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Brain Computer Interface (BCI) refers to a system desigto translate the
brain signal in controlling a computer applicatioThe most widely used
brain signal is electroencephalograph (EEG) fomaisihe non-invasive
method, and having a quite good resolution andtively affordable

equipments. This research purposively is to olttancharacteristics of EEG

signals using the motor movement of “turn righttditurn left” that is by

moving the simulation of steering wheel. The chtmastic of signal
Keyword: obtained is subsequently used as a reference atecaenew type of wavelet
for classification. The signal processing, inclglia 4 — 20 Hz bandpass
filter, signal segmentation in 1 to 2 seconds af&muli and signal
correlation, is used to obtain the characterstiEEG signal; namelfzvent—
Related Synchronization/Desynchronizati®@RS/ERD). The result of test
data classification to two new types of waveletvghthat each volunteer has
a higher correlation value towards the new typewvafelet that has been
designed with various wavelet scales for each iddads.
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1. INTRODUCTION

BCl is a system that enables someone to be capébtmtrolling a computer application by using a
bioelectrical signal coming from the brain, commyoailled electroencephalograph (EEG). The BCI syste
is designed to improve the independence and quaflitife and to decrease a social cost of an intlisi
suffering from the nerve disorder such as strolkeanyotrophic lateral sclerosis (ALS) [4].

EEG comes to be the most widely used bioelectricitthe application of BCI system since it has
been taken through theon-invasivemethod; that is by locating the electrodes onto gtrface of the head
skin without any surgery for the brain commonlyledlasinvasivemethod. Other reasons are related to the
simplicity of using EEG and, compared to other pmeénts such as Magnetoencephalograph (MEG),
Functional Magnetic Resonance Imaging (fMRI) orrriefrared signal (NIRS), the equipment for obtaupi
the EEG data is relatively affordable [3].

The system of BCI can be used in several applicatsuch as by moving the wheelchair, robot arm,
word spellerand many others in which each application requaresiccurate type of EEG signal. Hence, a
process of signal processing is deemed to be éasistenbbtain a specific characteristic of EEG sigthat, in
turn, could be applied in that application accuyateThis is due to that the EEG signal obtaineainfr
measurement is still mixed with noise and artefibe emergence of noise and artefact in the EEGakig
mainly determined by other bioelectricity such dsctooculogram (EOG), electrocardiogram (EKG),
electromiogram (EMG) and, most importantly, activf signal background from the brain itself [1].
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One of EEG signal types that can be applied in B@ Event-Related
Synchronization/DesynchronizatiofcRS/ERD) that might be emerged for the existentdhe motor
movement. ERS/ERD is characterized by the existefithe significant increase and decrease of andgi
compared to that of EEG signal when someone ihénrésting phase. In this case, amplitude of ERS is
higher than that of the signal during the restihgge and amplitude of ERD is smaller than thahefsignal
during the resting phase [2].

Several researches have been conducted to obwichtracteristics of EEG signal related to the
motor movement. Deepa et al. (2011) [5] have ootetl a research using the EGG data from 118
electrodes using the stimulus of motor movements, are through the movements of right hand, laftch
and right leg. The signal processing to calculagednergy from the EEG signal is conducted usings&ian
Smoothened Fast Hartley Transform (GS-FHT) afteiptocessing using the filter ofiebyshe® — 15 Hz in
obtaining the range of beta frequency of EEG sigaklted to the motor movement. Furthermore, $igna
classification uses IB1 (Instance-Based) and ADeTdternating Decision Tree) with an input in theem
of energy obtained from GS-FHT.

Huang et al. 2011 [7] conducted a research usibgpm signal to control the computer cursor. In
this research, it is found that when performingaement or desire to do a movement of right hartieft
hand, ERD will dominantly appear in the motor arefthe brain; namely the left motor area and igatr
motor area, which are oppositely located. The mamnof ERS can additionally be found in the opmosit
motor areas of the brain. Hence, the movementefittht hand and the left hand in which ERD and ERS
occur in the opposite motor areas can be used rforpe four movements through the two-dimensional
controlling cursors; those are the left hand of ERRDturning left, left hand of ERS for moving upght
hand of ERD for turning right and right hand of ER8 moving down. In this research, 16 points of
electrode (CZA, C3A, CZ, C1, C3, C5, CZP, C3P, PZ, C4A, C2, C4, C6, C4P, P4) are placed in that rig
and left area omotor cortexusing the filter band pass of 9 - 32 Hz. To setext classify the characteristics
of ERS/ERD, the method afenetic algorithm(GA) based ormahalanobis linear distancéMLD) and
decision tree classifigfDTC) is used by using an adaptive model.

