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Abstract:

In this paper, we describe ”E-state” which classifies electroencephalograms by non-invasive measurement
using machine learning and uses time series judgment results as commands. There are many researches on
brain activity, various studies have been published in research using BCI (Brain Computer Interface) which
detects brain waves and the like and manipulates machines and the like. Especially, the development of
research using non-invasive BCI which is not directly embedded in the brain is remarkable. However, many
methods take time to train, there are problems such as limited use environment. In this system, we classify
two classes of brain wave concentration / relaxation by machine learning and use the time series output as
a command to propose a method that shortens training time and few restrictions on usable environments.

1. 0000

0000000000000000000000000
00000000000000000000000000
0000000000000000[1)000 20000
00000000000000000000000000
0000000000000000000000000
000 BCIOOODO21700 100000000000
10000000000000000000000000
000000000000000000000015022%0
0000000000000002022000 250000
00000000000 D B0000000BCIOODO
00000000000

BCIOOODDOOOODOOOOO0OO0OO0OOO00O0

' poooooo
School of Engineering Chukyo University

© 2018InformationProcessingocietyof Japan

goob 200000000000 00D00O00O0O00Od
goddddoooooooooobobobobbooooood
goddooooooooooboboboboobobooooood
gooooooobooooobooooboooooon
goooooobooooobooooooobooooon
SUA (single unit activity),LFP(local field potential) O O
goodooooooboooobooooobooooon
goddoooooooooobobbobobobobooooood
goddddoooooooobobobobobobbooooood
godddooooooooobobobobobbobooooood
00 OO0 EEG(electroencephalography)0 0 D000 00O
0000 [40

00000000 BClOODODOOoOoOOoOOoOoooOoOooOo
0000000000000 000Farwell O [5]0000
0o0bDOoo0O0oPp3000O0000DOO0DOOOOODODOOO
0000000000000000 [600000ooo

578



TSNS A VRS2 3 2018 2A15
IPSJinteraction2018 2018/3/%
ok 38 B 8% X3 2 & B IR HY i 7% B % i 9 2> & R R H
ER oK 0 V522 =0 5 01 7
— d

b : =
T QED
-8 &=
E— .
< —— XF AT

M

] 3
10 gz 2

w

NS
P
|
N

5

R R - Tconventional

01 0O000ooooooog

gdddooooooobbobobbbbboboouoooa
gdddoooooooboobbbbbboboouoooa
gdddooooooobbobobbboboboboooooda
gdddooooooobbobobbbbboboouooga
goodgd

E-state 0000000 BCIOODODODODODODOODOODO
gbobodobobobouoobuoboobobuoobo
gdddooooooobbobobbbbbbobooooa
gdddooooooooobobbbbboboooooa
gdddooooooobbobobbbbbbobooooda
gdoooooooobobbobobbbbboboooooa
JoooooboboODbODboO000000OE-stateD O OO0
0o0ooooboooooigoooooobooooboonon
gdodooooooobobbobobbbbboboooooda
0o0oobooboooobooooooobooooloooon
goooboi1iDoobooobDb0o0obOoonoodE-stated O
0 0O EEG(electroencephalography) 0O 0O OEOOOO
dodddUdstated 0o

2, OOQOO

gogboobboobbooboobooboobboo
goboobbooboobooobd

21 ODOOO0O0OOO0OOODOO

000 100000000000 00ooooooO 7o
gobogobobboboboboooooobobobab
goboobooboobobooobooboobboon

]

w
]
1

Potential (uV)
&
1
T

0 100 200 300 400 500
Time after stimulus (ms)

03 P300000000000O0O0OOOOOOO*

© 2018InformationProcessingocietyof Japan

R IR TEstate

0 2 E-statedDOOOOO

00000000000 00000 (000000000
0000000000000 D0000)00000000
00000000000000000000000000
00000000000 O0000O ERP(Event Related
Potentials; 00 000)0000000 [8]0

Farwell 0 [5)00000000ERPOODOOOOOOO
000000000 300ms 0000000 P30000 30
[4000000000000000000D000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000D00000000000000000000O0
E-state 0 00000000000000000000
0000000000000000000000

22 0OO00O0O0OOOO

goboobooboobboobo

000 90000000000 0no0oooooooo
gogboobboobboobooboobboooboon
gogbooboobboobooboobboooboon
gogbooboobboobooboobboooboon
gogboobbobobuooboobooobooboon
gogboobboobboobooboobboooboon
gogboobbobbooboobooobooboon
gogboobboobboobooboobbooboboon
gogboobbobobooboobuoobboooboon
ob0oO0oooo0bDObDO0E-state 0 0OD0OODOO
gogboobobobboobooboobbooboon
gogbooboobobooboobuoobboooboon
ggboogoobood

