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Abstract

The research on the topics of brainwave has gained a lot of attention from all researchers. Most
research topics are in the area of medical science that aim to analysis the cause of abnormal diagnose.
With the small amount of electrical signals generated from brain functions, the researchers can interprest
these signals into some useful information for distinguishing the difference between normal and abnormal
conditions such as level of meditation, sleeping condition, attention, eye blinking, etc. In general,
brainwave signals have been filtered on frequency domains into 5 categories including Delta, Theta, Beta,
Alpha, and Gamma. Researchers analyze these 5 signals in order to link between the differenct condition
of human and the characteristic of these signals. As a result, the need of high computational resources for
signal processing with efficient operating system, named as BCI ( Brain-Computer Interface) , is
complusary for researchers in this topic.

In literature, the use of BCI to interpret the brainwave signals is not widely applicable. This is
because it requires a high performance computer with many interfaces from human to computers.
Therefore, this research project propose the development of microcontroller module that can be controlled
by brainwave signals. It will be useful to develop any robotic devices to response immediatedly from
human brain. This microcontroller module will be functioned without the use of computer as named by
BDI (Brain-Devices Interface). This research project use the on-the-shelf microcontroller that is cheap,
small and energy saving. This research project develop the door model to open or close by using the
command from brainwave. The microcontroller module received signal directly from brainwave detecting

device and then directly control motor to open or close without passing through any computer.
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2.3.1  Arduino IDE (Arduino Integrated Development Environment )

<3 4 A = o ¥ 1 ' . 4
Arduino IDE 1{1a5eliois g 16deumdaniariuTysunsy Arduino IDE tienag 141y
< I o
M3d9U05A Arduino taz 11 1151051 Arduino IDE 694131509 Serial Monitor 01810 T15unsuve

dreldlas lidessonTusunsuduunainlunsg Serial Monitor



ARDUINO

AN OPEN PROJECT WRITTEN. DEBUGGED AND SUPPORTED
BY MASSIMO BAMZI, DAVID CUARTIELLES, TOM IGOE,
CIAMLUCA MARTING AMD DAVID MELLIS

BASED ON PROCESSING BY CASEY REAS AND BEN FRY

517 2.2 T11/5un54 Arduino IDE

U

[ http://www.arduitronics.com ]

9
%

232 vuaoumslFanuTisunsy Arduino IDE

1. 1Wal1sun53 Arduino ﬁ"lﬁ'iﬁaﬂmmﬂ http://arduino.cc/en/Main/Software

2. dodla Tdsunsundreznununiiiaiaves IDE asgl)

File Edit Sketch Tools Help

sketch_sepl2a

Arduing Una on COR1S

- H Y
i 2.3 FuneumslFanullsunsy Arduino IDE

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 ]
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3. 197 Tools->Board 1 adenliassiuvesaf19a1u d 1131 Arduino Mega2560 1idonuesa
Arduino Mega2560

4. FouTdsunsumdanndise1¥ueda Arduino Mega2560 11911

void setup() {

Serial.begin(9600);

}

void loop() {

Serial.print("Hello World\n\r");

}

& % { . .
5. nniuneu 1d1dsunsulae 1N Sketch->Verify / Compile
€ sketch_sep02a | Arduino 1.0.1 = o] 0
File Edit [Sketch| Tools Help e -
Verify / Compile \/’1 )

skotchl  Show Sketch Folder DL
.| ImpetLibrary.. T o

i&tdul:‘" Add File...

This example code is in www.EC.in.th.
i

// the setup routine runs once when you press reset:
void setup() {
¢4 initialize serial communication at 9600 bits per second:
Serial.begin(9600) :
i

// the loop routine runs over and over again forewer:
woid loop() {

// print out the walue you read:
Serial.print("Hells Worldinir");
i

< ¥

Arduine Uns

1 Y
U 2.4 FumeumsldanuTlsunsy Arduino IDE

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 |
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A I Y = 9 @
6. Luﬂﬂﬂu‘lwaﬁﬂﬂiﬂElﬁ]%i]ell@ﬂfJ]iJﬂi]ﬂ{]ﬂQEﬂ
@ sketch_sep02a | Arduino 10.1 o

File Edit Sketch Tools Help

sketch_sep0Za §
2% -

Arduino "Hello world”

Thiz examwple code is in wwr, EC. in, th,
%

// the setup routine rms once when you press reset:

woid setup() {
// initialize serial comwunication at 9600 bits per second:
Serial.begin(9600) ;

a2

/4 the loop routine runs over and over again Lorever:
wold loop() {

/4 print out the walus you read:
Serial.print("Hello Worldinhz™):

Bximam)

Arduino Una on COMAD

510 2.5 Yueounslea1uTlsunsy Arduino IDE

U

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 ]

7. 91BTA Arduino Mega2560 19101ABNNINDI HIUNIANDTA USB

510 2.6 YuaeunsleauTlsunsy Arduino IDE

U

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 |
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8. 11 u 1 1A Tools->Serial Port tazidon 1A anUVBSA Arduino Mega25601 19Han1

12

-
sketch_sep02a | Arduino LOL =) B
File Edit Sketch [Tools| Help
Auto Format Crl+T
| Archive Sketch
ehelch sendy Fix Encoding & Reload
" Serial Monitar Ctel+ Shift+ M. o
Arduino "HE.I
Board >
This 1 = I
LT seralPort v coms
| comis
Programmer | |
/4 the setup | |[ ¥ comio |

woid setup () Burn Bootloader

/4 imitialize serial communicati
Serial.begin(9600) ;

hits per second:

}

/4 the loop routinge runs over and over again forewver:
woid loop () {

J7 print out the wvalues you read:
Serial.princ("Hello Worldyniyr™);

¥

510 2.7 Yuaeunsl¥a1uTasunsy Arduino IDE

U

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 ]

9. TvaaTusunsuduesa Arduino Mega2560 1ag'lilft File->Upload

"
sketch sep02a | Arduino 0.1 ==

Edit Sketch Tool Help
New Ctrl+N
Open. 0
Sketchbook
Bamples
Close Cirl«W
Save Ctri+S
Save As.., Ctrl+Shift
Upload Cirl- U e
Upload Using Programmer  Ctrl+Shift
PL0 bits per se
Page Setup Cirl+Shift=P |
Print Ctr+p
Preferences Cti+Comma | again Eorsver:
Quit ctri+Q
/¢ print out the value you read:
Serial.print("Hello Worldym\r™):
}

