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The thesis was conducted to find out whether the neuro headset device called Emotv Epoc 
can be used as an equipment to aid in teaching the medical engineering students in 
Metropolia university of applied sciences. The other important part of the thesis was to find 
out about the human brain, and its activities and the human brain waves, by the help of 
EEG measurement taken by using the Emotiv Epoc neuro headset device and its comput-
er software 
 
A number of EEG measurement were taken using the device and the computer software of 
the device. By analyzing the EEG, it was able to find out the different types of brain waves 
and also figure out what part of the brain was more active and which part of brain was 
passive at that time period of measurement. 
 
After detailed analysis of EEG, FFT and power spectrum of the brain waves, it was found 
that the Emotiv Epoc device can also be used for research and educational purposes. At 
present time it is being used mainly for gaming purpose, after the thesis project, I was able 
to find out that the neuro headset device can also be used for teaching medical engineer-
ing students in Metropolia university of applied sciences.  
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Abbreviation 

 

EEG Electroencephalogram 

FFT Fast fourier transform 

CNS Central nervous system 

PNS Peripheral nervous system 

CSF Cerebrospinal fluid 

ADHD Attention deficit hyperactive disorder 

OCD Obsessive compulsive disorder 

REN Rapid eye movement 

ADD Attention deficit disorder 

ECG Electrocardiography 

EMG Electromyography 

MEG Magneto-encephalography 

EGG Electro-gastrography 

EOG Electro-optigraphy 

CT Computed Tomography 

MRI Magnetic Resonance Imaging 

FMRI Functional MRI 

PET Position Emission Tomography 

SPECT Single photon emission computed tomography 

ECoG Electro-corticography 

NIRS Near infrared spectroscopy 

BCI Brain computer interface 
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1 Introduction 

 

This thesis is a research on the device called Emotiv Epoc so that, the device can 

be used for teaching purpose in the medical engineering field in the Metropolia uni-

versity of applied sciences. Emotiv Epoc is a brain-computer interface and scientific 

contextual EEG.  

 

The thesis contains the study of the different waveforms of the brain and EEG 

(Electroencephalogram) and FFT (Fast Fourier Transform), which is measured us-

ing the Emotiv Epoc device. Emotiv Epoc is used a neuro-headset and using a li-

censed “Test bench” software in a computer, wave-forms and data are collected at 

the different time period and different mind states. The waveforms monitored from 

EEG is then studied and analyzed for the further use of it in the medical engineer-

ing field. EEG has been used for a medical purpose since decades ago. But here, 

we are trying to find a way of using it to teach students in the university. Previously, 

the Emotiv Epoc has been used in projects by some students in Metropolia univer-

sity of applied sciences in which, they were able to use it to simulate a drone to fly 

and control it. However, EEG has been successfully used for the treatment of dif-

ferent kind of diseases in the medical field. 

 

2 Human Brain 
 

2.1 Human brain anatomy and physiology 
 

The human brain is one of the vital organs of human body. As it is very fragile and 

very sensitive, it is located inside a protective bone called the skull. It weighs 1.5 kg 

but it is the part of the human body that controls all the functions of the body. The 

brain consists of parts namely cerebrum, cerebellum and brainstem. The brainstem 

is that part of the brain, which connects cerebrum and cerebellum to the spinal 

cord, which goes all the way through vertebral column. There are five sense in the 

human body i.e. sight, smell, touch, taste, and hearing. The brain receives signals 
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from these five senses and gives certain types of command according to the signal 

it received. It also can be referred as "Hard Disk" of the human body, as it stores 

memories from past of that person. The brain controls all the functions of the hu-

man body by the nervous system. The nervous system is divided into two parts i.e. 

central nervous system (CNS) and peripheral nervous system (PNS). The central 

nervous system consists of the brain and spinal cord. It is the main control center of 

the body, as it receives information/ signal from all the five senses and gives the 

command to the body according to it. The peripheral nervous system (PNS) is 

made up of spinal nerves, which branches from the spinal cord and cranial nerves 

that branch from the brain. The PNS includes the autonomic nervous system, which 

controls vital functions such as, breathing, digestion, heartbeat and secretion of 

hormones. 

 

Parts of Brain 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.Parts of Brain side view and top view showing lopes of the brain and two hemispheres of 
the brain. [1] 

 

 

cerebrum 
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2.1.1 Cerebrum 
 

The cerebrum is basically the largest part of the brain. It can also be called as ‘cor-

tex’. Cerebrum or cortex is highly wrinkled. Essentially this makes the brain more 

efficient as it increases the surface area of the brain and a number of neurons or 

nerve cells within it. The cerebrum is associated with higher brain functions such as 

interpreting touch, vision and hearing, as well as speech, reasoning, emotions, 

learning and five control of movement. Cerebrum is divided further into four lobes; 

frontal lobes, parietal lobes, temporal lobes, and occipital lobes (Figure 1).  

 

a. Occipital cortex 
 

The part lies at the back of our brain. This part of the brain is basically responsible 

for processing visual information. During EEG, different kinds of videos or images 

are used to stimulate this part of the brain and analyze the effects on it (Figure 1). 

 

b. Parietal cortex 

 

This part of the brain lies at the upper back side of the brain as shown in Figure 1. 

Parietal Cortex is the part, which is responsible for different things such as interpre-

tation of language, signals from vision, hearing, motor, sensory and memory. This 

part of the brain is also active when a person is doing self-referential tasks (figure 

1). 

 

c. Temporal cortex 

 

Temporal Cortex is the lower part of the brain, as indicated in figure 1. This part of 

the brain is mainly responsible for understanding language. Also, this is the part of 

a brain, which saves memories from childhood (Figure 1). 

 

d. Frontal cortex 

 

This part of the brain is situated in the front part of a brain.  This part of the human 

brain is comparatively bigger than those of other mammals. Frontal cortex is mainly 
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responsible for cognitive control. It also deals with our planning, problem solving, 

judgments, and intelligence (Figure 1). 

 
 
The cerebrum is also composed of two hemispheres: right hemisphere and left 

hemisphere. Both the right and left hemisphere looks mostly symmetrical. Even 

though they look symmetrical in the shape and size, their functions differ from each 

other, as they both have different functions to perform. The right hemisphereis as-

sociated with creativity and the left hemisphere is associated with logic abilities. 

The part that connects this both hemispheres is known as corpus callosum. 

