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1. Introduction 
 

This project has done in regards to give an overview about brain computer interface 
and its principles. As a matter of fact, many people all around the world have “locked-in” 
due to certain reasons every year. “Locked-in” means that someone lost the whole 
voluntary movement of the body. 

However, they stay conscious after they got locked-in. For instance, brainstem 
strokes, spinal cord injuries, Amyotrophic Lateral Sclerosis (ALS), cerebral palsy, 
multiple sclerosis are some of the diseases that damages neurons which controlling 
muscles. 

For this reason, using BCI as a helper for some alternative abilities such as speaking, 
communication, drive wheel-chair and so on is a good solution. Moreover, other 
Research fields in BCI have done about providing ability of communication with digital 
world without the use of muscles. 

 
2. Brain Activity 
 

Central nervous system is consisted of two general parts: Brain and Spinal cord. 
Additionally, the term “Cortex” is similar to “Cerebral cortex” and has several sections. 
These sections are playing the primary rule in brain activities including: 

 
- Sensory Areas which have visual, auditory, and somatosensory cortex. On the 

other hand, these areas involved for receiving and processing information 
from senses. 

-  “Association Areas” which is include parietal, temporal, and occipital lobes. 
So, these sections are related to abstract thinking and language. 

- Motor Areas which is contains Primary motor, Supplementary motor and pre-
motor cortex. In other words, Motor Areas are involved due to control the 
body movement. For this reason, left half of these areas are controlling the 
movement for the right part of the body and vice versa. 

 
     For measuring brain activities, two types of methods can be implemented: 

• Indirect Methods: 

 PET (Positron Emission Tomography): this nuclear imaging method is 
used for measuring blood glucoses that indicate activity and 
metabolism of the brain regions. This method uses the fact that the 
brain needs glucose for activation. 

 FMRI (Functional Magnetic Resonance Imaging) is used Magnetic 
Resonance Imaging (MRI) to measure metabolic activity of the Brain. 

 SPECT (Single photon emission computed tomography) is used 
gamma nuclear radiation to measure brain activity from changing the 
blood flow. 
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• Direct Methods: 

 MEG (Magneto encephalography) is used magnetic filed to measure 
brain activity. 

 EEG (Electro encephalogram) is used electrical filed for measuring 
the brain activity. 

 
 
In those methods, EEG is more usable because there is no need for expensive equipments 
and devices. Additionally, it can be measured with suitable time resolution around 1ms. 
However, spatial resolution is not good enough (about 3 cm3). Figure 1 shows the 
difference between these methods: 

 
Figure 1 – comparison of brain activity measurement methods [11] 

 
3. Brain Computer Interface 

As a matter of fact, the Brain Computer Interface (BCI) or brain machine interface is to 
control the computer with the use of brain activities. In addition, the goal of BCI is to allow 
the user to communicate with the computer by thought. Since it doesn’t sensor exist for 
thought, the only way for inference thoughts is using electrical activities of the brain.  

A schematic diagram of typical BCI system is presented below: 

 
Figure 2 – Schematic diagram of typical BCI system [11] 

  
According to this schematic diagram, the first function is related to biosensors which 
collecting EEG Electrical Activity of the brain. After that, it will remove the interface of 
eye movement, affect of heart rate, Power Line and other common physiological and 
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physical noises. The result of this is the improved SQNR and digitalized signal before 
sending them to computer. 
Moreover, Computer software executes several steps due to Extract Features, classified 
signal and recognizes specific commands from the brain. After that, the commands will 
be sent to the application for specific functions. For example, spelling alphabet or moving 
the cursor is some of these functions which can be gotten from these steps. 
As describe above, most BCI systems use EEG Signals in order to simple process of 
taking EEG signals. Also, the sources of EEG signals that we use in BCI have typically 
divided in to tree groups: 
The first group is rhythmic activity Signals from the brain, second is evoke potential and 
third is modulation response. 
 

• Brain rhythmic Signals 
As a matter of fact, brain has several rhythmic signals in sleep states, word association, 

imagination of movement (left/right hand, feet or tongue) and other activities which can be 
used for determining user instructions. For instance, moving the left finger will produce a 
signal to a region on the right motor cortex. After that, the cortex will be activated and the 
rhythm signal can be seen on that region. As a result, a robotic figure could be moved with 
the use of this signal.  

 
• Evoke Potential 

Event related or evoke potentials that driven by external stimulus can be used in BCI 
systems. Hence, the aim of this is for determining instructions. Famous example of this 
signal is P300 and SSVEP. 

  
 P300 

P300 is a signal that appears 300 ms after Evoked Relevant Potential (ERP) in the 
brain. Related to this, ERP can be auditory, visual or somatosensory. The example of visual 
ERP has mentioned in figure 3. As it is evident, the potential of signals have changed 
suddenly when a rare event occurred. On the other hand, if the stimulus happened more 
unexpected, for example like a shock, changing in amplitude of the potential will be higher.  

 
Figure 3- P300 example 

 
In these days researchers usually use some typical p300 applications. A good example of 
this is the keyboard which has shown in figure 4.  
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This keyboard has 6 columns and 6 rows like a matrix with 36 elements (keys). For 
selecting keys by the user, p300 keyboard must be turned on rows and columns randomly 
in order to determining which element is selected by the user (in this example P key). 
 

A B C D E F 
G H I J K L 
M N O P Q R 
S T U V W X 
Y Z 1 2 3 4 
5 6 7 8 9 0 

     
Figure 4 – p300 keyboard example 

 
A famous p300 system named BCI2000 has been developed by Wadsworth Center in 
Albany, USA. (www.bci2000.org) 
This system is a 9x8 keyboard that providing the full control from Microsoft windows 
and office 2003 for the usage. This BCI system is available for researchers now. 
 

 SSVEP (Steady State Visually Evoked Potentials) 
SSVEP is used flicker stimulation at low frequency (3.5-75 Hz) that elicited 

retina. As a result, electrical activity produced at same frequency in the occipital brain 
(visual cortex). For instance, if two flicker alphabets imagined with different frequencies, 
the place which has been watched can be realized from the brain activity. 

Lately, researchers consider that after a long period the brain can not responses to 
stimulation because of familiarizing to it. A simple example of using SSVEP is shown in 
figure 5. Suppose that the screen has four regions that show the directions up, down, right 
and left. Each area flicker with different frequencies. User can move cursor only by 
looking at the direction because the flicker in each region has affect on the occipital brain 
waves.  

 
UP 

4 HZ Left 
15 HZ Down 

10 HZ 

Right 
8 HZ 

 
Figure 5 – SSVEP Example 

 
• Modulation Response  
 

In modulated response paradigms, the user modulates internally a signal, given a specific 
stimulus. As an example, the raw brain signal has the function of stimulus as well as of 
feedback. The user will so learn to control specific brain waves, which is usually a very 
long process (up to several month of training). 
An example is the Slow Cortical Potentials (SCP) which is distributed all over the cortex 
and are very slow (up to several seconds after the stimulus). 
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4. Conclusions 
Today most BCI systems use EEG Signals to determine brain activities, this signals are 
rhythmic signals, evoke potential and modulated response of brain. 
Because simplicity of evoke potentials now well known methods like P300 and SSVEP 
used in must BCI applications and in the future may be researches about rhythmic 
activities can produce complex applications that stable from one people to another one. 
Brain Computer Interface (BCI) is a new extended field so we will much hear about it in 
future. 
Material used in this paper can accessible in website http://bci.abtahi.biz 
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