
IJRIT International Journal of Research in Information Technology, Volume 2, Issue 9, September 2014, Pg. 797-805 

Pratibha T Jose, IJRIT  797 

International Journal of Research in Information Technology (IJRIT) 

 

                                       www.ijrit.com               ISSN 2001-5569 

Introduction to Brain Computer Interface 

Pratibha T Jose 
1
[Author]                                                         Shalini Sharma 

2
[co-author] 

Dronacharya College of Engineering, Gurgaon                      Dronacharya College of Engineering, Gurgaon  

Email: pratibhatjose@gmail.com                                             Email: shalinis.sharma2293@gmail.com  

 

 

Abstract 

 

Human Computer Interface defines all ways through which the humans can interact with computers using all 

possible sensory channels. Users through the help of HCI could communicate with the computers using speech, 

hands and face gestures, lip movements etc. The researchers now thought to implement new ways of interacting 

with the computer systems which are more implicit rather than being explicit, which means that users do not 

explicitly require doing something to make a computer perform a particular task. This resulted in the evolution 

of the era of Brain Computer Interface (BCI). In these systems users do not use their motor movements to 

produce electrical signal that would be taken as input by the computers instead users manipulate brain activities 

to control the working of computers. The most important practical usage of BCI is that completely paralyzed 

patients can directly communicate with systems using their brain signals and transmission of brain signals to the 

muscles of paralyzed parts of the body or prosthetic devices help restore movements in them. Other practical 

usage of BCI technology depends on the appropriate applications developed, identifying appropriate group of 

users and satisfying new trends in technologies.  

Keywords : Neuroprosthetics,  electromyography, electroencephalography (EEG), somatosensory, cognitive 

neuroscience, Sensorymotor rhythms (SMR), Event-related desynchronization (ERD), Neuroprosthetics, 

Electrocorticography (ECoG), EPOC, Magneto encephalography (MEG), functional magnetic resonance 

imaging (fMRI)  

 

1. Introduction 

Since many generations people did only fantasize about inventing the ways to communicate with the machine 

through their thought process alone or to create devices that can read persons’ mind and understand what the 

users want the computers to do. However recent advances have taken place in cognitive neuroscience and brain 

imaging technologies which have the abilities of directly interfacing human brain. Physical processes occur 

inside the brains that correspond with certain forms of thought. The speed and volume of BCI Research has 

grown tremendously from past few years. BCI technique involves recording the brain electrical activities from 

the users’ scalp as electroencephalographic activity (EEG). This field has recently gained popularity through its 

applications like mobile biosensors, computational and analytic approaches, neuroscience and computing for 

mobile brain imaging. For encouraging the rapid development and popularizing the BCI technology, the 

National Centre for Medical Rehabilitation Research of the National Institute of Child Health and Human 

Development sponsored a workshop on the technology. Around fifty engineers and scientists participated in this 

workshop. They represented different research groups from 22 different countries which included united States, 

Great Britain, Canada, Austria, Germany, Italy etc. Their goals of the workshop were to identify technical issues 

which need the implementation of BCI, to define the basics of applied BCI and to monitor the development of 

the Research regarding BCI. In this paper we will be studying about definition and essential features of BCI, the 

Evolution of BCIs and the bridge with Human Computer Interaction, Architecture of the Brain, how do BCIs 
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work?, Geography of Thought, Measuring Thought with Brain Imaging, Brain Imaging Technologies, signal 

analysis, BCI translation algorithms, applications of BCI technology.  

2. Definition of BCI and essential Features 

For the establishment of any sort of communications between two or more living organisms require the control 

of peripheral nerves and muscular system. But before we communicate with anything we first become specific 

about what we have to communicate. For example if we need to communicate to a person to fetch a glass of 

water, we first become specific that we need water and find out if the water is available nearby or not and if it is 

not available we tell someone to fetch us a glass of water. So before we start communicating about anything 

with anyone, it is our mind that first becomes specific what we need to do. This is called Users’ intent and this 

intent activates different areas of the brain which generates electrical impulses and then these impulses travel 

through our peripheral nervous system to concerned muscles of the body and thus the movements in the body 

parts are generated. Two way communications takes place between the Central Nervous System (CNS) and the 

Receptors in our body- one from CNS to Receptors and other from receptors to CNS. Despite depending on 

Peripheral Nervous System and muscles, BCI records the Brain’s intent and convert it into corresponding 

control signals for various BCI applications. The translation process involves two phases namely signal 

processing and pattern recognition. BCI process can be summarized as: firstly the intent of the brain is recorded 

directly, these electrical signals are then converted to EEG which is further signal processed to map into 

computer instructions and finally there is a feedback to the user. The system should rely voluntary and 

intentional controls and not on non voluntary controls like anger, excitement, and arousal are not a part of 

BCI’s.  

