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Abstract: We proposed blink based online speller for the locked-in syndrome (LIS) patients, paralyzed in nearly all
voluntary muscles expect for the eyes, with a simple and easy-to-use eye blink detection glasses. Electrooculogram
(EOQG) is the golden standard method of eye movement or blink measurement with Ag/AgCl electrodes. However,
this method has several drawbacks such as skin irritation and dehydration of conductive gel. To resolve the short-
comings, we used a blink detection system based on a transparent capacitively coupled electrode, which is conductive
indium tin oxide (ITO) films. The films make it possible to measure eye blink without direct skin contact and obstruc-
tion of field of view. We finally developed user-friendly blink based online speller with the blink detection system.
To classify voluntary and non-voluntary blink, we used the double blink for command of the speller. The online speller
experiment result with six healthy subjects shows that mean accuracy is 98.96% and letter per minute (LPM) is 4.73,
which are better result by comparison with conventional P300 or auditory brain-computer interface (BCI) paradigm.
The result of the experiment demonstrates the possibility of applying the proposed system as a communication
method for the LIS patients.
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Fig. 1. (a) Transparent conductive film and transparency,
(b) Structure of glasses.
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Fig. 2. Diagram of the electrical circuit of the electrode.

2
k1

I-H

i

rlu
[N Am ox
2

o] flotef= HZ‘H‘HO‘O
< st ok vpEE |
Ao g Fatrof 3194“% o
go] EAcHB]. ¢t OPﬂE“Z/\POH
% 53517 feiA =2 dE duUas 7le
717} AFEEIATE. AMEE $Z7]+= OPA124 (Texas
Dallas, TX, USA)o]1l, ¢ Jagi=
10" Q|1pF o|t}. o] Z&EVE AMgste] 232 s 19
29} Zro] LA 2t ﬁg_oq o] &(1)x} Zo] U}
W 5= St} AlolA Zas 52719 AE AuEA R
Call BE duE), Zp= Rbiasg]r Cotray® HE dE,
Zoe wi A=Arol9] A EA (R, Can)s HERAT

X

I3 3. A AR A
Fig. 3. Schematic of overall system.
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Fig. 4. Example of operation sequency of online speller(alphabet O).

285



286

Weje] 7 - o]

o[gA) - o]t - UET -

A

200 T : )

Volatage (uV)

Time (s)

T3 5. 70ure] A159] 24 27](A,) 2 2 271 (Ay), 5 1 7
Q) Afol] ZJ4AIZHT,) o 25 AZHTyy).

Fig. 5. Minimum (A,;) and maximum amplitude (Ay) of blink,
minimum (T,) and maximum (Ty) time interval between
double blink.

o % %E% ahgick. ~delr} gk B9 AFA) 9
3 z‘ﬂ-ﬁ aﬂo]q- Oﬂo] 77]—1:”—0]7-" E]\:q 77]—1:1]—0]0]

L= S R = |

A @ 5 9] Yolg T7he HAlste] Al
¥ 9% 2ol §5S WEgch WA ARl Q%
wol e Zpurle] 223t e Zurle] AlEel 2718 w4l
@A olny] Slste] Abd AES AaAsgch A A
Pl 58 Fob Yo FolAt o] et W aPA

A= SetEs o

=
Qo XHOL% °J7ﬂ Al 2"l Ag/AgCl =8 7|Wro.=2 &}
2 ZH|(BIOPAC MP150, BIOPAC Inc.,
Goleta, CA, USA)E Al = Al AEE 5 k9l
o} 9 5= Al AlAHoR ZHE F o Zukolo]
A o] AFE F 30 FAA yepd Tgolnt. & 7
o ASF 7P 27)7F 22 A 7P 2717 2 A

A T+ Ayoltt. 3 7MY B
o|al 7P Ad ZEre 1142 TMOIQM. 7] A 9 Afufrt
o2 dehhs T, Ty, An 28|30 Ay 9] gHS o]85)