23 ODOO0ODOOOoOoOO
gobooboobooboboobooboboooboo
gobooooogon
Ori0 (10000000 BCIODODOOODOOOOOO
gogbooboobboboboobuoobooboboon
gooboobooboo40000400000000000O
ggboobobobboobooboobboooboon

579



TEHUEESES A > 25 72 3 > 2018
IPSJInteraction2018

0000000000000 0 EmotivEpoc[11]0000
coboboooooooooboooooooooobooooo
coobooooooooobooooooboooooooo
coooooooooooboooooooooobooooo
OO0000000000000O000E-state0 0000
OO0 BCIODOOOOOOOOOOOOOOOOOOO

3. Jbuooboobboobgd

E-state 0 0 BCI O Android O O O Bluetooth 0 0 OO
Android 0 0000000000000 DOOODODOOOO
godooooboboooooobooooooooa
godooooooobooobooooboooooooa
godooooooobooooooooboooooa
0000 200000000000001000000O0 NO
0000000 2000000000 NbitOOGOGOoGQoa
0000 4m

‘N=10k ‘N=20k N =nob
svyirof# 2'=2 as~vvrofEf 22=4 a~vrof@E 2"
) N
r—H
1 —A :
N NN IR
1 0 1 B
1 0 1 1 0 O
0 0 O 0 0 O
. 4 F—FFF—

ty 4 ty 41ty to i tz i3

IRRI T - 58N EFIURER -t

04 0000000

3.1 0000

00000000000 2000000000000
3.1.1 000000

E-state 000000000000 20000000
0000000000000000000000000
0000000000000000 1200000000
000000O0BO0OOO0O00OO00OOOOOOOOON
0000000 [13J00000000000000000
0 [140000 [15)00004000000000000
00000000000000000000000000
000 CDOO0O0O000000000000000000
00000000000000000000000000

gobooboboobooboooobdg
01 000000
o0 R oo cC

oooood oo

oooo

gogboobboobobuoobooboobooboboo
000000000 RODODDODOODOOOOODO CO
oo 1moooooooooooboobobobbon

© 2018InformationProcessingocietyof Japan

2A15
2018/3/%

goooooobooooooooooooooobooooo
oo

V)
140

120
100

80

(GiE)

— Theta —Alpha —Low beta —High beta — Gamma

05 OD0O0OO00O0O0OO

V)

= (D)
— Theta —Alpha —Low beta

High beta — Gamma

06 0O000O0O0O0O0OOO

3.1.2 OO0
goodbooooooooooobooooooooooa
E-state 0 0 0 BCI O Android O O O Bluetooth O O 0O O
goooobooooboooooboooboooooobooa
goooobooooboooooboooobooooobooa
OooooOos00007000000O01IO0O0O00O0000
05000000006 000 00Low-B 00High- 00O
yooo 1000 200000000000000000
0000oDooObOo0O000bbOO000 pOoOoOoooooa
O8bouldb200000ooooon

NASION

Zlclele)c!
©®-0-0-0-@P
\@ :

07 0O01020000000000

3.1.3 0OO0OD0OO0OOO0
ooobooooobooooooOooboOoooooa
oobooOoooobooooooboocoooooooboooon
OoOoO0OO0OO0O0OD0OO0O00000000 softmax0 0000
obo0oo0obO0o0oDO0o00O000Dn Estate000oonO
oobobooooooooocoooosbolsoooooon
000 [1el7b0000o0000oo0ooUooooo

580



TEHUEESES A > 25 72 3 > 2018
IPSJInteraction2018

ooooboo1booooooooobooooooboo
oooo

b, | b | b by | by | by
to ty ty tg eee ty tg ty tio
F3 F4 T8 T4 Pz

bia | bis | bus | bia| bis |

0 % I's. 1 Low- B3 High-B#¢ v

= [SHIBERE: ¢ by 11 | by | by | byia | by1s |

08 ODOOO0OOOOO0OOO

T(=to,t1,t2, - ,ts, b9, t10)
(tlg - fo = 1.0,tn - tn,1 = 0170 <n< 10)
(1)

B(: b17b27b3:“' ab87b97b10) (2)