Mizuno et al. 2010 [8], while measuring EEG, conddca research using four orders: order for
relax or resting, order for multiplication of 2 d&y order for writing letter and order for turniagound three-
dimensional crossbar. The electrode of EEG is plau® the points C3, C4, P3, P4, O1 and O2 with1b-

20 system. The extraction of EEG characteristiddame usingmaximum entropy methoMEM) and
investigation is performed towards the signal ofcEiE the range of frequency afphaandbeta The range

of alphaandbetaafterwards is redivided into several ranges ajdency in order to obtain the most accurate
features. The range of frequency of alpha 8-12dthén divided into 3: alphal 8 Hz, alpha2 9-10ard
alpha3 11-12 Hz, while fdveta(13-30 Hz) is divided into 2: betal 13-19 Hz arda? 20-30 Hz. All signals
in those frequency ranges are used as the chastictar feature. For clustering data, Learning tdec
Quantization (LVQ) is used then.

Yulianto et al. 2012, [10] conducted a researchatols the signal of EEG taken from the electrodes
placed in C3, C4, P3 and P4 using the 10-20 intiermal system supported by a stimulus that is byinmp
the simulation of steering wheel “turn right” anairn left”. The data segmentation within 1 secorfbbe
reaching 2 seconds after stimulus is done to mh&esignal processing merely focused on EEG with the
motor movement. Several band pass filters; namel\84z, 4 — 13 Hz, 4 — 20 Hz, 8 — 13 Hz, 8 —20akid
13 — 20 Hz are used to accurately obtain the cheniatics of EEG signal related to the motor movetne
Correlation towards all data of EEG that have bsegmented is conducted using Hamming Window that
shifted to obtain the characteristic of EEG sigiabugh the movement of “turn right” and “turn lefThe
characteristic of EEG signal obtained from the ltesfusignal correlation is used to select the farfimother
wavelet appropriate for the process of classifiggtiwhich was conducted using the method of caicela
using the mother wavelets; namely Daubechies8, 8zhibs9, Daubechies10, Symlet6 and Symlet8.

Yulianto et al. 2012 [11] similarly conducted asearch with the equal data but with different
method in signal processing. The segmentatione&BG signal was conducted in the data of 1 seaatid
2 seconds after the stimulus in the form of the emoent of simulation of steering wheel “turn riglatfid
“turn left” given. The filter bandpass 4 — 20 Hzsa@onducted to remove the unnecessary noise analsig
Furthermore, the correlation towards all data ofGEEhat has been segmented was conducted using
Hamming Window shifting with the overlap of 10 dafdterward, the correlated signals were classifigd
one matrix group for EEG signals with the movemeots‘turn right” and “turn left”. Eigen value
decomposition is used to find out the signal witl highest Eigen value of each group subsequesds as
the characteristics of EEG signal for the movenodéniurn right” and “turn left”. Classification idone using
the method of correlation using the mother waveWich, in this case, is Mexican Hat.

This research is purposively to make a new typevavyelet - besides the other types of mother
wavelets that previously exist. This is based oe tharacteristic of signal obtained from the signal
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processing. The new type of the wavelet is usedherclassification of EEG signals for the moverseoit
“turn right” and “turn left”. The method of signgkocessing conducted in this research refersacetiual
method conducted in our previous research (Yuliaettaal. 2012 [10]). However, the classification is
conducted without using the available mother wayddat using the wavelet that is created basedhen t
characteristic of the signals obtained from thecpss of signal processing.

