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The research on feature extraction for gaze tracking system
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Technology Beijing, Beijing 100083 )

Abstract: In order to extract the high-precision sub-pixel feature parameters, this paper presents a high-precision sub-pixel
feature extraction method based on the multichannel image by use of the phenomenon of the bright pupil. Firstly, the pupil
area is obtained by filter on a difference image. Then the edge of the pupil area is detected and cornea reflection area is
searched nearby the eye area based on gray level. Then corneal reflex center is located by centroid and the edge of the pupil
is filtered to eliminate the impact of corneal reflex to the contour of the pupil. Ellipse fitting is used to locate the pupil
center. Finally, multiple parameters of facial features and face position are extracted. We establish a multi-feature extraction
process, which provides parameter basis for gaze estimation which is in the next step. The results of feature extraction and
the ultimate gaze estimation results made by gaze tracking system verify the effectiveness of the method.
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Fig.1 The bright pupil and dark pupil
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Fig.2 The structure of the hardware system
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Fig.3 Framework of feature extraction

(b) HiiE B

(a) SEME =S

fe) 255711
P4 Sl | A 22 4 IR
Fig.4  Bright pupil image, dark pupil image and

differential image

P G U, 8 SR S I 7 A S RIS R RS ot 52 7
LA AATUT 51 o X A 408 9 Wi IG5 it 1] 4 2 47 22 23 B
FARE 25 AR . T T 25 g AR P R I AL IX
S, AR SR R AR S AR B LA LA 1) I X J8



1302 o E B4 B R 2= i)

%15 %

8 1 B A 25 S AR /IS, J& — A BB R 1Y i AL 4y
fiE52) JRUAS 5 M DX 3R K R (B A MR 22 R (R
5 I P DX K B 2 B E G TR TR E TR R L AN S
INF AN E BIE 3) IR EDE TR T R
11 B B AR DX 30 RS /A A 22 S 3R L A R I G X
S BEAE AR 25 AR /N 4) AE = N 8 Y R
T, 2 PN R A 5 B 0 7 A o S R X B A K RE (A G
0 Aty X35 ) R A AT 5 ), X i DX 30 K
L A RSS2 Sk DX 3 K B (B L-F- A 52 o AR X
50 v & HEAT TR AR AR I, HL A L IR R R A I
B R BEEAE AT S s

; [-—EP- FEME —e— I —a— iz Y

250}
225 -
200
175

i;jlm-

Xi2sf
100
75t
50
25+

e e T e ]
00 5 10 15 20 25 30 35 40 45 50
iR &

PSSl I I A R S B ( f >k 22 S
Fig.5 Gray value differences of bright pupil, dark pupil and

cornea reflection between different individuals
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Fig.8 Feature extraction process of the eye
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Fig. 11
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Tab.2 Comparison of eye detection methods ( success rate /% )

SRS SCRRI18 )7k SCHR[26 175k ASCT5

3200 g 91.8 93.6 96.9

TEAR SCIT S A 208 B 2R S8 T, 0F AN [A] 4 1 2
L At TR AT T I, AR M 2R L3R 3,
KKFTT I B o R EAE 1.5 22 A, T R
WA o FIPREIEAE 1.9 /4. B 12 9l 3
9 L2 Al 31 25
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Tab.3 Average gaze estimation accuracy for seven subjects

KB (A/mm(a/(°)))

(kS

KI5 1)

L 5 1)

1

12.00 +7.54 (0.86 +0.54)

14.24 £8.65 (1.02 £0.62)

2 26.11+10.19 (1.87 £0.73) 32.83 £12.42 (2.35+0.89)
3 26.81 £5.58 (1.92 +0.40) 33.80+6.28 (2.42+0.45)
4 16.89 £6.42 (1.21 £0.46) 23.46 +7.40 (1.68 +0.53)
5 18.43 +4.18 (1.32+0.30) 24.02£5.72 (1.72 £0.41)
6 28.49 £9.21 (2.04 £0.66) 37.44 +12.98 (2.68 £0.93)
7 24.30 £4.74 (1.74+£0.34) 26.81 £7.26 (1.92+0.52)
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Fig. 12 Plot of estimated gaze points and true gaze points
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