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Abstract - We propose a system where the words can be predicted using the classified brainwaves produced by cognitive 
and expressive factors. The brain activities are identified by the parts of the brain that gets activated by the corresponding 
action prescribed to the subject. This paper also investigates the use of virtual keyboard to predict what word the subject is 
thinking. Using dynamic prediction algorithm encoded in a network of neural nets, the system is implemented. We make a 
BCI that utilizes EEG signals which represent the cognitive functions activated in the brain connected to the letters though.   
This approach is not only fast but also focuses on circumventing problems that are faced by the disabled (due to degeneration 
of motor neurons). 
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I. INTRODUCTION 
 
A. Background 
A human brain is the crucial part of the central 
nervous system. It is electro-chemical in nature which 
means it sends electric impulses as a form of 
communication. These electric impulses can be 
measured as electronic signals also known as 
brainwaves. These brainwaves have different 
frequencies which are mainly categorized into four 
parts – Alpha, Beta, Theta, Delta. In order of 
frequency, Beta waves are fastest ones with low 
amplitude. These are the ones which engage the mind 
and help in performing mental activities. Alpha 
waves, second in frequency, are slower with higher 
amplitude. They are responsible for completing tasks 
and rest. These waves seek relaxation periodically. 
Theta waves are responsible for the daydreams and 
the flow of ideas during trivial everyday tasks of 
every day. They have relatively greater amplitude 
compared to others.  
From the Table 1, we can infer that the most of the 
signals seen were from the alpha and the beta types.  
Delta waves are the least observed as that can be seen 
from the observation. But there is a sixth category 
which has no significant frequency range, which is 
the noise interference. 
 

 
Table : Frequency Range of brainwaves 

B. Electroencephalograph, EEG 
Electroencephalography is a method to record electric 
activity in the brain. To achieve this, an 
electroencephalograph (EEG) device is used. This 
device will read brainwaves over a period of time 
with help of multiple electrodes placed on the scalp 
of the human head. Usually, there are two types 
electrodes used: Wet and Dry. Wet electrodes use a 
conductive gel applied prior to recording. Dry 
electrodes are easier to use and preferable. EG 
recordings show the oscillations at a variety of 
frequencies. An average of the EEG activity gives 
Evoked potentials (EP). EEG reading s are used for 
diagnosing many medical conditions such as sleep 
disorders, tumours, strokes etc. A headset is depicted 
below as an example in Figure 1. 

 
Figure1. Emotive NeuroHeadset 

 
C. Virtual Keyboard 
 A virtual keyboard is a software component that 
allows a user to enter characters. A virtual keyboard 
can usually be operated with multiple input devices, 
which may include a touchscreen, an actual computer 
keyboard and a computer mouse. Virtual keyboards 
are commonly used as an on-screen input method in 
devices with no physical keyboard, where there is no 
room for one, such as a pocket computer, personal 
digital assistant (PDA), tablet computer or touch 
screen -equipped mobile phone.  
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On a desktop computer, a virtual keyboard might 
provide an alternative input mechanism for users 
with disabilities, the main objective of why we are 
using the virtual keyboard is to amplify the 
requirements which are needed to convert textual 
representation into brain signals. 
 
II. EXISTING METHODOLOGIES  
 
A. Method I 
The system examined here was designed by Rakesh 
Ranjan, Sasidharan P.T. A BCI for patients suffering 
from ALS was made where they lost the ability to 
move muscles due to degeneration of motor nerve 
cells. The EEG has two aspects: first physiological 
and second is system artefact. ALS patients have 
been observed to have the smallest EMG 
(Electromyography) artefact value. 
System artefacts include 50/60Hz power supply 
interference and other electrical components that 
constitute anomalies. The waves used here were 
alpha, beta, delta, theta and gamma. 
Eye blinks are considered as the major factor that 
determines which letter on the virtual keyboard the 
user wants to select. The eye blinks help in the 
navigation over the virtual keyboard presented to the 
subject. They are 3 types: 
 
 Reflexive eye blink -  it is a reaction to an 

external stimulus which may involve sudden 
contact with the eye. In this type, no activities in 
the cortex are observed. 