 

Fig: Working of a BCI 

General term for BCI is neuroprosthesis which not only receive output from the nervous system, but can also 

provide input. Moreover, they can interact with central nervous system and peripheral nervous system.  One of 

the most important reasons that this is significant is that current BCI systems aim to provide assistive device for 

people with severe disabilities that can render people unable to perform physical movements. An example of 

such a disease is Amyotrophic lateral sclerosis (ALS) . The exact cause of ALS is unknown currently, so there is 

no cure. ALS starts with muscle weakness and even muscle atrophy. Muscle atrophy is defined as a decrease in 

the mass of the muscle; it can be a partial or complete wasting away of muscle. When a muscle atrophies, this 

leads to muscle weakness. Muscle atrophy results from a co-morbidity of several common diseases, including 

cancer, AIDS, congestive heart failure. Generally all voluntary movements like speaking, walking, breathing, 

swallowing etc keeps deteriorating for several years, and eventually these abilities are gone forever. However, 

cognitive functions or sensations are not affected by this disease. People can still see, hear, and understand what 

is happening around them, but cannot control their muscles. This is because only special neurons are affected by 
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ALS, the large alpha motor neurons, which are an integral part of the motor pathways. Death is usually caused 

when respiratory muscles fail. Once the motor pathway is lost, any natural way of communication with the 

environment is lost as well. BCIs offer the only option for communication in such cases. So if for once the 

motor pathway is lost, any natural way of communicating with the environment is lost forever. BCIs offer the 

only option for communication in such cases.  A BCI is an artificial output channel, a direct interface from the 

brain to a computer or machine in which voluntary commands directly from the brain can be accepted without 

requiring physical movements. A technology that can listen to brain activity and can recognize and interpret the 

intent of the user. 

 

3. Evolution of BCIs 

There are three basic phases in the evolution of a technology. The first phase showcases the basic functions that 

can be accomplished by the respective technology. For example, when moving pictures were first developed, 

people were amazed to see simple stationary camera shots of flowers blowing in the wind or waves in the beach. 

Similarly, when computers’ mouse came into scenario, people were astonished by the ability to move a physical 

device by small distances on a plane surface and this movement controlled the movement of the cursor on the 

screen of computer. So on mapping this thing into brain sensing works, the ability to extract any bit of 

information directly from the brain without utilizing normal muscular channels was the first or initial phase in 

this technology. The second phase of the evolution is called emulation. The upcoming technology tries to copy 

the functionalities of existing technologies. In initial times recorded stage plays were casted into movies and 

computer mice were used to select from lists of items much as they would have been with the numeric pad on a 

keyboard. Similarly, early brain-computer interfaces also improved their functionalities by small amounts just 

like the mice and keyboards in the second phase with very few fundamental changes to the interfaces on which 

they operated. Finally comes the third phase, the technology attains maturity in this phase. In this phase, 

designers understand minute details of what the technology could do and how the technology could be improved 

further to discover its new capabilities that were explored never before. For example in the evolution of pointing 

devices firstly mouse was introduced for controlling the screens of display devices and now the markets are 

flooded with touch screen phones and tablets and moreover the latest interacting method in the devices is 

gesture control. BCI in its third stage has produced a few advancements which are listed as below: 

 

• While BCI researchers have mainly focused on providing alternate input device for the patients who 

have lost muscular control, HCI researchers might find resources to fight with the situation of entire 

locked-in experience. 

• In addition to this BCI is creating techniques to fix existing pain points in the patients’ body. New 

methods have been generated to help humans complete hectic human day-to- day activities.  