2. FUNDAMENTAL
This part discussed about the fundamental thestipporting the research.

2.1. BCI System

BCI refers to a system that is able to interpretlihain signal to control or communicate with the
world outside. There are two methods developetigidystemSynchronizednd Self-pacedThe first type
is the initial version of BCI in which the userslypgan do controlling and communicating using thesae
devices in the period that has been determinethdgystem. In the second ty@slf-pacedthe users can do
controlling and communicating anytime. In the sgstef BCI, the type ofSelf-pacedconsists of two
conditions:Intentional-Control(IC) andNo-Control (NC). IC refers to a condition in which the BClstgm
is in an active condition to do the control or commication with the outside devices; while NC refersa
condition in which the system is in inactive ong [6

2.2.Wavelet Transformation

There are two types of wavelet transformation deedly used in the signal processiigjscrete
wavelet transforms(DWT) and Continuous wavelet transformgCWT). DWT is used to perform
decomposition of signal to be the signal in thehhfgequency group calleddétail’ signal and the low
frequency group called “approximation”. Meanwhil®/C runs based on the principle of signal corretatio
to mother wavelet. The result of CWT is a numbecaéfficients of wavelet C that are the functiorsoéle
and position. The multiplication of each coeffidiavith certain scaled and shifting wavelet will uésn the
wavelet element for the original signal. CWT isidefl as an integral of signal multiplied with then€tion
of the scaled and shifting wavelgt (scale, position, time):

C(skala,posisi) = ffowf(t)‘}’(skala,posisi, t)dt Q)
CWTY (1,5) = WY (t,s) = J% [x@yr (55) at )

In the equation of (1) and (2)refers to shiftings as scaley(t) as the function of transformation or
commonly callednother waveletMeanwhile, the term of translation or shiftingétated to the location of
windowthat continually shifts along the signals thatl wé transformed.

3. RESEARCH METHOD

The data in this research were taken from thetpahelectrode C3, C4, P3 and P4 (Central and
Parietal) from the brain using the unipolar techeigpf “10-20 System” using the instrumentRibsignal
Measurement Instrument K&H Type KL-70@th sampling frequency at 200 Hz. This instrumisna data
acquisition tool consisting of software and hardavéor acquisition and analysis of biological sigdaka.
Several experiments of measurement that can be donethis instruments may include
Electroencephalograph, Electrooculograph, Electagrgph, Electrocardiograph, hearth beat and heart
sound, blood pressure, respiration, and pulmonangtion.

In order to obtain the EEG signal with the motawvement in the form of movement of “turn right”
and “turn left”, the volunteers are required to maimulation of the steering wheel to the right &mdhe
left based on the direction on monitor. The computenitor placed approximately four meters in frofit
the volunteers will show the direction in the fooharrow directing to the right and left directiodf 22
volunteers participated in this research, it isnfibthat the data of EEG signal for “turn right” dftdrn left”
from each of the volunteers is 25 data.

Those EEG data are then filtered using the barsdfiier 4 — 20 Hz in order to remove the
discarded signal disturbances such as bioelecsigahl from the muscle, bioelectricity from the vement
of eyeball and signal background appearing dutimgptrocess of obtaining data. To make the extnactfo
the characteristics of EEG signals can be focusethe signal merely related to the motor movemeata
segmentation within 1 second before reaching 2rekxc@s done once the stimulus appears on the nmonito
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This is due to the response of EEG signal towardsmiotor movement occurred in a very short timetgef
and more or less 1 second after the emergenceraflss [9].

The segmented signal for each movement of “tighttiand “turn left” of each volunteer is grouped
to obtain the group of 25 data for “turn right” aR8 data for “turn left”. To obtain the charactédof EEG
signal with the motor movement of “turn right” aftdrn left”, correlation towards the group of 25tdavas
performed. The first data was correlated to th@seédaata up to the 25th dat&indowingin the form of
Hammnig windowalong 200 data was performed to each signal flman25th data with the overlap of 10
data for each window shifting. Furthermore, the Bath was correlated to the third data until théh 2&ata
as well as until the 24th correlated to the 25ttad@orrelation coefficient is obtained by seekihg ratio of
Eigen value, which is a ratio of the first Eigedueand the second Eigen value from the matrixigriad
covariance in the window pair. At this point, thighest ratio of Eigen value indicates that thenaidhas a
high correlation value.

The potential of the brain as a result of a meid@movement is characterized by the increase and
decrease of signal amplitude in a significant maf2e Hence, the maximum and minimum points inteac
of the correlated signal groups are sought in wihehpoints subsequently are shifted into one poirtie
groups of signal with the maximum and minimum pealnts that have been combined are averaged to
obtain one averaged signal with maximum peak anel average signal with minimum peak from 22
volunteers. The averaged signal is used as a dhastic of motor movement of “turn right” and “tufeft”
[10].