510 2.8 Yueoumslea1uTlsunsy Arduino IDE

U

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 |
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10. 91nUUIAA Serial Monitor Y04 Arduino IDE Tﬂﬁlvlﬂ‘ﬁ Tools->Serial Monitor

r

sketch_Hello World | Arduino 1.0.1 i)

File Edit Sketch [Tools] Help

Auto Format

Archive Sketch

Fix Encoding &t Reload

sketch_Hello_%
Fas
Arduino “"He|

Serial Menitor

Board
This exampl{ :
F Serial Port ,
"y
| Programmer [
74 the setup | ket

void setup() | Burn Bootloader |

4/ initialize serial communication at 9600 bits per second:
Serial.begin(9600);
}

/4 the loop routing runs over and over again forever:
void loop () {

4/ print out the walue you read:

Serial.print("Hello Worldin\z"):
i

< v

Arduing Uno on COM1S

1 9
U 2.9 FumeunslFanuTlsunsy Arduino IDE

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 ]

11. iijoiila Serial Monitor i]%ulﬁ}aﬁ}ﬂﬂjmﬁlﬂgﬂ
(@ coms [ESEE
I |[Esend. |

Hello World ~
Hello Werld
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World
Hello World fo

Hello 2l

[¥] Autoscrall Nolneending | [9600baud |

510 2.10 Yuaoums 1 T15un51 Arduino IDE

U

[ http://www.ec.in.th/index.php?route=cms/article&article_id=34 |

2.4 ARDUINO MEGA2560

' Y
Arduino Mega2560 Uoiaulnajluvesnszna Arduino Inaiauiian 19 1inauan Arduino

= ]

Uno R3 1931 ATmega2560 Ni+178A21431 256 KB 153 8 KB 19 1liase 7 64 12 V iusaduvesszuy
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og# 5 V 1 Digital Input / Output 41094 54 11 (1 PWM 18 14 41) § Analog Input 16 U1 Serial UART
4 99 12C 1 9 SPI 1 @ (Vo T15un5uU Arduino IDE tag T1/sunsusu USB twzdmsudnaula
SuduFeuimsau lulasaouInsamesNdeanisuesa Arduino NlnminenNuswaz Iy o

' Y1 qu 1
a9 IaelHauuniu

51U 2.11 Arduino Mega2560 [ http://www.arduitronics.com ]

U

318010 8AN ANV Arduino Mega2560

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/0 Pins 54 (of which 14 provide PWM output , 4 UART TTL)
Analog Input Pins 16

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader

SRAM 8§ KB

EEPROM 4 KB

Clock Speed 16 MHz
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2.5 BLUETOOTH SERIAL MODULE (HC-05 MASTER/SLAVE MODE)

Tuga Bluetooth §u HC-05 ¥11% Arduino Iinnuannsademsuuyl¥aielay]d Bluetooth 19
Nuedredumos e Serial Port WouTUsunsnuTasdar1u Serial Port 1211 91814 3.3v 1 nu
[ 1% § < A 4
Module Bluetooth HC-05 114261091 RX 111 TX 11# Arduino Aaunsniiuanuaiusodeais 1¥ane
' Y . ) & P ' A A
MU Bluetooth 19 Arduino Taid? d1m1sndsaiuniugungUnssini Bluetooth 15U 1A509A0UNI D

o o $
Tnsdwiienonil Bluetooth 18

gﬂ‘ﬁ 2.12 Bluetooth Serial Module (HC-05 Master/Slave mode)

[ http://pixgallarehd.com/arduino+bluetooth+hc-05 ]

Y
%

251 YuadUMT ¥ Bluetooth Serial Module (HC-05 Master/Slave mode)

NIABEYTZHIN Arduino N1 Bluetooth HC-05

HC-05 Arduino
VCC --> 5v
Rx -> D7
Tx -> D6
KEY -—> D5

GND -> GND
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NI 901¥NY  ¥3R0d

utnpuJy

fritzing

v
=

JUN 2.13 M3A0A18521 19 Arduino M Bluetooth HC-05

[ http://www.arduinothai.com ]

o o <3| N 4 4 T W
252 ﬂ15ﬂ1‘1’i1«!ﬂﬁlﬁ} HC-05 madu Masteruazmmtﬁaiﬁl%mafm Headset EEG

9 '
1. @90 Arduino [ UAONN MRS 1A11F TAaa1ndl 1183 Arduino IDE evin13191 Tnua AT

Command

#include <SoftwareSerial.h>
SoftwareSerial BTSerial(6, 7); // RX | TX
void setup()
{
pinMode(5, OUTPUT); // this pin will pull the HC-05 pin 34 (key pin) HIGH to switch module to
AT mode
digitalWrite(5, HIGH);
Serial.begin(9600);
BTSerial.begin(9600); // HC-05 default speed in AT command more
delay(1000);
Serial.println("Enter AT commands:");
H
void loop()
{
// Keep reading from HC-05 and send to Arduino Serial Monitor
if (BTSerial.available())
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Serial.write(BTSerial.read());
// Keep reading from Arduino Serial Monitor and send to HC-05
if (Serial.available())

BTSerial.write(Serial.read());

Y
a 1 v 1 I [
2. Wlanhag Serial Monitor 7451 Baud Rate 1114 9600 11az1den Both NL&CR a431)

i~ -
| | come3 B
| Send
L
[7] Autoscrol BothML&CR | [S600baud. «|
: — —

U 2.14 mafvuald HC-05 enuilu Master

[http://www.arduinothai.com ]|

A o Y A a3 o 1 Yy A . . ™
3. WUW AT 118309 Send H30 Enter N9£A171 OK L1@A400nN1 11174 Serial Monitor Tﬂﬂ‘lmJ
MinpUAU 1HAT1IaoUNIADE AN 9 A5IaUNA HC-05 NT1juez 15 Tinanse lu@eownaiu
q) vnda lifimsaouauss 1dawihang Serial Monitor gy Tilvhaude 2
A Ao Y o Y A g
4. WUW AT+ROLE=1tWamwualv HC-05 vty Master
A @ A Yo or e d A oA 3
5. iU AT+ROLE? 1#ion329@0u W uisa11i)u Master Mode 9599 Am1fiudasoonui1vziiu
v 9
+ROLE: 1 (Fun31a3 98un3A3a1 Master
v Y
6. NUW AT+BIND=(111A28 MAC Address) 92 1@M1d90101] AT+BIND=2068,9d,a84e6f MAC
A a3 4
Address 19141910A1713 UNUINNIT9 MAC Address Y83 Headset EEG 1o 1% Bluetooth HC-0517i 14

