Journal of the Korea Convergence Society ISSN 2233-4890
Vol. 9. No. 11, pp. 53-60, 2018 https://doi.org/10.15207/JKCS.2018.9.11.053

<l 511 1 o] &= 2%
A, o189, A, T
LERTsh oS ALY LER TSt 140 858

I
N
i
P

Gaze Tracking with Low-cost EOG Measuring Device

Seung-Tae Jang', Jung-Hwan Lee', Jae-Young Jang', Won-Du Chang®
'Bachelor Student, Department of Biomedical Engineering, Tongmyung University
ZAssistant Professor, School of Electronic and Biomedical Engineering, Tongmyung University

£ oF offolwst A7kY PANE FEH/1E AHgete] ANFAAYE ANt A3k BAT ¥ AN E
A2 @ QA

2ua =2
& 4ge) Aol AXAF A, A0S Aol Qo] Lol 5 A 2 eye-writing 2414
L 3|

2, AEA 7T R SR 28-S Wrkeka, ¥ vobrh 471

>~
>
o
2
=M
)
Y
ox
fol
xS
ofp
i1
-
H—U d
(ot
ofo
i)
%0,
rlr
>~
il
M
1%
_(\)_11‘
2
&
12
et
o
o
%
>
-
n
¢
§
I
e}
o
-
o
i
il
>~
>
op
_(\)_11‘

OFHAE A7) FAE e, JHEFE 23] dynamic positional warping¥} 10153 ¥ 3o] Al&-E ) A
¥, SAA = v 9t daegvo Ry o o] fAE R G 7% 90%0) 7 AEER Al
< AT 4 Ao, eye-writing®] 7ol & 571 s tislA] 0% T AEEE @A = Ak 2 dE e
AL S7Yeel upe) A et w Fhaske], theFst HiEle] A Sl olehE eye-writing®] S F248H7] $lEiA
= F7Hel A ded Aow oA

FAN] 1 AR, £, HE1], AANE, A5 A2, Dynamic Time Warping

Abstract This paper describes the experiments of gaze tracking utilizing a low-cost electrooculogram measuring
device. The goal of the experiments is to verify whether the low-cost device can be used for a complicated
human-computer interaction tool, such as the eye-writing. Two experiments are conducted for this goal: a simple
gaze tracking of four directional eye-movements, and eye-writing —which is to draw letters or shapes in a virtual
space. Eye-written alphabets were obtained by two PSL-iEOGs and an Arduino Uno; they were classified by
dynamic positional warping after preprocessed by a wavelet function. The results show that the expected recognition
accuracy of the four-directional recognition is close to 90% when noises are controlled, and the similar median
accuracy (90.00%) was achieved for the eye-writing when the number of writing patterns are limited to five. In
future works, additional algorithms for stabilizing the signal need to be developed.

Key Words : Electrooculogram, Eye-Writing, Pattern Recognition, Biosignal, Signal Processing, Dynamic Time
Warping
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Fig. 2. Location of electrodes.
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Table 3. Recognition accuracy of directional eye
movements
Number of Number of Accuracy
Methods classes subjects (%)
[14] 8 5 0
[15] 8 8 88.59
[16] 6 (including blink) 4 66.67
[17] 4 10 0
Proposed 4 5 845
Table 4
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= 2] _ME]F_J' ’ EHTOA 1@ 2 b 56,62 65.79 62.11
3077} dstrlsel AAste] WAE S-S Kol it c 61.29 50.00 55.07
d 59.52 65.79 62.50
. . e 66.67 60.53 63.45
Table 2. Confusion matrix for eye—movement f 79.59 5130 6240
recognitions g 62.07 47.37 53.73
h 60.00 55.26 57.53
ouTPUT i 67.35 B4 52.80
uP DOWN RIGHT LEFT j 50.57 57.89 53.98
1w " 1 5 0 K 80.95 4474 5763
A T oomn . " . ) | 50.75 44.74 4756
R | DOW m 4359 67.11 5285
G| RGHT 0 0 50 0 n 4333 51.32 4699
T LEFT 4 0 1 45 o] 73.17 39.47 51.28
p 40.48 4474 42.50
q 41.67 52.63 46.51
- 65.71 30.26 41.44
O Ao EHFEES] o)A ATLE )= A7 r
Table 3= ] %O] <) ob:)-’] UmeEtr= 7] L o‘j:’L E‘_“’}' S 36.17 67.11 47.01
[14-17]% ¥lagk Fojt}, 7|& AT F [7]oM = o2 t 4821 553 4091
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v 71.88 30.26 42.59
w 31.08 60.53 41.07
X 63.64 36.84 46.67
y 45.10 30.26 36.22
z 37.33 36.84 37.08
S 50.65 51.32 50.98
B 57.14 31.58 40.68
E 33.33 31.58 3243
Avg. 53.98 49.23 49.32
Std. 14.21 1337 8.70
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Table 5. Recognition accuracy according to subjects

Subject ID Accuracy
1 62.93
2 88.79
3 50.00
4 15.52
5 49.14
6 30.17
7 68.10
8 59.48
9 48.28
10 55.17
11 58.62
12 50.86
13 46.55
14 56.03
15 62.93
16 83.62
17 20.69
18 6.03
19 2.4

Avg. 49.23
Std. 219
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Table 6. Recognition accuracy of eye—writing

Number
Method of EO,G Pattern Type Number of ACCE racy
X device classes (%)
subjects
3] 8 Self Concatenated 8 87
designed |  directional
movements
[4] 18 Biosemi (CDM) 10 5.4
[5] 6 BlueGain| CDM, circle 12 86.5
[9] 11 Self Arabic number 14 755
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[10] 20 | Bosemi | M9 29 87.38
alphabets !
29 50.47
Proposed 6 6308
(mean)
19 PSL-IEO English 5 81.58
G2 alphabets 29 52.68
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(median)
5 90.00
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