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ABSTRACT 
 

 

 
Context:  Patients with diseases such as locked in syndrome or motor neuron are paralyzed and they 
need special care. To reduce the cost of their care, systems need to be designed where human 

involvement is minimal and affected people can perform their daily life activities independently. To 

assess the feasibility and robustness of combinations of input modalities, mobile robot (Spinosaurus) 

navigation is controlled by a combination of Eye gaze tracking and other input modalities.  

 

 

Objectives: Our aim is to control the robot using EEG brain signals and eye gaze tracking 

simultaneously. Different combinations of input modalities are used to control the robot and turret 

movement and then we find out which combination of control technique mapped to control command 

is most effective.  

 

Methods: The method includes developing the interface and control software. An experiment 
involving 15 participants was conducted to evaluate control of the mobile robot using a combination 

of eye tracker and other input modalities. Subjects were required to drive the mobile robot from a 

starting point to a goal along a pre-defined path. At the end of experiment, a sense of presence 

questionnaire was distributed among the participants to take their feedback. A qualitative pilot study 

was performed to find out how a low cost commercial EEG headset, the Emotiv EPOCTM, can be used 

for motion control of a mobile robot at the end. 

 

Results:  Our study results showed that the Mouse/Keyboard combination was the most effective for 
controlling the robot motion and turret mounted camera respectively. In experimental evaluation, the 

Keyboard/Eye Tracker combination improved the performance by 9%. 86% of participants found that 

turret mounted camera was useful and provided great assistance in robot navigation. Our qualitative 

pilot study of the Emotiv EPOCTM demonstrated different ways to train the headset for different 

actions.  

 

Conclusions:  In this study, we concluded that different combinations of control techniques could be 
used to control the devices e.g. a mobile robot or a powered wheelchair. Gaze-based control was 

found to be comparable with the use of a mouse and keyboard; EEG-based control was found to need 

a lot of training time and was difficult to train. Our pilot study suggested that using facial expressions 

to train the Emotiv EPOCTM was an efficient and effective way to train it.  

 

 

 
 

 

Keywords: Human Robot Interaction (HRI), Eye Gaze 
Interface, Emotiv EPOC

TM
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1 INTRODUCTION 
 

There is a rapid increase in the number of elderly people. There will be about 12 million 

people over age 85 in the world in 2040. According to [1], approximately 40 to 50 million 

people in the United States report some kind of disability. Among those people, many will be 

expected to need physical and cognitive assistance. Day care centers, nursing homes and 

other care facilities can provide some assistance, but they already suffer from space and staff 

shortage. As the elder population continues to grow, the greater need for assistance will 

come from elders living independently in their own homes. Advanced technology such as 

speech simulation and speech recognition, image processing, and artificial intelligence can 

be used to help them. To date, many of the breakthroughs in advanced and autonomous 

technology, such as assistive robotics, have started to offer social and economic benefits [2].   

  

Technology has no end in itself.  It is given a meaning when seen as a part of a greater 

system of products and services. Humans‟ interaction with computers and technology has 

become an object for research since the beginning of the 1980s [3]. It is important to study 

users‟ interaction with technology appliances to reduce the gap between the expected and the 

experienced usage. In recent years, brain-computer interface (BCI) research has explored 

many applications in different fields: communication, environmental control, robotics and 

mobility, and neuroprosthetics [4]. BCIs bypass motor output and can deliver messages 

directly to a computer from the brain [5].  

 

It is important to study both the context of task performance and the role of attention in 

Human Computer Interaction (HCI).  Attention or intention of a user can be revealed through 

the eye gaze [6]. Eyes are the primary source of information about the context when 

functioning well [7]. Individuals with severe neurological and muscular impairments may 

communicate with the environment using BCIs. This includes patients with locked-in 

syndrome (LIS).  LIS is a condition in which a patient is aware and awake but can‟t move or 

communicate due to the complete paralysis of muscles except the eye [8]. A communication 

tool that is independent of the muscle control would allow individuals with LIS to regain a 

level of autonomy so that they are less dependent on others for communication [9]. Hence 

using eye gaze and brain signals as inputs compared to the other conventional devices such 

as a keyboard, mouse or joy stick etc. is a great area of interest [4, 9, 10].  Below are the 

factors that give reason and inspiration [12]:  

 

 User‟s hands may be constantly busy in other tasks, disabled users may not be able 

to use their hands or they may have no hands at all. 

 

 Individuals, who may be completely paralyzed or LIS so that they can express their 

wishes to caregivers or even operate word processing programs. BCI provides with 

an alternative form of communication channel where the interaction between brain 

and computer is realized in real time. 

 

 Keyboard, mouse or joystick may be boring for some users and a cause of 

exhaustion. Electro-encephalography (EEG) and eye gaze may be an interesting 

alternative for those problems. 
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 Eye gaze movement and brain signals are quicker compared to other human body 

parts. A cursor needs two steps to acquire and activate a target point on an interface. 

First it has to fixate the target visually and then move the cursor to the activation 

point. If eye gaze and brain signals are tracked and used successfully and efficiently, 

no input source can be quicker than brain and eye [13].  

  

Non-muscular communication and control is no longer merely a speculation. Studies 

demonstrate that it is possible to communicate directly from the brain to the external world. 

A BCI allows a person to communicate or control the external world without using the 

brain‟s normal output pathways of nerves and muscles [5]. There are increasing number of 

demonstrations that use eye-tracking or brain signals to control the motion of robots or 

communicate with external world  [5], [9-11], [13-15]. Eye tracking can provide an accurate 

point of gaze on a computer screen e.g. Tobii T60
©
 Eye Tracker [7]. In robot control 

systems, eye gaze direction and EEG brain signals can be used as input sources similar to 

conventional input devices e.g. mouse, keyboard or joystick etc. BCI systems can eventually 

provide an important new communication and control option for those with motor 

disabilities and also those without disabilities a supplementary control channel useful in 

special circumstances [5].  

 

1.1 Terminologies 
 

Basic terminologies used in this study are defined to help readers to understand the further 

discussion.  

 

1.1.1 Eye Tracking 
 

Eye tracking is the process of measuring either gaze point or the motion of an eye relative to 

the head [16]. It is a way to track eye movement which also refers to locating the point where 

we look or focus at a certain point. This point of focus is called point of gaze [17]. There are 

four broad categories for eye movement measurement methodologies involving the use of: 

Electro-OculoGraphy (EOG), Scleral Contact Lens/Search Coil, Photo-OculoGraphy (POG) 

or Video-OculoGraphy (VOG), and video-based combined pupil corneal reflection [16].  In 

EOG, electric potential differences of the skin, surrounding the ocular cavity are recorded.  
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Figure 1.1: Example of EOG eye movement measurement [16] 

 

Scleral Contact Lens/Search Coil involves a mechanical or optical reference object mounted 

on a contact lens. It is worn directly on the eyes. Scleral search coil is the most precise eye 

movement measure method however it is also the most intrusive method. Lens is worn in the 

subject‟s eye with great care. This method measures eye position relative to the head, and is 

not generally suitable for the point of regard measurement. POG or VOG involve analysis of 

the measurement of the distinguishable features of the eye under rotation/translation, for 

example, the apparent shape of the pupil, the position of limbus, and the corneal reflection of 

a closely situated directed light source (often infra-red). Automatic limbus tracking often 

involves the use of photodiodes mounted on spectacle frames, and almost always involves 

the use of invisible illumination. These methods need heads to be fixed [16].  

 

The Tobii T60
©
 is an eye tracker that enables to conduct on screen eye-tracking studies for a 

wide variety of research purposes and we used this in our study.  

 

1.1.2 Mobile Robot 
 

A mobile robot is an automatic machine that is capable of movement in a given environment. 

“It is a combination of various physical (hardware) and computational components. In terms 

of hardware components, a mobile robot can be considered as a collection of subsystem for 

Locomotion: how the robot moves through its environment; Sensing: how the robot 

measures the properties of itself and its environment; Reasoning: how the robot maps these 

measurement into actions; and Communication: how the robot communicates with an 

outside operator” [18].  

 



  10 

 

 

Figure 1.2: Mobile robot arm 
1
   

    

1.1.3 Tele-operation 
 

Tele-operation involves one or several controllable agents (e.g. mobile robots) that are 

required to be controlled at a distance or a remote location [19]. It is similar to “remote 

control” used in research and academia. It is also being used in real applications.  

 

 

Figure 1.3: Teleoperation 
2
  

 

1.1.4 Neurotechnology 
 

Neurotechnology involves the use of micro-engineering techniques, such as photo-

lithography and silicon micro-machining, to tackle the problems that are linked with the 

                                                   
1 http://www.societyofrobots.com/robot_arm_tutorial.shtml 
2 http://www.cs.cmu.edu/~br/ 

http://www.societyofrobots.com/robot_arm_tutorial.shtml
http://www.cs.cmu.edu/~br/
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interface between neurons and microelectronic circuitry [20]. It has a major influence on 

how people understand the brain and a variety of aspects of consciousness and thought. 

Neuron networks perform information processing within the nervous system. EEG [20] 

technique helps measuring the electrical activity of neurons. The Emotiv EPOC
TM

 headset is 

a revolutionary interface for HCI. The Emotiv EPOC
TM

 EEG headset is an input peripheral 

released in September 2009, created by Emotiv Systems in collaboration with the IDEO 

design group [21] (see Figure 1.4). It is a high resolution, neuro-signal acquisition and 

processing wireless neuroheadset. It uses a set of sensors to tune into electric signals 

produced by the brain to detect player thoughts, feelings and expressions [22]. It has 16 

noninvasive sensors and can to some degree measure conscious thoughts, attention level and 

facial expressions to control physical devices or software wirelessly [21]. The headset sends 

the signals to a USB dongle attached to a PC, which processes the data and sends it using the 

computer‟s USB port to the system‟s software [23]. 

 

 

 

Figure 1.4: The Emotiv EPOC
TM

 neuroheadset 

1.1.5 Interface 
 

“Interface” originates from inter (between) and face. It can be a stuff that is between human 

faces (i.e. senses) and machines [24].  
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2 BACKGROUND AND PROBLEM DEFINITION 
 

In this chapter, study’s background and problem definition will be outlined. Aims and 

Objectives are explained followed by research questions. In the end, expected outcome of the 

study is discussed.  

 

A computer system can function as an intelligent controlling mechanism to control a mobile 

robot. Recent and ongoing research is addressing the control of mobile robots by new 

technologies such as Eye Gaze tracking and EEG. A central challenge is to differentiate 

between inputs that should be used for monitoring and those that should be utilized for 

controlling [19]. For human control of robot systems, eye gaze and the biological brain can 

be used as input sources rather than conventional input devices such as a keyboard, mouse 

and joystick etc.. Today, cheap wireless EEG [25] headsets along with programmable mobile 

phones, which can run advanced machine learning software have made it possible to 

interface neural signals to digital devices to deliver new mobile computing models. Brain 

Machine Interface (BMI) connects human brain activity to an external device, bypassing the 

motoric nervous and muscular system [5]. BMI [5] also provides communication means for 

the people who are suffering from spinal cord injury and brain stem stroke. The life quality 

of people suffering from severe motor disabilities can be improved by the use of this 

technology [26]. 

 

The use of devices like keyboard, mouse or joystick etc. is not a natural way of interacting 

with the real world. Human body parts like the eye or brain etc. can interact with the 

environment in a more natural way [27]. However there are certain situations in which 

humans are disabled and can‟t use their body parts to interact with their helping devices. To 

control these devices, eye gaze direction or brain signals can be used as an input source for 

those persons that don‟t have hands or arms. Motored wheel chair, directed robot arms, and 

controlling the movement of mobile robots are the examples of the eye gaze contingent and 

brain controlled systems. A study [4] results show that subjects can rapidly master 

asynchronous EEG-based BCI to control a wheelchair. Another study concludes; many 

people with stroke, with or without visuospatial neglect, can learn to use powered 

wheelchairs safely and effectively with appropriate training [28].     

 

Brain Computer Interfaces (BCIs) are systems that translate brain activity into signals that 

control external devices [26]. There are various signal recording methods for recording brain 

signals. Mostly noninvasive BCI systems use EEG signals to record the brain activity [29]. 

The ability to control movements with BCI is highly variable. In the human body, movement 

or speaking is controlled by the brain. BCI takes signals directly from the brain. The 

computer then receives these signals and can use them to control devices (mobile robot etc.) 