= 7kl T e gl 244 AHE
Z o] & 7zZhakely} w)Apdkz o

om ]
7] SIS T 3 Ty 5 7o) Tetule s ALgslct. <

g
1:12
o
ih=
o B
2
O,
\1]
e
i
si
_1

HlE = ®o] 1= 7l ZHs

o ApgAEo) A0l AR A2
3]
=]

o1zl 9] o]u) (Tl A s
el gledl Ao14ql 5 W gualol W

a9t

3. AA|ZE AT

oA U2 AT obd 21 FE HEQL oF ESiE
<l gtzw|ejuto](Raspberry pi®)E ## PCE HEHc}h &
gkl ~#ejls MATLAB™S o|43) =9t MATLAB®
oA Atz gr=w|g|atolox] HFE 413F HobA
Z2]g 4= 9= MATLAB® Support Package for Rasp-
berry Pig o]&3s}3rt. 2e1Ql A8e= 19 49 yeht
Ue AAE 63 TER FAE 0] ek Fof dupula} =2}
aejar 6719 715712 FAE ] At 7157 flolAF
H ofj= ‘Space bar(Ho{2:7])’, ‘Delete(AA=AFAA),
‘ESCE=AHA), ‘Enter(FHHE7])’, ‘End(EW7]) 21
51 CALL(GFHsH7) 2 F4slo] glck. 2ekel e
£ 09 4o] ot i ANY BAS s, g 0%
Aeste oA E Hol a1 Qlrt. o] 2dz= BCI szt
Y5 3l P300S o|-8-3k= R-C &t} (Row-Column

paradigm)2-2 F-D sfeicheloz el it 5es

Double blink

Tm< Gap <Ty

No double blink



Journal of Biomedical Engineering Research 36: 283-290 (2015)

A= Aol A7 obd ARl M= T
Fo}H18]. R-C mjgjttele 6709 33}t 672 o] 2z}
EME Aol H Jap Fo) R wAA|HofA
& wuto] P300 shetu]elE o] 45 AHgAte ojEE
gpolstrt, AREAl= zAlo] Yl ZX7) &89 oyt
Aol B u) £ wel Aol = gk B Ale
Al ek, 2edll e wA) Aesta go] MelEE 4
FEolA shte] x5 AestA € }—:L ] ;qol
NZEE 152 olm, o] H ApFo] 7%
o] AX|L vialo g A=t} ukek
4% A WA Pre o4A W
%= s oRokrhd kAl 3 WA
wlo] BHE . £33} st do] Al
JP‘ oA ouet A= Aefo] =A| oF
B o] 3w AR AFo] thA

ol ol-ﬂ
ol

S

)

p

O ol
—\—‘

Voltage (uV)
PN
s 8
g 8
g
I L

Oll

r}ﬂ
rﬂ

% X

Eorr 2 oo rug ooz dooox
ikt ﬂllo rr

S‘L
2

Mo
Jor Hr
1
filo
2

;3
41
=)
-
>
[ [
r)*
8 e

H

N
>
o2

%

It oo et 1o L
01.£L>4_tmz®
% Ko o
—Qﬂ}lr‘oo}m“&—\g
N LY
T oz ox
o 8
1{1 E%&
L =
a n"ﬂiﬁmz
Fabsd
= o N
r =
o & i
il =
1o
SR
< o
l
ru_
v
il
o
>,
o
H1

H

TASzE2 “HCI”, “BLINK”, “HELLO”,
N = 2l Eel #HarHE

A 22kl 2

“ALS” %X

i
Y
o

=
—lrl
i3
1o
Mr

S
o
E

J
jans)
e
e
H
iCh
N
=
A,
2
(e
|
)
2
32

2
o
)
of
i
r
X
>
oo Ak J?i
o
v
o
il
o,
>

rlr
>
2
>
o
o A
4 o
OOA
ok
38
o

I, ¢4+ &2t

7rarolo] WRAIFIS mw o]z
L IROA f19] AT AQbE ¢
Soln ol HH YL EOG HHE
Aotk Py Hs EOGE Ag/AgCl A
o, HIo] Y= ot = AZo] B