 

2.1.2 Cerebellum 
 

The cerebellum is also called the little brain. It is located behind the top part of the 

brainstem and under the cerebrum. It has also two hemispheres, which have very 

highly folded surface. The cerebellum is associated with regulation and coordina-

tion of movement posture and balance. The cerebellum receives information from 

all five-sensory system, the spinal cord and other parts of the brain and regulates 

motor movements. It is comparatively a small portion of the human brain, which is 

about 10 % of the total weight of the brain. But it contains almost half of the brain's 

neurons, specialized cells that transmit information via electrical brain signals (fig-

ure 1). 

 

2.1.3 Brainstem 
 

Brainstem lies underneath the limbic system. It is the posterior part of the brain 

structurally continuous with the spinal cord connecting cerebrum and cerebellum to 

the spinal cord. It is a small part of the brain but plays a vital role as the nerve con-

nections from the motor and sensory system of cortex pass through brainstem to 

communicate with the peripheral nervous system. It is also the part of the brain, 

which is responsible for basic vital life functions such as breathing, heartbeat and 

blood pressure. The brainstem consists of pons, midbrain, and medulla (figure 1). 
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Deep structure of brain 

 

1. Hypothalamus: - 

 

The hypothalamus is the part of the brain, which lies on the floor of the third ventri-

cle. It is the part, which is responsible for controlling the autonomic system of hu-

man body. It is also responsible for controlling human regular behaviors such as 

hunger, thirst, sleep and sexual response. It is also the part, which regulates body 

temperature, blood pressure, emotions and secretion of hormones. 

 

2. Pituitary gland: - 

 

The pituitary gland is the part of the brain, which lies in a small pocket of bone at 

the skull base called the sella turcica. It is connected to the hypothalamus of the 

brain by the pituitary stalks. It is also known as “Master Gland”, as it controls all 

other endocrine glands in the body. It is the part of the brain, which is responsible 

for controlling sexual development, promotes bone and muscle growth, responds to 

stress and fight diseases (Immune system). 

 

3. Pineal gland: - 

 

The pineal gland is the part of the brain, which is located behind the third ventricle. 

It is responsible for regulating human body’s internal clock and circadian rhythms 

by secreting melatonin. The pineal gland also helps in sexual development as well. 

 

4. Thalamus: -  

 

The thalamus is the part of the brain, which serves as a relay station for almost all 

information that comes and goes to the cortex. This part of the brain is responsible 

for pain sensation, attention, alertness, and memory. 
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5. Basal ganglia: - 

 

Basal ganglia include the caudate, putamen and globus pallidus. They are all nu-

clei. All these three nuclei work together with the cerebellum, which is responsible 

for fine motion in the human body, such as fingertip movements. 

 

6. Limbic system: - 

 

Limbic system includes cingulate gyri, hypothalamus, amygdala (emotional reac-

tion) and hippocampus (memory). This is the system, which deals with human emo-

tions and learning and memory. 

 

Cranial nerves 

 

The brain communicates with the body through the spinal cord and twelve pairs of 

cranial nerves. Among the twelve pairs of cranial nerves, ten cranial nerves, which 

are responsible for controlling hearing, facial sensation, eye movement, swallowing, 

taste and movement of the face, neck, shoulder and tongue muscles are originated 

in the brainstem. Remaining two cranial nerves, which are responsible for smell 

and vision originate in the cerebrum (Figure 2). [1] 

 

 
Figure 2.Twelve cranial nerves in the skull [1] 
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Meninges 

 

As we know, the brain and spinal cord are very sensitive and fragile organ of hu-

man body. That is why; it is protected in a very hard bone case called the skull and 

vertebral column.  Inside this protecting bone case also, the brain and spinal cord 

are covered and protected by three layers of tissue as well. This tissue is called 

meninges. Meninges has three parts, i.e. pia mater (bottom layer), arachnoid mater 

(middle layer) and dura mater (top or outermost layer). The innermost layer i.e. pia 

mater is that protective layer. Which hugs the surface of the brain following its folds 

and grooves. This layer of meninges has many blood vessels, that reach deep into 

the brain. There is space between pia mater and middle layer arachnoid mater, 

which is known as subarachnoid space. It is the place, where the cerebrospinal 

fluid exits and cushions the brain. The middle layer is arachnoid mater; It is the lay-

er, which is a thin web-like membrane. It covers the entire brain. This layer of me-

ninges is made of elastic tissue. There is also space between arachnoid mater and 

dura mater, which is called subdural space. The outermost layer is dura mater. This 

layer is very strong, thick membrane, which is just beneath the skull. Dura mater 

has also two layers namely; periosteal and meningeal dura, which are fused and 

separate only to form venous sinuses. The dural mater creates little folds or com-

partments. There are two special types of dura folds i.e. the falx and tentorium. The 

falx sis that dura mater which separates right and left hemisphere and the tentorium 

is that layer, which separates the cerebrum and cerebellum. [1] 
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Blood supply 

 

 
Figure 3.Blood supply in the brain [1] 

 

Blood is supplied to the brain by two paired arteries, the internal carotid arteries, 

and the vertebral arteries. The internal carotid arteries are the ones, which supply 

oxygenated blood to the most part of the cerebrum. The vertebral arteries are 

those, which supply oxygenated blood to the cerebellum, brainstem and the under-

side of the cerebrum. At one point, where the vertebral arteries pass through the 

skull, the right and left vertebral arteries join together to form basilar artery. The 

form basilar artery and internal carotid arteries communicate with each other at the 

base of the brain called the circle willis. This communication between the vertebral 

basilar system and internal carotid arteries is an important safety feature of the 

brain. The main reason for this is to prevent the brain from being damaged in case 

one of the major vessels is blocked, as it is possible for collateral blood flow to 

come across the circle willis. The blood circulation system of our brain is called ve-

nous circulation system. It is very different from other blood circulation of the hu-

man body. (Figure 3) [1] 
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Cells of the brain 

 

 
Figure 4.Nerve cell [1] 

 

The brain is made up of two types of cells. They are; nerve cells (neurons) (Figure 

4) and glia cells. Nerve cells are commonly known as neurons. Neurons or nerve 

cells are of many sizes and shapes but all consist of a cell body, dendrites, and an 

axon. The neurons transfer information through electrical and chemical signals in 

the brain, which gives certain commands to perform a certain action in the human 

body according to the information. The neurons transfer information with other neu-

rons through the synapse. The neurons in the brain have many arms like structure, 

which is called dendrites. This arm like dendrites acts like an antenna, which helps 

in receiving the signal from other neurons. Then those signals are passed to the 

cell body, which determines the further action of the signal. 