[30]. It measures signals from human brain with a device like the Emotiv EPOC
TM

. EEG 

signals are processed by a classifier such as neural network and detected categories are 

mapped to commands. Commands are then used to control a device, implementing the 

control link from brain activity to useful actions. 

 

In [31], a powered wheelchair is controlled by the eye tracking system. Its interface is 

explained in the Figure 2.1 below.  Eyes are the primary source of input in this system. The 
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interface is divided into nine zones as shown in Figure 2.1. Out of the nine zones, four zones 

are gaze contingent [31]. Gaze contingent zones are used to trigger certain commands when 

the eye gaze falls in them. The upper zone represents forward movement; the lower zone 

represents backward movement; the right zone represents turning right; and the left zone 

represents the turning left.  

 

 

Figure 2.1: Command zones of eye control wheelchair [31] 

 

Human computer interaction applications are diverse. A lot of research is ongoing to define 

standard evaluation metrics. Still there are no standard metrics for evaluation of new 

applications [13]. There are some common metrics in any application domain that can be 

used for the evaluation of developed applications. The movement of Spinosaurus mobile 

robot is already controlled using eye gaze [13] and the movement of motorized wheelchairs 

has also been controlled by BCIs [32]. Our proposed system is a new idea of controlling the 

Spinosaurus mobile robot with brain signals together with simultaneously controlling the 

movement of a turret-mounted camera on the robot using a Tobii T60 eye gaze system. The 

proposed system can be evaluated using a task-oriented approach. Moreover, other 

interaction modalities like mouse and keyboard will be compared with the integrated system.  

  

2.1 Problem Definition 
 

Controlling the robot navigation and its turret mounted camera involves the use of a 

combination of input modalities. Our focus is to involve the eye tracker with other input 

devices like a mouse, keyboard and the Emotiv EPOC
TM

. There can be different 

combinations of input modalities for controlling the robot navigation and camera mounted 

on the turret. One combination is eye tracker used for robot control and keyboard used for 

camera steering control. These input devices are used in different order. Problem is that how 

can we use them concurrently to make a robust system to control the robot motion.  
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2.2 Challenge or Problem Focus 
 

This study aims at the performance problem for a mobile robot controlled by eye tracker and 

the Emotiv EPOC
TM

 simultaneously. We evaluate the system‟s performance by making 

different arrangements of controlling mobile robot movement. Performance is compared 

with combination 4 (Table 5.2) since this combination is the fastest among them. After that a 

qualitative pilot study is conducted for the Emotiv EPOC
TM

 headset in order to understand 

how its training on different actions, and its limitations are discussed in Chapter 7.  

 

2.3 Aims and Objectives 
 

The main goal of this thesis is to control robot navigation using EEG brain signals and eye 

gaze tracking simultaneously and to find out which combination of control technique 

mapped to commands is most effective. Aims are:  

 

 Integrate eye gaze and the Emotiv EPOC
TM

 for the navigation of mobile robot  

 

 Evaluate the effectiveness of different interaction designs using task metrics and a 

sense of presence questionnaire 

 

 Study the advantages and limitations of the Emotiv EPOC
TM

 headset and eye gaze 

tracking and the reasons for these limitations 

 

2.4 Research Questions 
 

The following research questions are derived from the objectives: 

 

 

RQ1: What combination of control techniques is most effective for robot navigation and 

turret control, among keyboard, mouse and gaze tracking? 

 

RQ2: Can the Emotiv EPOC
TM

 headset be used as an EEG interface for robot motion 

control?  

 

RQ3: What are the advantages and limitations of the Emotiv EPOC
TM

 headset and Eye Gaze 

interaction respectively for robot motion control?  

 

2.5 Expected Outcome 
 

 Explanation of Eye Gaze Tracking and the Emotiv EPOC
TM

 EEG headset and how 

they work.  
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 Specification, design, and implementation of experimental environment and 

explanation of how the components operate together. 

  

 Evaluate the results of experiments involving both an eye gaze tracker and other 

input devices (keyboard and mouse) simultaneously.  

 

 Details of the limitations of controlling robot navigation using the Emotiv EPOC
TM

 

headset and controlling the movement of the turret-mounted camera on the robot 

using eye gaze simultaneously and what are the reasons behind these limitations.  
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3 RESEARCH METHODOLOGY 
 

In this chapter, the study’s methodological approach will be outlined. The working 

procedure, how the study was conducted will first be described followed by an explanation of 

the experiment and the questionnaire that was used. Constructive and Empirical research 

methods are used to conduct the study. 

 

3.1 Constructive Research 
 

Constructive research is a common computer science research method. This type of research 

doesn‟t need to be validated empirically as in other research types like exploratory research 

[33]. Using this approach, solutions for real world problems are found. It happens in cycles 

with two phases: in the first phase a system is constructed and in the other phase, the 

constructed system is evaluated. The idea is to develop artifacts with potential practical value 

and also the knowledge of these artifacts [34].  

“Constructive research method implies building of an artifact (practical, theoretical or both) 

that solves a domain specific problem in order to create knowledge about how the problem 

can be solved (or understood, explained or modeled) in principle. Constructive research 

gives results which can have both practical and theoretical relevance” [35].  

The term “construct” is often used to refer to the new contribution being developed. 

Construct can be a new theory, algorithm, model, software or a framework. It is important to 

observe that “constructive research can also be viewed as a form of conducting case 

research parallel to ethnography, grounded theory, theory illustration, theory testing and 

action research” [36].  

 

 

Figure 3.1: Constructive Research [33] 
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Fuzzy information is collected from different sources (e.g. training materials, processes, 

literature, articles, and working experiences etc.) in constructive research. These sources 

provide a theoretical body of knowledge. A solution or theoretical framework is extracted 

from theoretical knowledge according to the problem. The new solution produces new 

knowledge to extend the epistemic limits of knowledge. Figure 3.1 depicts the idea [33].  

 

We are controlling mobile robot navigation and a turret-mounted camera using eye gaze and 

conventional input devices (e.g. keyboard and mouse). In this system, the artifact/innovative 

constructs that are to be developed and used, are a simultaneous gaze contingent interface 

and EEG interface. Human performance is the targeted knowledge of our system. In order to 

get the desired functionality, software and hardware components are required to be 

integrated for the whole system to work appropriately. These software and hardware 

components have comprehensive documentation manuals and guidelines. Information of 

their use is extracted from those documents and described in Chapter 4.   

 

3.2 Quantitative Research 
 

We performed an experiment for the validation of the construct that was produced in the 

preceding phase. The theory was tested using quantitative methods, once the hypothesis was 

specified. An experimental design was used and data was collected using instruments which 

measured outcomes as a result of different input factors. Data was collected from the 

experiment and either hypothesis was endorsed or disproved. Statistical methods were used 

to analyze the collected information and hypothesis testing. We pinpoint the strong factors 

that could affect the outcome of our study. This was the reason for using quantitative 

research [37]. More detail about the experiment design can be found in Section 5.2.   

 

3.3 Methods Application in this Study 
 

This section explains how the selected methods should answer all of the research questions 

illustrated above.  

 

 

3.3.1 Research Question 1 

 

What combination of control techniques is most effective for robot navigation and turret 

control, among keyboard, mouse and gaze tracking? 

 

We started with constructive research to develop the system needed in order to find answers 

to the research questions. We also conducted a literature review to explore what has 

previously been done in this area especially regarding how eye tracking has been used as an 

input modality? Recently a dynamic gaze contingent interface has been designed to control 

mobile robot navigation. We enhanced this software so it has the capability of controlling the 

robot as well as its turret camera at the same time. Furthermore, different combinations of 
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input modalities can be used via this interface; more detail is provided in the following 

chapter.  

This solution required the integration of hardware and software components. Hardware 

components used in this prototype are: Tobii T60
©
 Eye Tracker, Spinosaurus mobile robot, 

Arduino
©
 Duelmilanove electronics platform, XBee serial communication transceivers, 

GrabBee video grabber. Software components used in this prototype are: Intel‟s image 

processing library OpenCV and Tobii T60
©
 Eye Tracker APIs. 

We designed and conducted a quantitative experiment to collect data on the time taken to 

complete a task. Different combinations of input modalities were used by participants to 

complete the task and based upon the evidence we conclude which combination is most 

effective. Chapter 5 and 6 unveil further details.  

 

3.3.2 Research Question 2 
 

Can the Emotiv EPOC
TM

 headset be used as an interface for robot motion control? 

 

We conducted a qualitative pilot study in order to find out if the Emotiv EPOC
TM 

headset can 

be used as an interface for robot motion control. We trained the headset by facial expressions 

for four different movements (forward, backward, rotate right and rotate left). We also 

trained the headset by thoughts but the results were not satisfactory due to insufficient 

training time.    

 

3.3.3 Research Question 3 
 

What are the advantages and limitations of the Emotiv EPOC
TM

 headset and Eye Gaze 

interaction respectively for robot motion control?  

 

We conducted a qualitative pilot study in order to find the limitations of the Emotiv EPOC
TM 

headset. We ran different sessions to train the Emotiv EPOC
TM

 and summarized the sessions. 

We conducted a literature review to understand the functionality of the Emotiv EPOC
TM

 and 

Eye Gaze interaction. Furthermore, we analyzed the advantages and limitations of these 

interaction technologies on the basis of the qualitative study. 
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4 THEORETICAL WORK 
 

In depth study and the components used in prototype development are presented in this 

chapter. Analysis of different aspects is done. This section starts with theoretical work and 

hardware/software modules integration is discussed in the middle. Software architecture of 

the proposed prototype is presented at the end of this section.  

 

4.1 Literature Review 
 

4.1.1 Eye Tracking Systems 
 

Eye tracking has its roots in 19
th

 century. In 1800s, studies of eye movement were made 

using direct observations. At the end of 19
th
 century and the beginning of 20

th
 century, there 

was an increase in Eye Tracking Technologies. Eye movements of a person are influenced 

by the task given to her [38]. The purpose of the research was to understand the nature of 

human eyes. A strong eye-mind hypothesis was formulated by Just and Carpenter in the 

1980s. "There is no appreciable lag between what is fixated and what is processed" [39]. A 

study was conducted to investigate the possibility of using User‟s eye movement as an 

additional input medium in user-computer dialogue [30]. 

Currently eye tracking research is focusing on assistive technologies for disabled people. 

People have used eyes as an input for typing [40]. Gaze typing [41] and gaze directed 

powered-wheel chair are a few examples of this [42].  

 

4.1.2 Brain Controlled Systems 
 

A system providing a direct communication pathway between the brain and the external 

device is known as Brain-Computer System. In 1970s, research on BCI started in University 

of California [43]. EEG is the recording of electrical activity along the scalp. It is a non-

invasive interface having features like portability, low cost setup and fine temporal 

resolution. Generally EEG records the brain‟s spontaneous signals by electrodes placed on 

the scalp over a short period of time, usually 30-40 minutes. The Emotiv EPOC
TM

 headset 

uses electromagnetic sensors to record brain activity. Neural signals can be used to control 

mobile phones for effortless human-mobile interaction [25]. The Emotiv EPOC
TM

 headset 

was designed initially for gaming purpose but it has the capability to detect certain facial 

expressions like smile, look left/right, raised eyebrows etc. This headset has to be trained for 

several hours for different actions (push, pull, rotate right and rotate left and so on) for each 

individual and then it performs the actions accordingly.  
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4.2 Hardware Components 
 

4.2.1 The Spinosaurus Mobile Robot 
 

Spinosaurus is a mobile robot that is used for the experiments in this study. It has been 

developed as a platform for research in mobile robot control and human robot interaction 

(HRI). The basic version 1.0 was completed in April 2009. It was a radio controlled system, 

using FM analog control from a conventional hobby RC controller to steer and drive the 

robot. A video camera was mounted on the turret to send the video stream to the receiver and 

it was connected to the Tobii T60
©
 eye tracker. This configuration was used to investigate 

human vision while remotely controlling the robot, with a camera, in a task to search for 

objects in a maze. In 2010, the Spinosaurus was upgraded to version 2.0 with the below 

features [13]: 

 

 Removal of the analog FM radio control system 

 Addition of a bi-directional data link based on Xbee wireless data transceivers 

 The addition of 2x on board Arduino boards for sensor data acquisition, 

telecommunications handling and motion control 

 

The data link can be used to control the robot from an external computer [13].  

