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EOG-based User-independent Gaze Recognition using Wavelet
Coefficients and Dynamic Positional Warping

Won-Du Chang*, Chang-Hwan Im'"

ABSTRACT

Writing letters or patterns on a virtual space by moving a person’s gaze is called “eye writing,” which
is a promising tool for various human-computer interface applications. This paper investigates the use

of conventional eye writing recognition algorithms for the purpose of user-independent recognition of
eye-written characters. Two algorithms are presented to build the user-independent system: eye-written
region extraction using wavelet coefficients and template generation. The experimental results of the
proposed system demonstrated that with dynamic positional warping, an F1 score of 79.61% was achieved
for 12 eye-written patterns, thereby indicating the possibility of user-independent use of eye writing.
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Fig. 1. Concept of dynamic time warping (DTW), DTW
finds the matching pairs between two signals S
and S to minimize the sum of distance between
each corresponding points, Circles in the table
shows the corresponding pairs (the white circle
denotes the starting points, while filled circle
denotes the last points).
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Table 1, Branches of constraint slope for DTW, B de—
notes length of the branch, which is an odd

number
Branch ID | Level 1 Level 2 Length
0 (ij) (i-1,j-1) 2
1 (ij) (i-1,7j-2) 2
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3 (i.j) (i-1,1-3) 2
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B (1.j) (i—-1—B/2,7—1) 2
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Fig. 2. Overal structure of proposed method.
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Fig. 3. Original EOG signal of alphabet ‘a’ and extracted signal in eye writing region. (a) Original signal. (b) Eyeblink
removed signal, (c) Signal in eye writing region, (d) Normalized signal, (e) Normalized signal in 2D axis.
Thick solid lines represent vertical EOG signal, while dotted line represent horizontal EOG signal.
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Fig. 4. Eye—written characters (a to e). The first column shows extracted eye—writing signal, while the second and
third column illustrates extracted saccades and interpolated signal, respectively, Circles denote each data

points,
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Table 2, Classification accuracy according to letters

DTW DPW
Char. Precision Recall F1 score Precision Recall F1 score
a 30.00 18.29 22.73 36.00 35.64 35.82
b 20.00 36.36 25.81 66.00 51.36 57.77
c 44.00 73.33 55.00 52.00 59.09 55.32
d 46.00 61.33 52.57 61.00 44.53 51.48
e 94.00 49.74 65.05 86.00 74.46 79.81
f 80.00 40.40 53.69 65.00 62.50 63.73
g 35.00 54.69 42.68 45.00 50.00 47.37
h 19.00 38.78 25.50 46.00 41.44 43.60
i 79.00 76.70 77.83 79.00 65.56 71.66
] 47.00 55.29 50.81 70.00 62.22 65.88
k 50.00 30.30 37.74 54.00 44.26 48.65
1 17.00 35.42 22.97 16.00 18.18 17.02
m 39.00 34.82 36.79 41.00 44.32 42.60
n 7.00 28.00 11.20 37.00 43.27 39.89
o 53.00 51.96 52.48 42.00 46.93 4433
p 46.00 40.00 42.79 38.00 38.58 38.29
a 33.00 24.81 28.33 27.00 32.93 29.67
r 41.00 34.45 37.44 40.00 34.33 36.95
S 43.00 58.11 49.43 60.00 63.16 61.54
t 95.00 79.17 86.36 92.00 90.64 91.32
u 20.00 36.36 25.81 33.00 33.85 33.42
v 13.00 43.33 20.00 37.00 39.78 38.34
W 39.00 28.89 33.19 21.00 22.70 21.82
X 5.00 3.73 4.27 15.00 19.48 16.95
v 80.00 36.36 50.00 53.00 52.22 52.61
V/ 21.00 26.58 23.46 71.00 71.36 71.18
SPACE 63.00 86.30 72.83 69.00 73.40 71.13
BSPACE 71.00 91.03 79.78 72.00 77.42 74.61
ENTER 37.00 90.24 52.48 40.00 54.79 46.24
Average 43.69 47.06 42.73 50.48 49.95 49.96
™ (27%), 3 9 A18%), d(9%) TLo2 212 == A SARY 5)o] 254 F = A
ASE Bt 7 woton] o2 <ls) e FAke] BEAT o
Fig. 6 2149 el Rz T2 dEd & 443 FuE AUA AU 1 A% ALl
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= X5 £ A= AFQ1%) doH, I gso %, HA& 2552%)S EAT 5 ¢ Oi‘:]'(Table 33
ZE & 2 (26%), enters d= (25%)212)3l= 745 Fig. 72 A+&-#} eye writing 212 A &
Bk R4 Aol EE S R R Ee) A15E R4E] 99 DTW%I’EFJZ
%L

S5 Aee woan, 48R
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el 248 e g Gee] /A £ g,

& EARH 7
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Fig. 6. Confusion matrix of 29 eye writing letters, S, B,
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respectively, Please note darker color indicates
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Table 3. Recognition accuracy according to subjects

Subject ID Accuracy
1 63.45
2 53.79
3 56.55
4 33.10
5 53.10
6 24.83
7 50.34
8 46.21
9 47.59
10 42.07
11 61.38
12 57.93
13 50.34
14 53.79
15 62.07
16 25.52
17 65.52
18 74.48
19 34.48
20 53.10

Avg. 50.48
%) A5& Byon & 12709 ¢ e back-
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Fig. 7. F1 scores according to the number of classes,

rates of proposed method in comparison to the conventional methods

Number of Numl?er of User Pattern type Recognition
classes subjects dependency rates
Bulling et al. [14] 8 11 Not specified | Concatenated directional 87
Chang et al. [18] 10 18 Dependent movements (CDM) 92.41
Fang et al. [17] 12 6 Dependent CDM, a circle 86.5
Lee et al. [16] 29 20 Dependent 87.38
5 85.29
Proposed (DTW) 12 Enlish Alhabet 7213
nglis abets,
2 20 Independent (g:DM syilbols 4273
5 89.16
Proposed (DPW) 12 79.61
29 49.96
HE MAAZ av) IS Aoz Helt) [3] W.-D. Chang, H.-S Cha, K. Kim, and C.-H.
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