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Abstract—Brain Computer Interface(BClI) is a platform that provides an opportunity to develop
an alternative way of communication for patients who lose their ability to communicate. BCI
helps people restore their mobility which is driving a wheelchair in this case. With the help of this
technique one can understand the intended thoughts of such users. In this paper, different signals
from such patients have been analyzed. Essential steps like pre-processing, feature extraction and
classification are performed that helps us in analyzing the signal.
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I. INTRODUCTION

Brain Computer Interface provides us with a platform that helps us in creating a communication link
between the users and the computer systems. It allows us to communicate by using only our brains with no
involvement of the actual muscles that are usually involved in the process of communication. The
research communities around the world are developing different medical applications based on BCI thus
helping patients who have lost their ability to communicate thus providing them mobility[1].

Signal acquisition

The signal acquisition step involves signal being recorded from the user’s brain using any of the acquisition
methods which are invasive, partially invasive or non-invasive BCI acquisition technique. Generally the signals
taken from the human body are very low in amplitude. For proper analysis of the signal we need to amplify
the signal [2].
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Fig. 1. BCI signal processing[2]

Signal processing
The signals acquired from the surface of the brain needs to be processed. The steps are discussed below :
Pre-processing

Acquired signal from the brain suffers from a lot of noise. The signal gets interfered by different sources of
noise like heavy breathing, coughing or even eye blinking. This noise has to be removed in order to prepare
our signal for further processing which makes our signal more efficient.[2].

Feature extraction

The feature extraction in BCI can be done using time analysis, frequency analysis, time-frequency analysis or
Power Spectral Distribution(PSD). By using any of the method mentioned above we extract different
features from our signal of interest.
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Classification

Classification basically involves training our classifier to take the accurate decision. In this we identify a
specific patterns which are being generated and then translated into commands to perform the intended action
desired by the user [13]. Some common and efficient classifiers are linear classifiers, neural networks,
nearest neighbor classifier. Linear Discriminant Analysis (LDA) and Support Vector Machine (SVM).

BCI application
BCI application can be developed once we process the bio-signal, extract the features and classify them using
the appropriate classifier which is controlling a wheelchair in our case.

Fig.2 shows the brain computer interface which is classified into three main categories.

Brain Computer ’

Interface
MNon-invasive BCI Partially-invasive BCI Invasive BCI
acquisition techniques acquisition techniques acquisition technigques

Fig. 2 Types of brain computer interface

(1) Invasive BCI Acquisition Technique

Invasive BCI acquisition is a technique in which brain’s electrical activity is measured by placing the
electrodes inside the brain. The placement of electrodes is done by performing a critical surgery. The main
advantage of this technique is that the signal acquired is of the highest quality as the signal is recorded
directly from inside of the brain. This technique has one disadvantage that a critical surgery needs to be
performed for placing the electrodes deep inside the brain[2].

(2) Partially Invasive BCl Acquisition Technique

Another technique in which the electrodes are placed inside the skull but over the surface of the brain is
partially invasive method[2]. The strength of the signal acquired for this method is weaker than those acquired
using the invasive method[3].

(3) Non Invasive BCI Acquisition Technique

Non invasive technique is a method of recording the brain’s electrical activity by placing the
electrodes over the scalp. The electrodes are positioned over the scalp in accordance to the
international standards. Among the non-invasive methods, EEG(Electroencephalography) is the most
reliable and safe method. [3]. The other devices can be fMRI(functional Magnetic Resonance Imaging),
MEG( Magnetoencephalography) and fNIRS(Field Near Infrared Spectroscopy).

Il. RELATED WORK

This section discusses about some of the similar work done in the field of brain computer interface using
different acquisition method for recording the brain signal.