 

 

Figure 4.1: Spinosaurus Mobile Robot 
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4.2.2 Tobii T60
©

 Eye Tracker 
 

Tobii T60
©
 Eye Tracker helps us to measure gaze over wide screen angles on a large 

stimulus display. It is designed for on-screen tracking studies. It allows a large head 

movement and provides an interruption-free test environment that guarantees natural 

behavior and hence valid results. Precise and accurate technology ensures that the research 

results are valid. This eye tracker uses corneal reflection to calculate gaze points on the 

screen. Reflection patterns are generated on the user‟s corneas using infrared diodes on the 

eye tracker. Technical specifications of Tobii T60
©
 Eye Tracker are provided in Table 4.1. 

 

Table 4.1: Eye Tracker Technical Specifications [44] 

Description Specification 

Accuracy 0.5 Degrees 

Data Rate 60 Hz 

Freedom of head movement 40x20x27cm 

Binocular Tracking Yes 

Bright/dark pupil tracking Both - automatic optimization 

TFT display 24" TFT, 1920 x 1200 pixels 

Weight ~ 13 kg (29 lbs) 

User camera Built in 

Speakers Built in 

Height Adjustable 

 

Tobii provides a software development kit (SDK) with its Eye Trackers. The Tobii SDK 

provides different levels of interfaces. It also provides a comprehensive toolbox for software 

application development used for controlling and retrieving data from the Tobii Eye 

Trackers. Microsoft Windows COM interfaces are offered in the SDK. We use a COM based 

interface in order to get the required data from the Tobii T60
©
 Eye Tracker [44].  

 

 

Figure 4.2: Tobii T60
©
 Eye Tracker 
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4.2.3 Arduino
©

 Platform 
 

The Arduino
©
 Duemilanove is a micro controller board. It has 14 digital input/output pins (of 

which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB 

connection, a power jack, an ICSP header and a reset button. It contains everything needed 

to support the microcontroller. This board can be programmed with Arduino
©
 software. The 

Arduino
©
 open-source platform can be used to write and upload software programs to the 

board [45]. Table 4.2 provides detailed Arduino
©
 specifications.  

 

Table 4.2: Arduino
©
 Specifications [45] 

Description Specification 

Microcontroller ATmega168 

Operating Voltage 5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (of which 6 provide PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory 16 KB (ATmega168) or 32 KB (ATmega328) of which 2 KB 

used by boot loader 

SRAM 1 KB (ATmega168) or 2 KB (ATmega328) 

EEPROM 512 bytes (ATmega168) or 1 KB (ATmega328) 

Clock Speed 16 MHz 

 

 

 

Figure 4.3: Arduino
©
 Duemilanove 



  23 

 

Commands are received through a serial port on the Arduino
©
 board. It waits for the 

commands and there is a pre-programmed behavior against each command. There is a 

certain syntax to communicate with the Arduino
©
 board. For example, “W1” is used to move 

the robot forward with a speed of „1‟. In the same manner, “X1”, is used to move the robot 

backward with a speed of „1‟. The robot has an angular range of movement of 0
0
-360

0
. A 

small angle increment of 15
0
 is used because it is difficult to control the movement with 

larger angles. (W, X, S, A, U, D, R, L) are the command characters. These characters are 

used to control the speed or angle. The speed parameter has a range of 0-9, 0 is minimum 

and 9 is maximum. W9 will move the robot forward with a maximum speed and S15 turns it 

right by an angle of 15
0
.  

4.2.3.1 XBee Wireless Chip 

 

XBee wireless chip allows the Arduino
©
 board to wirelessly communicate using the Zigbee 

standard [46]. Its range is 100 feet indoor and 300 feet outdoor without obstacles [46].  

 

4.2.4 XBee Module 

 

XBee serial communication module is a wireless data transceiver. There is an Arduino
©
 

microcontroller on the mobile robot and it transmits signals on a serial port. There is another 

transceiver connected to the computer with a USB interface.  

 

 

Figure 4.4: XBee Wireless Communication Module [46] 

 

4.3 Software Components 
 

Below are the software components that are used in our prototype.  
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4.3.1 Vision Library 
 

We used Intel‟s OpenCV library for our prototype. It is an open source vision library 

released under an open source BSD license. This library is free both for academic and 

commercial use. Originally it was written in C language but now it has a full interface in 

C++ and all new development is in C++ [47]. The library is cross platform with a focus 

mainly on real-time image processing. If Intel‟s Integrated Performance Primitives are 

installed on the system, OpenCV uses proprietary optimized routines to accelerate itself [48].  

 

4.3.2 Programming Language Choice 
 

There were a few reasons for choosing C++ as our programming language for the proposed 

prototype. First of all, OpenCV is a C++ based tool. We grab the video stream which is 

directly sent from the robot camera and then that stream is incorporated into a dynamic 

interface. Secondly, XBee wireless uses a serial link to communicate commands. C++ is the 

most efficient language to drive the serial link from the application system [13]. Thirdly, the 

Tobii T60 Eye Tracker provides COM objects to provide real time gaze data at a rate of 

60Hz. This data is in the form of x and y coordinates for each user gaze point. Another 

advantage of using C++ is that it avoids the use of middle-ware technology which could have 

posed a performance threat because of multiple different software layers. 

 

Based on the above reasons, we decided to use C++ to integrate all the software and 

hardware components to achieve our aims and objectives. The majority of the code has been 

taken and reused from an already developed prototype [13].  
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4.4 Prototype Conceptual View 
 

Our prototype comprises of different software and hardware elements and this conceptual 

view explains the relation between them.  

 

 
 

 

Figure 4.5: Prototype Conceptual View 
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5 EMPIRICAL EVALUATION 
 

We present our experiment design followed by the execution of the experiment in this 

chapter. A hypothesis is formulated and then it is supported/ refuted by experiment findings. 

Difference in individuals’ performance is determined for different combinations of input 

modalities (eye tracker/keyboard, keyboard/eye tracker, keyboard/mouse and 

mouse/keyboard) while controlling the movement of the mobile robot and its turret. 

Individuals are given a task and their performance is measured in terms of task completion 

time. The objective of this study is to evaluate the combinations of input modalities for 

remotely controlling mobile robot navigation and turret control. Subjects use combinations 

of input methods to control the mobile robot and its turret, and their performance is 

evaluated. At the end of the chapter, data from the experiment is presented. 

 

5.1 Experiment Definition and Context 
 

Our experiment is online and real time using the prototype developed in Chapter 4. This is a 

task-oriented experiment. Time taken to complete the task is a common measure of 

performance [49] and we use this measure in our study.  

 

5.1.1 Experiment Explanation 
 

A 19.25m long track was prepared, the same as in [13]. This track was guided by arrows. 

The track was designed in such a way that the mobile robot could travel forwards, 

backwards, right and left on the track. Starting and ending points were the same. Each 

participant was required to navigate the mobile robot on this track. The robot followed the 

arrows along the left side of the track and came back to the same point where it started. 

There were some obstacles in the track which were avoided by the mobile robot. Four 

different combinations of input modalities were used by each participant. Each participant 

performed the experiment three times for each combination of input modalities. Participants 

sent commands to the robot by using a combination of dynamic gaze contingent interface, 

keyboard or mouse in different orders. The Emotiv EPOC
TM

 was not included because its 

training took a lot of time for each participant. Hence it was impractical to include the 

headset in this quantitative experiment. Further details are discussed in Chapter 7. At the end 

of the experiment, we distributed a sense of presence questionnaire to the participants in 

which they were asked which control technique they found the easiest and most intuitive. 

This was a close ended questionnaire. 
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Figure 5.1: Experiment track layout [13] 

 

In the 1
st
 part of the experiment, participants were asked to control the movement of robot 

with eye tracker and turret movement with the keyboard. In the 2
nd

 part, they controlled the 

robot with the keyboard and used the mouse for turret control. In the 3
rd

 part, they used the 

keyboard to control robot movement and the eye tracker for turret control. In the 4
th
 part, 

participants controlled the robot movement with the mouse and the turret with keyboard. 

Time to complete the task was calculated for each trial of every participant. „W‟, „X‟, „S‟ and 

„A‟ were used for forward, backward, move right and move left respectively for robot 

movement and „L‟, „R‟, „U‟, „D‟ were used for camera movement. W0 or X0 was used to 

stop the robot, i.e. „0‟ appended to „W‟ or „X‟ means zero acceleration. Table 5.1 shows 

command mappings for navigation of robot and camera control.  

Fifteen participants took part in the experiment. Three trials were recorded for each 

participant. This resulted in 15*3=45 trials. Each participant took approximately 70-80 

minutes to perform the experiment.  

 

Table 5.1: Robot and Camera Navigation configuration 

Function Movement Keys 

Accelerate/Decelerate 0 – 9 W/X 

Move right/ Move left 00 - 150 S/A 

Camera steer left/ Camera steer right 00-900 / 900-1800 L/R 

Camera tilt up/ Camera tilt down 00-900 / 900-1800 U/D 

 

 

5.1.2 Hypothesis Formulation 

 

A hypothesis is formulated before the design and execution of experiment. It is very 

important to state clearly what we want to achieve through the experiment. Data collected 

from the experiment can be used to support or refute the hypothesis [50].  

 

What combination of control techniques is most effective for robot navigation and turret 

control, among keyboard, mouse and gaze tracking? This is our 1
st
 research question. We 

assume that performance of Combination 1 (eye tracker used for robot control and keyboard 

used for turret control) and Combination 2 (keyboard used for robot motion control and eye 

tracker used for turret control) are the same. This informal statement of hypothesis can be 

stated formally as following:  
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Null hypothesis, H0: There is no difference in performance between Combination 1 and 

Combination 2.  

 

H0: Performance (Combination 1) = Performance (Combination 2) 

 

Alternative hypothesis, H1: The performance of Combination 1 is less than the performance 

of Combination 2. 

 

H1: Performance (Combination 1) < Performance (Combination 2)  

 

Alternative hypothesis, H2: The performance of Combination 1 is greater than the 

performance of Combination 2.  

 

H2: Performance (Combination 1) > Performance (Combination 2)  

 

Details of combinations of input modalities can be found in Table 5.2. The performance is 

calculated by task completion time (seconds).  

 

5.1.3 Selection of Variables 
 

In the experiment, participants completed a task by navigating the mobile robot and its turret 

by different combinations of input modalities. TurretControl and RobotMotionControl were 

the independent variables. In our experiment, robot speed was kept at minimum level at„1‟ 

and rotation angle was 15
0
. This was done to facilitate the participants so that they could 

have a better control on the robot navigation during the experiment. There were four 

combinations of input modalities. The dependent variable was task completion time.  

 

5.1.4 Participants/Subjects 
 

Sixteen participants took part in our experiment initially. Fifteen participants were able to 

complete the experiment. One participant left during the experiment due to some personal 

reason. Twelve participants were male and three were female. They were in the range 23-40 

years of age. It was a heterogeneous pool of participants belonging to different departments, 

having different cultural background and nationalities. All the participants were master‟s 

students and not professionals. They all belonged to Blekinge Institute of Technology 

(BTH), Sweden.    

 

5.2 Experiment Design 
 

The objective of the experiment is to reach at some conclusion regarding the problem at 

hand. To fetch and interpret meaningful results from the experiment, different statistical 

analysis methods are applied to the collected data. Experiment design is very important to 

get the most out of the experiment. Which statistical technique we can apply, depends upon 

the experiment design [50].  
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5.2.1 General Design Principles 
 

The general design principles are randomization, blocking and balancing. Most of the 

experiment designs use some combination of these design principles. However, in this study, 

randomization and balancing are used [50].  

 

5.2.1.1 Randomization 

 

One of the most important design principles is randomization. Randomization is used to 

average out the effect of a factor that may otherwise be present. We chose the participants of 

our experiment randomly from different disciplines in our school for this study.  

 

5.2.1.2 Balancing 

 

There are four treatments of the experiment in our study. To have a balanced design, we 

have an equal number of subjects in each treatment. Balancing simplifies and strengthens the 

statistical analysis of the data [50].   

 

5.2.2 Experiment Design Type 
 

We looked into the subjects‟ performance for controlling the mobile robot and camera turret 

with different input modalities. In our experiment, different treatments are: eye 

tracker/keyboard, keyboard/eye tracker, keyboard/mouse and mouse/keyboard as shown in 

Table 5.2. In our case, we have one factor with more than two treatments. Analysis of 

Variance (ANOVA) is a suitable analysis technique in this case [50].   