 

4. Brain Architecture 

 After the effects of brain injuries were studied, neuroscientists have built detailed topographical maps 

associating different parts of the physical brain with distinct cognitive functions by using new brain imaging 

technologies. 

The brain can be roughly divided into two main parts namely the sub-cortical and the cerebral cortex regions. 

Sub-cortical regions are phylogenetically older and the functions of this region include controlling vital 

functions such as heart rate, respiration, basic emotional, temperature regulation and instinctive responses such 

as fear and anger, reflexes, as well as learning and memorization. The cerebral cortex evolved newly. Since this 

is the largest it is usually the part of the brain people notice in pictures. The cortex supports most sensory and 

motor processing as well as “higher” level functions including reasoning, planning, language processing, and 

pattern recognition. This is the region that current BCI work has largely focused on.  

 

The cerebral cortex is split into two hemispheres which have very different functions. For instance, most 

language functions are handled by the left hemisphere, while the right hemisphere controls spatial reasoning 

skills. The brain can be further divided into separate regions specialized for different functions. For example, 

occipital region is placed at the very back of the head process visual information. Areas in the temporal regions 
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which lie roughly along the sides and lower areas of the cortex are involved in memory, language processing, 

auditory processing and pattern matching. Other areas of the cortex are dedicated to functions such as spatial 

representation and processing, attention orienting, arithmetic, planning, reasoning voluntary muscle movement 

and even moral sense and ambition. 

 

 

5. Brain Activity Measurement 

 
Brain while is in its thought process produces electrical and magnetic waves. Therefore, different areas of the 

brain show different types of changes in electrical or magnetic activity which are recorded by the sensors, at 

different times over, to study brain activity. Most BCIs place sensors over the head of living beings and through 

these sensors measure the electrical activity going inside different parts of brain. Electroencephalography 

(EEG), very well established method which refers to recording electrical activity from the scalp with electrodes.  

EEG equipment is lightweight, inexpensive, and can be easily applied. Temporal resolution is one distinct and 

important function of BCI systems which refer to the ability of detecting changes within a given particular time 

span. However, the EEG has got disadvantages too. The topographic resolution and the frequency range are 

limited. The EEG is highly disrupted by contaminations in the EEG caused by other electrical activities. 

Examples are bioelectrical activities caused by eye blinks EOG and from muscles (electromyography activity, 

EMG) close to the recording sites. External electromagnetic sources such as the power line can also contaminate 

the EEG. The setup procedure of EEG is complex because of which they are not highly demanded. To achieve 

adequate signal quality, the skin areas that are to be contacted by the electrodes have to be carefully prepared 

with special gel called electrode gel. A few to more than 100 electrodes are required by current BCI systems.  

The setup time is reduced and the setup procedure becomes less complex if the number of electrodes is less.  

Wearing the EEG cap with electrodes is not convenient since electrode gel can dry out. Before each session of 

BCI use, the setting up procedure usually has to be repeated. From a practical viewpoint, this is one of largest 

drawbacks of EEG-based BCIs. A possible solution is a technology called dry electrodes. Dry electrodes require 

neither skin preparation nor electrode gel. This technology is currently being researched, but a practical solution 

that can provide signal quality comparable to wet electrodes is not in sight at the moment. 

 

 
Fig: an EEG based BCI 

 

 

5.1 Mental Strategies and Brain Patterns 

 

Measuring brain activity effectively is a critical first step for brain–computer communication. However, 

measuring activity is not enough, because a BCI cannot read the mind or decipher thoughts in general. The 

mental strategy is the foundation of any brain–computer communication. The mental strategy determines what 

the user has to do to volition-ally produce brain patterns that the BCI can interpret. A BCI can only detect and 
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classify specific patterns of activity in the ongoing brain signals that are associated with specific tasks or events. 

What the BCI user has to do to produce these patterns is determined by the mental strategy (sometimes called 

experimental strategy or approach) the BCI system employs. The mental strategy also se certain constraints on 

the hardware and software of a BCI, such as the signal processing techniques to be employed later. The amount 

of training required to successfully use a BCI also depends on the mental strategy. The most common mental 

strategies are selective attention and motor imagery. In the following, we briefly explain these different BCIs. 

