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Executive Summary 
 
 

In a trial to help the physically disabled people, a system that can be used to control the PC’s 

cursor based signals reflected from the motion of human’ eyes and facial expressions is 

implemented. 

The electrical potential of eyes’ movement and facial expressions will be sensed by 

electroencephalogram (EEG) electrodes existing in commercial headsets. Then, these 

acquired signals are processed by MatLab package. Noise removal followed by signal 

amplification algorithms is designed. A brain signals is extract only these belong to the eyes’ 

movement and facial expressions. Finally, we implemented these extracted signals to achieve 

our goal in controlling the cursor on the screen of PC especially on shooter game. 

Experiments are done to test our proposed system. These explored tasks are finished in 

capstone 2 after I did a comprehensive literature review to similar research and build a strong 

background in Capstone 1. 
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Chapter 1: Introduction 
 

 

In engineering field there is no stop point, from achieve to another making imagining 

being real exist. As a student of engineering, I’m following with this thought. Previously, 

it was impossible to read what in minds. It was also hard for disable people to do what 

they want without getting help from others. Nowadays, these become possible according 

to special technology such as Electroencephalogram "EEG" and Brain Computer 

Interface "BCI". 

In this project, I utilized the eyes’ movements and facial expressions to control the PC’s 

curser. 

During the last 4 years, as electrical engineering student, I gained sufficient skills and 

knowledge regarding basic mathematics, electrical and computer engineering, and 

understanding and solving problems. Therefore, the project will challenge my skills and 

knowledge by composing a project which will illustrate the effect of all those years of 

learning. Also, as female Saudi student, I am fully satisfied by offering this project to my 

community. 
 

 
 

1.1 Motivation of the Project 
 

One of the most significant characteristics of human beings is their capability 

to communicate. The richness and complexity of communication between people play 

an important role in relationships. 

However, direct conveyance of emotions, concepts and thoughts from one 

brain  to  another  brain  is  still  impossible.  They  have  to  be  converted  into 

verbal/written messages, drawings, gestures or other distinguishable expressions. 

Typically, written and verbal communications are sent using the throat, mouth 

and hands, although the expressions are generated earlier in the human brain. 

However,  severely  disabled  people  are  unable  to  use  the  typical  output 

channels for communication.
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In December 1995, the well-known French writer Jean Dominique Bauby had 

a severe stroke which left him locked-in.  Fortunately, his brain was not completely 

impaired and he was able to blink his left eyelid. Despite his situation, he decided to 

write a biography and  did  so  using eye blinking through  an  exhausting spelling 

technique.    In his book, Jean reflects how he was suffering from losing communication 

with his family and close  friends, how stressed he was with the inability to control 

his environment, and with the need for 24-hour care. He described how upset he was 

of “being ignored while madly blinking at the nurse to turn the TV off. Bauby's book 

was published on the 6th of March, 1997, and he died three days after that [1]. 

It is not only Bauby who needed effective tools to give him the ability to convey 

his wishes to care givers, or to have some control of the external environment. The 

number of potential users for BCIs is high, since there are around 103 million people  

worldwide  suffering  from  long-term  or  life-long  disability  as  stated  by Erdogan 

[2] 

For example, there are over 2 million patients (5000 cases annually) suffering 

from Amyotrophic Lateral Sclerosis (ALS) in the USA alone. This disease attacks 

motor neurons in the brain resulting in complete and permanent paralysis. 

Still, these patients are fully conscious, and have needs, feelings and a deep 

desire to communicate with others. These factors motivated this researcher to focus 

on brain-computer [3, 4]. 

 

 
 
 

1.2. Research Scope and Focus 
 

In order to be recognized, a research study has to be useful and meaningful to 

the community. Similarly, it needs to be educational and informative in its field. To this 

end, this research focuses on BCIs which represent a contemporary technology that 

is rapidly growing. This new technology is believed to have a great effect on the society. 

This research investigates a well known BCI used to enable severely disabled 

people to control PC's cursor by utilizing their eyes, which means they convey their 

thoughts without any physical effort. More details about this interface are provided in 

Chapter 2 of this proposal.
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Most of the previous studies on this interface were conducted offline under silent  

laboratory experimental  conditions  where the participants  were  required  to remain 

completely focused on the interface, in order to avoid the negative effects of artifacts. 

Additionally, EEG data was recorded offline by EEG experts, using expensive 

medical recording devices, which requires long preparation time. 

The proposed study aims to design a real-time interface that is affordable for 

disabled people, and useful for daily usage in realistic conditions. As the recent 

technological advances have made commercially available EEG headsets inexpensive 

and accurate, this proposal highlights the suitability of such devices. The Emotiv EPOC 

headset, which was originally created for computer games, is going to be tested through 

an experimental study on a number of participants using BCI scenario. 