4
Qﬂﬂ‘im Headset EEG
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| General | Hardware | Serw::es Bluetocth

Q{j [MindWave Mabie

Device Information

Manufacturer: Unavailable

Model: Bluetooth Peripheral Device
Model number:  Unavailsble

Categories: Bluetooth headsst
Transport: Bluetooth

Webpage: Unavailable

Tmubleshooting Information
Connection: Standard

Last connected:  Unavallable

Serial number: Unavailable

MAC address: Unavailable
Unique identifier:  20:68:5d:a8 46

IP address: Unavailable

3 117 2.15 MAC Address MindWave

7. 1FAITIATHPAIR=(A1UA8 MAC Address) 11017 Bluetooth HC-05 3U1A MAC Address
¥4 Headset EEG (Wead 1@ un iy Ingldmide AT+HPAIR= 2068,9d,a84¢6f
8. 1¥Md9 ATHLINK=(911828 MAC Address) 11914 Bluetooth HC-05 ymM3¥auaoua MAC

Address Y94 Headset EEG 1fgaa @ umiy Taglemaa AT-+LINK=2068,9d,a84e6f

2.6 MINDWAVE

Id SAq Y1 A [ ] o . A
Wugilnsainlyaenaudyyia EEG H1u Bluetooth 8189 Arduino Mega2560 tWoszuiana
1 o o A A o a g Y 4
uaziinmiidtou lyes Code Nog1u Arduino Mega2560 #1 MindWave diidumainsinianan
] I @ [ 4 a o
awewvuuralaglidesldnaiudinara]d Mindwave dedgyanuadulddiauesonusnumis
a & o0 ] . 9 = Y & Y a ¥ o
ATHzAI8ABMS 19911 MindWave 19011 AAA tfisaldoulumsitunvasnasnuuaziimin 90 g
awnsaldaulduiuds 8 Hr. iag Bluetooth awisaldaiuld Inade 10 m 151810150181 MindWave
Y o A A A 1 Y 1 o SA A A a 14
nlsnugnssidunannsnifeune Bluetooth 1dmu Insdniiliods, in5enoui1nos, Note Book,

Tablets UBNM11091NN13ATIVTANAUAVBY EEG 63811150 @3293UMInszn3 uautiesningiluuy
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ATUMINTENI UMIZIANUAINATUELBINI Ta 131721 nazinToea 1115979 Attention AW
a1 19 Meditation N15R 19U Spectrum (Alpha, Beta ) AT NV Alpha, Beta mﬂﬂiiﬂt}hu

Application VOINNUTHN Neurosky

gﬂ‘ﬁ 2.16 §AT99 MindWave [http://store.neurosky.com/products/mindwave-1 ]

2.6.1  35mM31¥9U MindWave

A v s 9
1. 1@UAUFULYDINAAUUININDDNN

A A wy‘ dl‘ saa )
iﬂ‘ﬂ 2.17 OUAUTULEDTNAA VT UININDDNUN

U

[http://support.neurosky.com/kb/mindwave/how-to-properly-wear-the-mindwave |

2. @A MindWave Taewunihuduniionlugi 2.18
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31 2.18 @i Mindwave Taouniiudnwiionlugl

[http://support.neurosky.com/kb/mindwave/how-to-properly-wear-the-mindwave |

A o & s Yy
3. NUUAUFULED TNV

Y

2 AS
lasnalulad e

A A o & S
3"‘]]‘1/] 2.19 HUUAUFULYDINUINEY

[ http://support.neurosky.com/kb/mindwave/how-to-properly-wear-the-mindwave ]
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A o & a9 v A 9 2
4. mauﬁ'qumiﬂwmmﬂuﬂmmzmnmﬁmmnwaﬂ

=

A A o g sy ¥ a 9 =
3‘]]1/] 2.20 Laaummuwa‘m‘nmmnm‘lmmzmnmwmmﬂ‘waﬂ

[ http://support.neurosky.com/kb/mindwave/how-to-properly-wear-the-mindwave |

5. Watly Power Taordouifu i ON nazgdminaziildingesdumginsainezionae I

I 3 H a 1 y a a 1 4 o
autluaui oN a191d s Iufnazdaees lildiitunganszns vuaasinaiesiins

Aeugaiuuda
Adjustable Head Band

Power Switch

Battery Area

Sensor Tip/Am

Flexible Ear Arm

Ear Clip

i 221 Alaify Power wazmatouao
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27 Tugaad

Vlﬂ

A @ = C4
JUN 222 dnvuzes Tugasiad

[ http://thaieasyelec.com |

4 < o a % : o { o 1 = [ a 7
5188 (Relay) 1iluginsal Ildhadianilc gahwihadaseiesuuu@enuaiad Tasaiugu
o 1Y = H [ 3 Aq VY ad A Jo =
mshaude il Relay Inatedszinn aua Relay vinaann 1y luaudidnnsetindnali suds
Relay vu1a lvan g luan s sge Taeliglsrmiawanannuesnli ualivdannisiiun
9 Y
AMenany d1m5um s Relay 11901 9219 1umsdan02995 193 Relay daanansodonldau'ld
4 ¥ W

warnnaegUuuy meliSadezlszneulidrevaaauaz ihduda

Y o o @

% % I an a % Y
WINFUEE NC (Normally Close) (i uvindudadnatla Tasluaniizdnanindudaiiozae
9 w A 1o o o A~ ]
WAV COM (Common) tazazansnie lidudanuiolnszua T Tvariuwaaia
[ Y% I [ YY) a A a (] 1 1 o
WiINdUAT NO (Normally Open) 1Hluwihdudailndila Tagluaniizindvzaseed lignaeny
\ d‘ Al U tﬁ' = 1
1 COM (Common) siazieuaonuiiotnsgita In lvaruuaada
< A ' o ' 4 Yo H
41 COM (Common) 1 uv1ignlFa1usiunusena19 NC nag NO Yuognua1 vymgiul
1 A ] Y o o @ = 1 3 1w 9 A
nszua i Ivaruvaananse T mihdudalu Relay 1 019500091 1 90 Yuegnudnaauaz
o A o Y o Y o ' o &
anvazvesnuignih 114 swaunihdudagnuisesndsll
ﬁ?wﬁ%zgmwﬂﬂizmmmeﬁ’wmu Pole 1182311491 Throw H4311UIU Pole (SP-Single Pole, DP-
Double Pole, 3P-Triple Pole, Etc.) 92 1U8n 0431431995 14101513a-1a w50 $1uIuv0991 COM
WHLB9 1aL31UIU Throw (ST, DT) 92 UONDITIUIUVBIAUABAVUDY Pole AI08191% U SPST- Single