More detailed information about different BCI approaches and associated brain signals can be found in chapter 

“Brain Signals for Brain–Computer Interfaces”. 

 

5.2 Selective Attention 
 
BCIs based on selective attention require external stimuli that can be auditory or somatosensory. Generally BCIs 

are based on visual stimuli. That is, the stimuli can have different tones, different tactile stimulations, or flashing 

lights with different frequencies. In a typical BCI setting, the BCI activity to be performed is controlled by 

stimulus and each stimulus is associated with a command which controls the activity.  The users have to focus 

their attention to a particular stimulus to execute the corresponding stimulus’ command.  For making the 

concept clearer let us take an example of a navigation of mouse pointer through the screen and selecting a 

particular application. For accomplishing this task we need to move a cursor to items displayed on the computer 

screen and then we have to select them through focusing our attention on them. For doing so we need to lay our 

focus on five stimuli. Out of these five stimuli, four stimuli correspond to the commands for cursor movement 

i.e. left, right, up, and down and the fifth stimulus is for selecting then item on the screen. This system would 

allow two dimensional navigation and selection on a computer screen. Users operate this BCI by focusing their 

attention on the stimulus that is associated with the intended command. The user would first need to focus on 

the stimulus that is associated with the up command, then on the one for the left command, then select the item 

by focusing on the stimulus associated with the select command if the user wants to select an item on the 

computer screen which is one position above and left of the current cursor position.. The items could represent a 

wide variety of desired messages or commands, such as letters, words or instructions to move a wheelchair or 

robot arm, or signals to control a smart home. 

 

 

5.3 Motor Imagery 

 

Moving a limb or even contracting a single muscle changes brain activity in the cortex. Motor imagery is a 

mental process by which an individual rehearses or simulates a given action. It is widely used in sport training 

as mental practice of action, neurological rehabilitation, and has also been employed as a research paradigm 

in cognitive neuroscience and cognitive psychology to investigate the content and the structure of covert 

processes (i.e., unconscious) that precede the execution of action In fact, the so-called sensorymotor rhythms are 

changed when already the preparation of movement or the imagination of movement is made. Sensorymotor 

rhythms (SMR) are the oscillations in brain activity recorded from somatosensory and motor areas. Brain 

oscillations are typically categorized according to specific frequency bands which are named after Greek letters 

(delta: < 4 Hz, theta: 4–7 Hz, alpha: 8–12 Hz, beta: 12–30 Hz, gamma: > 30 Hz). Alpha activity recorded from 

sensorymotor areas is also called mu activity. Event-related desynchronization (ERD) happens when there is 

a decrease of oscillatory activity in a specific frequency band correspondingly, the increase of oscillatory 

activity in a specific frequency band is called event-related synchronization (ERS). ERD/ERS patterns can be 

volitionally produced by motor imagery, which is the imagination of movement without actually performing the 

movement. The frequency bands that are most important for motor imagery are mu and beta in EEG signals. 

Invasive BCIs often also use gamma activity, which is hard to detect with electrodes mounted outside the head. 

 

6. Types of BCI systems 

 
There are several types of brain-computer interfaces that are reported. The basic purpose of these  devices or 

types is to intercept the electrical signals that pass between neurons in the brain and  translate them to a signal 

that is sensed by external devices. 

 

6.1 Invasive Brain Computer Interfaces 

 

Invasive Brain Computer Interface devices are those implanted directly into the brain and have the highest 

quality signals. These devices are used to provide functionality to paralyzed people. BCIs are also used to 
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restore vision by connecting the brain with external cameras and to restore the  use of limbs by using brain 

controlled robotic arms and legs. As they rest in the grey matter, invasive devices produce the highest quality 

signals of BCI devices but are prone to scar-tissue build-up, causing the signal to become weaker or even lost as 

the body reacts to a foreign object in the brain.  