 
 
 

 

1.3 Outlines of the Proposal 
 

Chapter 2 is a comprehensive literature review of brain-computer interfaces, 

taking into consideration the fundamental concepts of BCIs, the history of this 

technology and the latest developments. In addition, several examples of the currently 

available BCIs are highlighted. 

Chapter 3 discusses the recently available technologies that can be used to design 

and implement a usable online BCI for out-of-laboratory usage focusing only on the 

brain   imaging   methods.   Advantages   and   disadvantages   of   each   method   are 

highlighted. The chapter concludes the recommended method which will be used in this 

project. 

Chapter 4 highlights the BCI device that is used, its features and how to install it to 

implement this project. 

Chapter 5 gives an overview about the prototype that built in this semester. The 

block diagram with functionality, features and specification are also given. 

Chapter 6 experiment results and problems are faced while the system is tested are 

provided.  

Chapter 7 concludes this research. Strengths and limitations of the study are outlined. 
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1.4 Capabilities of the Student 
 
 

Although the project idea seems advanced for undergraduate students 

considering the amount of relevant research ongoing globally, I believe that I am 

capable of undertaking this project owing to the following reasons: my skills, abilities 

and knowledge about the project, during the phase of literature review, and theoretical 

knowledge obtained from all concentrations and several courses. 

The amount of research that has been conducted for the project as well as the 

processes implemented to date support the efficiency of me and my systematic 

approach with the guidance of a motivating and proficient supervisor. Finally, with 

the help of Allah, I have faith that I will be able to complete the project on time.
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Chapter 2: Brain Computer Interface 'BCI' 
 
 

A direct correlation between the mental tasks, cognitive functionality, and the 

brain activities was identified many years ago by the scientific community. That 

sparked the curiosity about the multidisciplinary field of neuroscience, culminating 

with a new non-muscular channel to communicate with the external world. 

BCI  research  groups  have  increased  over  the  last  couple  of  decades, 

stimulated and inspired by the new advances of neurophysiology, by the advance of 

computer  mechanism,  and  by the  increasing  awareness  of  the  needs  of  disabled 

people. 
 

BCI depends on monitoring the brain signals, which can be done via different 

imaging techniques. This is done in order to detect specific distinguishable brain wave 

alterations which can be controlled by the user. Different waves are associated with 

different commands representing a new communication mechanism. The framework 

of a BCI is described in detail after the brief introduction to the human brain 

neurophysiology provided in the next sections. 

 

2.1 Overview of Human Brain 
 

The human brain is “a dynamic, evolving information-processing system and 

the most complex one”. Brain is an organ that serves as a centre for the body. It is located 

in the head and contains a huge of neurons which functioning for the body such as 

sense, vision, smell, etc. In the typical human, the cerebral cortex is estimated to contain 

15–33 billion neurons, each connected by synapses to several thousand other 

neurons. These neurons communicate with one another by axons, which are the action 

potentials that carry signal pulses to body targeting specific recipient cells and distant 

parts of the brain [5, 6]. 

The human brain made up of two hemispheres: right and left. The right 

hemisphere is in charge of the left side of the body and the left hemisphere has the 

responsibility for the right side of the body. Each hemisphere consists of four lobes: 

the frontal, temporal, parietal, and occipital as illustrated in Figure 2.1 [7].
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Figure 2.1: The structure of the cerebral cortex: frontal, temporal, parietal and occipital lobes 

 
It is constructed of 100 billion neurons (Azevedo et al., 2009). As shown in 

Figure 2.2, the structure of single neurons involves the cell body, the axon, and the 

dendrites. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2: The structure of single neurons involves the cell body, the axon, and the dendrites (Frackowiak, 2004). 

 
There are different types of neurons resulting in the emergence of functional 

compartments.  As  reported  by  Benuskova  and  Kasabov  (2007),  each  functional 

system of the human brain has a different spatial region and is in charge of processing 

special sorts of information. The cognitive functions occur mainly in the cerebral cortex 

which is a thin outer layer of the human brain with thickness of 2-4 mm. With the 

assistance of brain imaging technologies, specifically the functional magnetic 

resonance imaging (fMRI), and the brain functions has been precisely localized as 

shown in Figure 2.3. For example, the primary motor cortex is in charge of the initiation 

of movements.
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Figure 2.3: Brain functions localization on the cortical cortex (Frackowiak, 2004). 

 
The brain activity patterns can be acquired by recording the electrical, metabolic or 

magnetic measurements of the neurons, forming what is called brain data. A review of 

brain imaging techniques is conducted in Chapter 3 in order to select a proper 

methodology for the proposed study. 

 
 

2.2 BCI System 
 

The general framework of a BCI is presented in Figure 2.4. According to 

Sugiarto and Putro (2009) and Mason and Birch (2003), it comprises data acquisition, 

pre-processing,  classification  and  biofeedback.  These  four  steps  are  described  in 

detail in the next section. 