 

We have two factors, one is for turret control (Up/Down/Left/Right) and the other is for 

robot motion control (Forwards/Backwards/Left/Right). We can also use four factors: Turret 

Tilt (Up/Down), Turret Pan (Left/Right), Robot Linear Motion (Forwards/Backwards) and 

Robot Turn (Left/Right). However four factors are difficult to handle in this experiment due 

to practical reasons.  

 

Table 5.2: Control techniques combinations 

Device Combination 1 Combination 2 Combination 3 Combination 4 

Eye tracker Move/Turn Robot Turret   

Keyboard Turret Move/Turn Robot Move/Turn Robot Turret 

Mouse   Turret Move/Turn Robot 

 

In combination 1, the eye tracker is used for robot motion control (forward, backward, turn 

right and turn left) and the keyboard is used for turret control (up, down, left, right). In 

combination 2, the eye tracker is used for turret control and the keyboard is used for robot 

motion control. In combination 3, the keyboard is used for robot motion control and the 

mouse is used for turret control. In combination 4, the mouse is used for robot motion 

control and the keyboard is used for turret control. We have not used the eye tracker for 
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robot motion control with the mouse for turret control because the mouse is already very fast 

but due to time constraint we can‟t prove it in our study. Hence we focused on the four 

combinations described above.  

We also didn‟t use the Emotiv EPOC
TM

 headset in combination with other input devices 

because it is very hard to train the Emotiv EPOC
TM

 headset for four different actions for each 

of 15 individuals. Instead we made a qualitative pilot study on the Emotiv EPOC
TM

 headset 

to train it for four different (push, pull, rotate right and rotate left) actions and the training 

took about 4 hours daily over a period of two weeks. More than twenty two hours were 

therefore spent on its training, showing that it was impractical to use the Emotiv EPOC
TM

 

headset in the actual experiment. Further details can be found in Section 7.5.  

 

5.2.3 Apparatus 
 

A Tobii
©
 Eye Tracker T60

 TM
 along with Intel

©
 Core2

TM
 Extreme3.0GHz computer is used in 

this experiment. Software is developed in Microsoft
©
 Visual C++

 TM
. The Open Source 

Computer Vision Library (Open CV
©
) API is utilized to provide gaze data on the monitor 

screen. The video stream from the robot is captured by a GrabBee
©
 video grabber. A 

wireless camera is mounted on the turret of mobile robot. The Arduino
©
 open source 

electronics prototyping platform is used to configure the robot. XBee
©
 serial communication 

transceivers are used to send commands between the mobile robot and the software 

application. A screen resolution of 800x600 is used in the experiment.   

  

5.2.4 Experiment Implementation 
 

All the participants were briefed about the experiment and its environment to guarantee that 

they had same level of understanding before they performed the experiment. They were 

asked to fill out a consent form after a precise explanation of the apparatus and the overall 

activity. An undertaking was signed by them that their participation was completely 

voluntary and they could quit at anytime during the experiment without stating any reason. 

 

Participants were told to sit at a distance of approximately 65-75cm from the Tobii
©
 T60

TM
 

Eye Tracker to make sure their gaze was captured properly by the eye tracker. A calibration 

process was performed for each participant on the eye tracker. After that each participant 

fixated in the gaze contingent regions and tested if the turret camera moved according to the 

eye gaze position. Each participant was trained one time for each combination to become 

familiarized with the environment.  

 

Input modality combinations (control techniques) were used in random order so that there 

was no bias in the results. Participants could look around while navigating the robot however 

they were advised to bring the camera to neutral position before they moved the robot. There 

was a risk of collision or accident if the camera was not in the normal position because 

camera could provide the wrong view.  

 

All the participants didn‟t come at the same time. We continued this activity over a period of 

a week. Some participants attended alone and some attended in a group of 2-4.  
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5.2.5 Experiment Limitations 
 

 There was no standard way to measure the usage of the turret mounted camera by 

the participants. A participant could use the camera during the experiment as many 

times as she wished but they were required to use it at least once.  

 Some participants had problems with the eye tracker when they looked at the right 

corner of dynamic interface. This was due to the drift and head movement of the 

participant. Spatial resolution of the Tobii
©
 T60

TM
 was also a factor in this problem.   

 

5.2.6 Validity Threats 
 

The majority of the participants were not familiar with eye tracking. Participants had varying 

capabilities and understanding of the eye tracking technology. This was an internal validity 

threat to our study. To minimize this threat, training sessions were arranged for the 

participants. They were given comprehensive guidance to bring their understanding to an 

equal level. Each participant traversed the robot through the track at least once in a training 

session and the time was not recorded. This was done to make them familiar with the track 

and the experimental environment. Another internal validity threat was power supplies for 

the logic and circuit of the mobile robot. Weak batteries could result in delayed response or 

slow movement of mobile robot components. All the batteries were replaced with a fully 

charged set of batteries before switching to the next participant. In this study, XBee 

transceivers were used for communication between the mobile robot and the application 

program. XBee transceivers have a range of up to 120 meters without obstacles. We 

designed the experimental environment in such a way that the mobile robot remained within 

the range of 120 meters.  

 

An external validity threat was that of how we could generalize the results over a bigger 

population [50]. We overcame this validity threat by choosing our sample randomly. We 

then did balancing by assigning equal number of participants to each treatment.  

 

5.2.7 Data Sets 
 

Data validation is an important task before doing data analysis [50]. We did data validation 

so that it is reasonable and collected correctly. One participant, who left during the 

experiment, was not serious. Hence we removed that data before the analysis. Table 5.3 

shows the data collected from the accomplishment of the experiment after performing data 

validation. 

 

 

 

 

 

 

 

 

 



  32 

 

Table 5.3: Experiment Task Completion Time (seconds) 
Participant Combination1 Combination2 Combination3 Combination4 

1 151 112 118 101 

 125 83 78 106 

 139 88 93 97 

2 149 191 160 141 

 178 161 128 127 

 128 118 137 135 

3 150 95 98 117 

 117 90 107 103 

 127 76 85 88 

4 150 119 126 113 

 143 101 111 99 

 133 99 88 84 

5 132 159 138 124 

 154 117 141 115 

 130 154 118 126 

6 116 122 128 109 

 92 104 117 90 

 99 102 109 94 

7 121 192 177 156 

 164 141 162 139 

 123 152 153 120 

8 135 129 144 118 

 115 135 125 109 

 145 121 118 104 

9 185 167 134 129 

 168 146 137 137 

 103 121 113 99 

10 124 121 137 117 

 142 118 104 101 

 146 96 88 86 

11 110 97 135 103 

 117 106 97 93 

 112 123 106 94 

12 152 91 105 87 

 97 88 118 84 

 87 142 94 93 

13 149 125 119 128 

 142 115 101 109 

 129 96 106 117 

14 139 123 115 111 

 120 134 101 98 

 130 101 105 94 

15 143 133 95 91 

 129 128 87 85 

 128 123 89 88 
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6 RESULTS AND ANALYSIS 
 

In this chapter data is collected from the execution of the experiments. The results obtained 

from the experiments will be presented and analyzed. We interpret the results in three steps, 

using descriptive statistics and hypothesis testing. At the end, we analyze responses from the 

questionnaire.  

 

6.1 Descriptive Statistics 
 

Table 6.1 represents statistical data of the experiment for different input modality 

combinations. There is an assumption in ANOVA that all of the treatments have similar 

variance. This is also known as “Homogeneity of variance”.  Data should be transformed 

before the test is performed. Results of the experiment show that Combination 4 (robot 

movement controlled by mouse and turret controlled by keyboard) is the fastest among these 

four combinations. Hence our target was to bring average task completion of the other 

combinations to task completion time of combination 4. In our results obtained from the 

experiment, average task completion time for combination 1 is 123% of combination 4, 

while for combination 2 it is 112% of combination 4. It means that combination 2 improves 

the performance of the system by approximately 9% (((123-112)/123)*100) of the average of 

combination 1 task completion time.  

 

Some people attended the experiment alone while some people attended the activity in a 

group of 2-3 or 3-4. Interestingly, participants who attended the activity in a group 

performed relatively better than those who attended alone. This appeared to be because of 

enhanced learnability in the group situation. Some participants also took more time in their 

2
nd

 or 3
rd

 trial because they increased their use of the turret. This can be seen in Table 5.3.  

 

Table 6.1: Statistical Data of Experiment 

Description Combination1 Combination2 Combination3 Combination4 

Σx 5968 5455 5245 4859 

N 45 45 45 45 

Ẋ 132.6222222 121.2222222 116.5555556 107.9777778 

σ2 450.3313131 717.9494949 509.2525253 315.6131313 

Σ 21.22101112 26.79457958 22.56662414 17.76550397 

Sn 3.163441562 3.994300092 3.364033707 2.648324969 

Ẋ ± sn 132.62 ± 3.16 121.22 ± 3.99 116.56 ± 3.36 107.98 ± 2.65 
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Figure 6.1: Experiment Results 

 

 

6.1.1 Hypothesis Testing 
 

Table 6.2 presents the ANOVA statistics summary. The F value is 9.5292 and it exceeds F 

critical value of 2.6559 needed in order to have significant difference between treatments. 

The P-value of 7.26E-06 is very small and it shows that chances are very rare that same F 

value is obtained by chance (random error). It indicates that we have a significant difference 

between treatments in Table 6.2. These results show that we can safely reject our null 

hypothesis H0 and alternative hypothesis H2 in favor of alternative hypothesis H1. 

 

 

Table 6.2: Summary of ANOVA test for Experiment 

       

SUMMARY       

Groups Count Sum Average Variance   

Combination1 45 5968 132.6222 450.3313   

Combination2 45 5455 121.2222 717.9495   

Combination3 45 5245 116.5556 509.2525   

Combination4 45 4859 107.9778 315.6131   

       

ANOVA       

Source of Variation SS df MS F P-value F crit 

Between Groups 14244.95 3 4748.317 9.529288 7.26E-06 2.655939 

Within Groups 87698.44 176 498.2866    

       

Total 101943.4 179         
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Figure 6.2: Box Plot 
 

6.2 Questionnaire Analysis 
 

At the end of the experiment, a sense of presence questionnaire was distributed to each 

participant, consisting of eleven close ended questions.  

Likert scale is a bipolar scaling method, measuring either positive or negative responses to a 

statement. We used a seven-point Likert scale for the analysis of the questionnaire. 

Participants were asked to indicate their degree of agreement with each statement [51]. A 

participant could mark any response from 1 to 7 where 1=not at all; 2=to a very low extent; 

3=to a rather low extent; 4=to a normal extent; 5=to a rather high extent; 6=to a very high 

extent; 7=completely. To easily interpret the responses, we categorized the responses into 

three classes, i.e. negative, neutral or positive. Options 1, 2 and 3 are categorized as negative; 

4 as neutral while 5, 6 and 7 are classified as positive. 

The following is the analysis of the responses of the participants: 

 

Q.1: How do you find the use of Eye Tracking?  

 

60% of participants found Eye Tracking useful. 7% found it rather difficult while 33% had 

no particular opinion about the usages evident from the graph in Figure 6.3.  
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Figure 6.3: Use of Eye Tracking 
 

Q2: Which combination do you find more user-friendly? (Choose one) 

1) Eye Tracker/Keyboard 

2) Keyboard/Eye Tracker 

3) Keyboard/Mouse 

4) Mouse/Keyboard 

 

N.B. First part of the combination is used for robot control and the second part is used for camera 

turret. 

 

27% of participants suggested that Combination 1 is more user-friendly. 47% of users found 

Combination 2 more user-friendly. However 13% of participants were either in favor of 

Combination 3 or Combination 4. Notably, the users who liked Combinations 3 and 4 were 

not fond of playing games and they also took a little extra time than the others in performing 

the other parts of the experiment.  

 

 

Figure 6.4: User friendly combination 
 

Q.3: Do you find the turret useful? 

a) Yes 

b) No 

 

86% of participants were in the favor of the usage of turret while only 14% found that there 

was no need to use the turret. Participants were also asked to comment on why it was not 

useful. Some comments showed that they misunderstood the situation and they reported that 
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if they could see the object directly then why it was needed to use the camera (turret). The 

following graph displays the response of the participants. 

