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1. INTRODUCTION
 	A brain-computer interface uses electrophysiological signals to control remote devices. Most current BCIs are not invasive. They consist of electrodes applied to the scalp of an individual or worn in an electrode cap. These electrodes pick up the brain’s electrical activity (at the microvolt level) and carry it into amplifiers. These amplifiers amplify the signal approximately ten thousand times and then pass the signal via an analog to digital converter to a computer for processing. The computer processes the EEG signal and uses it in order to accomplish tasks such as communication and environmental control. BCIs are slow in comparison with normal human actions, because of the complexity and noisiness of the signals used, as well as the time necessary to complete recognition and signal processing.
[image: ]The phrase brain-computer interface (BCI) when taken literally means to interface an individual’s electrophysiological signals with a computer. A true BCI only uses signals from the brain and as such must treat eye and muscle movements as artifacts or noise. On the other hand, a system that uses eye, muscle, or other body potentials mixed with EEG signals, is a brain-body actuated system.

Figure 1.1: Scheme of an EEG-based Brain Computer Interface with on-line feedback. 
The EEG is recorded from the head surface, signal processing techniques are used to extract features. These features are classified, the output is displayed on a computer screen. This feedback should help the subject to control its EEG patterns.
 	The BCI system uses oscillatory electroencephalogram (EEG) signals, recorded during specific mental activity, as input and provides a control option by its output. The obtained output signals are presently evaluated for different purposes, such as cursor control, selection of letters or words, or control of prosthesis. People who are paralyzed or have other severe movement disorders need alternative methods for communication and control. Currently available augmentative communication methods require some muscle control. Whether they use one muscle group to supply the function normally provided by another (e.g., use extraocular muscles to drive a speech synthesizer) .Thus, they may not be useful for those who are totally paralyzed (e.g. brainstem stroke) or have other severe motor disabilities. These individuals need an alternative communication channel that does not depend on muscle control. The current and the most important application of a BCI is the restoration of communication channel for patients with locked-in-syndrome.












2. What is BCI
         
A brain-computer interface (BCI), sometimes called a direct neural interface or a brain-machine interface, a research deals with a direct communication pathway between a either accept commands from the brain or send signals to it (for example, to human or animal brain and an external device. In one-way BCIs, computers restore vision) but not both. Throughout the world, such research is surprisingly extensive and expanding. BCIs are often aimed at assisting, augmenting or repairing human cognitive or sensory-motor functions. BCIs read electrical signals or other manifestations of brain activity and translate them into a digital form that computers can understand, process, and convert into actions of same kind, such as moving a cursor or turning on a TV.BCI can help people with inabilities to control computers, wheelchairs, televisions or other devices with brain activity.
BCI research is rapidly approaching a level of first-generation medical practice for use by individuals whose neural pathways are damaged, and use of BCI technologies is accelerating rapidly in nonmedical arenas of commerce as well, particularly in the gaming, automotive, and robotics industries. The technologies used for BCI purposes are cutting-edge, enabling, and synergistic in many interrelated arenas, including signal processing, neural tissue engineering, multiscale modeling, systems integration, and robotics. 
Among the possible brain monitoring methods, the scalp recorded electroencephalogram (EEG) constitutes an adequate alternative because of its good time resolution, relative simplicity and noninvasiveness. The EEG signals are analyzed and mapped into actions inside the computer rendered environment. A BCI allows a person to communicate with or control the external world without using the brain's normal output pathways of peripheral nerves and muscles. Messages and commands are expressed not by muscle contractions, but rather by electrophysiological signals from the brain. BCls provide an alternative communication and control option for the severely disabled.