 Spontaneous eye blink – It is an involuntary 
action where the eye blinks periodically without 
any internal or external agent.  

 Voluntary eye blink – as the name suggests, the 
blinking is done consciously.  

 
Eye blinks constitute peaks with high voltage and 
thus have a high amplitude. With these amplitude 
values, we can differentiate voluntary eye blinks from 
reflexive or spontaneous eye blinks. From the EEG 
waves, the downward peak of the negative region 
indicates the opening of the eyes, whereas, positive 
peak indicates closing. EEG converts electrical 
impulses (in the brain) into current waves through an 
electrolyte. it does it by detecting them with the metal 
that is connected to the bare skin of the user’s 
prefrontal lobe. The ions in the body are converted 
into electric current with a jelly electrolyte (contains 
chloride and other ions) depicted in the form of EEG 
waves. Metal is made of silver or stainless steel. 
 
Amplification circuit is used and the amplified signal 
is filtered to give a .5-15 Hz frequency by using a 
bandpass filter that successfully removes noise. By 
using a comparator and the lows and highs obtained 
through the peaks, the keyboard is operated. A 5 sec 
gap(3 times) is used to detect the number of blinks(1 
to 3) to select elements that are highlighted to the 

user. The first 5 sec gap selects the region, the next 
select the row and the last select the alphabet. 
This method was successful to a certain extent but its 
efficiency rate was only a 100 characters per minute, 
therefore there was scope for much improvements. 
Figure 2 shows the display section of the method. 
 

 
Figure 2. Selection Procedure 

 
B. Method II 
The second approach is based on the belief supported 
by the research in the area of accessibility by 
C.Neuper[8]. Jonathan Corley, Dustin Heaton, Jeff 
Gray, Jeffrey C. Carver, Randy Smith made an 
attempt to design a system for accessibility. 
 
Challenges faced in designing the system were the 
consistency of inputs, a limited number of inputs, 
lack of familiarity and so on. Here, the aim was to 
overcome the above challenges. For hardware, 
Emotiv EPOC neural headset was used. The project 
was developed in Java using Eclipse. The headset 
provides an API which is in C++ DLL. Since Java is 
a versatile language, the API was modified into Java 
Robot Class. Similar to the previous method, the 
keyboard is divided into three segments. The 
segments are named as group, section and button. The 
first selection is for the group. The second selection is 
the section. The third selection is the button. Unlike 
the method I, a full-sized keyboard has been virtually 
created. The keyboard layout was mapped to an XML 
file for faster access of keyboard functionalities. 
 
Implementation of the project is similar to the 
previous method. The testing method differs. The 
project uses both Expressive and Cognitive factors. 
Expressive factors deal with facial expressions 
whereas Cognitive factors deal with the mental state 
of the subject. Each participant was given to complete 
a task using Expressive and Cognitive factors 
spending five minutes on each. The results were 
analyzed and tabulated. The observations were made 
from two cases – inclusion and exclusion of 
Cognitive factor along with Expressive factor.  
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To conclude from the above outputs, the time taken to 
make a selection without Cognitive input was 15.8 
seconds. When the Cognitive factor was included, 
time increased to 39 seconds. The average error rate 
increased from 38.7% to 76.5%. Figure 3 shows the 
keyboard layout of the method. 
 

 
Figure 3. Keyboard Layout 

 
III. PROPOSED APPROACH 
 
The methodologies used for the purpose depicted the 
utility of both Expressive and Cognitive factors and 
displayed a significant amount of errors, but 
approaches were slow in terms of communication, as 
one of the methods took a minute to type a hundred 
characters. In the modern era, the utility of a 
predictive interface is crucial as it saves time and the 
energy wasted on process cores. The proposed 
approach also utilizes the Cognitive and Expressive 
factors. The predictive text feature which the existing 
methods lacked is also included in the proposed 
approach which is an innovation provided to this 
BCI. 
 
