Vol. 44 No. 4

goooooooo

20000000000 bubuoubboboobouobuobbod

O o o of oo o of o o O te

gooboo0ooooooooOobOo0oooooooooooooObO0bObO0OO0OO00000D00
odbo0ooooooooooboobooooooooboOboOoboOoOoOoO0OoboOoooooooooo
goobooooooooobooooOoOOobOcOOOOOOO0ObOOOOOObObOoOOoOooooooo
gooooooOoO0o0oO0000 s00 20000000000000000000O0D0OO00OODOO
gobooooooooooooobooobO0oooooobOOobOOoOoOobOOoOO0o0ooooobooonoao
goooooooooobooooooOobobo 2000000000 0O0O00O0O00O0O0OOOOOO0
O2000000000000000O00000DODO0O0O0DOO0OO0O0O0O0O0O0O0O0O0O0O0O0O0ODOOO
gobo0oooooooboooooooOooooObocOoOO0ObO0b000000ooo0oooooooo
goooboooobooooboO0oooOOo0ooOoOooOoOoooOooooooobOooOoOoOoboOooooooon
020000000000000 1106000000000000000000000O0O0DOOOO
gob0oooooooo0ooooooo0obobOOoO0oboOoooobooDoO

Just Look at Two Points:
A Gaze Tracking System with Easy Calibration

TAKEHIKO OHNO," NAOKI MUKAWAt and ATSUSHI Y OSHIKAWAT.~

We describe a real-time gaze tracking system for use in controlling a computer by gaze. This
system is particularly concerned with reducing the effort of personal calibration necessary at
the beginning of gaze direction detection. Existing systems require that the user gazes at
five to twenty points on the screen for personal calibration. This burdensome and should be
omitted, especially for computer control by gaze. Our system requires only two points on the
screen for personal calibration. To achieve this, we developed a new gaze detection method
that consists of two sub-procedures for correcting gaze direction error. One, the gaze direc-
tion measurement procedure, first calculates the gaze direction with the eyeball model. This
model compensates the refraction at the surface of the cornea, which is one of the main causes
of gaze direction error. The other, the personal calibration procedure, reduces the residual
error. The results of an evaluation test confirmed that the accuracy of gaze detection is about
1.06 degrees in the view angle (naked-eye users, head-free condition), which is sufficient for
the purpose of computer control by gaze.
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Fig.1 The structure of eyeball.
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Fig.2 User’s eyeball image. Detected pupil center and

the Purkinje image are drawn.
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Fig.3 Eyeball model.
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Fig.4 Three-coordinates system in gaze direction
computation.
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Fig.6 Correction of Purkinje image position.
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Fig.8 Implemented gaze tracking system FreeGaze.
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Fig.9 The marker layout in the screen coordinates. The
screen size is 1280 x 1024 pixels.
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Fig.11 An example of gaze data in Experiment 1. Nine

markers on the screen were gazed by a naked-eye
subject for evaluation. Two markers were used for
calibration.
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oooooo
ooo0ao
0120000000000000000O0O0OO0
gobooobooooooooodobod 550mm 00
gooooboooooooooooooooooon

goooooooobooobooooooobooooan
50mmUI000000000COOOOOCODOOOO

goooooboooooooboobooooo
gobooobooooooboooooboooOOobooooo
gooooboooooooobooobooooooooo
gooobooooooooooooboooooooon
oooooobooooooooooon

54 00 40000000000000C0ODO

goood

oooooooooooooboboOoboboOonoo Lo
00 coOooOooooooooooooooooo
gobooooooooobooboooboooboboOoboooo
goboobooooooboooboboooooooooo
gooooooooobooboooooooooobooo
gbobooOoooooooobooooooooooo
ooooooooooooobooboboooo

ooooooboooobooooooooboobooooon
goooooooooboooboobobObooooon
oooooboooood

ooboooooooon

b 2000000000000C0000D00:O
goboooocbob sooooooooboboooo

gooooboobooobooobooobooboooooa

ooooooooooooooo00 Loog oo
odooooooooooocoooooboooooon
oooboooooooooboOoLD 40mm OO
50mmO00CO 77TmmO000CO 7.0mm0

Apr. 2003

®—® L (4.0-5.5mm) B—WC (7.0-8.5mm) @ T—A

7

L=4.0 C=7.0
-100 %
100 Y

300

Y [pixel]

R 3

500 |—¢ e;

700

1100

0y * ) 1#._
|

0 200 400 600 800 1000 1200 1400
X [pixel]

013 0000000 LOOD cOoO0DOOoooOooooooo
jo00o00o0o0ooo0oo0Oo0ooooooOooooDo
goooOooOoOooOoooOooOoobooooooooo

Fig. 13 Behavior of compensated gaze depending on the

personal parameter L and C.
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