3. HISTORY
3.1 Discovering the basics
The history of Brain-Computer-Interfaces (BCI) starts with Hans Berger's discovery of the electrical activity of human brain and the development of electroencephalograpy (EEG).Berger studied medicine at the University of Jena and received his doctorate in 1897. He became a professor in 1906 and the director of the University's psychiatry and neurology clinic in 1919. In 1924 Berger was the first one who recorded an EEG from a human brain. By analyzing EEGs Berger was able to identify different waves or rhythms which are present in a brain, as the Alpha Wave (8 – 12 Hz), also known as Berger's Wave.
Berger analyzed the interrelation of alternations in his EEG wave diagrams with brain diseases. EEGs permitted completely new possibilities for the research of human brain activities. However, it took until 1970 before the first development steps were taken to use brain activities for simple communication systems. The Advanced Research Project Agency (ARPA) of the government of the United State of America became interested in this field of research. They had the vision of increasing the performance of mental high load tasks by enhancing human abilities with artificial computer power. However these ambitious goals were never fulfilled but the first steps into the right direction were taken.

3.1.1 Monkey follows…
As almost all experiments which include a certain risk for human lives, the first experiments were conducted with animals more precisely on primates. The first wireless intracortial brain-computer interface was built by Philip Kennedy and his colleagues by implanting neurotrophic cone electrodes into monkey brains. 
Miguel Nicolelis, a Brazilian physicist and scientist became the most popular proponent of using multiarea recordings from neural ensembles as input for BCI applications. In the 90s Nicolelis team did inital studies on rats, followed by the development of a BCI system that was able to decode monkeys' brain activities. This data was used to translate the monkeys' movement to rudimentary robot action. By the year 2000, Nicolelis' group implanted electrode arrays into multiple brain areas of owl monkeys. They built a BCI system that was capable of reproducing a monkey's movement, while reaching for food or using a joystick in real time. However, the system has to be considered as an open-loop BCI, as the monkeys got no feedback from their actions by the BCI. They proceeded with their research and conducted experiments in rhesus monkeys. The monkeys were trained to reach and grasp for objects on a screen by manipulating a joystick. Using velocity and grasping action prediction their BCI system was able to control a robot. The robot was hidden from the monkey but the monkey was provided with feedback of the robot's performance by the visual display.

3.1.2 Humans follows
However, not only monkeys were objects to BCI research but also humans participated in
experiments with both invasive (which means direct contact to the neurons by whatever means) and non-invasive approaches. There have been many experiments using various techniques for “reading the brain” such as the EEG, MEG, fMRI or similar methods.
One of the first persons who benefit from all the years of BCI research is Matt Nagle. In 2004 an electrode array was implanted into his brain to restore functionalities he had lost due to paralysis.
The system required some training but finally he was able to control the TV, check emails and do basically everything that can be achieved by using a mouse. 
Today many researchers at a lot of universities and laboratories are continuing BCI research. However, the present-days achievments are very impressive but there is still a lot of research and studying to be done until the whole potential of Brain-Computer-Interfaces can be tapped.







4. Neuroimaging in BCIs
“Neuroimaging includes the use of various techniques to either directly or indirectly image the structure, function, or pharmacology of the brain. It is a relatively new discipline within medicine and neuroscience.” 

4.1 Direct Neural Contact
This is the most accurate method of recording potentials occuring in the brain as it has direct contact to every neuron in the brain, e.g. by using nanorobots. Needless to say that this method is highly invasive and impracticable with respect to our current technology. However, with ongoing advances in nanotechnology this method might become reality.

4.2 Electroencephalography (EEG)
This procedure is the first non-invasive neuroimaging technique discovered. It measures the electrical activity of the brain. Due to its ease of use, cost and high temporal resolution this method is the most widely used one in BCIs nowadays. However, in practice EEGs are highly susceptible to noise and thus require a significant amount of user training in order to be operable in a BCI. Luckily, recent research at the Fraunhofer Society has shown that this problem can be overcome by using neural networks to shift the learning overhead from the human to the computer.










4.2.1 Direct Interfaces via EEG
[image: ]
Figure 4.1: Test person attachment to an EEG

In the field of Body-Computer-Interfaces multiple approaches to an interface design have evolved. Many of these are in fact haptic or linguistic interfaces. But for some people who experienced a cerebral apoplexy and are “locked-in”, trapped in their own body so to say, the operation of those devices is impossible. Therefore, a different technique – the direct communication with the brain via an electro-encephalogram (EEG) is applied here. One such technique is VEP interface.