3.1.4 0O0O0OO

Android 000000000 100000000000
oo0o0o0oDDOO0O0000bO0O ROODODODODODDOOO
gooOoo coooooooooooooooooooo
gooo

3.2 OO

000000000 000000000000E-state
oooO0OROOOODOOOCOODOOOOOOOOOom
00 CO0000D0000000D0000D01I00002Y0
ooooooooooooboogo

4. E-state0U0 00000000

41 000000
E-state 000000000000 BCIO Android O
00000000000 90 Android 0 0 O Bluetooth*30
00000000000000000000000000
000000000000 Python 00 000 O Tensor-
Flow 000 CNTKO Theano 000000000000
00000000000000 Keras[18) 00000000
BCIO O Emotiv Insight] 0 1000 0000 0O O Emotiv
Insight[11] 0 50000 (0 7*0 F30 F40 T30 T40 Pz)
000000006 004-8Hz a O 08-12Hz0 Low-B
00 12-16Hz0 High-B 00 16-25Hzy 00 25-45Hz0 0
5000000000000000000000000
0000000000000000 100000000
0 Android 000000000000000000000
01000000000000000000 Android 00

2A15
2018/3/%

- i 38t fige
Android Bt 223

Mo 256 =

-
KL ) THET

09 Oooooo

0 10 Emotiv Insight

000000000000000000 AndroiddO00O
gogbil1ooboooboobuooboobooboon
gogbooooboobobooobg

4.2 0000000
E-state 00 0000000000000000000
110000000000 120000 BCIOOOOOO0O
O0Android 00000000000
(1)000000000000000
0000000 11(1)0000000000000%
00 11(2)000000000000 (0 11(3))000
000000000000000000000000
000000000000000000000000
000000000000000 190000000
000000000000000000000000
000000000000000
(2)000000000
0000000000 10000000000000
0000000 Android 0000000000000
0000050000000000@M*000000
000000000000000000000000

*3 Bluetooth Low Energy (Bluetooth 4.2)
*4 00 10-20 000 OO ”https://ja.wikipedia.org/wiki/0 O

© 2018InformationProcessingocietyof Japan

* 00000000000000000000000000000
oooo

581



TGN A 2572 3 > 2018
IPSJInteraction2018

000 11040 00000000000 000DO0Od
Oododoobooooooooobooooooooo
oo

(3)00
02000000000000000 1104000 00O
lg00lo20000000000000002030
gooooooooooooo

E-State E-state menu
WPHERDS
Bh
(g E-state
B REER
R
E-STATE START
STOP

(2) gy BEZAEE

(1) A4 VEE

R FREE RS R E
PROSEFRL T RS BONEENTIS ¥ IR
&P O &
OuUSwyoz GUSyoR
START START

(3) PR B s |

E-State
HENERSS
Eh

‘mﬁ 17} 20 30 40 50 60 70 80 @ 'ﬂ jj %’:nh %

=: (2) Wsethis o i

L DEPE
Writing File... 11

200

Connecting Device ..

E-STATE START

STOP

(4) HAEE

011 0OO00OO0OO0Ooooooooooooo

© 2018InformationProcessingocietyof Japan

2A15
2018/3/%

BCI(Emotiv Insight)

Androidig £

012 000000

5. U

Estate DO OOO0OOO0ODOOO0ODOOOOOOODOO
0000000000000D000000000 210220
2200000000

5.1 0O0O0O

Estate 0000000000000 OO0DOOOOODO
000000000000 000000000000 2'0
220230 00000000000000O0O0ODO000O
000000000000 2030405000000000
0000002t 4224220000 25000000000
02200000000000000

02 2'0000000 038 220000000

T @R At [T~ ®R |, &t
= [o M1 rooJfroty|rroy|ri) Ny
e | O || | e KK
[oJ 0 0 rooj ~. ! i
M1l 0 S 0 roi) B 1

~ 0

1 0
f10] 0 0 S
r1j 0 0

o

7
/lo]lo|e

o

04 220000000

\\\\j‘g% rooojfoo1jrorojfor1jfroolf101r110r111] ekl
B/E T ESie:s
roooJ [~ 1 0 0 0 0 0 0 1
roo1) 3 |~ 1 0 0 0 0 0 4
fo10] 5 o [T~] 2 0 0 0 0 7
ro11) 0 0 2 ~ 0 0 0 1 3
1100) 0 0 1 1 ~_] 2 0 0 4
fioi) 2 0 2 0 o | ~._] o 1 5
fiioJ 1 0 1 1 0 1 [~ | 4 9
111} 0 0 0 0 0 0 o [~_] o