 
 

Figure 2.4: The general framework of a BCI system
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2.2.1 Data acquisition 
 

There are different types of data collection methods resulting in different kinds 

of data. The brain signals are acquired and relayed to the computer while the user is 

performing the appropriate mental task for the used BCI, or while paying attention to 

a specific stimulus. For example, suitable mental tasks used for moving a wheelchair 

might be imagining moving the right/left hand and the right/left foot. Other scenarios 

are possible as well. The location of the user's eyes may be captured which is then 

translated by the interface into a command. 

The data is modified before being transferred to the computer as shown in Figure 

2.5. The signals are amplified and then passed through an analog-to-digital converter 

before they are transferred to the data acquisition unit and then to the acquisition 

software in the computer for processing. There are different methods to collect these 

signals from the brain (Lehtonen, Jylanki, Kauhanen, & Sams, 2008; Thomsen, et al., 

1997). Detailed description of the meaning of brain signals and the characteristics of 

acquisition systems is provided in Chapter 3. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5: General framework for acquiring brain signals presents the steps to input 

the data into a BCI in the appropriate format. 
 

 
 

2.2.2 Signal Pre-processing 
 

Pre-processing is required for the brain data due to the fact that the acquired data 

could be affected by artifacts which are generated by non-cerebral origins. There are 

two types of artifacts: biological and environmental. 

Biological artifacts include: eye-induced artifacts (eye movements), muscle- 

activation-induced artifacts (Electromyography, EMG), and cardiac artifacts 

(Electrocardiography,ECG).
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Environmental artifacts are generated outside the human body, and can be 

produced by electrode movement, or electronic devices causing rhythmic bursts. 

The mentioned artifacts may produce lower and higher frequencies out of the 

normal signals of the human brain, resulting in poor signal-to-noise-ratio and lower 

classification  accuracy.  Thus, the  brain  data  should  be  filtered  to  remove  the 

undesired noise. 

Noting that the brain signals are demonstrated in a high-density spatio- temporal 

format that contains a considerable amount of redundant data, temporal and spatial 

filters are required. According to (Xiang, Dezhong, Wu & Chaoyi, 2007), attention 

should be focused on the channels that are located in the top of the responsible cortex 

loop for the performed mental task. Moreover, temporal filters are required to locate 

the time frame of the intended samples of the data, noting that the brain data is measured 

in milliseconds. 

 
 

 

2.2.3 Data Classification 
 

BCIs success depends very much on classification. A classification algorithm 

is trained firstly using a number of datasets which are associated with mental tasks 

and commands for communication. 

Classification algorithms are based on analogical reasoning and similarity 

measurements between the characteristic/patterns of the training samples and the new 

samples in order to predict the intended command. Figure 2.6 represents a conceptual 

demonstration of a BCI classification task. 

The data needs to be adequate and accurate, with a good number of samples, but 

not excessive as this will lead to confusion rather than clarification, resulting in a low 

speed of processing and synthesis. After training, the classifier might be tested in order 

to obtain a predicted accuracy of the real-time BCI.
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Figure 2.6: A conceptual demonstration of a BCI classification task 

 

 
 
 

2.2.4. Biofeedback 
 

Biofeedback is the procedure in which a human obtains knowledge about his/her  

physiological  state.  This  could  happen  repeatedly in  a  loop  allowing  the subject 

to monitor one physiological state or more in order to assist in a task performance. 

Neurofeedback was used to aid in meditation and relaxation and was been 

considered as a powerful therapeutic tool that can be used to learn self-regulation of 

the body systems, to stabilize mood, to normalize behavior and to improve the mental 

performance. The effect of biofeedback on BCIs was tested on children (Ali-Nazari & 

Berquin, 2010). In agreement with their hypothesis, the children‟ s performance was 

improved when feedback was provided. 

 

2.3. Control Signals in BCIs 
 

A control signal is a particular brain wave that has unique characteristics and 

is generated consciously by performing a cognitive task or unconsciously by 

stimulations. 

As stated in (Fernando et al., 2012; Wolpaw, 2007; Jerbi et al, 2011), there are 

four different types of control signals in current BCI applications. The types and 

properties of these signals are presented in Table 2.1 which provides the names of the 

control signals, a brief description of each of them, the required amount of training, 

the number of choices, the information transfer rate using these control signals that 

has direct correlation with the application speed, and also some examples of BCI 

applications that employs these control signals.
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2.4. Types of BCIs 
 

 

There are two types of BCIs as reported by Jackson and Mappus (2010): 
 

synchronous and asynchronous. 
 

Synchronous BCI is based on system initiation. Interaction is only allowed in 

a fixed time window. Most synchronous interfaces count on event-related potentials that 

are generated by a stimulus, e.g. visual or auditory stimulus, produced in a known time 

frame. 

Asynchronous  interfaces  depend  on  user  initiation.  They  do  not  impose 

specific time frames for interaction and offer a more natural way for communication. 