4.2.1.1 VEP-Interface

[image: ]
Figure 4.2: Location of visual cortex
VEP stands for visual evoked potential which is caused by a visual stimulation. When a person is exposed to commonly-used visual stimuli like flashing lights or flickering checkerboards, significant changes in the EEG of the visual cortex can be observed.
For measuring an EEG, multiple electrodes have to be attached to the subject’s back of the head over the visual cortex as well as two electrodes on an earlap and on the brow for reference and grounding. When exposed to a checkerboard which changes its colors from black to white and back with a frequency of between 3 and 6 Hz the visual system emits a VEP that can be measured via the electrodes.

 4.3 Magnetoencephalography (MEG)
Though similar to the EEG in that it is a non-evasive technology the MEG is a much newer and more accurate technology. Instead of measuring the electrical activity in the brain this technology records magnetic fields produced by it. The main drawbacks of this technology are its high requirements in equipment.
“Using MEG requires a room filled with super-conducting magnets and giant super-cooling helium tanks surrounded by shielded walls.”

4.4 Functional Magnetic Resonance Imaging (fMRI)
This technique measures the haemodynamic response (blood flow and blood oxygenation) related to neural activity in the brain by the use of MRI (Magnetic Resonance Imaging formerly known as Magnetic Resonance Tomography MRT). The fact that there is a correlation between neural activity and the brain’s haemodynamics makes the fMRI a neuroimaging tool. In contrast to the MRI which studies the brain’s structure this method studies the brain’s function. As this method requires MRI technology it needs very special equipment and thus is quite costly.









5. ARCHITECTURE
[image: ]

The processing unit is subdivided into a preprocessing unit, responsible for artifact detection, and a feature extraction and recognition unit that identifies the command sent by the user to the BCI. The output subsystem generates an action associated to this command. This action constitutes a feedback to the user who can modulate her mental activity so as to produce those EEG patterns that make the BCI accomplish her intents.
The general BCI system can have four main components:
· Signal acquisition (Sampling, Quantization etc).
· Signal processing (Feature extraction selection).
· Classification and pattern recognition.
· Application (Spelling devices, Wheel chair, Neuroprosthetics).
In the first step, the brain signals are acquired through invasive or non-invasive methods. After the signals are amplified and sampled. Once the signals are acquired, it is necessary to clean or removing the noise so to improve the accuracy of the signal. After then the brain signals are classified to find out which kind of the metal task the subject is performing. And then the classification signals are used according to the specified applications.
The application can involve a spelling device, neuroprothetics, wheelchair, recognition of human or subject’s operations, feeling or emotions etc. The application also generates feedback to inform the subject about the outcome of classification. Based on the measures of the electrical activity of the brain i.e EEG signals, the basic idea is to tap the user’s thoughts in order to develop another communication way or interface between a human and a machine for spell words, identifying emotions or feelings etc. The emotion is one form of the state of human’s mind. Basically, emotions are unconscious mechanisms controlling behavior and feelings are unconscious or conscious representations of emotions that are more detailed and larger in number. There are two basic reaction patterns:
· Approach (love, joy): Influenced by positive emotions.
· Avoidance (sorrow, fear): Influenced by negative emotions.
Four different approaches to the measurement of emotions:
· fMRI (Functional Magnetic Resonance Imaging).
· Other tests: Eyes measurements, Galvanic skin response, EEG, heart rate etc.
· Facial expression.
· Response to feeling words.
5.1 Signal Acquisition Techniques
The goal of this concept would be to extracts as much entropy as possible from a user’s brain signals upon “transmitting” a thoughts. Provided that these brain signals can be recorded and processed in an accurate and repeatable way, a pass thought system might provide a quasi two-factor, changeable, authentication method resistant to shoulder-surfing.
6. Output Device
6.1 Any controllable machines 
· For answering yes or no questions
· Wheel chair
· Virtual reality
6.1.1 Answering yes or no questions
A neuro-scientist named Scott Mackler suffering from an awful disease known as ALS (amyotrophic lateral syndrome) was completely paralyzed, except for eye movements. He was shown using only his brain waves (hooked up to an electro-encephelogram (EEG) contraption that read tiny electronic signals fired by neurons in his brain) to answer the interviewer’s questions. By thinking of individual letters, and then thinking “yes” when the computer flashed them on the screen, the ALS  sufferer composed responses to the interviewer’s questions. Then, the interviewer himself Scott Pelley put on the EEG cap – and remarkably, managed to write the word THOUGHT on the computer screen with only his thoughts – and with no errors!
[image: C:\Documents and Settings\student\Desktop\ccf.bmp]
Figure 6.1: Answering yes or no.