Pole Single Throw a3a%3zansaden ldiissedafedTagazdulndilla (NO-Normally Open) 30
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Unatla (NC-Normally Close) uaguily SPDT- Single Pole Double Throw ﬁ%ﬁ%ﬂ%ﬁﬂﬁﬂdlﬂl&ﬂﬂﬁﬂﬂ

(NO) uagdnnilsgilun@tlaaue (NC) fagilduaie

b A

SPST SPDT DPST DPDT
310 223 afind Tugasiad

http://thaieasyelec.com

SPST A9 Single Pole Single Throw
SPDT f® Single Pole Double Throw
DPST A8 Double Pole Single Throw

DPDT f© Double Pole Double Throw

|||4

|E
)
I

T
AN
TG

A A
:ij‘lh'l 2.24 'J\i‘ﬂ‘i’ﬁllgaéllﬁlﬂillﬂaimﬂ

[ http://thaieasyelec.com |
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m_ SONGLE
r—J5]

10A 250VAC 10A 125VAC
10A 30VDC 10A 28VDC
SRD-05VDC-SL-C

s SONGLE

F—d

3 1 2.25 Tu@,’cﬁmﬁ [http://www.mltelectronic.com |

nnauszaeutaduinlanain’lal 15192 19911 Relay 1111 SPDT (Single Pole Double Throw)

o o 35 ' zi S ' o Y a
NANNITNIIUYD Relay 1Y Tuaiuvesvaadn iolnszua lvlih lvanu awsihldvaalamanis

A o o Y A A ] < U Y A A 1 "o Y o @
witeniwagsimihailouimian Tl dewaliv com Myeudeegnumhduda NC (luaniz
Ao 1 a ~ ° 9 o A 1w Y v w il o A ~
adalimamsmiienit) HenduieuaenunInduia NO unu taziassliv NC ase tiouoanan
NC 11 COM tag NO 11 COM Hazfiu NI MM ufa-ausnyazad1omIntIaIuyosaIag 151

YV
annsoeenuavtia llszgndldauld

Specification:
TwdeaTugaiiad vec = svDC.
arunuIvnaa lanauseau I ac Tdgega 250vAC 10A 5o useau i pe lagega

a a

30VDC 10A (Maximum Load)
szAUdgaAUBUNNRAIUANILUY TTL MR 0d 08D Active Low
ATLUATTId (Drive Current) 15-20mA.
Hmyeenuuulmilu Isolate @38 Optocoupler
1 LED ua@adn1ue Relay

Tugavua 3.85cm.(N319) x 5.05cm.(81) x 1.85em.(g9)
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2.8 tia9na LED YH1a S MM

' < @ Ja o a d H <

LED 69910 Light Emitting Diodes 1 1#iiu 1dna 11 luginseidiannsetind w1ensananiiu

a aa o v Jdo ' {

laluuiindsnea STunnoulnsa winlagunsal i Insvimisulyd wiewiua lvlvsnsawa

I Y A a Y A < 12 o o 1 a2 Y

ueniludu N93awdmaoa LED Aevaea ldviadn ualivanmsihauuanannnvaea lni1d
1 (=} 9 Y g’; = 1A 9 1 a 3 A

w31z lutimswn ldvaea daiu vaea LED elimannudou uasanaiadiuninmsnionves

ad 2 o o & & o a o A o a s
ﬂlaﬂﬁﬁﬂuﬂWﬂsluﬁﬁﬂﬂﬂ'JHW "If\ilﬂl!’)ﬂ'ﬁ]u'ﬂﬂmﬂ?ﬂﬂﬂimuﬂ1i1’lﬁ’lﬂu“ﬁﬁm@i

JUN 2.26 ®aoa LED 41410 5 mm

[ http://imerlighting.blogspot.com/2014/04/led.htm] |

Aadsimaninuuwand #2077 LED
eanmaiTan
d2uunTon
duueTun drusinssnuanyiualon

vualun

v Tonexdunirvue Tun

b

JUN 227 drlsgnovriaea LED 4119 5 mm

[ http://industrial.hidofree.com ]
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MININ 2.1 puauiiAaen LED

ANNY1) 3 139AY 1M 1%
. B ussulih | nssua |
G AdY dound Ny

(v) (mA)

(nm) (v) (Hr)
U1 3v - 34 10 -20 6 50,000
RGN 588 - 590 19v =21 | 10 -20 | 6 50,000
1A 620 - 625 19v =21 | 10 -20 | 6 50,000
IIELY 460 - 463 3v. - 34 | 10 -20 | 6 50,000
e 520 - 525 3v - 34 10 -20 | 6 50,000

2.9 DIP SWITCH (DUAL INLINE PACKAGE)

1 Y ]
duadaduuadnlFauinuassdnniotdndnadsiulugiFw (Chip) Allvuiaans

[ 1

A 9 [ = . L [ a 4 @ A 1 9
ma%muﬂu'lam (IC = Integrated Circuit) aﬂ‘HmZ’d’JW]ﬂﬁiﬂiﬂﬂﬂﬂi’ﬂﬂ@?\ﬁillﬂ NIIAIUANAAAD
Y

DIP Switch 9z@ 04 14/aromnnmietarvauaelunisiSudouadad DIP Switch ¥ngnAaaeuu

UHUISWUW (Printed Circuit Board) 19funseua 1y 30mA Msaau 30VDC

3UN 2.28 DIP Switch 1111 8 3¥a

[ http://www.myarduino.net ]
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2.10 pANIMEYLN