A partially invasive signal acquisition method was used for recording the brain signal by Leuthardt et al.[4]. The
signals were recorded using Electrocorticography (ECoG). A BCI system was developed which was used to
control the cursor movement in 1-D on a computer screen. The cursor was controlled by performing the motor
imagery actions. The placement of the electrodes was done over the sensorimotor cortex for about 3-8 days.
While the user performed different motor imagery tasks, the respective frequency bands were identified.

lturrate laki, et al.[5] developed a wheelchair whose movement was controlled by using the P300 brain
signal. The wheelchair was also coupled with a automated navigation system. When a person sits on a
wheelchair, he is provided with the reconstruction of the scenario which is in front of his eyes on a computer
screen. P300 signal is elicited whenever the user focuses on the desired location where he wants to drive
his wheelchair. Signal processing helps in identifying the desired location and it is sent to automated
navigation system. The wheelchair is then driven to the intended target. The wheelchair is also coupled with a
laser scanner in order to avoid any kind of obstacle in the path.
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Lal Thomas Navin, et al.[6] proposed an alternative solution to BCI which is EEG based. EEG based BCI
has low signal to noise ratio that makes it inefficient. A study was performed by placing electrode grids over
motor cortex area of the brain. The subjects chosen for the study were 3 epileptic patients. The subjects
performed different imagery tongue and finger movements. Results were recorded for the same.

A classical conditioning hypothesis was proposed for Alzheimer disease by Liberati Giulia, et al.[7]. As we
know that people suffering from degenerative disorder start to lose their communication ability. This study
can be of great help for such people. By associating the basic thoughts like “yes” with positive stimuli and
“no” with negative stimuli one can convey the basic thoughts.

Krishna D. Hari, et al.[8] developed a wheelchair using two different brain signals. One signal was P300 signal
and the other signal was generated whenever the person performed the motor imagery action. The
performance of the wheelchair was analyzed for different classifiers. The classifier that gave the shortest
path was chosen as the best classifier for the wheelchair. An electrode cap consisting of 24 electrodes
was placed on the scalp pf the subject. He then performed different imagery movements with a total of 256
trials.

I1l. PROPOSED SYSTEM

A non-invasive BCI acquisition method has been proposed in the Fig. 3 to record the signals from the brain for
analysis. The block diagram for the proposed system is shown below.

Data acquisition

The first step is to record the signals from the brain. For that purpose we are planning to use
portable EEG setup to store and analyze the EEG signals from the brain by properly placing the
electrodes onto the scalp on the positions FP1 and Al.

Signal filtering

After we have recorded the signals from the brain we need to remove the unwanted components from the
signal. The unwanted signals can be artifact due to eye blinking, heavy breathing or coughing. The filtering
can be done by applying low pass filter and notch filter to remove the power line noise.

Feature extraction

Next we extract the features from the signal that has been recorded. The features can be extracted using
Power Spectral Density (PSD), Wavelet transform and energy operator.

Classification

The next task is to classify the signals and identify the pattern. For signal classification we have different
algorithms but because of the accuracy of the Support vector machines(SVMs) classifier, we can choose
this classifier for controlling our wheelchair.

Data Acquisition Signal filtering Feature

extraction e.g.
PSD or wavelet

(using electrodes)

Artifact removal

Classification
Algorithm (Pattern
recognization)

Translation of

thoughts into
commands

Fig. 3. Proposed system block diagram

Translation into commands

After the classification has been done, the next step isto simply convert the intended thoughts of the
subject into commands that will help in driving the wheelchair in desired direction.

BCI application

Finally we should be able to perform the desired task and move the wheelchair in the desired
direction.
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IV. EXPERIMENTAL RESULTS

The setup used for capturing the brain signals is shown in Fig. 4 and it mainly consists of
instrumentation and operational amplifiers. Single channel electrode is used with two electrodes to be placed
over the forehead and reference electrode is placed on the earlobe.

Fig. 4. EEG capturing unit

After the signal has been recorded, it is loaded into the MATLAB and the same is plotted. The
next step involves pre-processing of the loaded signal which is corrupted because of artifacts. To
remove this noise we use zero-phase low pass filter. The next step involves in pre-processing is to
remove the baseline from our signal. The further steps involve to extract the important features from our
loaded signal. The main purpose of feature extraction is to extract the important information from the
signal of interest. Fig. 5 shows the power spectral density of the loaded signal and Fig. 6 shows the energy of
the signal calculated using Teager energy operator (TEO).