 

Figure 6.5: Usefulness of turret 
 

 

Q.4: Is there any drawback of using the turret? 

a) Yes 

b) No 

 
36% of users reported that they found some drawbacks in using the turret while 64% 

reported that they found no drawback, as shown in the graph below.   

 

 
Figure 6.6: Turret drawbacks 

 

 

Q.5: How is your experience in performing the experiment? 

a) Interesting 

 

93% of participants found participation in the experiment to be interesting. 7% of 

participants found it normal and no participant reported finding participation to be 

uninteresting, as shown in the graph below: 
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Figure 6.7: User response: Interesting 

 

b) Irritating 

80% of participants disagreed with the statement that their experience in performing the 

experiment was irritating. 10% participants were inconclusive while 10% reported that it 

was irritating. 

 

 
Figure 6.8: User response: Irritating 

 

 

c) Complicated 

44% of participants reported that this experiment was not complicated and 22% reported 

that it was complicated. Here we can see that one third of the participants i.e. 33% 

reported that it was normal. 
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Figure 6.9: User response: Complicated 

 

 

Q.6: How much were you able to control the events? 

 

57% of participants reported that they managed to control the events taking place in the 

experiment. Only 7% reported that they couldn‟t manage, and 35% were neutral. 

  

 
Figure 6.10: Ability to control events 

 

 

Q.7: How responsive was the environment to actions that you initiated (or performed)? 

 
78% of participants reported that the environment was responsive. However 7% thought 

otherwise and 14% of participants were not of any opinion. 
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Figure 6.11: Environment response against initiated actions 

 

 

Q.8: How well could you move or manipulate objects in the environment? 

 

More than 78% of participants were able to control the objects in the environment well, 7% 

felt difficulty and 14% had no opinion. 

 

 
Figure 6.12: Manipulation of objects 

 

 

Q.9: How much aware were you of your display and control devices? 

 

It is easy for the participants to perform actions on the devices that they already familiar 

with. 57% of users were already familiar with the control devices, especially the Tobii eye 

tracker. 7% of participants were using this device for the first time and 35% had some idea 

or had heard about eye tracking but perhaps they were also using it for the first time. 
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Figure 6.13: Awareness of control devices 

 

 

Q.10: To what degree did you feel confused or disoriented at the end of experimental 

session? 

 

It should be very clear to the user what exactly she has to do. Confusion at any stage creates 

errors and ambiguity in the whole process. Avoidance of confusion depends on how clearly 

the user understands the environment and how clearly the whole process has been explained 

to them. In our case, 71% of participants reported that they did not experience confusion in 

performing the experiment, only 21% of participants reported that they were confused during 

the session and 7% were in the neutral state.  

 

 
Figure 6.14: Participants' degree of confusion or disorientation 

 

 

 

 

Q.11: How much did your experiences in the virtual environment seem consistent with 

your real-world experiences? 

 
57% of participants reported that their experience was similar to real-world experience. 

However 21% didn‟t agree with this and 21% of responses were inconclusive.  
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Figure 6.15: Experience consistency with real world 
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7 QUALITATIVE PILOT STUDY 
 

In this chapter, we present a pilot study for the Emotiv EPOC
TM

 conducted over two weeks. 

Details of the training sessions are described. Limitations of the Emotiv EPOC
TM

 (EEG 

headset) are discussed at the end.  

 

7.1 Introduction 
 

The Emotiv EPOC
TM

 (EEG headset) is an input peripheral for capturing electromagnetic 

signals from the brain. It is a new personal interface for human computer interaction. It has 

14 saline sensors that offer positional information of spatial resolution and its gyroscope 

generates positional information for cursor and camera control. It has a wireless data link 

giving users total range of motion and its lithium battery provides 12 hours of continuous use 

[22].  

 

This pilot study was conducted to gather evidence for the effectiveness of the EPOC for 

robot control, including how difficult it was to train the headset for four different actions for 

different people. Due to the long training time required, it could not be included in the 

quantitative experiment documented above. One volunteer participant and we both authors 

took part in this qualitative pilot study. We used Emotiv Software Development Kit (Emotiv 

SDK) v1.0.0.3-Premium software in our pilot study.  

 

7.2 Acknowledgment 
 

We are grateful to Hassan Munir, a volunteer at Blekinge Institute of Technology, who 

participated in the study. He trained with the headset on different actions and at the end he 

wrote about his experience with the Emotiv EPOC
TM

 (EEG headset) in his own words.  

 

7.3 Objectives  
 

This study is aimed to understand the issues and problems involved in using the EPOC for 

robot control, including why we couldn‟t include the Emotiv headset in our actual 

experiment. Difficulties in training different actions are explained. 

 

7.4 Methodology 
 

Five training sessions were performed by each of the participant. Each user interacts with the 

headset and trains it for four different actions (Push, Pull, Rotate left, and Rotate right). The 

Emotiv headset uses three suites of different signal inputs accessible via an SDK: 

Expressiv
TM

 reads the facial expressions; Affectiv
TM

 reads the emotional state of user; and 

Cognitiv
TM

 reads the conscious intent for movement [21].  
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The headset has 16 non invasive sensors. Before it is placed over the scalp, the sensor pads 

are moistened by ACO Sårtvätt (water drops) to improve the signal quality. The Emotiv 

SDK guides the training process by blinking different colors on a training display if the 

sensors have established a good conductive path with the scalp (see Figure 7.1). These colors 

display contact quality for EEG sensors of the headset and provide guidance to the user in 

fitting the headset correctly. Poor contact quality results in poor EPOC detection results. 

Each sensor is represented by a colored circular spot and its approximate location is 

displayed. To achieve best possible contact quality, all of the sensors should show as green; 

the green color indicates a good signal. A yellow color indicates that a sensor is touching the 

scalp partially and the signal is fair. An orange color indicates a poor signal. A red color 

indicates a very poor signal. In the case of an orange or red color, the position of the sensor 

needs to be adjusted. A black color reveals the sensor has no connection with the scalp and it 

should be placed again carefully
3
. When all of the lights turn green then it means that the 

headset is placed perfectly and the training session can be started. An animated 3D virtual 

object helps in training the actions.  

 

 

Figure 7.1: Emotiv Epoc Control Panel 
 

7.5 Pilot Study Sessions 
 

User “A” = Tayyab 

User “B” = Mubasher 

 

In writing this pilot study we are combining comments from both users. However, we both 

tested the EPOC with robot separately, but findings were more or less the same for both 

users. We mention the difference in findings/results wherever it is the case.  

                                                   
3 http://www.digital-arts-numeriques-diary.be/multimedia/Emotiv-Software-Development-Kit-

manual.pdf  -- Emotiv software development kit user manual 

http://www.digital-arts-numeriques-diary.be/multimedia/Emotiv-Software-Development-Kit-manual.pdf
http://www.digital-arts-numeriques-diary.be/multimedia/Emotiv-Software-Development-Kit-manual.pdf
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First Session: Time 2:00 Hrs, Mind Level: Fresh 

 

Two new user accounts are created for user “A” and “B” before the training session starts. 

The Emotiv EPOC
TM

 SDK stores the learning patterns of each user separately. First of all, a 

“neutral” action was trained. Neutral action refers to the user‟s passive mental state; one that 

is not associated with any of the selected Cognitiv
TM

 actions. It brings the system to the 

normal state. This is actually a relaxed state of the brain. This action was trained a couple of 

times and then a “push” action was trained. We trained this action three times and one 

training session takes 8 seconds. The skill levels reached were 36% and 46% respectively for 

users “A” and “B”.  

Next we trained another action “pull”. This was trained three times by both users. Both 

users‟ skill level went up gradually but slowly. When the skill level reached 6% and 9% 

respectively, both learnt actions were performed in parallel. We made an interesting 

observation: the latest trained action “pull” was working more accurately than “push”. 

Probably the learnt patterns for both actions were overlapping and affecting the result. To 

overcome this problem, “push” was trained a few more times but this resulted in a decrease 

in skill level for the “push” action. The skill level for “push” dropped from 36% to 11% for 

user “A” and it dropped from 46% to 6% for user “B”. This was a little depressing but we 

both trained the two actions for two hours. After the training, user “A” performed both 

actions 6 out of 10 attempts successfully while user “B” performed both actions 7 out of 10 

attempts successfully. We started feeling a headache and decided to take a break.    

 

Second Session: Time 2:00 Hrs, Mind Level: Fresh 

 

Next day, we started with fully fresh level of mind and we were more energetic. We started 

the training session and wanted to execute the previously trained actions. In the beginning, 

the Emotiv SDK asked for training the neutral action. Neutral action was trained again. User 

“A” was shocked to see that both actions were not performing at the same level as they were 

the previous day. The same was found for user “B”. Both actions worked 4 out of 10 times 

for user “A” and 3 out of 10 times for user “B”. We trained both actions again. User “A” 

trained both actions for approximately 90 minutes and user “B” trained both actions for 

approximately 120 minutes. After this training session, user “A” performed both actions 9 

out of 10 attempts successfully, while user “B” performed both actions 8 out of 10 attempts 

successfully. 

 

From this we concluded that whenever we start a new session, the neutral action should be 

trained again. In this way, the Emotiv SDK is updated with the current mind status of the 

user.   

 

Third Session: Time 4:00 Hrs, Mind Level: Fresh 

 

We added another action “rotate right” in the third session. We trained this action with other 

actions a couple of times and then checked if all three actions were working accordingly. 

The results were not satisfactory. For instance; when we issued a “push” command, it 

executed any of the three actions without any specific order. We realized that it needed 

further training and we trained all the three actions once again. It almost took two hours for 
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each user. We took 30 minutes break and resumed the training. Training continued for two 

more hours but the accuracy level was still not sufficient.  

 

Fourth Session: Time 3:30 Hrs, Mind Level: Fresh 

 

“Rotate left” is the fourth action that we added and trained. Training all four actions together 

really kept us on our toes and since it needed an expert level of training. It needed a lot of 

effort and experience to train four actions. We trained the fourth action three times and 

checked the results. We also had to train the previous three actions again. Results were poor 

despite putting a lot of effort into training for about three hours. In the end, we saw that 

actions were performed successfully 2-3 out of 10 times for both users, which doesn‟t show 

a great achievement. At the end of the fourth session, we were really fatigued and exhausted.  

 

Fifth Session: Time 2:00 Hrs, Mind Level: Fresh 

 

Each user trained the four actions for more than 11 hours and at the end of fourth session, 

user “B” was taking yawns. An action was performed against this facial expression. He was 

really surprised and shared it with user “A”.  

User “A” created a new user account. First of all “neutral” action was trained followed by 

“push”. This time training was done by facial expressions (e.g. blinking eyes). Training was 

repeated three times before the action was executed. Another action “pull” was added when 

the previously added action performed accurately. “Pull” was trained a few times with 

another facial expression (smile) and it worked fine. Push was also executed and it was 

working well. Both actions were trained for fifteen minutes and both actions worked well 9 

out of 10 times. The skill rating level was increasing rather quickly when training with facial 

expressions as compared to training with thoughts. The third action “rotate right” was added 

and trained with “right eye closed” for at least ten times. All the three trained actions were 

checked and they were performing very well. User “A” noted that while training actions with 

facial expressions, the accuracy level increased very much; all the three actions were 

working well 9 out of 10 times. After that fourth action, “rotate left” was added and trained 

with “left eye closed”. The fourth action took more time than the other three actions to train, 

but in the end it was executing well. All the four actions were trained in a little less than two 

hours and this showed that training with facial expression was easier, quicker and more 

effective than training with users‟ thoughts.  

User “B” created a new user profile to replicate what “A” had already done. He trained all 

the four actions in the same way and got similar results with a little increased training time.  

 

7.6 Pilot Study Results and Conclusion 
 

There is a big difference in the training times of the Emotiv EPOC
TM

 headset with both 

thoughts and facial expression. Our pilot study showed that training with facial expressions 

took less time and effort than the training done with thoughts. Moreover, training with facial 

expressions is more effective and efficient than training with thoughts. We both spent more 

than 11 hours each in training the headset with thoughts while it took 2 hours each when 

training with facial expressions. Additionally, the accuracy level of the facial expression 

training was much higher (85%) than that of its counterpart, i.e. training with only thoughts 

(25%). We conclude that in order to train up to four different actions, facial expressions 
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perform better than training with thoughts. A nice thing in training with facial expressions is 

that the same command is executed well when the users‟ face is in the same situation again; 

we checked this on the next day and it still worked perfectly with the same facial 

expressions. This suggests that the EPOC EMG functions are more effective than the EEG 

functions.   