 

In vision science, direct brain implants have been used to treat non-congenital i.e. acquired blindness. One of the 

first scientists to come up with working brain interface to restore sight as private researcher, William Dobell. He 

implanted first prototype into Jerry, A man blinded in adulthood, in 1978. He inserted single array BCI 

containing 68 electrodes into Jerry’s visual cortex and succeeded in producing the sensation of seeing light. In 

2002, experiment was conducted on Jens Neumann where Dobell used more sophisticated implant enabling 

better mapping of phosphenes into coherent vision and after the experiment Neumann was interviewed on 

CBS’s show as shown in fig 2.BCIs focusing on motor Neuroprosthetics aim to either restore movement in 

paralyzed individuals or provide devices to assist them, such as interfaces with computers or robot arms. 

Researchers at Emory University in Atlanta led by Philip Kennedy and Roy Bakay were first to install a brain 

implant in a human that produced signals of high enough quality to stimulate movement. 

 

 

6.2 Partially Invasive Brain Computer Interfaces 

 

Partially invasive BCI devices are implanted inside the skull but rest outside the brain rather than within the 

grey matter. Signal strength using this type of BCI is bit weaker when it compares to invasive BCI. They 

produce better resolution signals than non-invasive BCIs. Partially invasive BCIs have less risk of scar tissue 

formation when compared to Invasive BCI. Electrocorticography (ECoG) uses the same technology as non-

invasive electroencephalography, but the electrodes are embedded in a thin plastic pad that is placed above the 

cortex, beneath the dura mater. ECoG technologies were first trade-in humans in 2004 by Eric Leuthardt and 

Daniel Moran from Washington University in St Louis. In a later trial, the researchers enabled a teenage boy to 

play Space Invaders using his ECoG implant. This research indicates that it is difficult to produce kinematics 

BCI devices with more than one dimension of control using ECoG. Light Reactive Imaging BCI devices are still 

in the realm of theory. These would involve implanting laser inside the skull. The laser would be trained on a 

single neuron and the neuron’s reflectance measured by a separate sensor. When neuron fires, the laser light 

pattern and wavelengths it reflects would change slightly. This would allow researchers to monitor single 

neurons but require less contact with tissue and reduce the risk of scar-tissue build up.  

 

 

6.3 Non Invasive Brain Computer Interfaces  

 

Non invasive brain computer interface has the least signal clarity when it comes to communicating with the 

brain (skull distorts signal) but it is considered to be very safest when compared to other types. This type of 

device has been found to be successful in giving a patient the ability to move muscle implants and restore partial 

movement. Non-Invasive technique is one in which medical scanning devices or sensors are mounted on caps or 

headbands read brain signals. This approach is less intrusive but also read signals less effectively because 

electrodes cannot be placed directly on the desired part of the brain. One of the most popular devices under this 

category is the EEG or electroencephalography capable of providing a fine temporal resolution. It is easy to use, 

cheap and portable. 

 

7. The Emotive Education Edition SDK 

  
The EEG headset, to extract a person’s brain waves to authenticate him, is EPOC headset manufactured by 

Emotive Inc as shown in fig 3. More details about this headset are given below. The education Edition SDK by 

Emotiv Systems includes a research headset: a 14 channel (plus CMS/DRL references, P3/P4 locations) high 

resolution, neuro-signal acquisition and processing wireless neuroheadset as shown in fig 4. Channel names 

based on the International 10-20 locationsare: AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, F8, and AF4. 
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Fig:  Emotive Education Edition SDK 

 

 

 
Fig: An illustration of the electrode placement on the scalp 

 

The Education Edition SDK also includes a proprietary software toolkit that exposes the APIs and detection 

libraries. The SDK provides an effective development environment that integrates well with new and existing 

frameworks. Other methods of capturing brain signals include electroencephalography (EEG) and magneto 

encephalography (MEG). The methods that are not in use but are being considered include magnetic resonance 

imaging (MRI) and near infrared spectrum imaging (NIRS) to provide analysis of brain wave and chemical 

patterns. 

 

7.1 EEG Based BCI  

 

Electroencephalography (EEG) is a type of non-invasive interface, which has high potential due to its fine 

temporal resolution, ease of use, portability and low set-up cost. A common method for designing BCI is to use 

EEG signals extracted during mental tasks. EEG is the recording of electrical activity along the scalp produced 

by the firing of neurons within the brain. EEG refers to the recording of the brain's spontaneous electrical 

activity over a short period of time, usually 20–40 minutes, as recorded from multiple electrodes placed on the 

scalp. The EEG is modified by motor imagery and can be used by patients with severe motor impairments (e.g., 

late stage of amyotrophic lateral sclerosis) to communicate with their environment and to assist them. Such a 

direct connection between the brain and the computer is known as an EEG-based BCI. EEG-based BCI have 

become a hot spot in the study of neural engineering, rehabilitation and brain science. 