As for the recognition of characters what the subject’s 
brain is thinking, the approach runs a pattern 
recognition algorithm with the help of competitive 
nets. Once a series of distinct text is acquired, it is 
then fed to a net which houses the predictive 
algorithm, which suggests the closest words to the 
subject that can be deduced from the given sequences 
of text characters. The net which is being used for the 
purpose of prediction is the Long-Short Term 
Memory (LSTM). The choice of the net is so because 
LSTM has an enhanced capability of remembrance, 
also it takes into account of the actions made in the 
past to predict the future action or set of actions 
which might have a possibility of occurring. The 
implementation of deep learning is a matter of choice, 
but in the proposed approach the use of deep learning 
is avoided. 
 
The proposed approach attempts to rectify the flaws 
found in the predecessor methodologies by utilizing 
the alternatives proposed. The user interface which 
here is the virtual keyboard will guide the subject to 
emit the required brain signals, through which 
communication can be initiated and maintained. 

The use of noiseless classified waves is appreciated 
as it will enhance the utility of the system, noisy data 
can be used for comparative study purpose but not for 
application purpose. 
 
IV. SYSTEM ARCHITECTURE 
 

 
Figure 4 : System Architecture 

 
Figure 4 depicts the modules collaborating together to 
achieve the purpose of predictive text system. The 
modules are namely text converter engine, 
intermediate virtual keypad, database and text 
predictor. 
The text converter engine uses the competitive net to 
convert the brain wave signals into text characters. 
This module doesn’t take part in the display of the 
text character. The next module is the virtual keypad 
which takes the input of the imagined text character 
which is displayed on the keypad for optical 
confirmation. The virtual keypad in this system forms 
the BCI of the system. 
After the text sequence is confirmed, the incomplete 
sequence is utilized by the to predict the nearest 
word, this is done by the text predictor which, tries to 
map the incomplete sequence with the words already 
existing in the predefined database. 

The LSTM also has the feature to add new 
words to the database whenever a new word is 
encountered.  

 
V. ALGORITHM 

 
Figure 5. Pictorial Algorithm 

 
The classified noiseless data is input for the 
competitive net.). A network of Competitive nets will 
differentiate the letters thereby ensuring there are no 
errors or missing of letters. Competitive nets work on 
the winner-takes-all basis. Out of all input data, only 
one will win and others will lose. The presence of a 
time frame will ensure effective flow of letters for 
consistency in the processing. It is the maximum 
pause time before the processing of next batch of 
letters. 
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The Convolution Neural Net and the Long Short-
Term Memory will make up the Predictor Engine. 
This is where the letters and words are predicted. 
The Convolution Neural Net will absorb the data and 
predict the consecutive letters. LSTM differs by 
predicting the word which can be formed by the set of 
letters obtained from the Convolution Neural 
Network. Here, LSTM stands for Long Short-Term 
Memory. The dot product is performed on the input 
neurons in the convolution neural net.  
LSTM follows a Recurrent Neural Network 
architecture that has the capability to remember 
values. LSTM allows backwards and forwards 
connections between neurons. It makes use of the 
time frame that gives time lag. LSTM processes one 
word at a time and computes probabilities of the 
possible values. The memory state is set to zero in the 
beginning and it gets updated after each word is read.                  
Therefore, CNN acts as a Level 1 Predictor while 
LSTM acts as Level 2 Predictor. Hence, we get the 
predicted output from the LSTM  

 
CONCLUSION 
 
The paper discusses the various BCIs which were 
modelled by various researchers and the proposed 
BCI model which integrates the normal BCI 
keyboard with the neural network to give rise to the 
Predictive BCI Keyboard, which eases the establishes 
a smooth communication between the differently 
abled people with their surroundings.The proposed 
design is under the process of implementation, but the 
concept shows promising result about the system. 
Once the system is fully functional, then it can 
undergo a series of test for validation and 
verification.The results of those tests will be included 
in the upcoming papers related to the project. 
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