 

Glia cells are another cell types, of which the brain is made up. Glia actual means 

glue in greek. These are the types of cells, which provide nerve cells or neurons 
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with nourishment, protection, and structural support. There are about 10 to 15 time 

more glia cell in the human brain than the neurons. There are also different types of 

glia cells, which perform different functions in human body.  Astroglia or astrycles 

are the type of glia, which transports nutrients to nerve cells, holds nerve cells in 

place, digest parts of dead nerve cells and regulate the blood drain barrier. Oli-

godendroglia is another type of glia; the function of oligodendroglia is to provide 

insulation (myelin) to nerve cells or neurons. The ependymal cell is another glia, 

which lines the ventricles and secrete cerebrospinal fluid (CSF). Another type of 

glia is microglia; its main function is to digest dead neurons and pathogens. [1] 

 

2.2 Brain Waves 
 

Human brain is made up of billions of brain cells called “Neurons”. The neuron in 

human brain uses electrical pulses to communicate with each other and transfer 

signals to each other. When these signals are being sent in huge numbers an 

enormous amount of electrical activity is produced in the brain. These electrical 

activities can be detected by using sensitive medical equipment (such as EEG ma-

chine), which measures electricity level over areas of the scalp. The combination of 

electrical activity of the brain is commonly called “Brainwave” pattern, because of 

its cycle “wave-like” nature. 

 

Human goes through different kind of thoughts, emotions, and behaviors. These 

are just mere communications between neurons within the human brain. The 

brainwaves that are produced during this process are synchronized electrical pulse 

of millions of neurons communicating with each other. These brainwaves can be 

detected using the sensors in the scalp. The human brain waves are classified ac-

cording to the bandwidth but are best thought as a continuous spectrum of con-

sciences: from slow, loud and functional to fast, subtle, and complex. 

 

Brain waves also can be compared to that of musical notes i.e. the low-frequency 

waves are like a deeply penetrating drum beat, while the higher frequency brain-

waves are more like a subtle high pitched flute. Like a symphony the higher and 

lower frequencies link and cohere with each other through harmonics. Our brain-

waves change according to the state we are in or what we are feeling at that mo-

ment. Our behavior also changes accordingly, like, when we are feeling tired, slow 
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and sluggish or dreamy, that means slower brainwaves are being dominant. And 

the more active, energetic, alert, that can be signified, as the higher frequencies are 

dominant. [2] [3] 

 

2.3 Concept of Brain Signal 
 

The neural activity of the human brain starts between the 115th and 165th day of 

prenatal development. It is believed that electrical signals generated by the brain 

represent not only the brain function but also the status of the whole body. Under-

standing of neuronal functions and neurophysiologic properties of the brain togeth-

er with the mechanisms underlying the generation of signals and their recordings is 

vital for developing a user-friendly brain computer interface (BCI). Two types of 

brain activities could be monitored: electrophysiological and hemodynamic. Elec-

trophysiological activity is generated by electrochemical transmitters exchanging 

information between the neurons. When neurons are activated, local current flows 

are produced whose direction is governed by membrane potential. These differ-

ences of electrical potentials are caused by summed postsynaptic graded poten-

tials from pyramidal cells that create electrical dipoles between soma (body of a 

neuron) and apical dendrites (neural branches). This current mostly consists of 

Na+, K+, Ca++, and Cl- ions that are pumped through channels in neuron mem-

branes. The only large population of active neurons could generate electrical activi-

ty strong enough to be recorded on the head surface. This activity is generally 

measured by electroencephalography (EEG), electrocorticography (ECoG), intra-

cortical neuron recording and magneto-encephalography (MEG). The hemodynam-

ic response is an indirect process, which utilizes the fact, that blood releases glu-

cose to active neurons at a greater rate than in the vicinity of inactive neurons, 

which results in a surplus of oxyhemoglobin in the veins of the active region. As a 

result, there is a distinguishable change in the local ratio of oxyhemoglobin to de-

oxyhemoglobin which can be quantified by neuroimaging methods such as func-

tional magnetic resonance imaging (fMRI), near infrared spectroscopy (NIRS) and 

positron emission tomography (PET). [4] 
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2.4 Types of brain waves  
 

The speed of brain wave is measured in hertz (cycle per second). Below are the 

types of brainwaves according to the bandwidth. [2] 

 

1. Delta waves (0.5 Hz to 3 Hz) 

2. Theta waves (3 Hz to 8 Hz) 

3. Alpha waves (8 Hz to 12 Hz) 

4. Beta waves (12 Hz to 38 Hz) 

5. Gamma waves (38 Hz to 42 Hz) 

 

2.4.1.1 Delta-waves 

 

Delta waves (Figure 5) are the lowest band of brainwaves in the human brain. 

Delta waves have low frequency and deeply penetrating (like drum beats). The 

frequency of delta waves ranges from 0 Hz to 4 Hz. Delta waves are generated 

when a person is in deepest meditation and dreamless sleep. When delta 

waves are dominant in the human brain, the human body is healing itself and 

resetting its internal clocks. Healing and regeneration are stimulated in this 

state and that is why deep restorative sleep is so essential to the healing pro-

cess. A person does not dream in this state and is completely unconscious. 

Too much of delta waves can cause brain injuries and learning problems. The 

person will not be able to think properly and it can cause in severe ADHD (at-

tention-deficit/hyperactive disorder). When there are fewer delta waves, the 

person suffers from poor sleep; the human body is not capable of rejuvenating. 

It can also cause an inability to revitalize the brain. [2] 

 

 
Figure 5.Delta wave on the time domain [4] 
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2.4.1.2 Theta Wave 

 

Theta waves (Figure 6) are the brain waves, which range from 4 Hz to 8 Hz. 