 

7.2 MEG and MRI 

  

Magneto encephalography (MEG) and functional magnetic resonance imaging (fMRI) are another type of 

non-invasive interface. Both have been used successfully as non-invasive BCIs. In a widely reported 

experiment, fMRI allowed two users being scanned to play Pong in real-time by altering their haemodynamic 

response or brain blood flow through biofeedback techniques. fMRI measurements of haemodynamic responses 
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in real time have also been used to control robot arms with a seven second delay between thought and 

movement. 

 

8. Applications of BCI 

 
One of the most exciting areas of BCI research is the development of devices that can be controlled by thoughts. 

Some of the applications of this technology may seem frivolous, such as the ability to control a video game by 

thought. If you think a remote control is convenient, imagine changing channels with your mind. However, 

there's a bigger picture devices that would allow severely disabled people to function independently. For a 

quadriplegic, something as basic as controlling a computer cursor via mental commands would represent a 

revolutionary improvement in quality of life.  

Early research used monkeys with implanted electrodes. The monkeys used a joystick to control a robotic arm. 

Scientists measured the signals coming from the electrodes. Eventually, they changed the controls so that the 

robotic arm was being controlled only by the signals coming from the electrodes, not the joystick. 

A more difficult task is interpreting the brain signals for movement in someone who can't physically move their 

own arm. With a task like that, the subject must "train" to use the device. With an EEG or implant in place, the 

subject would visualize closing his or her right hand. After many trials, the software can learn the signals 

associated with the thought of hand-closing. Software connected to a robotic hand is programmed to receive the 

"close hand" signal and interpret it to mean that the robotic hand should close. At that point, when the subject 

thinks about closing the hand, the signals are sent and the robotic hand closes. 

Once the basic mechanism of converting thoughts to computerized or robotic action is perfected, the potential 

uses for the technology are almost limitless. Instead of a robotic hand, disabled users could have robotic braces 

attached to their own limbs, allowing them to move and directly interact with the environment. This could even 

be accomplished without the "robotic" part of the device. Signals could be sent to the appropriate motor 

control nerves in the hands, bypassing a damaged section of the spinal cord and allowing actual movement of 

the subject's own hands. 

 

9. Conclusions 

 
A BCI is new direct artificial output channel. A conventional BCI monitors brain activity and detects certain 

brain patterns that are interpreted and translated to commands for communication or control tasks. BCIs may 

rely on different technologies to measure brain activity. A BCI can be invasive or non-invasive, and can be 

based on electrophysiological signals (EEG, ECoG, intracortical recordings) or other signals such as NIRS or 

fMRI. BCIs also vary in other ways, including the mental strategy used for control, interface parameters such as 

the mode of operation (synchronous or asynchronous), feedback type, signal processing method, and 

application.  

  
BCI research over the last 20 years has focused on developing communication and control technologies for 

people suffering from severe neuromuscular disorders that can lead to complete paralysis or the locked-in state. 

The objective is to provide these users with basic assistive devices. Although the bandwidth of present-days 

BCIs is very limited, BCIs are of utmost importance for people suffering from complete locked-in syndrome, 

because BCIs are their only effective means of communication and control. 

  
Advances in BCI technology will make BCIs more appealing to new user groups. BCI systems may provide 

communication and control to users with less severe disabilities, and even healthy users in some situations. 

BCIs may also provide new means of treating stroke, autism, and other disorders. These new BCI applications 

and groups will require new intelligent BCI components to address different challenges, such as making sure 

that users receive the appropriate visual, proprioceptive, and other feedback to best recover motor function. 

  
As BCIs become more popular with different user groups, increasing commercial possibilities will likely 

encourage new applied research efforts that will make BCIs even more practical. Consumer demand for reduced 

cost, increased performance, and greater flexibility and robustness may contribute substantially to making BCIs 

into more mainstream tools. 
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