6.1.2 Wheel chair
If you have ever been wheel-chaired by providence or by choice, you will know how useful a brain-controlled and mind-controlled wheelchair can be, almost dream-like. University of Zaragoza in Spain has developed a prototype of such a chair that could make lives a zillion times easier for wheelchair users. 
Using a P300 neurophysiological protocol and automated navigation, this wheelchair requires an EEG cap to be worn on the user’s head. A screen in front of him or her gives the user real-time visualization of the surroundings on the screen and concentrates on the space he wants to navigate to.
[image: F:\mind_wheelchair.jpg]
Figure 6.2: Wheel chair



6.1.3 Virtual Reality
Virtual reality (VR) is a term that applies to computer-simulated environments that can simulate physical presence in places in the real world, as well as in imaginary worlds. Most current virtual reality environments are primarily visual experiences, displayed either on a computer screen or through special stereoscopic displays, but some simulations include additional sensory information, such as sound through speakers or headphones. Some advanced, haptic systems now include tactile information, generally known as force feedback, in medical and gaming applications. Furthermore, virtual reality covers remote communication environments which provide virtual presence of users with the concepts of telepresence and telexistence.
Virtual reality is often used to describe a wide variety of applications commonly associated with immersive, highly visual, 3D environments.
[image: C:\Documents and Settings\personal\My Documents\Downloads\300px-VR-Helm.jpg]
Figure 6.3: U. S. Navy personnel using a virtual reality parachute trainer.



7. ADVANTAGES and DISADVANTAGES
7.1 Advantages
· BCIs will help creating a Direct Communication Pathway between a human or animal brain and external devices like computers.
· BCIs has increased the possibility of treatment of disabilities related to nervous system along with the old technique of Neuroprosthetics.
· Techniques like EEG, MEG and neurochips have come into discussions since the BCI application have started developing.
· This has provided a new work area for scientists and researchers around the world.

7.2 Disadvantages
· In case of invasive BCI there is a risk of formation of scar tissue.
· There is a need of extensive training before user can use techniques like EEG.
· BCI techniques still require much enchancement before they can be used by users as they are slow.
· Ethical implications of BCI will arise in future.
· BCI techniques are costly. It requires a lot of money to set up the BCI environment.





8. APPLICATION
Brain-Computer Interface (BCI) is a system that acquires and analyzes neural signals with the goal of creating a communication channel directly between the brain and the computer. Such a channel potentially has multiple uses. The current and the most important application of a BCI is the restoration of communication channel for patients with locked-in-syndrome.
8.1 Medical applications
BCIs provide a new and possibly only communication channel for people suffering from severe physical disabilities but having intact cognitive functions. For example these devices could help in treating (or rather overcoming) paraplegia or amyotrophia. 
Somewhat related to this topic is the field of Neuroprosthetics which deals with constructing and surgically implanting devices used for replacing damaged areas of the brain and more generally for neural damages of any kind.
8.2 Human enhancement
 “Human enhancement describes any attempt (whether temporary or permanent) to overcome the current limitations of human cognitive and physical abilities, whether through natural or artificial means.” 
Having this definition in mind one can think of many applications of the BCI in this field. For example BCIs could help facilitate communication systems in Cybernetic Organisms, Brainwave Synchronization, or even speculative things such as the Exocortex, among others.
Cybernetic Organism describes the enhancement of an organism by means of technology. For
example a BCI could enable the attachment of robotic limbs without the use of the organism’s
original nervous system (as long as the brain is intact).