Theta waves also can be considered as slow waves. Theta waves are gener-

ated when a person is in deep sleep. Theta waves acts as the gateway to 

learning and memory. When theta waves are dominant our senses are with-

drawn from the external world and focused on signal originating from within. In 

this state, a person is in a dream, vivid imagery, intuition and information be-

yond our normal conscious awareness. This is the state, where we hold our 

fears, troubled history, nightmares. It is also very receptive mental state that 

has proven useful for hypnotherapy, as well as self-hypnosis using recorded af-

firmation and suggestions. Too much of theta wave in the human brain can 

cause in ADHD (attention-deficit/hyperactive disorder), depression, hyperactivi-

ty, impulsivity and inattentiveness. Lack of theta waves may also cause anxie-

ty, poor emotional awareness, and stress. And when theta waves are in opti-

mal condition, then the person is very creative, good in emotional connection, 

intuition and relaxed. [2] 

 

 
Figure 6.Theta wave on the time domain [5] 

 

2.4.1.3 Alpha Waves 

 

Alpha waves (Figure 7) are mild brainwaves, which range from 8 Hz to 12 Hz. 

Alpha waves are generated when a person's mind is calm and is in resting 

state. The alpha waves aid overall mental coordination, calmness, alertness, 

mind/body integration and learning. This is the state of mind when a person is 

awake but relaxed and not processing much information. When you close your 

eyes, the brain automatically starts producing alpha waves. This is the exact 

state when a human gets up in the morning and just before going to sleep. Al-
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pha waves are said to be connected with the ability to recall memories, less-

ened discomfort and pain and reductions in stress and anxiety. When there is 

too much alpha wave in the human brain, it leads to daydreaming, inability to 

focus, and too relaxed. Deficiency of alpha waves may cause anxiety, high 

stress, insomnia and OCD (obsessive compulsive disorder). [2] 

 

 
Figure 7.Alpha wave on the time domain [5] 

 

2.4.1.4 Beta wave 

 

Beta waves (Figure 8) are high-frequency brain waves, which range from 12 

Hz to 38 Hz. Dominance of beta waves in human brain means; the person is 

wide-awake. Beta waves are generated when a person is doing some fast ac-

tivity or when a person in an alert, attentive, engaged in solving problems, 

judgment, decision making and engaged in a focused mental activity. This is 

the state of mind when a person is in normal daily life, doing their normal daily 

life tasks. As beta waves range is huge from 12 Hz to 38 Hz. Beta waves are 

further divided into three waves. They are;  

i. Beta 1 waves: - (12 Hz to 15 Hz) – related to fast idle 

ii. Beta 2 waves: - (15 Hz to 22 Hz) – related to engagement in something 

iii. Beta 3 waves: - (22 Hz to 38 Hz) – related to highly complex thoughts 
 

Too much generation of beta waves can cause in adrenaline, anxiety, high 

arousal, inability to relax and stress. And when there are fewer amounts of beta 

waves, it may cause in ADHD, daydreaming, depression, and poor cognition. 

When the beta waves are optimal the person is very good in memory, problem-

solving and conscious focus. [2] 
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Figure 8.Beta wave on the time domain [5] 

 

2.4.1.5 Gamma waves 

 

Gamma waves (Figure 9) are those brainwaves with very high frequency, like a 

flute. It is the fastest brain waves. The brain wave passes the information rapidly, 

and as the most subtle of the brain wave frequencies, the mind has to be quiet to 

access. The gamma waves are generated when the mind is in the state of universal 

love, altruism, and higher virtues. Gamma waves are associated with the formation 

of ideas, language and memory processing and various types of learning. The brain 

waves seem to disappear during deep sleep induced by anesthesia but gradually 

return with the transition back to a wakeful state. The presence of too much of 

gamma waves may cause anxiety, high arousal, and stress. Lack of gamma waves 

causes in ADHD, depression, and learning disabilities. When gamma waves are 

optimal, the person is capable of binding senses cognition, information processing, 

learning, perception, REN (rapid eye movement) sleeps. [2] 

 

 
Figure 9.Gamma wave on the time domain [5] 
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2.4.2 The significance of brain waves 
 

In the modern era of science and technology, so many equipment with high tech-

nologies have been developed, which, can be used to read the human brain waves. 

Doctors, scientists have been able to read and study human brain wave pattern 

and they are now able to tell a lot of things about the person by simply looking at 

those brain waves pattern Those brain waves pattern can tell, in which state of 

mind the person is in. For example, anxious people tend to produce a huge amount 

of high beta waves. Whereas, people with ADD/ADHD tends to produce slower 

alpha/theta brain waves. Human brainwaves and the daily life experiences of that 

person is very much related to each other. Changes in any of these aspects affect 

the other one. The changes may be in a bad way as well as in a good way. Re-

searchers have found many important information about the brain waves and its 

related study, and how changes in one specific brain wave pattern affect the behav-

ior of the person in his/her daily life. [5] 

 

Likewise, researchers have also found so many ways to alter the brain waves, so 

that brain waves pattern of a person can be altered according to the requirement. 

Medication is one of the most common ways of altering the human brain waves. 

Different kind of drugs has been developed according to which brain waves are 

supposed to alter. The other method is meditation or yoga, which is a traditional 

eastern method of altering human brain waves. In present day situation, people are 

adapting this method, as there is most likely to be less side effect of it. It might be 

the slower process but it is regard as one of the most effective and cheap process-

es of alters human brain waves. [5] 

3 EEG (Electroencephalography) 
 

The brain is one of the most important parts of human body. It plays a vital role in 

making the human body function. That is why the brain is protected inside a hard 

case of bone called the skull. The brain is also very sensitive and fragile, that is 

also another reason that it is protected inside the skull. The brain is made up of 

millions of cells, which are called neurons. All these neurons in our brains are 

somehow interconnected to each other via synapses. Synapses mean the place 

where two or more nerve cells meet and exchange electrical or chemical signal to 
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one another. During this process in our brain, certain electrical impulses are pro-

duced. These generated electrical impulses are very tiny to notice by any sensor 

but when these impulses are produced in huge amount, then they create a kind of 

electrical field, which spread through human tissue, muscles, bones, and skin. The-

se electrical fields are produced in such a pattern that; it can be measured using 

certain medical equipment such as EEG. In a similar way, electrical fields are pro-

duced on the surface of the scalp, which can be measured. These readings can 

show the state of that person. [2] 

 