 

7.7 Volunteer Participant’s Feedback 
 

“I voluntarily participated in an experiment conducted by master students in BTH for their 

thesis work. In experiment I was required to perform the two main tasks. First, I had to 

control the movement of square box such as push, pull, rotate left and rotate right on the 

screen with the help of my brain senses. I offered training to the software before checking 

whether software is responding to my brain senses or not. Second, I tried to control the 

movement of square box with the help of my facial expressions .Likewise software also 

requires training in order to respond to my facial expressions. I found the second part, 

controlling the movement with facial expressions much easier than controlling the movement 

with brain because of the fatigue factor. I experienced serious pain in the head after 15 

minutes and it was getting difficult to focus on what I was trying to do in terms of controlling 

the movement of square box. However facial expression made life easy for me and it took me 

less time to complete the task. Furthermore, the ability of the software to adapt to the user 

senses and expression was remarkably good. It was really amazing to control the movement 

of square box on the screen with the help of expression and brain senses.” 
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8 CONCLUSION AND DISCUSSION 
 

In this research study, we introduced different combinations of control techniques to 

navigate a mobile robot. In order to find the most effective mapping of input modalities to 

control functions, an experiment was designed and performed. Initially we tried to use the 

Emotiv EPOC
TM

 headset as an input modality with other input modalities (Tobii T60
©
 Eye 

Tracker, keyboard and mouse) in the quantitative experiment. However our pilot study 

showed that it was impractical to include the Emotiv EPOC
TM

 headset in the quantitative 

experiment. The Emotiv EPOC
TM

 headset needs a lot of training time (several weeks) for 

each user, because every user has unique EEG measurements.  

 

We used four combinations of input modalities as shown in Table 5.2. The results of our 

study show that the Mouse/Keyboard combination was the most effective combination for 

controlling the mobile robot navigation and turret camera. The Keyboard/Eye Tracker 

combination was also close to the fastest combination. This means that the Keyboard/Eye 

Tracker combination can also be used as an alternative method to control the robot 

navigation, without major disadvantages when either or both of the users hands are injured or 

otherwise disabled. 60% of the participants found Eye Tracking useful. At the end of the 

experiment we asked the participants to fill out the questionnaire to assess how they felt 

about using the different combinations of input modalities.  

 

A purpose of this study was to find whether a combination of input modalities can be used to 

effectively control robot navigation. The experiment conducted in this study showed that the 

combination of inputs, to control the robot and the turret-mounted camera, can be used 

effectively. Further, we also used the sense of presence questionnaire. In the experiment 

design, there is no standard way to count how many times the camera is used by the 

participants. They used the camera at different positions of the test track, especially when 

they had to turn the robot either to the right or left. Some participants made less use of the 

camera in the first trial and then increased the camera usage in following trials, hence they 

took a little longer time in completing the task. This phenomenon is evident in the 

experiment results shown in Table 5.3. Three participants were fond of computer games and 

they performed significantly better in the experiment.  

 

8.1 Answers to Research Questions 
 

In this section, results are mapped to the relevant research questions.  

 

8.1.1 Research Question 1 
 

What combination of control techniques is most effective for robot navigation and turret 

control, among keyboard, mouse and gaze tracking? 

 

The quantitative experiment revealed that the Mouse/Keyboard combination was the fastest 

for robot navigation and turret control, among keyboard, mouse and gaze tracking. The 
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Keyboard/Eye Tracker combination was found to be close and can be used for people with 

disabilities or having their hands busy in other activities. 

 

8.1.2 Research Question 2 
 

Can the Emotiv EPOC
TM

 headset be used as an EEG interface for robot motion control?  

 

Yes, the Emotiv EPOC
TM

 headset can be used as en EEG interface for robot motion control. 

However, training the headset with thoughts took much longer than training with facial 

expressions. Our qualitative pilot study demonstrated that five training sessions over a week 

for 22 hours could not successfully train the headset for four distinct actions. Interestingly, 

facial expressions took less than two hours of training for four distinct actions.  

 

8.1.3 Research Question 3 
 

What are the advantages and limitations of the Emotiv EPOC
TM

 headset and Eye Gaze 

interaction respectively for robot motion control? 

 

The Emotiv EPOC
TM

 is a state of the art neuroheadset at a consumer price level. The headset 

can be used as an alternative input method, being intended especially for playing computer 

games. However, it takes a lot of time for training four different actions and may take 

significantly more time if more actions are to be trained. After long training sessions, users 

feel headaches, exhaustion and tiredness. More details are discussed in Section 7.6. There is 

a little maintenance required for the headset sensors because they are moistened with saline 

water. They should be cleaned periodically to remove the buildup of salts.  

 

8.2 Future Work 
 

More comprehensive performance evaluation metrics should be defined in future and then 

different combinations of input modalities can be tested in a better way. The Emotiv 

EPOC
TM

 takes long periods of training. A study could therefore be carried out for a longer 

period of time and then results can be integrated with other conventional input methods. 

Further, there is a need to improve the robot electronic circuit of the Spinosaurus, and its 

external body should be boxed so that it looks nice and robust.   
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10 APPENDIX 
 

10.1 Robotic Architecture 
 

This robotic architecture consists of multiple devices. These devices are interconnected to 

give the final solution. Central controller controls the motor movement and processes the 

sensors input. A remote computer is also connected to the central controller by wireless 

serial data link. There is also a unidirectional wireless link that connects the camera output 

with an Audio/Video receiver attached to the remote computer.  

 

 

Figure 10.1: Robotic Architecture [13] 
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10.2 Application Source Code 
 

The majority of the code has been taken and reused from an already developed prototype 
[13]. 

 

////////////////////////////////////////////////////////////////////// 

// DTetClientEvents implementation (one method) 

////////////////////////////////////////////////////////////////////// 

 

STDMETHODIMP CTetClientSink::OnGazeData(TetGazeData* gazeData) 

{ 

 float x, y, distance; 

 CString str; 

 

 time_t fixationTime; 

 long int currentTime; 

 

 currentTime = GetTickCount(); 

 

 fixationTime = time(NULL); 

 

 showCursorCounter++; 

 gazeDataCount++; 

 

 if (gazeData->validity_lefteye == 0 && gazeData->validity_righteye == 0)  

 { 

  // Let the x, y and distance be the right and left eye average 

  x = (gazeData->x_gazepos_lefteye + gazeData->x_gazepos_righteye) / 2; 

  y = (gazeData->y_gazepos_lefteye + gazeData->y_gazepos_righteye) / 2; 

  distance = (gazeData->distance_lefteye + gazeData->distance_righteye) / 2; 

 

  // Set position, size and color of gaze form 

  int screenWidth  = GetSystemMetrics(SM_CXSCREEN); 

  int screenHeight = GetSystemMetrics(SM_CYSCREEN); 

  if(showCursorCounter % 5 == 0){ 

   m_pTrackedWindow->SetWindowPos(HWND_TOP, (int)(x * screenWidth) - 10, (int)(y * screenHeight) - 

10, 20, 20, SWP_SHOWWINDOW); 

   m_pTrackedWindow->SetBackgroundColor(RGB((int)distance % 255, 255 - ((int)distance % 255), 50)); 

   m_pTrackedWindow->ShowXYPosition(x, y); 

 

   // get string pointer and show text window 

   ptrDirection = &direction; 

   m_pTrackedWindow->SetWindowTextA(ptrDirection); 

  } 

 

  // get global (x, y) coordinates 

  xValue = x*screenWidth; 

  yValue = y*screenHeight; 

 

  gazeDataFile.open("gazedata.txt", fstream::in | fstream::out | fstream::app); 

  gazeDataFile << "x=\t"; 

  gazeDataFile << (int)(x*screenWidth); 

  gazeDataFile << "\t"; 

  gazeDataFile << "y=\t"; 

  gazeDataFile << (int)(y*screenHeight); 

  gazeDataFile << "\t"; 

  gazeDataFile << "time=\t"; 

  gazeDataFile << fixationTime; 

  gazeDataFile << "\t"; 

  gazeDataFile << "milliSecs=\t"; 

  gazeDataFile << currentTime; 

  gazeDataFile << "\t"; 

  gazeDataFile << "timeDiff=\t"; 

  gazeDataFile << currentTime - dwellTime; 

 

  if(!firstTimeFlag){ 

   totalMillisecondsNow = totalMillisecondsNow + (currentTime - dwellTime); 

  } 

  gazeDataFile << "\t"; 

  gazeDataFile << "mSecElapsed=\t"; 

  gazeDataFile << totalMillisecondsNow; 
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  gazeDataFile << "\t"; 

  gazeDataFile << "frameCount=\t"; 

  gazeDataFile << frameCount; 

  gazeDataFile << "\t"; 

  gazeDataFile << "dwellTime=\t"; 

  gazeDataFile << dwellTime; 

  gazeDataFile << "\t"; 

  gazeDataFile << "gazeDataCount=\t"; 

  gazeDataFile << gazeDataCount; 

 

  if((xValue >= F1x && yValue >= F1y) && (xValue <= RECT4x && yValue <= RECT4y)) 

  { 

   gazeDataFile << "\tintendedDirec=\t"; 

   mainDialog->SetDirection('F'); 

   gazeDataFile << mainDialog->GetDirection(); 

   //direction = 'F'; 

   //gazeDataFile << direction; 

   gazeDataFile << "\n"; 

  } 

  else if(((xValue >= RECT1x && yValue >= RECT1y) && (xValue <= B4x && yValue <= B4y))) 

  { 

   gazeDataFile << "\tintendedDirec=\t"; 

   mainDialog->SetDirection('B'); 

   gazeDataFile << mainDialog->GetDirection(); 

   //direction = 'B'; 

   //gazeDataFile << direction; 

   gazeDataFile << "\n"; 

  } 

  else if(((xValue >= RECT1x && yValue >= RECT1y) && (xValue <= R4x && yValue <= R4y))) 

  { 

   gazeDataFile << "\tintendedDirec=\t"; 

   mainDialog->SetDirection('R'); 

   gazeDataFile << mainDialog->GetDirection(); 

   //direction = 'R'; 

   //gazeDataFile << direction; 

   gazeDataFile << "\n"; 

  } 

  else if((xValue >= L1x && yValue >= L1y) && (xValue <= RECT4x && yValue <= RECT4y)) 

  { 

   gazeDataFile << "\tintendedDirec=\t"; 

   mainDialog->SetDirection('L'); 

   gazeDataFile << mainDialog->GetDirection(); 

   //direction = 'L'; 

   //gazeDataFile << direction; 

   gazeDataFile << "\n"; 

  } 

  else 

  { 

   gazeDataFile << "\tintendedDirec=\t"; 

   mainDialog->SetDirection('A'); 

   gazeDataFile << mainDialog->GetDirection(); 

   gazeDataFile << "\n"; 

  } 

 

  gazeDataFile.close(); 

  dwellTime = currentTime; 

  firstTimeFlag = 0; 

 } 

 return S_OK; 

} 

 

// function for capturing video stream from mobile robot camera and then 

// superimposing gaze contingent interface on that stream. 

