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Project Title A P300 and N100 Vibrotactile Brain-Computer Interface

Student Mr. Sittipong Apichartstaporn Student ID 54070096
Degree Bachelor of Science
Program Information Technology
Academic Year 2014
Advisor Asst. Prof. Dr. Kitsuchart Pasupa
ABSTRACT

In this study, we present a Vibrotactile Brain-Computer Interface with the
electroencephalogram (EEG). Eleven electrodes were placed on the subject’s head to get brain
signal responded from vibrotactile stimuli on subject’s hands. A Vibrotactile Brain-Computer
Interface is suitable for patients who are vision impaired and not able to move their body. In
order to determine the command from subjects, we consider two event-related brain potentials
(ERP) which are P300 and N100. They could be derived from subjects’ intention. The
conventional method utilizes only P300, thus only one stimuli can be used. This leads to a small
number of commands. Utilizing N100 increases thé number of simultaneous stimuli to be more
than one. However, the result of this experiment shows the failure of N100 occurrences. The

classification accuracy of user’s intention by using P300 is 95%.
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1. Start to get the brain wave from EEG.,

4. Both EEG’s signal and
vibrator's signal must pass ADC.
B8 =
i LN
»

1. Connecting to Raspberry Pi

3. Command Raspberry P'i to make vibrators work.

i 3.6 szvui 9 umsnenes

3.3.1 EEG

Gluszuuﬁaz“l%’qﬂﬂsﬁﬁuﬁﬂﬂﬁuﬂnaqz!uu EEG Uszinmmunmuuilen dsdeald
wath Ifuudni s s el fisusnay e Electrode Tasfidiisved Electrode
#148e FC1, FC2, FCz, C3, C4, Cz, CP1, CP2, P3, P4 1Az Pz 533 11 @ mniN aud s

Ground f® AFz Iz #11111981999 (Reference) D A2 #9311 3.7

PO OO
AR D@
@@@®@

S T g g 3
31 3.7 i Electrode annaii 14 lumsnaneail



16

T Y i)
ginsalfufinaduavewuy EEG  fugmi¥eude 1$fuadnsalveredygyin
. ¥ o '
(Amplifier) InsNdayanuvianuaszgnues 20x10° mvesdyaaudy wasoniiuioudssy
o o =] [~ o Aan
aunsalnlasdyananeuzdeniludyaudisen

3.3.2 Raspberry Pi

H ]
- Y W ow oW

Raspberry Pi fie luTnsneuTnsamed (Microcontroller) Aagilil 3.8 Ndafudad

) r H r ' 3
‘IfN‘HNﬂlﬁﬂﬁ?ﬁﬁ1ﬁﬂﬂﬂ1‘iﬁﬂﬁﬁ1ﬂﬁ ﬂ1§ﬁ“l-!"l|E]\W]'Jﬁu!!@'lﬁ$ﬁﬂllﬁ$iﬂﬁ~3‘ﬁﬂﬂﬁi$ﬂ’ﬂﬂ

a

ABUNNADT

gﬂﬁ 3.8 Raspberry Pi

] o
Qs s o

d' 4 1 % l{l %’; 1
Tasfin1smuAuAId UL IAsnSITeNADAITUNINUANIYU General Purpose Input Output
[Y) A = (] o & o ar 3 a o o =y
(GPIO) 94311 3.9 Fandnmsvihnuves GPIo Aemsvhidueaihuainditlauazia anius
Wanemsassnszua Inih 3.3 Taad druaauslade hivassnszua Wi wie 0 Toad &

r 3/ ' o 3
314 3.10 GPIO tuernsovihmihn Idnailu nput ity output Tavluszuuvesnsnaassil

anuzidlafemavih lidmawihmsdunzanuzladesih l¥idungasimsau



tT‘lﬁ'nwaaqaﬂma NsZIOUNAAIANTER

17
Wipower —| (5 @ |~ 5 power
crooson | @ s
crio1isol) | @@ | = groua
orio4 GPoLke ~| @ @ | = criote )
af @ |~ crio1srxD)
cror | @@ 5 crorom o —_—
o Vibrator
ezt O @ £ |
ooz S| @@z crozn
- 5 ®|5 crox
- & — Resistor
eriotomos) 2| @ = - g
aroapuso) ~| @@ |2 crozs
erorseky S @@ | crosicen - |I|I
-~ S O@|E emoreEy) switeh 4|
- 3.3V
5104 3.9 Pin #a %] 494 Raspberry Pi 5141 3.10 As319UVES GPIO
U u

U 3’, =) i ]
TudruveaTilsunsurugmdeuTaon 1 Python Fea11150AIUANNITIINILVES
GPIo laTasfleafou GPIO.outputGiunemy GPIO Pin, GPIO.HIGH) tiadaens 1¥aadu
19719 uaz a5 GPIO.output(M3181ay GPIO Pin, GPIO.LOW) tiia Lideams 1iddu
o ~ 1 Q. = ] 4 =y ¥ 9/
WU UAZAAABNUABNWUABTHIU Wircless Local Area Network (WLAN) aade lagld