EEG is a short form of "Electroencephalography". Encephalon means brain. So, we 

can define EEG (Electroencephalography) as the physiological method of recording 

electrical activities generated by the human brain using sensors or electrodes 

placed on the surface of the scalp. The numbers of sensors or electrodes used for 

recording the signal varies. So, it is difficult and time-consuming to place so many 

sensors or electrodes on the scalp surface every time a measurement needs to be 

taken. That is why, to make the process faster, the sensors are permanently 

mounted on some kind of elastics caps, which is then worn by the person, whose 

EEG reading is supposed to be taken or measured. Besides that, nowadays, there 

is a kind of device in which sensors are already mounted like a branch which then 

is mounted on the scalp for taking measurements. EEG is one of the most efficient 

and simple processes of measuring electrical activities of the brain and it has been 

used in the medical field since long time ago. [2] 

 

As we discussed before, the voltage produced by the electrical activity in the brain 

is very mild and low. These voltages are measured by very sensitive sensors or 

electrodes, then those signals received from sensors or electrodes are digitized 

and then sent to an amplifier. After these processes, the signals change into differ-

ent type signal, which can be displayed as a pattern of voltage fluctuation. The 

quality of these signal may vary as per the number of electrodes or sensor used 

while taking the measurement, quality of digitization, the quality of amplifier and the 

number of synapses the device can take per second. EEG (Electroencephalog-

raphy) is the most efficient and fastest imaging technique available in the modern 

era of medical science, as it can take thousands of snapshots per second (256 Hz 

or higher). Nowadays, we can see the data on the screen as a continuous flow of 

voltage, which can be printed out as a hard copy as well. 
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The below (Figure 10) shows a simple EEG of a specific person. In that EEG we 

can see that there are nine different kinds of waveforms. These all waveforms are 

measured by the different sensors placed on the scalp of that person. The number 

of waveforms varies as per how many sensors or electrodes are used during the 

measurement process. In the given waveform the sensor is indicated at the right 

side of the EEG waveform. The waveforms of all the channels are different from 

each other, as they show the reading of different parts of the brain at the same time 

period. These EEG are so complicated, that a normal person cannot analyze it or 

describe any specific thing from it. For this purpose, the EEG must be shown to 

authorized or trained personnel. 

 

 
Figure 10.Typical EEG waveform of a certain person showing EEG waveform of different channels 
i.e. 9 channels [7]  
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3.1 Interpretation of EEG data  
 

As we know by now, EEG is a process in which a certain device monitors the time 

course of electrical activity generated by the brain. Looking at those electrical activi-

ties professional personnel can interpret which part of the brain is responsible for 

processing information at given time frame. 

  

3.2 EEG measurement 
 

Researchers and scientists have developed very advanced technologies in the field 

of medical science. One of the fields, which has been vastly developed is medical 

imaging techniques of a human body. Some of the imaging systems that are used 

in present day in imaging field of medical science are listed below; [2] 

 

a. Electrocardiography (ECG) – Heart 

b. Electromyography (EMG) – Muscular contractions 

c. Electroencephalography (EEG) – Brain 

d. Magneto-encephalography (MEG) – Brain 

e. Electro-gastrography (EGG) – Stomach 

f. Electro-optigraphy (EOG) – Eye dipole field 

g. Computed Tomography (CT) 

h. Magnetic Resonance Imaging (MRI) 

i. Functional MRI (FMRI)             Different imaging system 

j. Position Emission Tomography (PET) 

k. Single Photon Emission Computed  

Tomography (SPECT) 

l. X-ray 
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3.3 EEG History 
 

The history of EEG is very old. During more than 100 years of its history, enceph-

alography has undergone massive progress. The phenomenon was first discovered 

by Richard Caton (1842–1926), a physician practicing in Liverpool, who presented 

his findings of electrical phenomena of the exposed cerebral hemispheres of rab-

bits and monkeys in the british medical Journal in 1875. Later, in 1890, a polish 

physiologist Adolf Beck published an investigation of spontaneous electrical activity 

of the brain of rabbits and dogs that included rhythmic oscillations altered by light 

 

The first EEG recorded was in 1912, when russian physiologist, Vladimir Vladimiro-

vich PravdichNeminsky published the first animal EEG and the evoked potential of 

a dog. Later, in 1914, Napoleon Cybulski and Jelenska-Macieszyna photographed 

EEG-recordings of experimentally induced seizures. 

 

In 1924 Hans Berger, a german neurologist used his ordinary radio equipment to 

amplify the brain's electrical activity measured on the human scalp. He announced 

that weak electric currents generated in the brain can be recorded without opening 

the skull, and depicted graphically on a strip of paper. The activity that he observed 

changed according to the functional status of the brain, such as in sleep, anesthe-

sia, lack of oxygen and in certain neural diseases, such as in epilepsy. Berger laid 

the foundations for many of the present applications of electroencephalography. He 

also used the word electroencephalogram as the first for describing brain electric 

potentials in humans. He was right with his suggestion that brain activity changes in 

a consistent and recognizable way when the general status of the subject changes, 

as from relaxation to alertness. Later in 1934 Adrian and Matthews published the 

paper verifying the concept of “human brain waves” and identified regular oscilla-

tions around 10 Hz to 12 Hz which they termed “alpha rhythm”. 

 

From 1934, the use of electroencephalography started to spread, as it proved use-

ful in the research of seizures and epilepsy. The first EEG laboratory opened in 

1936 at Massachusetts General Hospital. In 1947, The American EEG Society was 

founded and the first international EEG congress was held. [2] [7] 
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3.4 Applications of EEG 
 
The greatest advantage of EEG is speed. Complex patterns of neural activity can 

be recorded occurring within fractions of a second after a stimulus has been admin-

istered. EEG provides less spatial resolution compared to MRI and PET. Thus for 

better allocation within the brain, EEG images are often combined with MRI scans. 

EEG can determine the relative strengths and positions of electrical activity in dif-

ferent brain regions. According to R. Bickford research and clinical applications of 

the EEG in humans and animals are used to: [8] [2] 

 

(1) Monitor alertness, coma and brain death; 

(2) Locate areas of damage following head injury, stroke, tumor, etc.; 

(3) Test afferent pathways (by evoked potentials); 

(4) Monitor cognitive engagement (alpha rhythm); 

(5) Produce biofeedback situations, alpha, etc.; 

(6) Control anesthesia depth (“servo anesthesia”); 

(7) Investigate epilepsy and locate seizure origin; 

(8) Test epilepsy drug effects; 

(9) Assist in experimental cortical excision of epileptic focus; 

(10) Monitor human and animal brain development; 

(11) Test drugs for convulsive effects; 

(12) Investigate sleep disorder and physiology. 