R =4 VRS, ehrer(V-A=) L
1 oJulgd(ground)olct. HHAX AT o] HL 7]EH
oF 400 uVollA AJzFell A3 Ye7ts Zo] T =S

o|#3t FAE DC drifte] 23t Aoz wal 7k
¢lofl ofsff ARttt BEH Ak AlAFoR SHEH 4D
L o83t DC drift7} Z&E A gk=t}. o]AL I8 29
el s 37159 A E A Copay@t BFOJOI A 23}
Rpias®] G2} Sto)a AZE] (1% order high-pass filter)S 3
AstHA Ueht= FE e mutoltt. g, A|QME A|AF
oz ZA4% A3 E Ho]Aekql ko]=(baseline noise)7}

_EL

_oﬁ ol

(R
[e]
%)

‘V“u.ﬂi
. 1o
L o o [ &

2
_llN' o=
o oX v &

|

> O rE

|
A

M oox K
N

ol

4

f
l

¢

rlo )

A

i

o o oo o it
%
52

d

lﬂOFl

Voltage (uV)

T T T T T T
0 ——.-\—J\f'(\/ ‘Mf‘—
. . . . . .
20 21 22 23 24 25

N
3
3

©
N
3
N
N
N
N
3

24 25 26 27 28 29
Time (s)

O 7. % 9 = ZEre] oo ol(¢]
A2 EOG).

Fig. 7. Examples of double blinks (top : proposed system,
bottom : EOG reference).

s A A, of=

B 1. 2} 984 To, Ty, Aw, Aw 2 2L
Table 1. Respective values of Ty, Ty, Am, A

L = e = s S e | ==
subject 4 He A
(T, &) (T, 2) Ap,uV)  (Am, uV)
1 0.2578 0.5039 86.87 163.4
2 0.2188 0.3711 170.3 320.2
3 0.4098 0.9098 185.8 532.9
4 0.3190 0.6367 70.27 167.8
5 0.4961 0.6299 127.3 279.5
6 0.3828 0.5938 110.8 183.7
ot 0.3474 0.6075 125.22 274.58
AriHez 27 deiks A€ gl @ & glon &
ol WA A 2 5HE Wolt ol ¥ 24 | AL o
el 3 % 9t} o] Wlo]Azkel ko]t 60Hz2] AU
ot FFow MM} o] B715L AR YHT g
T2 giAE) Q] wEel] Riked) 47 = 2 5
F2H B4 ofa) ek @abolth. & et w

51 2H99] 2715 BOG fsfaizeel 49 oF 300 Vel

I ATE A|AHQ] AL oF 180 uV AEo|th E 1 2 A}
A AYS Sl O*OW 2y oA @AEY] T, T, Am 22131
Ay 9] S-S Uehfa 9t 2 gholl et [ AEAEe] 3

e 44 T,=0.3474%, Ty=0.6075%, A, = 125.22

uV 2|2 Ay=274.58 uV o|t}. & 2 o= 29l AW
e 4% At ehteleh Foixl u] o) gofse] tfs)
HAE S AEATL dEe 2o BE 248 Yeshty
A A7k, 19 & A& x= U LPM (letter per minute)
of UeR} glct. B AgAHE Agfet BE NARAES F
o4l ol 2wt glo] ghushl Yesisint. T aEA4e)

A% go] “HCI'S &3 v 34 H'S deat & 37
T Qeshe 0RE Wit L A9m o 24 O
2 HA “HCD WolZ A2t QEE 493 thA 4

287



288

[

]
{r

H];H_J_ 2}

7é]—H]—O]

=4

AN

A Q7 Thifol g ol gk AAZE 2ele] TE — o]

O1FA) - olest - UG - U

2. 2okl 2] A% A (@ 7o b Ak <)

HAQAI7HE YERY, ACC: accuracy, LPM: letter per minute).
Table 2. Result of online speller experiment (each time indicates total spelling time, ACC: accuracy, LPM: letter per minute).