TsTanea (Protocol) TCP HTU Socket

Client Server
States States
LISTENING
SYN_SENT L -
: SYN ACK A
| ESTABLISHED ACK y
ESTABLISHED

g‘ﬂﬁ 3.11 Three-way Handshake [10]
TagnanmaaufeEunnihimsdeudeiusziilinenfiaaesias Raspberry Pi

] : H ! 9
FINTLUIUNIIFOUARAUTONI1 Three-way Handshake @a3101 3.1 Taefilumounsniu

Raspberry Pi 98¢ luaaiizsansiosvonisFouse (Listening State) 1InABLRIADS 91011

144547



18

dlensuiunefviinisaemiesvemuFouds (SYN) 3 d2f0zaeundudas SYN
4 ) ¥ Qs o/ %‘J =

Acknowledgement (SYN ACK) tieiflumsvenii Idsunisdesveuds nasnntiuneuinaes
1ABUNAURIY Acknowledgement (ACK) (il unisuendiiumsumsasundunds ngein
¥ =2 a 1 g A ' A 1oy v
uudeNaTInszIumaFendenazisudedoyald

3.3.3 neaumesnldlumsiszaana

3 [ o 1

aoufinaestifludiudrfafigavesssuuvesnisnaaesil 1599910093113
) o 4 3’1 ?, : 4
nrizidoyad 18N MenuA9 it BEG uag Raspberry Pi Faluszunvesnisnaasail

i d o 2 A e a o o P
Sampling Rate ﬂl@ﬁ@ﬂﬂiﬂ!ﬂu‘ﬂﬂﬂﬁuﬁu@ﬂuﬂﬂ EEG Tlﬁlﬂfﬂﬂ 512 18594 (Hertz) ]ﬂﬂ‘ﬁﬁﬁﬂ1ﬂ‘ﬂ

as Qs

Ideyadyauves EEG Mdu navdrdunsdmnmdifeginnuasadeyaiiidnuas ddny

Gl
4 a s °
(Feature Extraction) 8o nuwfisldlumslinsziunzqaihefedunilszinnuvesdoya

1 '
a a9

¢ L= c:r o v A ;:'
(Classification) Iuiludayailszinnidiimisnanesdesntsuie liifeno Idnswdadafiden
NMINANDIABINIT

3.4 matHudeya

=

2 P z 2 ) - .
TumsnanesilinsmsiumsNane NInNa 20 59450 Trial @411 1 Tral 2:l4

w?’; 9

9 ¥
72831301 20 JIUH/A5 Asudeyalundas Trial 1 1AmAedyanumnauss 11 daygmen

H r ¥
Electrode nanzduiniisnagili 3.12 uazdyaruanndidu soudlu 12 Fyananss

au

3.12 dyanaaueId NI Electrode 11 Cz Tumsnaaesdi 1

=h.

5

9 T 1
uanMNTYRNUNT 12 Fyanauds Tunaaz Trial Safideyadiduvesnmsduiieldlu

aa
¥ E

' ¥ r ,
msszynlumsdunanua 40 ave udazaiamnedemnaavdminees s Fwdazmnoay

a § & T
1, 2,3 1A% 4 WINAVUNIYOUDL 10 ATIINU 1,3,2,4,2, 1, ..., 4, 1 (Hudu uavgeiiode



19

1

v
= =

mneudlminsfid@hnmanesdesmslungdas Trial 91319132 Fedredvesdeya

T&nanmsnaasg

Maeh 3.2 dredumsiiudeyalunsnaneanilisey

IAUNINARDY wnoaud e | wnsaudhued
gniaen
1 [1,3,2,4,3,1,2,4, |1
B e B, 4.9
2 [3,2,4,1,2,1,3,4, | 4
2,...01,2,4.3]
3 Al 4.3, 153,200\
1..,2,1,4,3]
20 [plarlasde r ) o [ ¥
4 223241

3.5 Myafinanyasauve dela
3.5.1 Butterworth Filter

v )
wdsnnd ladyanaaveswnuds dyaimzlsyney lidredaamsuniy dariy

v
aa

o & o ' Al =2 d a4 =
ulludesnsesduninh iaulveen Heduanaanes)szinn ERP tulianudfidnnia

7%

1¥dIn504 (Filter) The Second-Order Butterworth Band Pass Filter 1119150312 W1 & W %39

a

AWA 1 89 13 18504 1ag 1% The Third-Order Butterworth Band Stop Filter 1fans03t1u

ATWDYI9 49 B9 51 13504 panmszdurnarmtveselnsal Ml unsnanes §1

' ' a4 o =Y = A 9 o

win linsesduadudiionn dyauduedii 1dnn BEG wildauvesadulithoingynsed
A4 9 3I1BEA0

13U 313 naz 3.4 swfiuldhdyapaiiianuigagansesesn il

o g

A = a A 1 o A o
gﬂﬂﬂuﬁ?uwﬂﬂ?‘]Nﬂu'}ﬂ 9 ﬂ“ﬂﬂﬂllﬂ!ﬁﬂ@uﬂﬁ’mvmﬂ?mam



20

3.5.2 MINAYTRa (Averaging)
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