45‘ o A 1 =2 9 j ~ o 4 ' [ t4
Glumammwmmamwmﬁ@wzﬂmmwegawugmm mmmgﬂummﬁwwmqﬂﬂim

A=)}

A = Y

s Y A A = & s A '
UlMIﬂﬁﬂ@uTV]iLa@iT]ﬁ?ﬂ?ﬁﬂﬂ’)ﬂﬂuvlﬂfﬂ']ﬂﬂﬁuﬁﬂﬂﬂ Iﬂﬂ“l/llllu’ﬂﬁWVlLﬂfJDGU@QLﬂuQﬂﬂﬁmt‘BﬂiJﬂ'ﬂ

! ' < do 1A = o Y A o o A A
NayaIU ﬁ?uLLiﬂlﬂUQﬂﬂimiﬂﬁ\?ﬂﬁ‘l!ﬁll@ﬂ “'INﬂ$ﬂ1ﬂﬂ1ﬂ1ﬂﬂ1§iﬂﬁmm1mi]"lﬂﬂﬁﬂﬁu'f]\u‘waﬁ@

070
'
2 =}

1 o o 2 o 1 [ ) v o 4
ao ldaginsaionn dredyguugys daudauniudemssudyarunndygravgyseronTes

oo L1}

shgmisdszananadyaiulululnsaouInaes
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UNT 3 MIVONIUUDANBI NUNATNITIIA0ITLUY

31 panm

E4
1

Y v
Tupniisgnandemsesnuuuszuumsiauvelszgniivuasunisiinauedislsaiun

~ v = a Aq Y < 2 < a A
waaalugln 3.1 waznandims@eu Tlsunsunldlunisdams Tassuusnidumsnsgnsuaine
A @ 9 9 3’/ I a Y Y] 2 a 9 @ Y A 2’1 1
sudumsnldanussoy nndwdlumsnsgnsuadsia Weonsensuauinsiagndosnuiaen

@ Y A o a 2 Y o 1 . . 9 A I g

swa ldszuvgsemstudumsialszgdnasalaenistiin Meditation waseton lviluiuaou
ganie muiuaaslugl 3.2 wazdeligduuumsiiauiuaasegluglves Flow Chart 3110

NanMIMNUe1IazRen ANz 3.2

- -

Headset EEG

i 3.1 Taseadumsihaulagsou
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Fueunaina

b4
Q / FURMANSATENFUET /
b

AF=WILETRTU AR

Aneluaan Fuam

l‘ies

FUATFHE T A6 1900

o [ [}
[NEER ESTIEY

Ve riaTia i Rrafiu s AR

Yeas

MisbRATY

SR

AuuEl AR Dip Switchwialal

ViRAIeditation 9954 70

Areiluaan 20%uni wialsl

yaLpafFin e

Wanazdaly

k4
Y

5UN 3.2 Tunoumshnuveszul TagsWNITBONLUUSANDI NN
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a A Ao Y 9y
3.1.1 ﬂ’]ﬁﬂjgw5“@]’]!,Wﬂf]11lﬂuﬂ1ilslﬂalc]ﬂ']u

1l wvoid Eye_Blink ()

2

3 if (Eye_Enable)

4 {

5 if (On_Flag == 1 s& 0ff_Flag == 0)

€ {

7 if ((Avg_Raw > Theshold_Eyeblink) && (Avg_Raw < 350))
8 { numE++;

S digitalWrite(LED, HIGH):;

10 Serial.print(numE) ;

11 Serial.print(” = "):

12 Serial.println( millis()/ 1000 );
13 if (nu == 1) {

14 starttime = millis() / 1000;

15 }

lé if (numE == 4) {

17 stoptime = millis() / 1000;

18 }

.lg }

o o 4 ° < 1A a A ll Y A A H 9 o

ﬂ1ﬁQ1uIDOpu%gw1ﬂ1ﬂ%ﬂ31Nﬂ15ﬂ5$W5Uﬂ1Wi@1NIﬂﬂﬂ1ﬂﬂ1§ﬂ§$W§U@1uuﬂ$mnqﬂvn31u

A 1o £ ' v o ' ° Y A ° %A A
Tﬂmwuﬂiﬁjuﬂi“nmnE”muqﬂ 1ﬂ1Iﬂﬂﬂ1@3Uﬂaﬂﬂﬂa1qw1ﬂu1ﬂﬂﬂﬂ%WUUUﬂiqﬂﬂ3$W5U@1ua$

< a Y A d A
NV NAIVOINITATLNT UAIATIN1LaZATING

1l if ( numE >3 && stoptime - starttime < 7) |

2 finish=0;

3 Serial.print(”Total time = ");

4 Serial.println(stoptime - starttime);

5 Serial.println("Ready to Enter password !'! ");
& while ( finish ==0) loopl();

7}

o & A g ¥ A 2 A A o 1y A qu ¢ o
Mdalu Loop HilumsadaSou lviiuyuiedusundesmsezizuldauginsal Tasagriinig
< 1A a H Y a Y 1 a = A 1 kY a
FANMINTENTUAIATY 4 59 uazldnarlumsnsensuaniesnin 7 3uni vie lu Tasdnsenwsy
A @ . I~} 1 g g o A ) Y
anganuideu 1y @y “finish” aztnuanilu 0 viniwimsuaasszeznansens ua laaseniy
9ou'lulu “Total time” TaBLE@AI0ONNIY Serial Monitor 11aZ1L@AY “Ready to Enter Password!!1” 1u
1 % < 4 4 o {
Serial Monitor 15U tazn 1Uisaien lv 1y Loop While Taaidou ludodn finish = 0 11 l)vihaun

Looplﬁﬂqﬂ
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1l if (numE > 3&& stoptime - starttime > 7 ) {
2 nunE = 0;

3 digitalWrite (LEDpassW, HIGH) ;

4 delay (200):;

5 digitalWrite (LEDpassW,LOW);

€ delay (200):;

7 digitalWrite (LEDpassW, HIGH) ;

8 delay (200);

] digitalWrite (LEDpassW,LOW);

10 delay (200):;
11 digitalWrite (LEDpassW,HIGH) ;
11 delay (200):;
12 digitalWrite (LEDpassW,LOW);
13 delay (200):;

v
o

o 2 o < 1A a o a '
ﬂW?NGL‘IJ Loop HAITMINITLEAIUNITNTIENIUAINTY 4 AT I,La861"]91}0616],1/!ﬂTiﬂigWi‘]JGniﬂﬂﬂ’N
a a A () a a a A w =1 [ a2 a
7 3UMN ‘Vii’ﬂhlll DINTENTUAUNU 7 IUN A8 a numE 2tnaeanilu 0 ag LED TAIZATENSU 3