Subject ‘HCT’ ‘BLINK’ ‘HELLO’ ‘ALS’ ACC(%) LPM
H-C-I B-L-I-N-K H-E-L-L-O A-L-S

1 100 4.93
30.99s 61.83s 68.32s 33.77s
H-C-1 B-L-I-N-K H-E-L-L-O A-L-S

2 100 4.93
31.38s 61.95s 67.98s 33.48s
H-C-1 B-L-I-N-K H-E-L-L-O A-L-S

3 100 4.93
31.32s 61.88s 68.04s 33.58s
H-L-C-I B-L-I-N-K H-E-L-L-O A-L-S

4 - 93.75 3.78
80.61s 60.58s 79.13s 33.46s
H-C-I B-L-I-N-K H-E-L-L-O A-L-S

5 100 4.93
31.36s 60.55s 68.52s 33.24s
H-C-1 B-L-I-N-K H-E-L-L-O A-L-S

6 100 4.92
31.35s 61.86s 68.45s 33.78s

o3t 39.50s 61.44s 70.07s 33.55s 98.96 4.73

otz IO I8 Algto] thE wAF AL Hlsl Zo o vjus] B v £ daE UYL e As &
e & & 4 ok 28|a o] “HELLOYE 9% T UTH[24,25]. P300S 7|HEe 2 g AJAF O] -9 P300
22 B E =] flsia A WA 3 gk wof = FHA77] SJ8liA 7 Bzl of2] W) A= =il &
SRR A A PUollA A ‘E7F Saile o AFE B (ensemble average)dh= I o] LA 3y A=
H& A of deshx] o] tha] AX7F oAl §IA = ofgi¥l F=t Alzto] o8l A= olfE 2 AIAHED
2 FokZ 714 ZvE o dgshe B wEel the Aol Rk 3 A7 AR 7IREe 2 Aok Ade o)
ARz Hlsl Algto] Zojgct. oAy e] Hat Aste= $ 0.89 LPM 9] 55 e o7t lek[26]. A7 A=
98.96%°]1L, LPM2 4.73 ©]Sltt. O] 79 & A AgloA] AjkeE Axt o] 36719 SAHS o)
UE A" & 5 ol dEtds sk ofdar &) o
V. 11 F ol LEX HFS 33 ojxAdgo] 7hagt sfejrhel

o] 7Fssto] Adsol "ol ol gtk

Ely

(calibration) ¥go] & Q 3}t
T, 2 AFolA] dojzl Wit LPM gk 4.73 o]t} o]
£ P300 7]5tolu} FZA=2 o83 BCI sfj2thel 9]

%

oAk, 5 4 7
wje} geby 4

o
A
o2
o o
=2
i
I
>
1o
)
ro,
2
o

J
)
> H
Rl
R
=
d
=}
R
i

o

o

Lo A Ho &

I dubA o2 ofo] Thojo A A AREEE AR
PTNES FHATHL 20| B FHFE 45
#ol= ZAER HjX st FE9 Bremen A¥E 52 38
stk o e A%o LPME o1& 2o 7|ojsrk2l-
23]. w3 sHs 2A} ohdl ThE AL HEE AL o
A AE 2AE A3 Al Al B dH|E
AREE Eo] QEe] 93 LPMo] WolAl= 215 2438} A
T Utk & AFolA AGHE AJAE) A9 A A
IAE A97] SAHA OF 152713 Agko] AulElt
ol ‘ESC’ ME& o] HiAsto] @ Efo] o8 AlAHef A
AHQl ol vl AL BT 4 ek AMAR
LPM $z0]7] 9J3t Whje = Adlefo] A= AIRES £0]



Journal of Biomedical Engineering Research 36: 283-290 (2015)

o] oltk. & ATelA ojw Woli} do] X3Em
1.529] Azko] B2 F The ol AR Hol/les A

o o] A7k BEA7IY A Axlele) 5
2pAI7k0] ZolEA wlof A% LPMe| Lebrb| Hek. 3h4
gk AF2 Akl U ol He AHgAE F 8l i e