 

LRESULT CTetClientSink::ShowFeedBackStream() 

{ 

 CvPoint pt1, pt2,ptBack1, ptBack2, ptLeft1, ptLeft2, ptRight1, ptRight2, 

  forwardDynamicPoint1, forwardDynamicPoint2, ptStopForward1, ptStopForward2, ptStopBackward1, 

  ptStopBackward2, backwardDynamicPoint1, backwardDynamicPoint2, rightDynamicPoint1, 

  rightDynamicPoint2, leftDynamicPoint1, leftDynamicPoint2, forwardLinePoint1, forwardLinePoint2, 

  forwardLinePoint3, forwardLinePoint4, backwardLinePoint1, backwardLinePoint2, backwardLinePoint3, 

  backwardLinePoint4, rightLinePoint1, rightLinePoint2, rightLinePoint3, rightLinePoint4, 

  leftLinePoint1, leftLinePoint2, leftLinePoint3, leftLinePoint4; 

 CvFont font, fontSmall; 

 double hScale = 1.0; 

 double vScale = 1.0; 
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 double hScaleSmall = 0.5; 

 double vScaleSmall = 0.5; 

 int lineWidth = 1; 

 // set font size and type to be displayed in interface 

 cvInitFont( &font, CV_FONT_HERSHEY_DUPLEX | CV_FONT_ITALIC, 

  hScale, vScale, 0, lineWidth ); 

 cvInitFont( &fontSmall, CV_FONT_HERSHEY_DUPLEX | CV_FONT_ITALIC, 

  hScaleSmall, vScaleSmall, 0, lineWidth ); 

 

 // coordinates for gaze contingent regions 

 pt1.x = 60; 

 pt1.y = 0; 

 pt2.x = 580; 

 pt2.y = 50; 

 ptStopForward1.x = 60; 

 ptStopForward1.y = 50; 

 ptStopForward2.x = 580; 

 ptStopForward2.y = 120; 

 ptBack1.x = 60; 

 ptBack1.y = 430; 

 ptBack2.x = 580; 

 ptBack2.y = 480; 

 ptStopBackward1.x = 60; 

 ptStopBackward1.y = 360; 

 ptStopBackward2.x = 580; 

 ptStopBackward2.y = 430; 

 ptLeft1.x = 0; 

 ptLeft1.y = 60; 

 ptLeft2.x = 50; 

 ptLeft2.y = 350; //420-70 for stop active region 

 ptRight1.x = 590; 

 ptRight1.y = 60; 

 ptRight2.x = 640; 

 ptRight2.y = 350; //420-70 for stop active region 

 forwardDynamicPoint1.x = 60; 

 forwardDynamicPoint1.y = 0; 

 forwardDynamicPoint2.x = 580; 

 forwardDynamicPoint2.y = 350; //420-70 for stop active region 

 forwardLinePoint1.x = 320; 

 forwardLinePoint1.y = 0; 

 forwardLinePoint2.x = 320; 

 forwardLinePoint2.y = 420; 

 forwardLinePoint3.x = 60; 

 forwardLinePoint3.y = 210; 

 forwardLinePoint4.x = 580; 

 forwardLinePoint4.y = 210; 

 backwardDynamicPoint1.x = 60; 

 backwardDynamicPoint1.y = 130; 

 backwardDynamicPoint2.x = 580; 

 backwardDynamicPoint2.y = 480; 

 backwardLinePoint1.x = 320; 

 backwardLinePoint1.y = 480; 

 backwardLinePoint2.x = 320; 

 backwardLinePoint2.y = 60; 

 backwardLinePoint3.x = 60; 

 backwardLinePoint3.y = 270; 

 backwardLinePoint4.x = 580; 

 backwardLinePoint4.y = 270; 

 rightDynamicPoint1.x = 60; 

 rightDynamicPoint1.y = 60; 

 rightDynamicPoint2.x = 640; 

 rightDynamicPoint2.y = 350; //420-70 for stop active region 

 rightLinePoint1.x = 60; 

 rightLinePoint1.y = 240; 

 rightLinePoint2.x = 640; 

 rightLinePoint2.y = 240; 

 rightLinePoint3.x = 350; 

 rightLinePoint3.y = 60; 

 rightLinePoint4.x = 350; 

 rightLinePoint4.y = 420; 

 leftDynamicPoint1.x = 0; 

 leftDynamicPoint1.y = 60; 

 leftDynamicPoint2.x = 580; 

 leftDynamicPoint2.y = 350; //420-70 for stop active region 

 leftLinePoint1.x = 0; 

 leftLinePoint1.y = 240; 
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 leftLinePoint2.x = 580; 

 leftLinePoint2.y = 240; 

 leftLinePoint3.x = 290; 

 leftLinePoint3.y = 60; 

 leftLinePoint4.x = 290; 

 leftLinePoint4.y = 420; 

 

 // capture video stream from mobile robot camera 

 CvCapture* capture = cvCaptureFromCAM( CV_CAP_ANY ); 

 

 if( !capture ) { 

  fprintf( stderr, "ERROR: capture is NULL \n" ); 

  getchar(); 

  return -1; 

 } 

 

 // Create a window in which the captured images will be presented 

 cvNamedWindow( "Control Interface", CV_WINDOW_AUTOSIZE ); 

 

 // center of the screen 1280/4, 1024/4 

 cvMoveWindow("Control Interface", FrameWindowx, FrameWindowy); 

 

 // Show the image captured from the camera in the window and repeat 

 while( 1 ) { 

  // Get one frame 

  IplImage* frame = cvQueryFrame( capture ); 

 

  // set direction and rotation angle flag later to be used in commands 

  // and check dwell time before setting the direction and rotation angle flag 

 

  if ((xValue >= F1x && yValue >= F1y) && (xValue <= F4x && yValue <= F4y)) { 

   direction = 'F'; 

   stopActiveRegionLocation = DOWN;    

  } 

  else if ((xValue >= B1x && yValue >= B1y) && (xValue <= B4x && yValue <= B4y)) { 

   direction = 'B'; 

   stopActiveRegionLocation = UP;    

  } 

  else if ((xValue >= R1x && yValue >= R1y) && (xValue <= R4x && yValue <= R4y)) /*&&  

   stopActiveRegionTurretLocation == RIGHT) */{ 

    direction = 'R'; 

    stopActiveRegionLocation = DOWN;     

  } 

  else if ((xValue >= L1x && yValue >= L1y) && (xValue <= L4x && yValue <= L4y)) { 

   direction = 'L'; 

   stopActiveRegionLocation = DOWN;    

  } 

  else if (((xValue >= S1Bx && yValue >= S1By) && (xValue <= S4Bx && yValue <= S4By)) && 

   stopActiveRegionLocation == DOWN)  { 

    direction = 'S'; 

    stopActiveRegionLocation = UP;        

  } 

  else if(((xValue >= S1Fx && yValue >= S1Fy) && (xValue <= S4Fx && yValue <= S4Fy)) && 

   stopActiveRegionLocation == UP){ 

    direction = 'S'; 

    stopActiveRegionLocation = DOWN;     

  } 

 

  // set the dwell time 

  if (direction == 'F'){ 

   if((totalMillisecondsNow % 400) > 0 && (totalMillisecondsNow % 400) < 20){ 

    dwellTimeFlagForward = 1; 

    dwellTimeFlagBackward = 0; 

    dwellTimeFlagRight = 0; 

    dwellTimeFlagLeft = 0; 

   } 

  } 

  else if (direction == 'B'){ 

   if((totalMillisecondsNow % 400) > 0 && (totalMillisecondsNow % 400) < 20){ 

    dwellTimeFlagForward = 0; 

    dwellTimeFlagBackward = 1; 

    dwellTimeFlagRight = 0; 

    dwellTimeFlagLeft = 0; 

   } 

  } 

  else if (direction == 'R'){ 
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   if((totalMillisecondsNow % 400) > 0 && (totalMillisecondsNow % 400) < 20){ 

    dwellTimeFlagForward = 0; 

    dwellTimeFlagBackward = 0; 

    dwellTimeFlagRight = 1; 

    dwellTimeFlagLeft = 0; 

   } 

  } 

 

  else if (direction == 'L'){ 

   if((totalMillisecondsNow % 400) > 0 && (totalMillisecondsNow % 400) < 20){ 

    dwellTimeFlagForward = 0; 

    dwellTimeFlagBackward = 0; 

    dwellTimeFlagRight = 0; 

    dwellTimeFlagLeft = 1; 

   } 

  } 

  else { 

   if((totalMillisecondsNow % 400) > 0 && (totalMillisecondsNow % 400) < 20){ 

    dwellTimeFlagForward = 0; 

    dwellTimeFlagBackward = 0; 

    dwellTimeFlagRight = 0; 

    dwellTimeFlagLeft = 0; 

   } 

  } 

  // update interface dynamically and send command to the robot 

  if(((xValue >= F1x && yValue >= F1y) && (xValue <= RECT4x && yValue <= RECT4y)) && 

   direction == 'F'){ 

    cvRectangle( frame, forwardDynamicPoint1, forwardDynamicPoint2, CV_RGB(0,255,0), 

     rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Forward", cvPoint( 200, 35 ), &font, cvScalar( 255, 0, 0 ) ); 

    cvRectangle( frame, ptBack1, ptBack2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Backward", cvPoint( 200, 465 ), &font, 

     cvScalar( 255, 0, 0 ) ); 

    cvRectangle( frame, ptRight1, ptRight2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptLeft1, ptLeft2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptStopBackward1, ptStopBackward2, 

     CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "STOP", cvPoint( 260, 410 ), &font, cvScalar( 255, 0, 0 ) ); 

     

    if(turretUpFlag == 0 && frameCount % 100 == 0){ 

     SendCommand('U','2','0','0'); 

     turretUpFlag = 1; 

     turretDownFlag = 0; 

     turretRightFlag = 0; 

     turretLeftFlag = 0; 

    }     

 

  } 

  else if(((xValue >= RECT1x && yValue >= RECT1y) && (xValue <= B4x && yValue <= B4y)) && 

   direction == 'B'){ 

    cvRectangle( frame, pt1, pt2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Forward", cvPoint( 200, 35 ), &font, cvScalar( 255, 0, 0 ) ); 

    cvRectangle( frame, backwardDynamicPoint1, backwardDynamicPoint2, CV_RGB(0,255,0), 

rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Backward", cvPoint( 200, 465 ), &font, cvScalar( 255, 0, 0 ) );  

    cvRectangle( frame, ptRight1, ptRight2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptLeft1, ptLeft2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptStopForward1, ptStopForward2, CV_RGB(255,0,0), rectLineWidth, 8, 0 );  

    cvPutText( frame, "STOP", cvPoint( 260, 90 ), &font, cvScalar( 255, 0, 0 ) ); 

     

    if(turretDownFlag == 0 && frameCount % 100 == 0 ){ 

     SendCommand('D','2','0','0'); 

     turretDownFlag = 1; 

     turretUpFlag = 0; 

     turretRightFlag = 0; 

     turretLeftFlag = 0; 

    } 

 

  } 

  else if(((xValue >= RECT1x && yValue >= RECT1y) && (xValue <= R4x && yValue <= R4y)) && 

   direction == 'R'){ 

    cvRectangle( frame, pt1, pt2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Forward", cvPoint( 200, 35 ), &font, 

     cvScalar( 255, 0, 0 ) ); 

    cvRectangle( frame, ptBack1, ptBack2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Backward", cvPoint( 200, 465 ), &font, cvScalar( 255, 0, 0 ) );  
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    cvRectangle( frame, rightDynamicPoint1, rightDynamicPoint2, 

     CV_RGB(0,255,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptLeft1, ptLeft2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptStopBackward1, ptStopBackward2, CV_RGB(255,0,0), rectLineWidth, 8, 0 );  

    cvPutText( frame, "STOP", cvPoint( 260, 410 ), &font, cvScalar( 255, 0, 0 ) ); 

     

    if(turretRightFlag == 0 && frameCount % 100 == 0){ 

     SendCommand('R','2','0','0'); 

     turretRightFlag = 1; 

     turretLeftFlag = 0; 

     turretUpFlag = 0; 

     turretDownFlag = 0; 

    } 

     

  } 

  else if(((xValue >= L1x && yValue >= L1y) && (xValue <= RECT4x && yValue <= RECT4y)) && 

   direction == 'L'){ 

    cvRectangle( frame, pt1, pt2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Forward", cvPoint( 200, 35 ), &font, 

     cvScalar( 255, 0, 0 ) ); 

    cvRectangle( frame, ptBack1, ptBack2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Backward", cvPoint( 200, 465 ), &font, cvScalar( 255, 0, 0 ) );  

    cvRectangle( frame, ptRight1, ptRight2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, leftDynamicPoint1, leftDynamicPoint2, CV_RGB(0,255,0), rectLineWidth, 8, 0 

); 

    cvRectangle( frame, ptStopBackward1, ptStopBackward2, CV_RGB(255,0,0), rectLineWidth, 8, 0 );  

    cvPutText( frame, "STOP", cvPoint( 260, 410 ), &font, cvScalar( 255, 0, 0 ) ); 

     

    if(turretLeftFlag == 0 && frameCount % 100 == 0){ 

     SendCommand('L','2','0','0');      

     turretLeftFlag = 1; 

     turretRightFlag = 0; 

     turretUpFlag = 0; 

     turretDownFlag = 0; 

    } 

 