 

The symmetry of alpha activity within hemispheres can be monitored. In cases of 

restricted lesions such as a tumor, hemorrhage, and thrombosis, it is usual for the 

cortex to generate lower frequencies. EEG signal distortion can be manifested by a 

reduction in amplitude; a decrease of dominant frequencies beyond the normal lim-

it; production of spikes or special patterns. Epileptic conditions produce stimulation 

of the cortex and the appearance of high-voltage waves (up to 1000 µV) referred to 

as “spikes” or “spike and wave”. EEG patterns have been shown to be modified by 

a wide range of variables, including biochemical, metabolic, circulatory, hormonal, 
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neuroelectric, and behavioral factors. By tracking changes of electric activity during 

such drug abuse-related phenomena as euphoria and craving, brain areas and pat-

terns of activity that mark these phenomena can be determined. As the EEG pro-

cedure is non-invasive and painless, it is being widely used to study the brain or-

ganization of cognitive processes such as perception, memory, attention, language, 

and emotion in normal adults and children. For this purpose, the most useful appli-

cation of EEG recording is the ERP (event-related potential) technique. 

 

4 Emotiv Epoc Neuro-headset Device 
 

This is an era of modern science and advanced technologies. People are trying to 

develop new and advanced technologies day after day to fulfill their desire of mak-

ing daily life easier and efficient as well as unlocking new futuristic things, that 

technology has to offers to humankind. As we all know there are no limitations, in 

this field, so, we say that Emotiv Epoc is one of them. Emotiv Epoc is a neuro-

headset, which can read our thoughts and allows us to do such tasks on our com-

puter, which used to just imaginary just few years back. Now, using this neuro-

headset we will be able to do such tasks, which we just use to imagine doing a few 

years back. The Emotiv Epoc is a high resolution, multi-channel, portable system, 

which has been designed for practical research applications. This neuro-headset is 

actually called “Epoc” and it is developed by the company name “Emotiv” Hence, it 

is named Emotiv Epoc. It is a futuristic looking neuro-headset, which reads our 

brain activity via the scalp of our head using sensors used in the headset and con-

verts those brain activities into various actions. The Emotiv Epoc is a neuro-signal 

acquisition and processing wireless headset. In this neuro-headset, there are 16 

sensors to detect the electrical activities produced by our brain. Briefly, we can say 

that Emotiv Epoc is a thought detector. Besides that, it is also a feeling and expres-

sion detector, so, if the person blinks, smiles, or sneezes or gives any other ex-

pression on his/her face, it tends to know or predict it. [9] Some of the tasks that 

Emotiv Epoc can perform are explained briefly below. 

 

The software  monitors the user’s emotional states in real-time. It enables an extra 

dimension in interaction by allowing the computer to respond to a user's emotions. 

Characters can transform in response to the user's feeling. Music, scene lighting, 
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and effects can be tailored to heighten the user’s experience in real-time. The us-

er’s state of mind can be monitored so that difficulty can be adjusted to suit each 

situation. The suite can be combined with other inputs such as eye tracking devices 

to provide real-time feedback on the entire user experience for neuro-marketing 

applications. Adaptive interfaces can monitor user engagement, boredom, excite-

ment, and frustration and meditation level in real time. 

 

The software uses the signals measured by the Emotiv EPOC to interpret player 

facial expressions in real-time. It provides a natural enhancement to interaction by 

allowing characters to come to life. When a user smiles, their avatar can mimic the 

expression even before they are aware of their own feelings. Artificial intelligence 

can now respond to users naturally, in ways only humans have been able to until 

now. 

 

This detection software reads and interprets a user's conscious thoughts and in-

tent. Users can manipulate virtual or real objects using only the power of their 

thought! For the first time, the fantasy of magic and supernatural power can be ex-

perienced. 

 

Therefore, we can say that Emotiv Epoc has been used for various purposes. The 

Emotiv Epoc (Figure 11) device has been used as EEG (Electroencephalography) 

equipment. This device is used to detect EEG so that the data gain from measuring 

the EEG can be interpreted and analyze for further study on it and find out the state 

of mind of the specific person. [9] 

 

 
Figure 11.Emotiv Epoc headset [7] 
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The (Table 1) is the list of specification of the Emotiv Epoc neuroheadset device. 

The table shows the overall properties of the headset. [7] 
 

Table 1 Specifications of Emotiv Epoc device 

 

 EEG HEADSET 

Number of Channels 14 (plus CMS/DRL reference, P3/P4 locations) 

Channel names (Interna-

tional 10-20 locations) 

AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, 

F8, AF4 

 

Sampling Method Sequential sampling, Single ADC 

Sampling Rate 128 SPS ( 2048 Hz internal) 

Resolution 14 bits 1 LSB = 0.5 µV (16 bit ADC, 2 bit instrumen-

tal noise floor discarded) 

Bandwidth 0.2 – 45 Hz, digital notch filter at 50 Hz and 60 Hz 

Filtering Built in digital 5th order Sinc filter 

Dynamic Range (input re-

ferred 

8400 µV (pp) 

Coupling mode AC coupled 

Connectivity Proprietary wireless, 2.4 GHz band 

Power Lipoly 

Battery life (typical) 12 hours 

Impedance Real-time contact quality using patented system 

 

 
Hardware and procedure to use the Emotiv Epoc headset 
 
 
The Emotiv Epoc headset (Figure 11) is entirely made of plastic as a base similar 

to a regular pair of headphones. Where it differs are the two octopus arm-like ex-

tensions, which wrap around your head. They are flexible in order to get the best 

possible contact and at the end have sockets (figure 13) for the soft contact pads. 