9 9 1 L kS
A mﬂuu%muﬂau“lﬂﬁuﬁ’uﬁwm“lm Lﬁﬂ’iﬂﬂ1ﬂ1‘§ﬂi$WiﬂJ¢n 4 a5l

312 MINTEWIUAUINIHaA

1l wvoid Eye_Blinkl ()
2 { i+

3 digitalWrite (LEDST, LOW):
4 delay(1000);
5 pass = 0;
& if (Eye_Enable)

7 {

8 if (On_Flag == 1 ss& 0ff_Flag == 0)
S

{
10 if ((Avg_Raw > Theshold Eyeblink) && (Avg_Raw < 350))
11 {
12 digitalWrite(LED, HIGH):
13 pass = 1;
14 }

9
NA9INNTENTVAINTY 4 ATan1eTunar 7 3uiudrvzid11vinauu Loop m3dnsiia Tae

d” o . A d%l ) A v o I o o A 2
mrdalu Loop # gl <> ﬂ%&WiJ"Uu‘nﬂﬂ5\11’]&"1]']11']1’]1\1']‘1«!11! Loop Taouaauilusiaain 1-4 1nuu

] 3 A A A A A VYA a
%L"’Umnﬂfﬂmﬂuqﬂjmﬂﬁlu Loop ﬂTjﬂjgv\liUﬁ131uﬂ15ﬂ53W§uﬂ1ﬂﬁ®Vlu DIUNITNTIETNIVUAT LED U84
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v o & a o g 1 g 1 1 a v o ¥
iﬂﬁ@?uuﬂﬂgﬂﬂLm%@?uﬂi‘?aﬁ”%MﬂUﬂ1ﬂhJ1uﬂﬁﬁquﬁﬂﬁﬂ5$Wiﬂﬂ1LEDﬂﬁNiﬂﬁﬁ?uuﬂ%g

liidia wazdals “pass” axfuanty o

1 if (1 == 1) {

2 pl = pass;

3 digitalWrite (LEDpl, pl):
4 Serial.print("pl = ");

5 Serial.println(pl):

€ }

7 if (1 == 2) {

8 pZ = pass;

g digitalWrite (LEDp2, p2):
10 Serial.print("p2 = ")
11 Serial.println(p2):;

12 }

13 if (1 == 3) {

14 p3 = pass;

15 digitalWrite (LEDp3, p3):
16 Serial.print("p3 = ");
17 Serial.println(p3):

18

19 if (i == 4) {

20 p4 = pass;

21 digitalWrite (LEDp4, p4):
22 Serial.print("pd4 = ");
23 Serial.println(p4):

24 }

oq'/ Y A

4 H Y
mdalugaiisgFanidanls <~ rliauilu 1 m1eda Password @21 1 asnmiuiia ludn
<3 (=] a 1 1 a o @
115 “pass” 1AV 1311 p1 Taedr p1 Hautlu 1 LEDp1 9@a uad p1 Dauilu 0 LEDp1 a2 laida fida

g 3 1w 4 2 A VW = = o A
°lugﬂu%wﬂmmuﬂa AU 1 UAUMND 4 FINUI¥DI Password AN 4

if (1 > 4) |
pass = 0;
i=20;
Serial.println(”Check password !'!!' ");
loop2();
}

O b W)

v
o 1 J

4 [ 1w . A~ s W @ . ]
fmdalu Loop Hazisamaals i ANaAmwnn 4 Tagazinaenininia pass azawa i il

0 11aZ1@AY Check Password!!! 114 Serial Monitor 91011 la/vhaun Loop2
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< @ a
3.1.3 MIATUANTSNIUA

1 volid setupZ() {

2 pinMode (LEDpl, OUTPUT);

3 pinMode (LEDp2, OUTPUT):;

4 pinMode (LEDp3, OUTPUT):;

5 pinMode (LEDp4, OUTPUT);

€ pinMode (S1,INPUT) ;

7 pinMode (S2, INPUT) ;

8 pinMode (S3, INPUT) ;

g pinMode (S4, INPUT) ;

10 }

11 woid loop2() {

12 plstate = digitalRead(Sl);
13 p2state = digitalRead(S2);
14 p3state = digitalRead(S3);
15 pdstate = digitalRead(S4);

g}» I o 1 H 1 o 1 I~
T Setup2 () 1nazi A3 Pin Mode voavana LED? 1Fuanamsiariuliiiu ouTPUT
1afMNUA Pin Mode Y04 S1-84 111d1 INPUT titeh 11 uas ae 1113 a1 s 1/ 1 uan1umIa Dip
2 I 1 1 o ] \ o
switch 18 Tag1u Loop2 () ua21I1n15814A1910 Dip Switch 1d211 11100 13d 015 plstate-

pastate B9z T 1T us e mvualy

1 if (pl == plstate && p2 == plstate && p3 == p3state && p4d == p4state)
2 digitalWrite (LEDpl,LOW);

3 digitalWrite(LEDp2,L0W);

4 digitalWrite(LEDp3,LO0W)

5 digitalWrite (LEDp4,LOW)

(3 digitalWrite(LEDpassC, HIGH):

7 delay(500);

8 digitalWrite(LEDpassC, LOW):;

g delay(500);

10 digitalWrite (LEDpassC, HIGH);

11 delay(500);

12 digitalWritge({LEDpassC, LOW):;

13 delay(500);

14 digitalWrite (LEDpassC, HIGH);

15 delay(500);

186 digitalWrite (LEDpassC, LOW);

17 long tryopentime = millis();

18 Serial.println("password correct”);
19 zzz = 0;

20 while (millis() - tryopentime < 20000)loop3():
21 }

(8]
(]
—
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1 else {

2 v

3 digitalWrite (LEDpassW, HIGH);
4 delay(200);

5 digitalWrite (LEDpassW, LOW):
(3 delay(200);

7 digitalWrite (LEDpassW, HIGH);
8 delay(200);

-] digitalWrite (LEDpassW, LOW):

10 delay(200):;

11 digitalWrite (LEDpassW, HIGH)

12 delay(200);

13 digitalWrite (LEDpassW, LOW):;

14 delay(200):;

15 Serial.println(" password Wrong''!' "):;
1é Serial.print("Password wrong = ");
17 Serial.println(w);

18 if (w == 5) { £inish=1;