However,   designing   and   evaluating   asynchronous   systems   is   more 

complicated. To prevent accidental detection, the mental task must be unique. 

 
 

2.5 BCI Methods 
 

 

There are two main methods: Invasive and non-invasive BCIs. Invasive BCI 
 

techniques insert electrodes into the brain tissue to read the brain signals giving high-
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quality signals. Non-Invasive BCIs techniques are demonstrated mostly by 

electroencephalographs (EEG) which gives poorer signal resolution, power muscle 

implants and restore partial movement Interfaces. 

 

2.6. BCI Applications 
 

BCI applications are divided onto five major areas: locomotion, nerve 

restoration, environmental control, entertainment and communication. However, there 

are no applications reported for completely locked-in patients. 

 

2.6.1 BCI Applications for L ocomotion 
 

Locomotion interfaces represent an important type of BCI application. They 

are employed to control the spatial location of an object, such as a robot or a robotic 

arm as shown in Figure 2.7. 

A wheelchair developed by Tanaka et al (2005). Their study was undertaken 

on six healthy users where the floor was divided into a number of squares. The users 

were able to drive the chair by imagining left or right limbs movements, which 

produced distinguishable beta rhythm used as a control signal. The results of this 

experiment are promising, with correctly classified commands ranging between 46%- 

100% depending on the training period and the users‟  ability to learn. However, the 
 

long training and the low speed of the interface are drawbacks. 
 

 
 
 
 
 
 
 
 
 

Figure 2.7:  Example of BCI Applications for Locomotion 
 

 
 
 
 
 

2.6.2 BCI Applications for Environmental Control 
 

 

Some studies such as the one by Cincotti et al. (2008) focused on developing 

BCI  applications  that  allow  users  to  control  the  surrounding  environment,  for 

example, to control a television, light or a mobile phone.
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Hochberg  et  al.  (2006)  successfully implemented  a  novel  interface  called 

Brain Gate using attached sensors to the primary motor cortex of a paralyzed patient 

allowing him to take control over an on-screen cursor by imaging limb motions. The 

results are remarkable as the user was able to draw a circle, operate a television and 

handle e-mail applications, Figure 2.8. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.8: BCI Application for Environmental Control 
 
 
 

2.6.3 BCI Applications for Communication 
 

This paradigm was firstly proposed by Farwell and Douching (1988). It is based 

on the P300 control signals. These are presented as positive peaks in the brain waves 

generated by the infrequent visual stimuli. The peaks elicited about 300 ms after  

attending to  the  oddball  stimulus  (the target  letter)  among several  frequent stimuli, 

non-target letters (Chaunchu, 2006). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.9: BCI Application of Communication 
 

 
 

2.6.4 BCI Applications for Entertainment 
 

BCI research focuses on disabled people, entertainment-oriented BCIs have 

had a lower priority. Nevertheless, a significant interest in BCI for games has arisen 

in recent years owing to the latest developments in this technology. Some interfaces
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have  been  developed  to  control  virtual  characters  while  others  attempt  to  move 

realistic objects such as a ball. Figure 2.10 shows some examples of BCI applications 

for entertainment that can be played through motor imaginary for one or multiple users. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.10: BCI for Entertainment 

2.6.5 BCI Applications for Nerve Restoration: 

Functional Electrical Stimulation (FES) BCIs 
 

FES BCI applications aim to restore some of the lost nerve functions for spinal 

cord injury (SCI) patients, and other disabled people in order to achieve independence 

from homecare services. 

This can be achieved by generating artificial control signals by depolarizing 

intact  peripheral  nerves  for the operation  of functional  electrical  stimulation  that 

innervate the targeted muscles and cause a muscle contraction. A review of FES BCI 

applications can be found in Braz, Russold, and Davis (2009). 

Pfurtscheller G., Müller, Pfurtscheller J., Gerner, and Rupp (2003) have 

developed an interface that allowed a patient suffering from SCI, to grab a cylinder by 

his paralyzed hand through imagining moving his foot. A long training period was 

needed; however, the user succeeded to open and close his hand. 

Another approach is presented in Muller-Putz, and Pfurtscheller (2008). The 

Bionic Eye, shown in Figure 2.11, demonstrates an ongoing research at the NICTA 

research institution, Australia National University (Barnes, 2012). It is based on the 

FES to stimulate the retina, in order to assist individuals with vision impairment. 

 

 
 
 
 
 

Figure 2.11: Bionic eyes
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Chapter 3: Brain Imaging Techniques 
 
 

3.1 Introduction 
 

There are many recently available technologies that can be used to design and 

implement an online BCI for out-of-laboratory. 

Our investigation is limited to the technologies that are affordable and open 

for the general public, portable, suitable for every day usage and also appropriate for 

the domestic environment. 