At the top, there's a switch (Figure 12) for turning the headset on or off. Beside this 

there is a mini USB connector (figure12) for charging the headset. As the headset 

is wireless, there is a bluetooth USB dongle (Figure 14) to insert in the USB port of 
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the computer to establish a connection between the headset and the software of 

the computer. [9] 

 

 
Figure 12.12 Emotiv Epoc showing power button and charging port [7] 

 

 
Figure 13.Sensors of Emotiv Epoc [7] 

 
 

 
Figure 14.USB dongle of Emotiv Epoc [7]  

 

Figure ( ) 

 

Figure ( ) 
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Before using the headset, the headse should check whether the headset is charged 

or not. If it is not charged, then it should be charged before using it, as it should not 

be charged while using it in the head. All the sensors (Figure 13) must be placed in 

the black plastic headset arm, gently turning each one clockwise one-quarter turn 

until there is a “click”. Vice-versa to remove the sensor, while the headset in not in 

use. Before the sensor is placed in the headset arm, it must be hydrated using sa-

line solution. It should be done every time before using the headset for proper con-

tact of sensors on the scalp. Then the headset must be put on in your head (Figure 

15) placing all the sensors at the correct position, taking reference sensors, which 

have black rubber covering permanently attached to the headset. The exact posi-

tion of the sensors of the headset should be as per shown in the (Figure 17). This 

placement of the sensor is based on the international 10-20 system EEG and 

placement of the sensors. (Figure 16) The reference sensors with black rubber 

covering is placed on the bone just behind each ear lobe. Correct placement of the 

reference sensors is critical for the correct operation of the headset. The two front 

sensors should be approximately at the hairline or about the width of three fingers 

above the eyebrows. After these steps, the USB dongle should be inserted into the 

computer USB port and establish a connection between headset and computer via 

bluetooth. Specific softwares are developed just for using this headset. One of 

them is “TESTBENCH”. This software is a research-based software. It can be run 

only either by using purchased key or key given by the company itself for a specific 

application. 

 

 
Figure 15.Emotic Epoc headset placement in the head [7] 
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Sensors of the Emotiv Epoc headset read the signal from the head surface. These 

signals are very low in voltage, i.e. in microvolts. So, these signals are amplified 

into the signal, which can be digitalized accurately. The digitalized signals are then 

changed from analog to digital form and after this process, the data is stored in a 

personal computer or specific relevant device, which displays obtained data. 

 

Scalp recordings of neuronal activity in the brain, identified as the EEG, allow 

measurement of potential changes over time in basic electric circuit conducting 

between the signal (active) electrode and the reference electrode. Extra third elec-

trode, called ground electrode, is needed for getting differential voltage by subtract-

ing the same voltages showing at active and reference points. The minimal configu-

ration for mono-channel EEG measurement consists of one active electrode, one 

(or two especially linked together) reference, and one ground electrode. The multi-

channel configurations can comprise up to 128 or 256 active electrodes. 

 

The sensors in the Emotiv Epoc headset are also placed in such a way for taking 

the measurement of different parts of our brain. 

 

 
Figure 16.16 International 10-20 system EEG and the placement of sensors [9] 
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Figure 17.Sensor placement of Emotiv Epoc headset on the head [7] 

 

4.1 Software for Using Emotiv Epoc Device "TESTBENCH” 
 

While using the software, user can actually see real-time display of the Emotiv 

headset data stream, including EEG, contact quality, FFT, gyro, the wireless packet 

acquisition/loss display, marker events and headset battery level. The data from the 

software can be recorded and replayed. The recorded files are in in binary EE-

GLAB format. That file can be converted using command line file converter in the 

software itself. The converted file is in “.csv” format, which can be opened using 

Excel. (Appendix) 
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Figure 18.Emotiv testbench EEG display with all the 14 channels and waveforms with different 
color. The placement of these sensors is as shown in the (Figure 17) [7] 

 

4.1.1 EEG display section of the software 
  

The EEG display section of the software is the first section. In this section, the EEG 

waveform is displayed with 5 second rolling time and the waveform flows continu-

ously. (Figure 18) In this section all the 14 channels can be displayed at once or 

selected channels can be displayed as per user desire. The waveform of the differ-

ent channel can be scaled automatically or it can be scaled manual. Channel offset 

can be adjusted as per user desire. And in this section the synchronized marker 

window is also displayed. [9] 

 

 

 



 

 

 

30 

 
Figure 19.EEG testbench FFT (Fast Fourier transform) display in frequency domain which keeps 
flowing steadily as per EEG measurement is going on. And the Power spectrum showing different 
type of brain waves at the given time period. [7] 

 

4.1.2 FFT display section of the software 
  

This is the second section of the software, which display FFT and the power spec-

trum of the waveforms. In this section FFT of all or single channel can be displayed. 

(Figure 19) It includes adjustable sampling window size and adjustable update rate 

as well. In this part of the software user can view the power spectrum, which shows 

the activity of different brain waves, i.e. Delta, Theta, Beta, custom bands. This 

shows which part of brain is active in that certain time frame of that person when 

the EEG measurement was taken. The FFT and power spectrum keeps changing 

constantly because the brainwaves of that person keeps changing, by which we 

can analyze that state of mind of the person. [9] 
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Figure 20.Emotiv testbench gyro display which shows the movement of the head in the right-left 
and up-down direction with the waveform color blue and red simultaneously. [7] 

 

4.1.3 Gyro display section of the software 
 

This is the third section of the software which shows the gyro of the movement of 

the head of the user. It also has 5-second rolling time window, which shows the 

waveform (Figure 20) of the movement of the head for the 5 seconds and keeps 

flowing constantly. It shows the movement of the head in up-down movement and 

right-left movement or can be defined as X-Y deflection. [9] 
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Figure 21.Emotiv epoc testbench data recording and playback window [7] 

 

4.1.4 Data recording and playback section of the software 
 

In this software the EEG data can not only be display but can be recorded as well 

as play it back when the user desire and needs it. The playback window (Figure 21) 

consists of fully adjustable slider. The data can be played, paused, and stopped at 

any time. Subject ID and record ID can be given as per the requirement of the data 

taken, so that sorting of the recorded data is easy and can be easily be available 

when required. [9] 

 

4.2 Measurement and result 
 
 
Many measurements were taken using the Emotiv Epoc neuroheadset in different 

mind state during this thesis period. Variety of EEG measurement and data were 

observed. All those data are not possible to include in this thesis report, so, only a 

few of them, of only a few sensors are included. As we know there are 16 sensors 

all together in the headset. If all the data are mentioned in this thesis report, the 
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thesis would have beenbulky. So, data of only few sensors are mentioned here. 

The EEG measurement was taken and then it is stored in the personal computer 

using the software of the device. The file is saved in “.EDF” extension file, which 

cannot be read by computer directly. So, this “.EDF” extension file is converted into 

“.CSV” file, which can be read by EXCEL software of normal personal computer. 

Initially, long EEG measurement of the brain were taken and checked the data of it 

in excel, the data in excel seems to be very large with hundreds of readings. Be-

cause the data were large and in great number, small EEG measurements were 

taken and then the data is changed into “.CSV” file to study and analyse it in excel 

program. Even in excel program, it was difficult to analyse the data because of the 

large number. So, finally Matlab was used to interpret the data. 