19 pl=0,p2=0,p3=0,p4=0;
20 nunE=0;

21 i=0;

22 }

23 }

v
@

9
A9 1u Loop #92A333@0131 8181 Password Tud s “pl-p4” Ha1 13m0 Y plstate-pdstate
v v 9
%39 Password f ladanilalia liasenuswanaeld uaaadnsenSualaswaniandounaaa
A g’/ @ I 1 A g ?z}/ { J v A 4 1 v A
LEDpassW N3gW3uaun54 azaauila “w” szinuannnaunnaseinlasiada e ldsviaransy s
Y g g o s 1 g @ . s 1 d
A5 dawtla “pl-p4” azgninuandu o datla “numk” szgamnuanilu o Aula «i” azganuaniiu o
o S g . o & o o A A
uaz@als “finish” sggninuaniu 1 dninedimidaaunisiiem Taelinayu ldGudumsnsgwiy
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314 gudumsitlaiszqlaeldnauliihanes EEG

1 switch(meditation / 10)

2 {

3 case 0:

4 digitalWrite (GREENLED1, HIGH):;
5 digitalWrite (GREENLEDZ, LOW);
& digitalWrite (GREENLED3, LOW);
7 digitalWrite (YELLOWLED1l, LOW):;
8 digitalWrite (YELLOWLEDZ, LOW);
9 digitalWrite (YELLOWLED3, LOW):;
10 digitalWrite (YELLOWLED4, LOW):;
11 digitalWrite (REDLED1, LOW):;
12 digitalWrite (REDLED2, LOW):
13 digitalWrite (REDLED3, LOW):
14 break;

'
@

9 '

U 1 a a g o v
"lviu TagAaa case 0-6 HaoA LED1-7 3 AANNIUAINAIAL

L case 7:

2 digitalWrite (GREENLED1l, HIGH):
3 digitalWrice (GREENLEDZ, HIGH):
4 digitalWrite(GREENLED3, HIGH) ;
5 digitalWrite (YELLOWLEDL, HIGH) ;
£ digitalWrite (YELLOWLEDZ, HIGH) !
7 digitalWrice (YELLOWLEDS, HIGH) ;
g digitalWrite (YELLOWLED4, HIGH) ;
g digitalWrite (REDLEDY, HIGHY:

10 digitalWrite (REDLEDZ, HIGH) :

11 digitalWrite (REDLED3, HIGH);

12 Serial.println("Go to motor !MIT);
13 loopdi):

14 ZZE=1}

15 mmE=0;

1A break:;

Y 1
a1y Loop 19210171 Meditation 11113 10 ud i waf 18111/3 sufeuny case 119¢AT4 case

Y v H X H
Tu case 7-10 viuviaea LEDIzAnAsUNnvasn 910tz 11v191ui Loop4 taziilesiiaiui

< ° " g L A, I o .
Loop4 ta3vi3sufesazimuamaints “zzz2 WAy 1 Tasidiesinan aua Wansu switch uda

o 1 < I o o 1 [ T o [
92111 zzz Tlisaduilu 1 vgnduldsiraulu Loop detmnuiniumsumsianuudlsesunms

a A Ao Y 9y = o
ASEWSUANNDBUTUM T IFNUD AT
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3.1.5  MIUAUMITNINIUVDINDLIADT

1 volid loopd() {

2 delay(2000);

3 digitalWrite (RELAY1l, HIGH):;
4 delay(400);

S digitalWrite (RELAY1l, LOW);
€ delay(5000);

7 digitalWrite (RELAYZ, HIGH):;
8 delay(400);

9 digitalWrite (RELAYZ, LOW);
10 delay(5000);

11 pl = 0;

12 p2 = 0;

13 p3 = 0;

14 rd = 0;

15 nuE = 0;

16 i=20;

17 }

Y )

' ! Y
U Loop HiFuduazas ¥ DC wamesinwieilunsilalszg Tasrzdladszangfiflu

? s

1781 5 IUINHAINUUUBIADS 3

v !
venyulunaasanuduaswsnivelalszg nasnnilallszquaing

Faasumvesdnls pl-ps,numk,i Wnauiy 0 mendouinazis uihauluil

if (zzz == 1) {
finish = 1;

w -
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PoorQuality: 0 Meditation: 57 Time since last packet: 613009
PoorQuality: 0 Meditation: 51 Time since last packet: 977
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naY 49.4 46.8 46.6 432 37.6
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4 36 47 37 43 51
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Analysis of Suitable Electrode Positions for Writing Imagination

Talit imphoo !, Monthippa Uthansakul ! and Peerapong Uthansakml * -
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Abstract. The buman brain has many different functions and it is so complicated that each pesition on
bwman head provides the different elecroencephslography signal It is interesting to find out the smimble
elecirode positdons for 2 specific brain fimction. In this work, the writing imagination is on focus becanse it is
curious which brain functions such as imaginstion movement, memory, language and percepdon play the
main rode on the writing imaginaton This paper analyzes to find the smimble elecoode posidons for
recording the elecroencephalosraphy siznals when we imagine 1o write either circle or siraizht line by using
artficial peural networks. The results reveal that the snitable elacoode positions are the frontal pair of F3 and
F4 chanpels This outcome i very helpful for smedying further on writing imsginstion in the fuhme
application.

K.e_ﬁmrd.s: Froutal lobe, Elecroencephalography. Cognitive, Amificial Meural Networks

1. Imtroduction

In the past, Electroencephalography (EEG) signals recorded from medical equipment was expensive and
complicated But now the development of techrolopy can create an affordable product such as the EEG
headset providing a wureless connector such as Emotiy EPOC. It 15 mexpensive and easy to use so it 15 very
popular in research [1], [2], [3]. Eombw EPOC has 14 electrodes (AF3, F7, F3, FC5, T7, P7, 01, 02, PE, TE,
FC6, F4. F8, and AF4) [4]. Fig. 1 shows Emotiv's electrodes placement (Fed) and the letters F, T, C, P and
O stand for Hontal. temporal central, panetal and ccapiial lobes, respectively, To choose a suitable
electrode positions for each bram function allows a direct analy=is and fime saving In [5]. it 15 shown that
the smtable electrode positrons according to the bram function of emotion are TT and TE. In another rezearch
studying the hand movement [6] [7]. the smitable electrode positions are C3 and C4. In this study, the
analysis of the swtable EEG electrodes for writing imagination without using arm mmscle has been presented
This can be very useful for any future research that invelves a wniting imagination.

