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Abstract- Neuroscience and brain imaging technologies have provide us with the ability to interface directly with the human 
brain. This ability is made possible through the use of sensors that can monitor the brain’s physical processes that correspond 
with certain forms of thought. Identifying the need of people with physical disabilities, researchers have used these 
technologies to build brain computer interfaces (BCIs), BCI is a systems that do not depend on the brain’s normal output 
pathways of peripheral nerves and muscles. But, users explicitly manipulate their brain activity instead of using motor 
movements to produce signals that can be used to control computers or communication devices.BCI systems are like 
blessing especially to those who suffer from neuromuscular injuries and neurodegenerative diseases , as it provide the 
voluntary muscular activity. 
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I. INTRODUCTION 
 
1.1 Brain computer interface:  
A BCI is a computer-based system that acquires brain 
signals, analyzes them, and translates them into 
commands. These commands are relayed to an output 
device which carries out a desired action. 
Technically, BCIs are not mind-reading devices but it 
enables users to act on the world by using brain 
signals rather than muscles. The user and the BCI 
work together. After particular training to user and 
BCI, user generates brain signals that encode 
intention, and the BCI, reads the signals and 
translates them into commands to an output device 
that fulfill the user's intention.  
 
II. LITERETUR SURVEY 
 
2.1 Fundamentals of a BCI System 
The aim of a BCI is to detect and quantify features of 
user’s brain signals. These signals indicate the user's 
intentions. BCI then translate these signal into the 
commands that can understood by output system. 
And finally output system accomplishes the user's 
intention. For all this processing, a BCI system 
consists of 4 sequential fundamentals: 
 
 (1) Acquiring signal 
 (2) Extracting feature  
 (3) Translating feature  
 (4) Outputting to device  

 

Fig1. BCI system 

These components are controlled by the protocol. 
This protocol defines timing of operation,   signal 
processing, the nature of the device commands, and 
the performance. An effective operating protocol 
allows a BCI system to be flexible and to serve the 
user’s intension. Electrical signals from brain are get 
read by recording electrodes located on the scalp, on 
the cortical surface, or within the brain. The brain 
signals are amplified and digitized.  
 
2.1.1 Acquiring signal 
Signal acquisition process is the process of measuring 
the brain signals using particular sensors. The sensor 
is basically a device implanted in the brain usually 
multi-electrode arrays that records the signals directly 
related to the movement. The signals are filtered to 
remove electrical noise or other undesirable signal 
characteristics and then amplified to suitable levels 
for electronic processing. Processed signals are then 
digitized and transmitted to a computer. 
 
2.1.2 Extracting feature 
Extracting feature is the analytical process. In which 
analysis of digital signals takes place for 
distinguishing the desired user intended signal from 
immaterial content. The process ends up in 
representing these analyzed signals in a form which is 
suitable for translation into output commands. 
Artifacts like Environmental artifacts and physiologic 
artifacts are removed to ensure the accuracy of the 
brain signal features. These extracted features should 
represent the user's intention.  
 
2.1.3 Translating feature 
In this process translation algorithm comes into the 
picture. It takes resulting signal features as a input 
and converts them into the appropriate commands for 
the output device.  
 
Further these commands complete the user intent. A 
better translation algorithm should be dynamic to 
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contain and adapt to simple or learned changes in the 
signal features and to ensure that the indented 
possible range of feature values covers the full range 
of device control. 
 
2.1.4 Outputting to device 
The commands from the feature translation algorithm 
operate the external device. External or output device 
can be any controllable machine such as answering 
yes /no questions, for word processing, wheelchair 
and virtual reality. The device operation provides 
feedback to the user and closes the control loop. 
 
III. PROTOCOL 
 
BCI system has a protocol that guides its operation. 
This protocol defines how the system is activated and 
deactivated, whether communication is continuous or 
discontinuous, whether message transmission is 
triggered by the user or by the system, the sequence 
and speed of interactions between user and system, 
and what feedback is provided to the user   . 
 
IV. CHALLENGES IN BCI SYSTEM 
 
BCI is nicely helping in some areas but has not been 
widely accepted because of some limitations and 
difficulties. Here we see some difficulty in 
implementing a BCI system for making BCI a 
successful technique. 
 