It is worth noting that the only imaging technique that covers all these 

requirements is Electroencephalography (EEG). However, there are some other 

techniques  used in  BCIs applications  such as  ElectroCorticoGraphy (ECoG)  and 

Microarray Electrodes, MagnetoEncephaloGraphy (MEG), Near InfraRed 

Spectroscopy (NIRS), and Functional Magnetic Resonance Imaging (fMRI). 

 

 
 

3.1.1. ElectroCorticoGraphy (ECoG) and Mi croarray 

Electrodes 
 

ECoG is an invasive procedure to measure the brain electrical activities. Billions 

of neurons are embodied in the human brain. When the nerve cells are activated,  small  

electrical  signals  called  action  potentials  are  generated.  ECoG practice involves a 

surgical operation to implement a grid of biocompatible electrodes on the cortex surface 

as described by Wolpaw J. and Wolpaw E. (2012). Figure 3.1 shows the electrodes grid 

implemented on a human brain. 

 
 
 
 
 
 
 
 
 

 
Figure 3.1: ECoG grid implementation on a human brain (Erdodan, 2009). 

 
A similar approach uses microarray electrodes to improve the data quality by 

integrating analogue circuits, allowing the recording of the activity of a single neuron
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and reflecting a higher spatial resolution and leading to outstanding signal-to-noise 

ratio (Figure 3.2). 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.2: Microarray electrodes implementation in the human brain (Neurogadget, 2011). 

 
 

Waves are less influenced by the conductivity of the skull and the muscular 

artifacts comparing to other external brain imaging techniques, which makes ECoG 

an appropriate strategy to be used in BCI application (Wolpaw et al., 2012). 

In  spite of the quality of the data acquired  by microarray electrodes  and 

ECoG, there are critical handicaps as reported in Smith (2004). This includes the 

invasive nature of these systems, and the potential inconsistency between the neurons 

and the electrodes, as well as the possible infections which may result in blocking the 

data transmission. 

 

3.1.2. Magnetoencephalography (MEG) 
 

MEG is a noninvasive scheme for measuring the brain activity. This method 

works by measuring the magnetic field generated by the electrical flow in the cortex as 

shown in Figure 3.3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.3: Collecting MEG data 

 

Although MEG systems collect data with a remarkably high spatial resolution
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data (up to 3 mm), and can significantly improve the speed of BCIs, its usage in BCIs 

is limited because of the instrument’s size, the extremely high costs, and the non- 

portable style of the device. 

 

3.1.3. Near Infrared Spectroscopy (NIRS) and 

Functional Magnetic Resonance Imaging (fMRI) 
 

Both NIRS and fMRI are used to monitor the oxygen levels of the blood passing  

through  the  brain,  since  the  consumption  of  oxygen  increases  in  active neurons 

as shown in Figure 3.4. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.4: Devices used to collect fMRI data on the left, and NIRS data on the right 

(Waisman Lab, 2007). 

 
The advantage of these technologies is the impressive spatial resolution. 

However, the acquisition equipment is large and extremely expensive. 

 

3.1.4. Electroencephalograph (EEG) 
 

This technique is very similar to ECoG technique, as it depends on measuring 

the electrical activity of the cortex using a number of electrodes. However, EEG is 

generally a noninvasive procedure. Instead of implementing the electrodes on the cortex 

surface by a surgical operation, EEG electrodes are simply placed on the patient’s scalp. 

Despite the poor spatial resolution, EEG is the main technique used in current 

studies, and it has been investigated by numerous researchers (Darvas et al., 2010; 

Shiliang, 2010). Smith (2004) claims that: 

“EEG has excellent temporal resolution of less than a millisecond. It is also relatively 

inexpensive and simple to acquire making it the only practical non-invasive brain 

imaging modality for repeated real-time brain behavioral analysis”
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There are various systems available for recording EEG data. Comparing to the 

discussed imaging techniques, EEG acquisition systems are cheaper. They are also 

smaller and more portable. Some examples are shown in Figure 3.5. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.5: Examples of EEG medical acquisition systems (Waisman Lab, 2007). 
 
 
 
 

3.1.4.1 Main Concepts of EEG 
 

As stated by Erdodan (2009), the existence of electrical signals in the human 

brain was discovered by Richard Caton, a British surgeon, in 1875. However, it was 

1924 when the first EEG data was recorded by Hans Berger, a German 

neuropsychiatrist. He evidenced that weak electrical brain signals can be recorded and 

presented on a piece of paper without involving invasive surgical procedure, using his 

standard radio to amplify the electrical signals. When humans perform any activity such 

as move, smile or even think, some nerve cells are activated and generate short electrical 

signal called action potentials (Wolpaw et al., 2012). These potentials are transferable 

between cells through synapses (Figure 3.6). 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.6: Electrical brain signals called action potentials are transferred 

between cells through synapse (Tortora & Derrickson, 2010). 