Fig. I Intematonal 1020 system of elecrode placement [5] and Emotiv's electrodes placement (Red).

Comresponding anthor. Tel : +66850865588: fax: +6544224603.
E-mail addrers: uthansakmig@sut ac.th
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2. Methodology

2.1. Data Collection

The data was collected by researcher. He wore an Emotiv EPOC headset and performed fo look the
amimation of circle or straight hne as shown mn Fig 2. Then, the researcher imagzined to write either circle or
straight Ime. The EEG data was obtained by recording from the fourteen electrodes using raw EEG and the
bandwidth: 0.2 — 43 Hz, digital noteh filters at 50 Hz and 60 Hz [4]. The dwration of imagination 1z § seconds
for each mmage. Fig.3 shows the process of data collechon which researcher mmagmes wnting the curcle
his mmagination dunng the expeniment. In this expenment, All EEG datasets were collected from mmagining
to an animation of circle forl(W datasets and straight line for 100 datasets. The measured EEG datasets will
be usad fo train the artificial newal network leaming later.

fQ) L

Fig : The image of circle and straight line for collecting the EEG signals

| Eveth Healse |

Carrle Ainimation

1 & '.,
Fig. 3: Researcher imagines writing the circle in his imagination during the experiment.

2.2, Learning artificial neural network

The EEG datasets are measured from 14 electrodes named as AF3, F7, F3, FC5, T7, P7, 01, 02, P5, T8,
FC8. F4, F8 and AF4. The patterns of EEG signals are learnt by artificial newral network znd then they wnll
be compared between each other to find the sutable electrodes based on the comelation coefficients. The
cowelation coefficients provide the stahstical relationships between two or more random vanables and
observed data values [B], [9] as shown m (1)

IR - I o
S T

The EEG datasets were nommalized by scaling between 0 and 1 as shown in (2) In order to reduce

variability [5]. [100:

KX
pormalize (X;) — ——20 ¥
Venaz ™ ¥imin

Fig. 4 shows the EEG signals of electrodes F3 and F4 wihech have the most correlation coefficients for
recoding the wnfing imagination of eucle{above) and straight line(below). Each electrode is used as mput to
the learming of mdividual newral networks. Fig. 5 shows a model of EEG data input of the arbficial neural
network and vectors of two components are defined as the output targets, Circle [0 1], Line [1 0].
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Fig 4: EEG signals of electrodes F3 and F4 which have the most correlation coefficients for recoding the

writing imagination of circle{above) and straight line(below).
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Fig. 5: Input and output of artificiz] neural network.

2.3. Testing artificial neural network
In thys testing. the researchers who have no neure disorder histories record their EEG siFnals in order to

perform two tasks. For the first task. the researchers imagine to wnte a cuele for 100 imes and relax about 1
hour before starting the second task which 15 the recording of 2 straight line for 100 amses. Then the recorded

signals are used as dats for testing artaficial newal netwrork.

3. Experimental Results and Discussions

Table 1 presents the clasaification accuracy of 14 electredes (AF3, F7.F3, FC5, T7, P7. 01, 02, P8, TS,
FC6, F4. F8 and AF4) when imaginmg to write a ciocle. The results revez] that the top-two highest average
accuracies can be achteved at positions of F3 and F4 whach the accuracies ave 70% and 72 86%, respectively.
Table 2 presents the clasufication acewacy of 14 electrodes when researchers imagme wmiting 3 straght hine.
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Interestingly. it can be found that the top-two highest average accuracies are at positions of F3 and F4 which
the accuracies ave 68.37% and T0%, respectively. As seen from both tables, 1t can be seen that the electrode
posttions at AF3, F7.F3, F4, FB. and AF4 mive the cotrect vesults more than 30% when researchers imagine
writing & cirele and a straight lme From these experimental resulfs, 1t can be explained that the electrode
positions at AF3, F7, F3. F4, F8. and AF4 are placed on frontal lobe area which acts to control concentrating,
thinking (zuch as ideation, mmagination) and problem-solang. These expenimental results get along with the
area of frontal lobe which was deseribed in Fiz. 6 [11]. Note that the important problem in analysing EEG
signals 15 that EEG siznals can be generated when a muscle 15 shufiing of the facial such as nise of brow or
furrow of brow.

In [12]. it was shown that the EEG sagnals were ocowred by facial expressions in each electrode posihon.
Remarkably. it was found that a pair of F3 and F4 channels provided the EEG sigmals wath the munimnm
cowelation to the famal expressions. The outcome of this work also presents the comsistency with the
research mn [13] whick a pair of F3 and F4 chapnels have an mmportant role in the percephion of information.

Table 1: Classificadon sccuracy of 14 electrodes when researchers ims zine wrinng a circle:

Circle AF3 ET F3 FC3 7 | e ol [ =3 PE TE FC& F4 EE AF4

Circle{%a) 65.71 6857 | T an 4714 | 4235 | S.29 | E2BE | SBST | 449 | 4237 TIEE | 5143 | 6714
[an]

Line{%:) 33.28 3143 v 11 3186 | 5714 | 3ETL | 3704 | 4143 | ZET1 | SE43 | D704 | 3EST | 3288
[eg]

Table 2: Classification scouracy of [4 electrodes when researchers imagine wiiting a sTaizht lina.

Lime aFs | F7 2 Fos v T o

o2 ] T8 | FO5 | Fa F& | AF4
cilei®s) | 3286 34218 3143 3714 385 4143 &B.57 8371 3714 3714 38.57 30 3714 I 3419
[

Lizei%s) | &7.04 | &570 | 6257 | 6286 | 6043 | s@.s7 | 3143 | 3323 | sze6 | e23s | e143 | 70 | szes | 6571
ol

Functional Areas of the Brain'

Fig. 4: Functional aress of the Braim [11].
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4. Conclusion

Ameng zll electrode positions on frontal area, the F3 and F4 positons are the suitable electrodes to
record the EEG signals for studving wnbng mmagination. These results are considered by using the
correlation coefficients m the artificial newral networks. This conclusion s very helpful to mmvestizate the
EEG =igmals mn the futwre because it can save more fime and prowide a direct amalysis on this specific
problem.
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