4.1 Noise Filtering:  
In general, at an instance brain may have multiple 
thinking. So when brain generate wave for user’s 
particular thought it also get some waves 
corresponding to other unnecessary thoughts. These 
waves of unnecessary thought act as noise for original 
waves. For handling these noise, brain have to 
increase its concentration during process. But it is 
impossible and impractical thing. Hence system has 
to use some noise-Filtering mechanism, which helps 
to filter the noise. Noise filters design need situation 
and application specific knowledge with neurological 
concept.  
With all this, study of situation is takes place to 
identify which part of brain is involved in the process, 
and then certain steps are carried out to increase the 
user’s concentration fully on the application. 
Performing such experiments produce patterns of the 
signals. Further according to this pattern adjustment 
in noise filter can be done. Overall this process is 
very complicated and time consuming. 
 
4.2 Neuron Clustering 
Few clusters are made up of 80-120 billion brain-
neurons. Cluster formation is a process divisioning of 
brain neurons on the basis of situation and 
experimentation. There is no standard or 
recommended way defined the exact clustering 
perfect for all situations.  

4.3 Signal Acquisition 
This is a central part of BCI system because the delay 
is caused at this point only. If a delay can be avoided 
or minimize at this step, can minimize the delay in 
total BCI system. So it is one of the biggest 
challenges in analyzing and recognizing the brain 
wave. Researchers are working on finding the 
solution for this problem and trying to make it 
accurate and faster for making a BCI system more 
useful. 
 
4.4 User Interface Design 
In BCI pointer movement is controlled from user’s 
thinking, so it is expected that GUI must be easily 
controlled and accessed by brain. Hence we must 
have a GUI which can easily be accessed and 
controlled by the brain.  
 
V. SOME SOLUTIONS ON CHALLENGES 
 
Future of BCI technology depends on improvements 
in the challenges that we discussed in last point. 
Similarly it also depends on the problem of reliability 
in the BCI system. BCI systems may be used 
routinely to replace or restore useful function for 
people who are disabled by neuromuscular disorders; 
or to improve rehabilitation for people with strokes, 
head trauma, and other disorders. All these real-life 
use of BCI must be as reliable as natural muscle-
based actions.  To make to make the system reliable 
we have to deal with some fundamental issues like. 
 
5.1. The central role of adaptive interactions in BCI 
operation: BCI system operation depends on the 
effective interaction of 2 adaptive controllers, first is 
CNS and the second is BCI. The BCI must adapt to 
fulfill the user's intent. Same way BCI should 
encourage and facilitate CNS plasticity. Because it 
improves the clarity and reliability with which the 
brain signals encode the user's intent. In other words, 
the BCI and CNS must work together to acquire and 
maintain a reliable partnership under all 
circumstances. 
 
5.2 The desirability of designing BCIs in same 
fashion the distributed functioning of the normal 
CNS: CNS functionality of acquiring, improving, and 
maintain its natural muscle-based functions can be 
the best guide for BCI designing.  
 
Central nervous system controls the motor actions, 
which are distributed across multiple areas. Cortical 
areas define the goal and the set of actions and details 
are often handled at sub cortical levels. Distributed 
control can improve the performance of Brain-
computer interface. In BCIs, user’s indented output 
commands get distributed and the application device 
that receives the commands and converts them into 
action. The distribution pattern varies from BCI to 
BCI and from application to application.  
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5.3 The importance of incorporating additional brain 
signals and providing additional sensory feedback: 
The natural muscle-based outputs of the CNS reflect 
the combined contributions of many brain areas from 
the cortex to the spinal cord. This suggests that BCI 
performance might be improved by using signals 
from multiple brain areas and by using brain signal 
features that reflect relationships among such areas. 
BCIs provide mainly visual feedback, which is 
relatively slow and often imprecise. Whereas natural 
muscle-based skills depends on different kinds of 
sensory input. Brain-computer interfaces system like 
limb movement involve high-speed complex 
movements are benefited from sensory feedback that 
is faster and more precise than vision. By allowing 
the CNS to function more as it does in producing 
muscle-based skills, this approach could improve BCI 

reliability. Researchers have started providing such 
feedback via stimulators in cortex. The optimal 
methods will surly vary with the BCI, the application, 
and the user's disability. 
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