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Development of an Eye-tracking Pen Display
for Analyzing Embodied Interaction

HirosHI SATO,!! KEISUKE YOSHIDA, 2
MICHIYA YAMAMOTO,? Takasar Nacamarsuts
and ToMI0O WATANABET

In recent times, intuitive user interfaces such as the touch panel and pen
display have become widely used in PCs and PDAs. In this paper, the authors
have developed the eye-tracking pen display which has both functions of an eye-
tracker and a pen display for the purpose of analysis of embodied interaction.
First, they discuss on the problems for the analysis of embodied interaction.
Subsequently, a robust gaze estimation method that uses a integrated-light-
source camera and aspherical model of the eye is proposed. Then, a prototype
of the eye-tracking pen display was developed. The accuracy of the system
was approximately 0.8 degrees for static target and 1.6 degrees for moving tar-
get. At last, the effectiveness of the system was demonstrated by performing
analysis of interaction timing.
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Fig.1 Tyepical layout of cameras and LEDs.
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Fig.2 Measurement of body motion while using a pen display.
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Fig.3 Arrangement volume of cameras and LEDs.
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Fig.4 Arrangement of cameras and LEDs in previous studies.
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Fig.5 Estimation of the optical axes.
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Fig.6 Arrangement of cameras and LEDs in aspherical model of the eye.
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Fig.7 System configuration of eye-tracking pen display.
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Fig.8 Integrated-light-source camera (bright pupil technique).
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Fig.9 Example of image processing error.
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Fig. 10 Integrated-light-source camera (dark pupil technique).
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Fig.12 Layout patterns of IR LEDs.
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Fig.13 Result of evaluation experiment 1.
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Fig. 14 Result of evaluation experiment 2.
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Fig. 15 Result of evaluation experiment 3.
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Fig.16 Result of evaluation experiment 4.
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Fig. 17 Result of evaluation experiment 5.
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Fig. 18 Result of one-way analysis of variance.
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Fig.19 Example of results of x-axis of 5-line pattern.

0 128 256 384 512 640 768 896 1024

0 (pixel)
128
256
384 —ERI—A
—HR
512
640 —
768
(pixel)

020 0000O0zooOoOoO
Fig.20 Results of figure “Z” pattern.

o000 25000000000000000Z000000 200000000000
gooooooobooooobooooooboo 284pixel/secDDD16)DDDEI[IDDEIEI
0000000304 x228mm1,024 x 7680 0 0000000000000 0.21rad/sec
00 12°/secD000O010020°0000 350D500°/S&30DDDDDDDDD17)DEIDEIEI
gobooooboooboodobo 20000 100000000O000ODOO0

6.2 0 0O0OO

gbobooboooboobooivsub20000000000000000000DO
00000000 145°0429pixell 124mm000000000Z000000000O0
00 1.63°048.1pixel0 143 mm0 000000000000 O0OOOOOOOOOOOO

(© 2011 Information Processing Society of Japan



3656 U0O0O0O000O0OOOO0OOCOO Eye-TrackingOOOOOOOOOOOO

oooooooooooobooobOoOoOoooooobooOobOOobobobobooobooobooon
0000000000000 1frame00000000000COO0DOOOOOOOOOO
000000000o00oO00oDO00O0oOobO0OooooOO /30000000

7. booobOoOoOoOoOoooooooboOooOoooooOoooooboooo

71 0000

goboooooooooboobootboooooboOoboOooboboOooooboOobOooooboDbooo
oooOoO0O0OD0OD0O0O0000 2100000000000000 Eye-TrackingOOOOO
000000000 Microsoft 00O PowerPoint 2007 000000000000 OOOO
000000000000 PCOHP O Workstation 8730w 0 000000000000
0000000000000 00 60HzODUOOOO 1000000/00000000O0
oooao

gbobooooobooooboooooboooboooboooOosboooboooooooo
gobooooooooooooooboooooboooooooooobooooooooooDooo
gooooooooooboooooooooooobooooooooobooooooobooDbboo
goooobooooboooobooooooooooooooooobooobooooooDo
goboooboooooo 3booboooboo110000o000oDO0o s0b00b000000
000000000000 0000D0000 30frame/sec0000000O000OO0ODOO
000000000000000 10frame/sec0000000000D0DOODODOOO 7/30
oooooooooooooooooo

021 0000
Fig.21 Experimental setup.

00o0oooooog Vol 52 No. 12 3647-3658 (Dec. 2011)

ooooooooooobOOoOoOoOoOooobOOoOooooobobOoOobOOOoOobobooOoODO
obz20000300000000000D0O

72 0D O0OO

g222000000000000000000000O0O0000O0O0O0OOO0ODOO0O0O0
gobodoobooooooooboooooboboobooooboooooOoboOooooOooDo

gboboooooobooboooooobooooooboO0obooOoOooOo0oOobOOn 2300x
bobooobooooooboooodoboooobooooooobooobboobOoOobOoOooODbo
gooooooboooooooobooooooboooobobOOoOoOooOooOooOoCOoOoOoDon
gooobooooooooboooooooooooooooboOoooboOoboOoooobDoOoboOoo

ST
A 1%

AA OB

@3}3’ P i T
#H

WA ERPEDEMAREELSL

022 0DO0O0O0O0O0OO0OOOOOOOO
Fig.22 Process of coordinates of the gaze and the pen on the slides.
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Fig. 23 Example of gaze and timing of drawing lines.
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Fig.24 Points of gaze and timing of drawing lines (evaluation experiment 1).
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Fig.25 Points of gaze and timing of drawing lines (evaluation experiment 2).
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Fig.26 Points of gaze and timing of drawing lines (evaluation experiment 3).
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