way to measure usefulness 

[44].  

 

The evaluation in this thesis was performed by asking the participants to grade 

the statement. This can possibly add a bit of bias due people grading it higher 

than what they actually think [49]. This was taken into consideration when 

conducting the test and not too much weight is placed on the actual grades but 

instead to the comments as to find out why the grade was high or low. The 

comments may also have bias due to this phenomenon, but it was of greater 

importance to capture what the issues were rather than getting a fair result that 

can be said to be statistically significant.  

 

The results of the evaluation are mostly negative. The prototype did not work 

well enough to be considered useable, especially with tapping gestures. Even 

though the comments on the statements concerning usefulness were negative 

– tasks were slower to perform and overall productivity went down – this may 

not be the primary objective of the prototype. The prototype tries to create a 

more natural interaction than what currently exists, using the eyes and hands 

to do something which is otherwise done with a mouse or a keyboard. One 
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aspect of the prototype that may be more interesting is whether the experience 

is enhanced by feeling more natural.  

 

Another metric that is not measured in the work in this thesis is robustness. 

Robustness can be measured as “If a gesture is performed 100 times by the user, 

how many times was the gesture recognized by the program?” Measuring the 

robustness requires more time set aside for testing, but is an important part of 

testing that the prototype works as intended. 

 

The Scrum development method together with prototyping has worked very 

well. In the beginning of the project, the requirements were not well known, but 

creating prototype and iterating made it possible to create new requirements. 

Using grounded theory suited the project, as it was possible to continuously 

collect and then analyse data for the evaluation.  

 

The prototype in this project does not save any type of images, nor does it store 

any data about either the eye tracking or the gestures.  

As the evaluation of the prototype showed that it decreases productivity, care 

should be taken before deploying it in an environment where productivity is 

important. However, as it stands now, the prototype can be used as a proof of 

concept for the idea. 

 

The related work to this thesis uses only eye tracking and gestures as input 

modalities, while this thesis focuses more as having it as a complement. The 

related work uses the Microsoft Kinect for gesture recognition, and this thesis 

uses an IR camera with manual image processing using OpenCV. While the 

prototype presented in this thesis is rather limited to what it can do, perhaps 

further exploring ideas may allow it to be more useful and appeal to a wider 

audience. 

 

8.3 Future Work 

The prototype created in the work of this thesis is limited by the hardware used 

for recognition of gestures. For future work, a camera with a bigger field of view 
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could make the prototype easier to use by not limiting the position of the users’ 

gestures. The camera used in this thesis is also a single IR camera without 

ability to see depth, something which greatly hinders the ability to correctly 

recognize a tapping gesture. For a future prototype, perhaps investigating a 

hardware or software solution that has the ability to calculate depth in the 

image could make for a more robust way to recognize gestures. 

 

To continue the work done in the thesis, more time and expertise should be 

spent on processing the signal from the camera to make sure that it does not 

have as many false positives and false negatives. This is related to the signal 

processing done with the current camera but can also be connected to the type 

of camera mentioned earlier. This is connected to making a study of the 

robustness with quantitative measurements to evaluate. 

 

The project has been done without any study of ergonomics concerning the 

prototypes. To follow up the work in this thesis, an evaluation of the ergonomics 

of using the prototype should be done. The different devices for recognizing 

gestures could also be evaluated with regards to ergonomics, possibly changing 

the result of the initial investigation. 
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