S up7) ) B AFOR Yol 7 4 Gk B9 R
B 5 glon Hus AFA et AE dasic

<
[
r

o
2 op
<t
fo o
il
rO
[
i)
i
g
ek
_?L
R
o
N
E
)
> 0
>.
)

J
o
Ho e

= °l

g3to] AbgAtel
i vee 29 @

m
4 of
2
H
T ok

hJ

o
A=l
AgCl AL ALgats 71ze) wpe] Bde Fuakn
714 A W& glo] = Zhutel EHo) shselt). wgt A
1Y oE BaEQ slzvjelniols Sk AHHel
5% AYSA AL, A, Ak ofal L
o 7% o] AmploR T AATleR B
= 29 ALS SSeld Ak 2% 4 9 el
e W QT 4 Qe Felo) 2ol Ui A
asieh Eak AgA7L AT Aol NS A48T
A= asynchronous |2 2A A|AHof 3},
sk AlA| o] Y3l A|AHo] It IAES Ao R
e Aggstal JfAdste] AR 7HA = ALSE <l iF
Ue FAEL 7SS0 AEAY =gl € 4 S

&2 TAAAUYE Aol

r ruEl

k=l 1:191
/s 2 mz

N

References

[1] J.R. Wolpaw, N. Birbaumer, D.J. McFarland, G. Pfurtscheller,
and T.M. Vaughan, “Brain-computer interfaces for commu-
nication and control,” Clinical Neurophysiology, vol. 113,
no. 6, pp. 797-791, 2002.

[2] T. Ebrahimi, J. Vesin, G Garcia, “Brain-computer interface in
multimedia communication,” /EEE Signal Processing Mag-
azine, vol. 20, pp. 14-24, 2003.

[3] J.J. Daly, J.R. Wolpaw, “Brain-computer interfaces in neuro-
logical rehabilitation,” Lancet Neurol, vol. 7, no. 11, pp.
1032-1043, 2008.

[4] C.H. Lim, “Introduction to EEG-based Brain-Computer Inter-
face (BCI) technology,” J. Biomed Eng. Res., vol. 31, no. 1,
pp. 1-13, 2010.

[5] J.S. Lee, Y.G. Lim, S.J. Kwon, and K.S. Park, “Non-contact
blink detection glasses utilising transparent conductive film
for binary communication,” Electronics Letters, vol. 51, no.
5, pp- 382-384, 2015.

[6] J. Hori, K. Sakano, and Y. Saitoh, “Development of commu-
nication supporting device controlled by eye movements and
voluntary eye blink,” Proc. 26" Annual International Con-
ference of the IEEE EMBS, San Francisco, CA, USA, Sep.
2004, pp. 4302-4305.

[7] A.B.Usaki, S. Gurkan, F. Aloise, G. Vecchiato and F. Babiloni,
“On the Use of Electrooculogram for Efficient Human Com-
puter Interfaces,” Computational intelligence and neuro-
science, vol. 2010, 2010.

[8] M. Merino, O. River, I. Gomez, A. Molina and E. Dorronzoro,
“A method of EOG signal processing to detect the direction
of eye movements,” Sensor Device Technologies and Appli-
cations (SENSORDEVICES), 2010 First International Con-
ference on, pp. 100-105, 2010.

[9] Z. Lv, X.P. Wu, M. Li and D.X. Zhang, “Development of a
human computer Interface system using EOG” Health, vol.
1, no.1, pp. 39-46, 2009.

[10] K. Grauman, M. Betke, J. Lombardi, J. Gips, and GR. Brad-
ski, “Communication via eye blinks and eyebrow raises:
video-based human-computer interfaces,” Uni Access inf
Soc, vol. 2, no. 4, pp. 359-373, 2003.