  } 

  else if(((xValue >= S1Bx && yValue >= S1By) && (xValue <= S4Bx && yValue <= S4By)) && 

   direction == 'S' && stopActiveRegionLocation == UP){ 

    cvRectangle( frame, pt1, pt2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Forward", cvPoint( 200, 35 ), &font, 

     cvScalar( 255, 0, 0 ) ); 

    cvRectangle( frame, ptBack1, ptBack2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Backward", cvPoint( 200, 465 ), &font, cvScalar( 255, 0, 0 ) );  

    cvRectangle( frame, ptRight1, ptRight2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptLeft1, ptLeft2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptStopBackward1, ptStopBackward2, CV_RGB(255,0,0), rectLineWidth, 8, 0 );  

    cvPutText( frame, "STOP", cvPoint( 260, 410 ), &font, cvScalar( 255, 0, 0 ) ); 

    if(leftFlag == 0 && frameCount % 10 == 0){ 

     if(turretRightFlag || turretLeftFlag){ 

      SendCommand('L','0','0','0'); 

      turretRightFlag = 0; 

      turretLeftFlag = 0; 

     } 

     SendCommand('U', '0', '0', '0'); 

     leftFlag = 0; 

     forwardFlag = 0; 

     backwardFlag = 0; 

     rightFlag = 0; 

     stopFlag = 0; 

     gazeDataFile << "\t"; 

    } 

 

 

  } 

  else if(((xValue >= S1Fx && yValue >= S1Fy) && (xValue <= S4Fx && yValue <= S4Fy)) && 

   direction == 'S' && stopActiveRegionLocation == DOWN){ 

    cvRectangle( frame, pt1, pt2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Forward", cvPoint( 200, 35 ), &font, 

     cvScalar( 255, 0, 0 ) ); 

    cvRectangle( frame, ptBack1, ptBack2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvPutText( frame, "Move Backward", cvPoint( 200, 465 ), &font, cvScalar( 255, 0, 0 ) );  

    cvRectangle( frame, ptRight1, ptRight2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptLeft1, ptLeft2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

    cvRectangle( frame, ptStopForward1, ptStopForward2, CV_RGB(255,0,0), rectLineWidth, 8, 0 );  

    cvPutText( frame, "STOP", cvPoint( 260, 90 ), &font, cvScalar( 255, 0, 0 ) ); 
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    if(leftFlag == 0 && frameCount % 10 == 0){ 

     if(turretRightFlag || turretLeftFlag){ 

      SendCommand('L','0','0','0'); 

      turretRightFlag = 0; 

      turretLeftFlag = 0; 

     } 

     SendCommand('D', '0', '0', '0'); 

     leftFlag = 0; 

     forwardFlag = 0; 

     backwardFlag = 0; 

     rightFlag = 0; 

     stopFlag = 0; 

    } 

  } 

   

  else{ 

   cvRectangle( frame, pt1, pt2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

   cvPutText( frame, "Move Forward", cvPoint( 200, 35 ), &font, 

    cvScalar( 255, 0, 0 ) ); 

   cvRectangle( frame, ptBack1, ptBack2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

   cvPutText( frame, "Move Backward", cvPoint( 200, 465 ), &font, cvScalar( 255, 0, 0 ) );  

   cvRectangle( frame, ptRight1, ptRight2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

   cvRectangle( frame, ptLeft1, ptLeft2, CV_RGB(255,0,0), rectLineWidth, 8, 0 ); 

   cvRectangle( frame, ptStopBackward1, ptStopBackward2, CV_RGB(255,0,0), rectLineWidth, 8, 0 );  

   cvPutText( frame, "STOP", cvPoint( 260, 410 ), &font, cvScalar( 255, 0, 0 ) ); 

    

   leftFlag = 0; 

   forwardFlag = 0; 

   backwardFlag = 0; 

   rightFlag = 0; 

   stopFlag = 0; 

    

  }  

   

  if(key=(cvWaitKey(1)))  

  {  

   if(key==73 || key==105) /* I Key for UP*/ 

   { 

    upKeyFlag = 1; 

    downKeyFlag = 0; 

    leftKeyFlag = 0; 

    rightKeyFlag = 0; 

    resetKeyFlag = 0; 

   } 

   else if(key==77 || key==109) /* M Key for down*/ 

   { 

    upKeyFlag = 0; 

    downKeyFlag = 1; 

    leftKeyFlag = 0; 

    rightKeyFlag = 0; 

    resetKeyFlag = 0; 

   } 

   else if(key==76 || key==108) /* L Key for right*/ 

   { 

    upKeyFlag = 0; 

    downKeyFlag = 0; 

    leftKeyFlag = 0; 

    rightKeyFlag = 1; 

    resetKeyFlag = 0; 

   } 

   else if(key==74 || key==106) /* J Key for left*/ 

   { 

    upKeyFlag = 0; 

    downKeyFlag = 0; 

    leftKeyFlag = 1; 

    rightKeyFlag = 0; 

    resetKeyFlag = 0; 

   } 

 

   else if(key==32) /* Space bar for Reset*/ 

   { 

    upKeyFlag = 0; 

    downKeyFlag = 0; 

    leftKeyFlag = 0; 

    rightKeyFlag = 0; 

    resetKeyFlag = 1; 
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   } 

 

  } 

 

  if( upKeyFlag && frameCount % 5 == 0){ 

    

   //SendCommand('U','3','0','0'); 

   SendCommand('w','1','0','0'); 

   /*upKeyFlag = 0; 

   downKeyFlag = 0; 

   rightKeyFlag = 0; 

   leftKeyFlag = 0; 

   resetKeyFlag = 0;*/ 

 

  }else if( downKeyFlag && frameCount % 5 == 0){ 

     

   //SendCommand('D','3','0','0'); 

   SendCommand('x','1','0','0'); 

   downKeyFlag = 0; 

  } 

  else if( leftKeyFlag && frameCount % 5 == 0){ 

    

   //SendCommand('L','2','0','0'); 

   SendCommand('a','0','2','0'); 

   leftKeyFlag = 0; 

 

  }else if( rightKeyFlag && frameCount % 5 == 0){ 

     

   //SendCommand('R','2','0','0'); 

   SendCommand('s','0','2','0'); 

   rightKeyFlag = 0; 

 

  } 

  else if(resetKeyFlag && frameCount % 5 == 0){ 

    

   SendCommand('w','0','0','0'); 

   resetKeyFlag = 0;  

  } 

 

   upKeyFlag = 0; 

   downKeyFlag = 0; 

   rightKeyFlag = 0; 

   leftKeyFlag = 0; 

   resetKeyFlag = 0; 

 

  // check if video frames are not available 

  if( !frame ) { 

   fprintf( stderr, "ERROR: frame is null...\n" ); 

   getchar(); 

   break; 

  } 

  cvShowImage( "Control Interface", frame ); 

  // Do not release the frame! 

  // press Esc key to stop the application 

  if( (cvWaitKey(10) & 255) == 27 ){ 

   mainDialog->SetStreamOff(); 

   break; 

  } 

  frameCount++;   

 } 

 

 frameCount++; 

 

 // Release the capture device housekeeping 

 cvReleaseCapture( &capture ); 

 cvDestroyWindow( "Control Interface" ); 

 return 0; 

} 

 

void PrintError( LPCSTR str) 

{ 

 LPVOID lpMessageBuffer; 

 int error = GetLastError(); 

 FormatMessage( FORMAT_MESSAGE_ALLOCATE_BUFFER | 

  FORMAT_MESSAGE_FROM_SYSTEM, NULL, error, 

  MAKELANGID(LANG_NEUTRAL, SUBLANG_DEFAULT), //The user default language 
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  (LPTSTR) &lpMessageBuffer, 0, NULL);  

 LocalFree( lpMessageBuffer ); 

} 

 

//prepare and send command to the mobile robot  

//serial communication module  

void CTetClientSink::SendCommand(char char1, char char2, char char3, char char4) 

{ 

 // open port for I/O 

 HANDLE h = CreateFile(TEXT("COM3"), 

  GENERIC_READ|GENERIC_WRITE, 

  0,NULL, 

  OPEN_EXISTING,0,NULL); 

 

 if(h == INVALID_HANDLE_VALUE) { 

  PrintError("E012_Failed to open port"); 

 }  

 else { 

  // set timeouts 

  COMMTIMEOUTS cto = { 1, 100, 1000, 0, 0 };   

  DCB dcb; 

  if(!SetCommTimeouts(h,&cto)) 

   PrintError("E013_SetCommTimeouts failed"); 

 

  // set DCB 

  memset(&dcb,0,sizeof(dcb)); 

  dcb.DCBlength = sizeof(dcb); 

  dcb.BaudRate = 9600;   

  dcb.fBinary = 1; 

  dcb.fDtrControl = DTR_CONTROL_ENABLE; 

  dcb.fRtsControl = RTS_CONTROL_ENABLE;   

  dcb.Parity = NOPARITY; 

  dcb.StopBits = ONESTOPBIT; 

  dcb.ByteSize = 8; 

 

  if(!SetCommState(h,&dcb)) 

   PrintError("E014_SetCommState failed"); 

 

  char buf[7]; 

  DWORD read = 0; 

  DWORD write = 1; // Number of bytes to write to serial port 

 

  //take decision for direction and angle based on parameters 

  if (direction == 'F' && stopActiveRegionLocation == DOWN){ 

   buf[0] = char1; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char2; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char3; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char4; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

  } 

  else if (direction == 'B' && stopActiveRegionLocation == UP){ 

   buf[0] = char1; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char2; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char3; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char4; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

  } 

  else if (direction == 'S'){ 

   buf[0] = char1; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char2; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char3; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char4; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

  } 

  else if (direction == 'R' || direction == 'L'){ 

   buf[0] = char1; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 
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   buf[0] = char2; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char3; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

   buf[0] = char4; // Character value to write to serial port 

   WriteFile(h, buf, write, &write, NULL); // write is updated with the number of bytes written 

  } 

  

  CloseHandle(h); 

 } 

 

} 
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10.3 Consent Form 
 

Participant Identification Number:  

 

Title of Project: An Evaluation of Gaze and EEG-Based Control of a Mobile Robot 

 

 
Name of Researchers: 

 

 
___________________________  ___________________________ 

 

 
 I confirm that I have read and understand the information sheet dated 

…………………. for the above study. 

 
 I have had the opportunity to consider the information, ask questions and have had 

these answered satisfactorily. 

 
 I understand that my participation is voluntary and that I am free to withdraw at any 

time, without giving any reason, without my medical care or legal rights being 

affected. 

 

 I understand that data collected during the study, may be looked at by responsible 

individuals from Blekinge Institute of Technology, where it is relevant to my taking 

part in this research. I give permission to BTH officials to have access to my records. 

 
 I agree to take part in the above research study.  

 

 
__________________ _ ______________  _____________________ 

Name of Participant   Date           Signature 

 

 
 

__________________  _______________  _____________________ 

Researcher       Date           Signature 
 

 

When complete 1 copy for participant: 1 copy for researcher site file.  
 

Important Note: Any personal detail or any kind of personal data collected in this 

experiment will not be sold or distributed to the third party.   
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10.4 Questionnaire 
 

Please mark the extent to which you agree or disagree with the below statements. You may use the 

following options: 1 = not at all; 2 = to a very low extent; 3 = to a rather low extent; 4 = to a normal 

extent; 5 = to a rather high extent; 6 = to a very high extent; 7 = completely 

 

1. How do you find the use of Eye Tracking? 

                                                                   1      2     3     4     5     6     7 

 

2. Which combination do you find more user friendly? (choose one) 

a. Eye Tracker/Keyboard 

b. Keyboard/Mouse 

c. Keyboard/EyeTracker 

d. Mouse/Keyboard 

                                                                         

 

3. Do you find the turret useful? 

a. Yes 

b. No 

 

What are the advantages of the turret? 

Comment:   

 

 

4. Is there any drawback of using the turret? 

a. Yes 

b. No 

 

What are the disadvantages of the turret? 

Comment:   

 

 

5. How is your experience in performing the experiment? 

a. Interesting 

b. Irritating 

c. Complicated 

 

6. How much were you able to control events?  

 

7. How responsive was the environment to actions that  

you initiated (or performed)? 

 

8. How well could you move or manipulate objects in  

the environment? 

                                                                     

9. How aware were you of the display and control devices? 

 

        1      2     3     4     5     6     7 
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10. To what degree did you feel confused or disoriented at the end of 

experimental session? 

 

11. How much did your experiences in the virtual environment seem  

consistent with the real-world experiences? 

                 

1      2     3     4     5     6     7 

 

 

   

 
 

              

              