Fig. 5. Power spectral density

Fig. 6. Energy of the signal
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Decomposed EEG

L2 Morm 1.27452e+008

Fig. 7. Energy of decomposed signal
Decomposition of the signal is done using Dabachies wavelet at level 2 and energy is calculated. Fig. 7
shows energy of the decomposed signal.

Decomposition is then performed using Symlet wavelet at level 4. Here we find the detailed as well as the
approximate coefficients. Fig. 8 shows scale 1 detailed coefficient.

L2 Morm 1.27452e+008

Fig. 8. Scale 1 detailed coefficient

Fig. 9 shows scale 2 detailed coefficient.
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Fig. 9. Scale 2 detailed coefficient
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After we load one of the recorded EEG signal from the available EEG dataset we get the different features.
The results are stored in a file. The features can then be analyzed for interpreting the thoughts of the user i.e.
to understand the intended direction.

The Table I below shows the values of the different features that were extracted from the signal of interest.
These include various statistical features like mean, mode, range, energy, kurtosis, skewness, median, standard
deviation and FFT. As the number of extracted features increases, the more will be the accuracy of our
classifier.

TABLE | EXTRACTED FEATURE VALUES

FFT Energy Teager Energy | Compressed Energy | Mean
1.53e+06 | 1.83e+08 | 1.19e+11 1.27e+08 -0.088
TABLE Il XTRACTED FEATURE VALUES
Kurtosis Skewness | Median | Mode Standard Range
deviation
2.48 -0.056 0.251 -1.53e+02 | 28.51 2.66e+02

The values of the extracted features which are shown in the above table are compared with the values in
training data. The training data consists of the standard values for these 11 features namely FFT, energy, Teager
energy, Compressed energy, mean, kurtosis, median, mode, standard deviation and range when the person
thinks about a particular direction. These directions include left, right, forward and backward direction. These
values are arranged in 11 x 20 matrix.

We have 5 training datasets for each direction.
1) 5 training datasets- Right direction

2) 5 training datasets- Left direction

3) 5 training datasets- Forward direction

4) 5 training datasets- Backward direction

After we load a dataset in our GUI, perform pre-processing onto it, extract the above mentioned 11 features,
these values are stored in 11 x1 matrix. The minimum distance classifier then compares the extracted values
in the 11 x1 matrix with all the wvalues in the training dataset which are in the 11 x 20 matrix . The
classifier then calculates the distance of extracted values from each value in our training dataset which are
arranged in a 1 x 20 matrix. The dataset having minimum distance from the extracted values is expected to
be the result of the user’s thought and the wheelchair can be driven to that particular direction.

By using the training datasets we train our classifier thus making it capable of taking the accurate decision.
The Table 1l shows the normalized difference of the extracted features and the standard values
available in the 20 training dataset for all the for all the four directions - right, left, forward and backward.
The difference between each dataset and the extracted features is arranged from sequence 1 to 20 in Table I11.
From the Table given below we can clearly see that the difference given under index number 14 is having the
minimum distance from the database which contains the extracted features that we recorded. Thus the
classifier gives the decision depending on this minimum distance.

TABLE Ill DISTANCE CALCULATED BY MINIMUM DISTANCE CLASSIFIER
1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
1.178e+11 | 1.167e+11 1.073e+11 | 1.177e+11 |1.180e+11 | 1.181e+11 | 1.183e+11 | 1.183e+11 | 1.188e+11 [1.179e+11
11. 12. 13. 14. 15. 16. 17. 18. 19. 20.
9.680e+11 | 9.228e+11 1.045e+11 | 1.491e-08 (1.166e+11 1.180e+11 | 1.188e+11 | 1.191e+11 |[1.191e+11 p.760+11
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V. CONCLUSION

The aim is to develop a wheelchair based on BCI. For acquisition of the signal from the brain non-
invasive acquisition method is used. Electroencephalography (EEG) is the most commonly used non-invasive
method. After the signals are recorded from the brain, processing of the signal is done. The pre-processing
steps involve amplification and filtering. The key features from the recorded signal are then extracted using
different feature extraction methods like power spectral density, energy, kurtosis, mean, mode, median, range,
standard deviation and compressed signal energy. The extracted features are then classified using the minimum
distance classifier. The wheelchair then moves in the intended direction on the basis of the result given by the
classifier.
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