Finally, one characteristic of EEG signal will betained for the movement of “turn right” and “turn
left” with the maximum and minimum peak in the ¢tedes C3, C4, P3 and P4 here as the averaged aésul
the signal characteristics from 22 volunteers. Btaim one feature as a reference in creating atype of
wavelet, correlation is done in each of signal gesm each electrode. The signal pair with the Istwe
correlation coefficient will become a referencecteate a new type of wavelet. The lowest coeffica the
signal pair indicates that the characteristicagria “turn right” and “turn left” in the electrodéhas the most
different form. The table below shows the coefiitieorrelation in each signal pair “turn right” attdrn
left” for each position of electrodes C3, C4, P8 &4 for EEG signal with the motor movement:

Table 1. Correlation coefficient of signal charaistic in each pair of electrode

3 PEAK MAX 593
PEAK MIN 540
ca PEAK MAX 372
PEAK MIN 551
P3 PEAK MAX 371
PEAK MIN 385
P4 PEAK MAX 371
PEAK MIN 243

Table 1 clearly shows that the signal in the ebmldr P4 with the minimum peak point has the lowest
correlation coefficient. Hence, the characterisfithe signal is used as a reference in creatingvatype of
wavelet “turn right” and “turn left”.

P4 Filter 4 - 20 Hz

(0] 20 40 60 80 100 120 140 160 180 200

Figure 1. The characteristic pair of P4 with theimum peak point (right=blue, left=red) [10]
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4. RESULT AND ANALYSIS

As previously presented in Section 3 the charesttes of the signal used as a reference to make a
new type of wavelet “turn right” and “turn left” @the pair of signal characteristics of electrodenith the
minimum peak.

To make a signal that has a similar form with tigmal characteristic of “turn right” and “turn 1&ft
curve fittingis used.Curve fittingis used to find out a mathematical model, whickugable with the signal
data “turn right” and “turn left” here by findingedtain coefficient to make the function suitableresximally
as possible. Below are two new types of waveldeddiCokal” and “Coka2”:

x 1072 Cokal

-8 | | | I I I I I
(o] 20 40 60 80 100 120 140 160 180 200

Figure 2. Wavelet “cokal”

The formula of wavelétokal” is presented as follow:
out2 = 1:201,

al = 0. 002373;
bl = 0. 1321;
cl = 4.028;
a2 = 0.001238;
b2 = 0. 2885;
c2 = 1. 016;
a3 = 5.603e-005;
b3 = 0. 005108;
c3 = 17.73;
ad = -0.002088;
b4 = 0. 1816;
c4 = 2.162;
ab = 0. 001678;
b5 = 0. 2344;
ch = 6. 378;
a6 = 0. 0004725;
b6 = 0. 6037
c6 = 0. 8369;

outl = al.*sin(bl*out2+cl) + a2.*sin(b2*out2+c2) + a3.*sin(b3*out2+c3) +
a4. *si n(b4*out 2+c4) + ab5. *sin(b5*out 2+c5) + ab6. *si n(b6*out 2+c6) ;
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x 1072 Coka2

_8 Il I Il I I I I Il I
o 20 40 60 80 100 120 140 160 180 200

Figure 3.Wavelet‘coka2”

The formula of waveletcoka?’ is presented as follow
out2 = 1:201,

al = 1. 23e-005;
bl = 0. 7355;
cl = -1. 464;
a2 = -0.001992;
b2 = 0.1769;
c2 = 2.624;
a3 = -0. 0015;
b3 = 0. 2246;
c3 = 4,227,
ad = 0. 0005516;
b4 = 0. 3833;
c4 = - 8. 286;
ab = -0.002263;
b5 = 0. 1305;
ch = 7.317;

outl = al.*sin(bl*out2+cl) + a2.*sin(b2*out2+c2) + a3.*sin(b3*out2+c3) +
ad. *si n(b4*out 2+c4) + ab. *si n(b5*out 2+c5);

The testing of new type of wavelet towards the dafteEEG “turn right” and “turn left” is
performed to a group of test data that has alréaeyn prepared. The test data also includes theudathin
the process of data processing. However, the leofjitthe data segmentation is different; that are8in
seconds before reaching 3 seconds after the ssngiien. The accuracy in this testing is determibgd
calculating the number of signals with the highastelation coefficient; namely at the maximum peakl
minimum peak in the range of data 1 second to @rskxafter the stimulus given.