Abhang, Rao, Gawali and Rokade (2011) define the EEG as a 

methodology to illustrate the electrical activity patterns of the brain’s surface, 

the cortex, or more precisely as a way to signify the reflection of the summed 

synaptic  potentials  of  the  nerve  cells.  The  frequency  of  these  potentials
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measure between 1 Hz to over 30 Hz, and they are divided into six bands 

depending on the frequency. BCI applications utilize the band frequencies of 

1-30 Hz, while potentials measures of less than 1 Hz or higher than 30 Hz are 

only  used  for  limited  clinical  purposes  (Abhang  et  al.,  2011).  Table  3.1 

presents the characteristics of these six bands including their names, frequency 

range, shapes and properties. 

 

 
 

EEG data is typically recorded by small electrodes. There are different types 

of electrodes available: disposable electrodes, metal cup electrodes, needle electrodes 

(invasive), and gelled electrodes cups. The metal and gelled electrodes are currently 

used for BCI applications (Stieglitz et al., 2009). Despite that, some researchers are 

attempting to develop user-friendly dry electrodes to minimize the preparation time 

required (Liao et al., 2012). 

 

 
 
 

 

Although studies use different numbers of electrodes according to the mental
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tasks analyzed, EEG electrodes are generally placed at particular locations on the 

scalp. The International Federation of Societies for EEG and clinical physiology made 

the first step to standardize the placement methodology allowing researchers to 

compare their outcomes in a better and practical way as reported by Koessler et al. 

(2009). The 10-20 international standard EEG placement system consists of 21 

electrodes. However, it was extended over the time reaching the number of 512 

electrodes for some medical application. Normally, BCI applications use a small 

numbers of electrodes to reduce the long preparation time and because the real-time 

processing of large amount of EEG data by current technologies is inadequate. Figure 

3.7 shows the electrodes’ positions and the channels’ names in the 10-20 placement 

system. 

 
 

Noting that hand-operated placement of EEG electrode is a challenging and 

time-consuming task, Electro Caps and EEG headsets were introduced to save time 

and efforts. A brief review of EEG headsets is presented in the next section. 

 
 

 
 

3.2. EEG Data Acquisition Hardwar e 
 

A good example of Electro Caps that is used in most BCI studies is the g.tec 

system which can be used with 8 to 256 electrodes over the skull (Figure 3.8.). It is 

capable of collecting a high quality data with low interface and fast montage as reported 

in numerous studies such as (Pires, Nunes, and Castelo-Branco, 2011; Guger et  al.,  

2009;  Cecotti,  2011).  On  the  other  hand,  it  is  costly.  Furthermore,  the
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preparation time to use the system is very long especially because of the large number 

of channels. These disadvantages make g.tec as well as other EEG medical systems 

more useful for laboratory experiments where the data is collected by experts, but not 

for daily use or for the general public. 

 

 
 

Figure 3.8: g.tec recording systems (g.tec, 2012). 
 

The recent technological advances have made some commercially available 

EEG headsets inexpensive. Examples of EEG headset that are suitable for daily usage 

are NeuroSky headset (NeuroSky Inc., 2011 in the USA), and Enobio (Starlab, 2011 

in Spain, Figure 3.9). Public users could obtain such headsets at a minimum cost. 

 
 

Figure 3.9: NeuroSky system on the right (NeuroSky Inc., 2011), and Enobio system 

on the left (Starlab, 2011). 

 
These headsets produce good quality data but they have the limitation  of 

collecting data from only one channel (NeuroSky) or four channels (Enobio). These 

channels might be useful for some applications such as testing the cognitive load, but 

not for general BCI applications. A review of commercial EEG headsets is provided 

by Zhang, Wang and Fuhlbrigge (2010).
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“ Emoti v  EP OC  n eur ohea dse t”  which is developed by Emotiv systems (2012), 

Australia,  is  one  of  the  first  EEG  headset  developed  specifically  for  BCIs 

applications, Figure 3.10. It was released on the market in the USA in 2010 to open a 

direct communication channels between a user brain and a computer. It has 14 channels 

to cover most of the cortex area. The tool is wireless and the preparation time is 

short. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.10: Emotiv EPOC neuroheadset (Emotiv systems, 2012). 

 
 

 
EPOC headset was chosen to be used in this study for a number of reasons: 

 

1.  Emotiv  is  affordable  in  contrast  to  other  medical  EEG  headsets  which  are 

expensive and consequently not accessible by numerous potential users. 

 

2. It is wireless in comparison to medical sets that require a wire connection between 

each electrode, the amplifier and the computer. That is inconvenient for daily use, and 

also it presents the problem of artifacts created by the head movements. 

 

3. Unlike the medical applications, experts are not required for the collection of the data 

using Emotiv. 

 

4. The required preparation time to make Emotiv headset ready to use is about 2 

minutes. In contrast, most of the medical equipment require over 20 minutes for 

preparation. 