 
The following are the figures, which was extracted from the data received from the 

EEG measurement using Matlab software; 

 

 
Figure 22.The first waveform shows the EEG, the second waveform is the FFT of that EEG wave-
form, and the third is the inverse FFT of first waveform of channel/sensor 13. 
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Figure 23.The first waveform shows the EEG, the second waveform is the FFT of that EEG wave-
form, and the third is the inverse FFT of first waveform of Chanel/sensor 16. 

 

 

 
Figure 24.The first waveform shows the EEG, the second waveform is the FFT of that EEG wave-
form, and the third is the inverse FFT of first waveform of channel/sensor 9. 
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Figure 25.The first waveform shows the EEG, the second waveform is the FFT of that EEG wave-
form, and the third is the inverse FFT of first waveform of channel/sensor 3. 

 

Figure 22, Figure 23, Figure 24, Figure 25 are the measurement of four different 

sensors/channels. The first waveform in all four figures 22, 23, 24, 25 are the com-

pressed waveform of the data, which was obtained from the EEG measurement of 

the brain. After studying the data and analysing, it was found out that, the data 

which were extracted is exactly the same as the EEG measurement displayed in 

the software. But when the EEG is displayed in the software, the EEG wave is not 

displayed as it is seen in the Figure 22, Figure 23, Figure 24, Figure 25. The EEG 

in the software of Emotiv Epoc is displayed as a continuous flow of the wave. The 

waveform keeps flowing constantly from start to the end of EEG measurement of a 

certain time period. So, by using excel and Matlab program, it was possible to in-

terpret the data and find out that the data extracted exactly matches the EEG 

measurement of the brain, which were taken using the Emotiv Epoc. In the wave-

form of Figure 22, Figure 23, Figure 24 and Figure 25, we can see that the wave 

seems to be flat or only noise at the initial, but after some time period, there were 

some changes in the wave. The crest and trough were observed. Those crest and 

trough shows that there has been a significant change in the state of the brain. 

These significant changes were observed in the power spectrum (Figure 26). When 

the wave was flat and noisy, only the Delta wave seems to be dominant in the 

brain, but, when there was the significant change in the wave where the crest and 

trough were observed, the power spectrum (Figure 26) shows the other wave such 

as Theta, Alpha, and Beta waves were dominant. 
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The second waveform is the waveform, which was obtained after the Fourier trans-

form of the first waveform. Using Matlab, FFT was obtained from the data of the 

first waveform. The second waveforms in the Figure 22, Figure 23, Figure 24, Fig-

ure 25 are the result of FFT, then the actual FFT from the testbench software of 

Emotiv Epoc and the obtained FFT was compared. By the comparison of two FFT, 

some differences were found, which was not supposed to happen. The FFT in 

testbench software of Emotiv Epoc keeps flowing continuously, it was difficult to 

perfectly interpret the data. This may be the cause of lack of knowledge on the FFT 

data, that is displayed in the software. Emotiv Epoc company was contacted relat-

ing this matter for further knowledge, but unfortunately didn’t get any response. 

 
 
The third waveforms in all four Figure 22, Figure 23, Figure 24, Figure 25 are the 

inverse FFT of the second waveform. The inverse FFT is exactly the same as the 

first waveform. The inverse FFT was performed to make sure that there were no 

changes in the data and waveform during the FFT and extraction of the data. 

 

 
Figure 26.Power spectrum display showing the activity of different types of waveform in the brain 
at the given time period  
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4.3 Effects of transforming raw data 
 
 
Averaging event-locked segments will have the effect that anything not precisely 

time-locked to the event will be flattened out in averaging. [11] 

 

 
Figure 27.The above figure shows the averaging of different form of waveform/signal [10] 

 
In the above (Figure 27), the specific waveform is indicated by 3 different colour 

mark. The waveform indicated by the green is the noise in the wave, which is flat-

tened out when the wave is transformed to averaging. The waveform marked by 

the blue circle is jittered ERPs (event-related potential) in the signal or waveform, 

which is not totally flattened but somewhat précised after averaging (figure 28). The 

waveform indicated by red circle is the precise event-locked locked ERPs (event-

related potential), which seems to be preserved after the transformation or averag-

ing. [11] 

 
Figure 28.This above figure is showing theory of signal averaging [10]  
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5 Conclusion 
 

The thesis is based on the research about the human brain, EEG and the neuro 

headset device “Emotiv Epoc”, and how the neuro headset device can be used in 

medical engineering field for teaching engineering students in the Metropolia uni-

versity. The goal of the project was to find out ways to utilize the Emotiv Epoc neu-

ro headset device in teaching in medical engineering, but due to lack of knowledge 

and information on the device, the project was not 100% successful to fulfill that 

goal. Thorough study on the human brain and EEG was done to understand the 

work of Emotiv Epoc headset. After that an effort was made to understand deeply 

the neuro headset Emotiv Epoc and the areas that this device can be used beside 

gaming purposes. 

 

During the entire thesis project, many EEG measurements were taken of human 

brain by using the Emotiv Epoc device. The measurements were taken in different 

time period and in different states of mind. So, that is why every EEG measurement 

varies from each other. After getting to know about the human brain, brain waves, 

EEG and power spectrum of different types of brain waves, it is found out that, a 

person state of mind can be known or predicted by analyzing the EEG data. 

 

By using the device and the computer software, it was possible to view the EEG of 

the brain, FFT, power spectrum of brain waves, which shows how active the parts 

of brain are during the measurement period. By looking at the activity of brain 

waves, it was possible to determine that the human brain waves can be manipulat-

ed by using various method as per the requirement of that person. These manipula-

tions are done by authorized personnel or doctors to activate the less dominant part 

of the brain and balance the entire function of the brain. 

 

A project might not be 100% successful but at the end, one gets to learn from the 

failure and obstacles that student faced during that time and try to avoid/minimize 

the errors in the next attempt. The device and its computer software were not avail-

able for research and educational purposes. If the research and educational based 

software and applications are to be developed, then there is room for finding huge 

areas of using it in teaching medical engineering students in the Metropolia univer-

sity.   
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Appendix 

 

1. https://www.youtube.com/watch?v=eKO1Vk432O4&feature=youtu.be 

 

2. https://www.youtube.com/watch?v=mDdC9isxw0Q&feature=youtu.be 

 

 