In the following table,"Right” refers to the correlation result of new wavelevaods the “turn
right” data and‘Left” refers to the correlation result of new waveletaods the “turn left” data. Peak
Max’ is the highest correlation with the maximum pedkeak Miri is the highest correlation with minimum
peak; and Peak Max + Mini is the highest correlation in a signal with mayim or minimum peak — merely
selecting one of thenDiff refers to the result of reducing the correlatiomber between the “turn right”
data and “turn left” data in the similar wavel8iff with the highest positive value (+) indicates thze
wavelet is more accurate to be used in the “tughttidata; whileDiff with the highest negative value (-)
indicates that the wavelet is suitable to be usdatie “turn left” data.

The table below presents the result of correlatibthe EEG data “turn right” and “turn left” ateh
electrode P4 both from 22 volunteers simultaneoasly 3 volunteers separately with wavelet “cokald a
“coka2” in the scale of 1:200. The numbers presented itathle are the maximum and minimum values (in
%) from the result of correlation from scale 1 iZor each type of wavelet.
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B P4 22 VOLUNTEERS COKA1
W P4 1# VOLUNTEER COKA1
" P4 2# VOLUNTEER COKA1
B P4 3# VOLUNTEER COKA1

RIGHT| LEFT | DIFF |RIGHT| LEFT | DIFF |RIGHT| LEFT | DIFF

PEAK MAX PEAK MIN PEAK MAX + MIN

Figure 4. The Result of Correlation of EEG datéhim Electrode P4 with a maximum value towards Wetvel
“cokal”

B P4 22 VOLUNTEERS COKA2

0 B P4 1# VOLUNTEER COKA2
" P4 2# VOLUNTEER COKA2
30
M P4 3# VOLUNTEER COKA2

20

10

RIGHT | LEFT | DIFF |RIGHT| LEFT | DIFF |[RIGHT | LEFT | DIFF

PEAK MAX PEAK MIN PEAK MAX + MIN

Figure 5. The Result of Correlation of EEG datthim Electrode P4 with a maximum value towards Wetvel
“coka2”
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m P4 22 VOLUNTEERS COKA1

20 -
W P4 1# VOLUNTEER COKA1
" P4 2# VOLUNTEER COKA1

o -
M P4 3# VOLUNTEER COKA1

RIGHT | LEFT RIGHT | LEFT RIGHT | LEFT

PEAK MAX PEAK MIN

-60

Figure 6. The Result of Correlation of EEG dat#him Electrode P4 with a minimum value towards Wetvel
“cokal”

B P4 22 VOLUNTEERS COKA2

20 -
B P4 1# VOLUNTEER COKA2
1 P4 2# VOLUNTEER COKA2

0 -
W P4 3# VOLUNTEER COKA2

RIGHT | LEFT

RIGHT | LEFT RIGHT | LEFT

PEAK MAX

PEAK MIN PEAK MAX + Ml

-60

Figure 7. The Result of Correlation of EEG datéhm Electrode P4 with a minimum value towards Wetvel
“coka2”
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The figure above shows that the correlation of wetvigokal” and “coka2” towards the test data a&f BEG
signal simultaneously conducted towards 22 volustéas a lower correlation value compared to the on
separately conducted towards 3 volunteers. This shews that each individual has correlation towaha
new type of wavelet with the unequal scales.

5. CONCLUSION

The characteristic of EEG signal with the motorvetment appears in the area of the motor cortex
of the brain in which in this research the chanasties of signal for the motor movement of “tuight” and
“turn left” seem to be different from the electrgdalaced in the point P4 (parietal). It can be sbeough
the correlation value of the signal from the pdisignals “turn right” and “turn left” with the mimum peak
that has the lowest correlation value comparedab of the pair of signals from the electrodes C8,and
P3.

The result of correlation of EEG data “turn riglaid “turn left” towards the new type of wavelet
shows that each volunteer has a high correlatidmeveowards the new type of wavelet with the difar
scales.
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