 

5. The quality of the data collected using Emotiv headset was tested in a few recent 

studies. In comparison with the well-known medical system g.tec, [Ekanayake, 2010] 

claims  that  “ Emoti v   EPOC   do es   capt ure   act ual   EEG ” .  Accordingly,  it 

recommends employing Emotive system in BCI research and other applications such 

as diagnosis for Alzheimer's disease and Brain death.
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          Chapter 4: EMOTIV EPOC 
 
 

4.1 Stand Emotiv Epoc 
 

4.1.1 Items EPOC Headset Kit  
 

 EPOC Headset Kit has a complete certain items to be success usable, which are: 

 

• Headset Assembly with Rechargeable Lithium battery already installed 

• USB Transceiver Dongle 

• Hydration Sensor Pack with 16 Sensor Units 

• Saline solution 

• 50/60Hz 100-250 VAC Battery Charger (US customers) or USB charger (non-US 

customers) 

• CD Installation Disk for Windows XP or Vista  
 

 

 

 

 

 
                                             Figure 4.1: EPOC Headset Kit Items 
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4.1.2  Emotiv Headset Features 
 
Here is a table for the general features of the device [34]. 
 

 
                               Figure 4.2: Emotiv Headset Features 
 
 

4.1.3  How To Install  
 

 

        Figure 4.3: The Way To Get The Headset Ready  
 

First, we have to wet all felt inserts of Saline Hydration Sensors with the saline solution by saturate the 

white hydrator pad and the top cover of the hydrator with the few drops of saline, then shake the hydrator 

pack, figure 4.4.  
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                   Figure 4.4: Wet a Felt Inserts of Saline Hydration Sensors  

 

After that, sensor units are putted out and inserted into the black plastic headset arms, each one is turned 

clockwise one-quarter till a definite "click" is felt. 

 
                                      Figure 4.5: The Right Way To Put The Sensor Units 

 

Some of the important setting to get a good result is that the sensors with the black rubber or references 

sensors should be placed behind of the ears lobe. Also, the 2 front sensors should be above the eyebrows 

by about the width of 3 fingers.  
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                                               Figure 4.6: The Places Of Sensors 

 

USB Transceiver Dongle is inserted into computer's USB slots, at this moment the LED is flashed slowly. 

The transceiver is installed automatically. After that, the Emotiv EPOC is turned on and moved close to 

the USB receiver. 

 The new steady LED and some dim LED are flashed which means to that a headset has properly paired 

with the USB receiver, and the data is successful transferred [33].  

 
                                            Figure 4.7:USB Transceiver Dongle  

 

 

4.1.4  SDK Software  
 
Epoc Control Panel is used to guide and test the working of Emptiv headset. First you have to insure of 

the Wireless Signal reception is accounted as “Good” from the Engine Status area in the EmoEngine 

Status Pane.  

As shown in figure 4.8, there is an image of placed electrodes on the head under the headset setup 

window. There are five colors to show you the status of the signal in each electrode. Green color for the 

ideal signal, yellow for a fair signal, orange and red color when the signal is poor and weak and the black 

color will place if there is no signal. However, the signal with green and yellow color will only be 

acceptable. 
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                                           Figure 4.8: The Headset Setup Window 

 

The Expressive Suite subtle elements the outward appearances and non-verbal correspondence capacities 

of the EPOC Neuroheadset Sensitivity can be expanded or diminished by moving the affectability slider to 

one side right or left, individually. 

 

 
                                                   Figure 4.9: Expressive Suite  

 

The Affective Suite reports ongoing changes in the subjective feelings experienced by the client. EPOC 

Control Panel right now shows three transient and three long haul Affective identifications: Meditation, 

Engagement and Excitement. Feelings identified with Engagement are readiness, vigilance, focus, and 

incitement, interest, figure 4.10. 
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                                                    Figure 4.10: Affective Suite  

 

The Cognitiv Suite board utilizes a virtual 3D block to show a live representation of the Cognitiv 

detection output, figure 4.11. The Cognitiv discovery suite assesses a client's ongoing brainwave 

movement to perceive the client's cognizant goal to perform different physical activities on a genuine or 

virtual item. The detection is intended to work with up to 13 separate activities: 6 directional 

developments (push, pull, left, right, here and there) and 6 turns (clockwise, counter-clockwise, left, right, 

forward and regressive) in addition to one extra activity that exists just in the domain of the client's 

creative energy: vanish. 

 

 
                                                         Figure 4.11: Cognitiv Suite  

 

To empower Mouse Emulator Controls peculiarity, click on the Activate catch. Your mouse will quickly 

react in light of the development of your head. Essentially turn your head from left to right, here and there. 

You will likewise recognize the orange marker dab move as per the development of your head/gyroscope. 