[11] S.R.Rupanagudi, N.S Vikas, V.C. Bharadwaj, N. Dhruva and
K.S Sowmya, “Novel methodology for blink recognition
using video oculography for communicating,” Advances in
Electrical Engineering (ICAEE), 2014 International Confer-
ence on, pp. 1-6, 2014.

[12] M. Chau and M.Betke, “Real time eye tracking and blink
detection with usb cameras,” Boston University Computer
Science, vol. 2215, no. 2005-2012, pp. 1-10, 2005.

[13] A. Picot, S. Charbonnier and A. Caplier, “Drowsiness detec-
tion based on visual signs: blinking analysis based on high
frame rate video,” Instrumentation and Measurement Tech-
nology Conference (I2MTC), 2010 IEEE, pp. 801-804. 2010.

[14] Y.G. Lim, K.K. Kim, and K.S. Park, “ECG measurement on a
chair without conductive contact,” Biomedical Engineering,
1EEE Transactions on, vol. 53, pp. 956-959, 2006.

[15] J.S. Lee, J. Heo, WK. Lee, Y.G. Lim, Y.H. Kim, and K.S. Park,
“Flexible Capacitive Electrodes for Minimizing Motion Arti-
facts in Ambulatory Electrocardiogram,” Sensors, vol. 14,
no. 8, pp. 14732-14743, 2014.

[16] T. Matsuda and M. Makikawa, “ECG monitoring of a car
driver using capacitively-coupled electrodes,” Engineering
in Medicine and Biology Society, 30th Annual International
Conference of the IEEE, pp. 1315-1318, 2008.

[17] Y.G. Lim, K.K. Kim, and K.S. Park, “ECG recording on a
bed during sleep without direct skin-contact,” Biomedical
Engineering, IEEE Transactions on, vol. 54, pp. 718-725,
2007.

[18] L.A. Farwell and E Donchin, “Talking off the top of your
head: toward a mental prosthesis utilizing event-related brain
potentials,” Electroencephalography and clinical Neurophys-
iology, vol. 70, no. 6, pp. 510-523, 1988.

[19] E. Ponder, and W.P. Kennedy, “On the act of blinking,” Exp
physiol, vol. 18, pp. 89-119, 1928.

[20] A.R. Bentivoglio, S.B. Bressman, E. Cassetta, D. Carretta, P.
Tonali, and A. Albanese, “Analysis of blink rate patterns in
normals,” Movement Disorders, vol. 12, no. 6, pp. 1028-
1034, 1997.

[21] 1. Volosyak, “SSVEP-based Bremen-BCI interface-boosting
information transfer rates,” Journal of neural engineering,

289



o[ FA] - ol - UETF - WA
puter interface,” Rehabilitation Engineering, IEEE Transac-

tions on, vol. 8, no. 2, pp. 174-179, 2000.
[25] D.W. Kim, J.C. Lee, Y.M. Park, I.Y. Kim and C.H. Lim,
“Auditory brain-computer interfaces (BCls) and their practi-
cal applications,” Biomedical Engineering Letters, vol. 2, no.

J. Hohne, M. Schreuder, B. Blankertz and M. Tangermann,

1, pp. 13-17, 2012.
“A novel 9-class auditory ERP paradigm driving a predictive
text entry system,” Frontiers in neuroscience, vol. 5, 2011.

3] 27 Q1Y clutolAg ol AARE 2aele] T — o4
[22] 1. Volosyak, D Valbuena, T Malechka, J Peuscher and A
Graser, “Brain-computer interface using water-based elec-
[26]

vol. 8, no. 3.
trodes,” J. Neural Eng., vol. 7, no. 6, pp. 066007, 2010.
[23] HJ. Baek, H.S. Kim, H. Jeong, Y.G. Lim and K.S. Park,
“Brain-computer interfaces using capacitive measurement of
visual or auditory steady-state responses,” J. Neural Eng.,

vol. 10, no. 2, pp. 024001, 2013.
E. Donchin, K.M. Spencer and R. Wijesinghe, “The mental

prosthesis: assessing the speed of a P300-based brain-com-

[24]

290