8.2.1 Brainwave Synchronization
“Brainwave synchronization is the practice to entrain one's brainwaves to a desired frequency, by means of a periodic stimulus with corresponding frequency. The stimulus can be aural as in the case of binaural beats, or visual, as with a Dreamachine.”
 A BCI could be used to detect and classify the current state of mind of an individual and actively adjust the frequency of the Brainwave Synchronization to achieve a certain state of mind.
8.2.2 Excortex
“An exocortex (speculative) is an external information processing system that augments, in a subtle and seamless fashion via a brain-computer interface, the brain's biological high-level cognitive processes.” 
8.3 Human manipulation
The notion that a BCI could allow a two-way communication between a human and a computer gives rise to more controversial potential uses of such a device. Using such a communication mechanism one could imagine directly influencing an individual’s thoughts, decisions, emotions or thinking. Of course, the mere “reading” of the mind could be put to criminal use, e.g. unwanted reading of passwords, locations, etc.
While this may sound like science-fiction, methods researched in social-psychology such as advertisement,  media manipulation, propaganda, group dynamics or peer pressure have been proven to be successful in altering an individual’s behavior and their effectiveness is undisputed. So, in principle manipulation is possible.
Experiments to explore possibilities of mind-control are by no means theoretical and include the use of drugs and electronic signals to alter brain functioning. For example the project codenamed MKULTRA conducted by the CIA dates back to the 1950’s and was aimed at researching mind control.Brain-computer-interfaces present a new level of technology that could be used to actively manipulate an individual.



8.4 Neuroprosthetics
One of the applications of brain computer interface technology is neuroprosthetics. This field of neuroscience deals with devices that are used to replace functions of impaired or damaged sensory organs or nervous systems. One of the most popular of these devices is the cochlear implant used in almost a hundred thousand patients to date. In contrast to conventional hearing aids this device is not a sound amplifier but directly stimulates any appropriate functioning nerves.























9. Current Projects

Many projects are going on in the world of BCI research. Here are some of them presented:
9.1 Berlin Brain-Computer-Interface (BBCI)
The Berlin Brain-Computer-Interface is a joint venture of several german research organisations.
Members are:
– The Institute Computer Architecture and Software Technology of the Fraunhofer Society
– The research group Intelligent Data Analysis (IDA)
– The Neurophysics Research Group
– The department of Neurology at the Campus Benjamin Franklin of the Charité University
Medicine
– The Technical University Berlin.
The goal of the project is the development of an EEG based BCI system. The applications of this system are on the one hand computer supported workplaces, to control a cursor via brain waves and on the other hand tools for paralyzed or paraplegic people. 
9.2 Graz Brain-Computer-Interface
The University of Graz, Australia has also a research project for Brain-Computer-Interfaces.
Its main topics are:
– Brain-Computer-Interfaces
Using EEG signals as input for computers.
– Telemonitoring of BCIs
Remote monitoring and administration of BCI systems
– Combining BCI and virtual reality (VR) technology
Using BCI systems to move in virtual realities
– Functional electrical stimulation, Stimulation of limbs by electrical signals


10. CONCLUSION
BCI is a system that records electrical activity from the brain and classifies these signals into different states. Few applications currently being used have been discussed. Since the BCI enables people to communicate and control appliances with just the use of brain signals it opens many gates for disabled people. The possible future applications are numerous. Even though this field of science has grown vastly in last few years we are still a few steps away from the scene where people drive brain-operated wheelchairs on the streets. New technologies need to be developed and people in the neuroscience field need also to take into account other brain imaging techniques, such as MEG and fMRI, to develop the future BCI. As time passes BCI might be a part of our every day lives. Who knows, in twenty years I’ll not have to type this report with my fingers, but just the conscious control of my thoughts would be enough.
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