The Mouse Sensitivity slider permits you to confirm the affectability of the gyroscope when controlling 

your mouse cursor. The Reset catch permits you to re-focus your position. However, to deactivate this 

feature, utilize your head development to move your cursor to the Deactivate catch and left mouse press 

CTRL+SHIFT+M [33]. 
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                                                  Figure 4.12: Mouse Emulator  
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             Chapter 5: System Design 
 
5.1  Proposed System 

 
Our plan for the second phase of capstone project is implemented a BCI 

system to control the cursor of the personal Computer especially on game. The 

system goes through many stages. The first step is acquiring the EEG signal using 

Emotiv Epoc EEG headset. The second step is the preprocessing stage to amplify and 

removing noise. The third step is filtration to have the only signals related to eye's 

movements and facial expressions. Software based Matlab is built to process our 

signals. This system is operated on operating system directly and interfaced our 

acquired and processed signals with the PC's cursor. 

 

 5.2  Preprocessing 

 

This step means those operations that have to be done inside EMOTIV EPOC device. 

Such as, filtering the signal from the noising and remove artifacts such as eye blinks. 

 
 

5.3  Processing  
 
The project is about to built a Shooter Game, and then moves a shooter by brain 

signal for (facial expression) using emotiv headset and emotive SDK.  

 

 

                                           Figure 5.1: System Block Diagram 
 
 

EMOTIV headset SDK(emokey)

MATLAB coding
apply commands 

on Game
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5.3.1  Emokey 
 
The data will be captured using Emokey. Emokey is a program inside Emitiv SDK. 

It’s actually going to send the action or detection from Emotiv Control Panel to other 

program as a command, which can be programmable. 

 

In this project five detections from Expressive Suite are used to program shooter 

Game into:  

Reset, Quit, Right, Left, and Click on.  

 

- When the wink right action is excited then emokey will send a letter (r) to the 

matlab, which could read this command by keyListener method, so the game is 

reset.  

 

 
                               Figure 5.2: Window of Emokey for Reset Game 
 
However, the same process would be done for Quit, move Right, move Left and Click 

on commands when: 
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- Wink left action is excited by sending letter (q), so the game is quitted. 

 

 
                 Figure 5.3: Window of Emokey for Quit Game 

 

 

 

- Looking Right action is excited by sending mouse right button using 

(mouseListener) function, then the shooter would be moved right in the game. 

 

 
         Figure 5.4: Window of Emokey for Moving Right Shooter 
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- Wink Left action is excited by sending mouse left button using 

(mouseListener) function, then the shooter would be moved left in the game. 

 

 
            Figure 5.5: Window of Emokey for Moving Left Shooter 

 
 

 
 

- Smile action is excited by sending by sending mouse double click using 

(mouseListener) function, then the shooter would be fired on, in the game. 

 

 
         Figure 5.6: Window of Emokey for Fire on Command 
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5.3.2  Game Program  
 

Here you can use any suitable program with you like MATLAB, LABVIEW, 

OPENVIBE, etc.  

Here, MATLAB program is used to build the shooter game. The main thing is to 

control the game using EPOC Control Panel.  
 

 

                               
Figure 5.7: Block Diagram of the Processing Step using MATLAB 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Processing MATLAB

rest-quit game

move shooter 
(right-left)

click on (fire 
on)
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A game depends on MousListener & KeyListener functions using MATLAB. Steps 

are shown in below: 

 

 
 
 
 
                             Figure 5.8: flowchart of game coding 
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         Chapter 6: Experiment Results 
 
In result, an experiment is applied on four adults (two males, two females) 
and one child. Actually, it is worked well for all commands on male adults 
better than on female adults and a child.  
 

6.1 Problems I Faced 
 
However here are some effects that system depends on to be working 
perfectly:  
 

 Sensors of headset should be wetted before putting it on the head. 

 A person who is going to test a program should be in a relaxing mode. 

 Sensors should be fixed in exact places according to 10-20 international 
EEG replacement system to get the signal. 

 For a females there is a problem that faced, Since a brain signals are too 
weak, it’s a little hard to fix the sensor because of the hear so it couldn’t 
be placed on skin directly. 

 A headset comes with one size only, that takes time to fit it in a right way. 

6.2 Screen Shots 
Here are a screen shots of a game while commands are applied. 
  

 Move shooter right 
 

 
                    Figure 6.1: Screenshot of Moving Shooter Right 
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 Move shooter left 
 

 
                   Figure 6.2: Screenshot of Moving Shooter Left 
 

 

 

 Click on (fire on) 
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                                                Figure 6.3: Screenshot of Fire On 
 

 

       Chapter 7: Conclusion 
 

 

In a way to get fun for the most forgotten people (the locked-in patients) in games 

field, I built a shooter game (BCI system). This BCI system gets its input data from 

the signals generated by moving eyes and some facial expressions without needing to 

use their hands. These signals could be captured using EEG unit.  

In order to build such a system, a complete understanding to the BCI and EEG are 

achieved. 

During this semester, the software and hardware implementation of my prototype is 

done. 
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