05 ODO0Ooooooo
a~vvrof@E | FEREE
21 0
22 0.5
283 4.15
21,22 23 2.5
582



TEHUEESES A > 25 72 3 > 2018
IPSJInteraction2018

6. 0O

0000D000000000000000000000
0111000000000000000000000000
00000000000000000000000000
0000001000 10100 000000000000000
00000000000000000000000000
00000000 100000000000000000
01000000000000000000000E-state
000000000000000

(1)00000000

(2)000000000000
010000000000000000 100000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000M2000000000 BCIOO Android
00000000000000000000000000
00100000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000

7. 00O

gogbooobbobobuoobooboobbooboo
gobooboobbooboboobuooboobboon
gobooboobbooboboobuooboobboon
ODO0D0OD0Estate 000000000 OO0OODOOODOO
goboobooboobboobooboobboon
goboobooboooboobuooboobboon
gobooboobbooboboobuooboobboob
gobooboobbobboobuooboobboon
gobooboobbooboobuooboobboon
gobooboobbooboboobuooboobboob
gobooobooboo

gooo

[1]  SRI Internationa,Apple Inc. Siri. https://www.apple.
com/jp/ios/siri/.

[2] Pivi Majaranta. Communication and text entry by gaze.
pp- 63-77, 01 2012.

[3] Global brain computer interface (bci) market
analysis by product (invasive, partially invasive,
non-invasive), by application (healthcare, smart
home control, communication & control, enter-
tainment, gaming), by end-use (medical, mili-

© 2018InformationProcessingocietyof Japan

[5]

(6]

8]

[9]

2A15
2018/3/%

tary) and segment forecasts to 2022. https:
//www .grandviewresearch.com/industry-analysis/
brain-computer-interfaces-market, 2016.
goo,00o0,000,b0000. Ooboboooaoo.
2016.

L. A. Farwell and E. Donchin. Talking off the top of your
head: Toward a mental prosthesis utilizing event-related
brain potentials. FElectroencephalography and Clinical
Neurophysiology, Vol. 70, pp. 510-523, 1988.
gooo,bbobb,00d. oo ggoooo
0oooooo.oobobooo ooooooog, 2015.
J N Mak, Y Arbel, J W Minett, L M McCane, B Yuksel,
D Ryan, D Thompson, L Bianchi, and D Erdogmus. Op-
timizing the p300-based braincomputer interface: cur-
rent status, limitations and future directions. Journal of
Neural Engineering, Vol. 8, No. 2, p. 025003, 2011.
0000000000000 00000000 erp(00O
0000)00. http://www2.oninet.ne. jp/ts0905/
erp/erpsemi.htm.
oooo,000,0C0C0C00,0000.0ooo0ooo
goooooooooooobobobo.oooooo oo
oooooo, 2015.

Ori Ossmy, Ofir Tam, Rami Puzis, Lior Rokach, Ohad
Inbar, and Yuval Elovici. Minddesktop: a gen-
eral purpose brain computer interface. CoRR, Vol.
abs/1705.07490, , 2017.

Emotiv. https://www.emotiv.com/.
OO000.00o0000oo0ooooo:.oooooooo
ogooooooo. 2016.

0000, Kosin Chamnongthai, 0000, 000. 00O
OO0000 mindwave D O0O00OOO0O0O0ODOCOOOO
gooooooooboo. obooooooooooo
O, Vol. 57, pp. 15631564, 2014
oooo,00o00,000,0000. 0000000
0oooooopooooOoUd.ooogggoooooo
00000000000, Vol. 124, No. 6, pp. 1259-1266,
2004.

ooOo0O,0000.0000000000000 cdOdOd
O. 2016.

oooo. TvOOooooooooDb 1s00000.
http://www.magiclamp.co. jp/blog/archives/2369.
oo0o0.o0oooooUoooo0 —0opoooooo
ooooooooono. 2017.

Franois Chollet. Keras. https://keras.io/ja/.
ooogo,0oo00,0o000,000. ooODbDOO
OOo0oo0ooO0O0oC. boooOooOooooooooo
O MPSO, Vol. 2014, No. 20, pp. 1-6, feb 2014.

583



	confinfo_j: 情報処理学会 インタラクション 2018
	confinfo_e: IPSJ Interaction 2018
	filename: 2A15
	c_date: 2018/3/5
	cprt: © 2018 Information Processing Society of Japan


