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Gaze Reactive Display Simultaneously Presenting
Defocus Blur and Motion Parallax

TAKAAKI SUZUKI, ! TAKAYUKI OKATANI'!
and KoicHiro DecucHif!

When we see a three-dimensional scene, our eyes automatically accomodate
(i.e. adjust their focus) depending on the depth to objects that we look at.
There is defocus blur in its retinal image that emerges due to the depth-of-
focus limitation, which is well known to serve as a depth cue. Ishizawa et al.
proposed a system that uses an ordinary image display and an eye tracking
system to simulate the accommodation of human eyes using, which aimed at
realizing a novel method of visually presenting scene depth information. In this
study, extending their study, we realize a system that simultaneously presents
motion disparity and defocus blur. Binocular and motion disparity, which is
known to be stronger depth cue than defocus blur, is also known to be comple-
mentary with defocus blur. Thus, their simultaneous presentation to a viewer
is expected to bring about a synergetic effect. We report the implementation
of the system and the results of a few experiments we conducted.

1. 0000

goboboboboooooooooooooooooooooooooooooooooon
goooboobooooooboooooooooooobobooooooooooooobooa
oooobobooooooooooboobooboooooboboo0oooobooooboooooboOoo
ooooboooodoooooboooobooOobooobooobooooooooooooboOoOoo
ooooooooobooodooooobooooOo0obboobOoUobOOobOboOobOoboooo
O0000oOoOoOoCRTOOOOOOOO0OOOOOO0O0OOOOO0OoOoOOoOOooo
gooooboooooooooooboobOooOoOOCO0OobObOOoOoooDOboOoOoooDboo
gooooboooooooooooooooobooOooOoboOooboOoOoOobOOoDbOoOoOoOo
oobooooboooooboooooooobooooboboooooobooOoooDon
ggboooboooooooooooooboboooobooooooooobooooooooon
ooooobooodoooooboooooooooooOooooOoobOobooOoboOoooooonooboo
pgooooooooooooooooobooooooboooooboboobooDbobooOobo
goooooooooooooobooooobOoOoOooooOoOoooooooboooooDoonDo
gooooooooooobooooooboooooobooooooooooooooDoobOoo
gooobooboooooooooooooooooobooooooooooooDboOobo0o0oo
ooo
goooooooooooobooooooboboooooobobooboooooooooDboo
gooooobooooooobobooooboooboooobooooooboboooDbboOoDoo
0000000000000 00000000000000000oooo®Y ooooo
00000000000000000000Y00000000000000000000
000000000000000000000000000000000000®Y000
ooooooobooodooooooboooboooooobooooooobooboOoooobooboo
oooobobooooooooboodoooooooobooboOoooooboOobOoOoooDoObOo
000000000000 0000000000000000000000Y 000000
gob3bobouobooboooooooboooooooobooobooooboOoOooOoooOoon

t1 0000000000000 D
Graduate School of Information Sciences, Tohoku University

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

ocoooooooobooooooobooooooooOoboOoOoooOooObOobOOoOoooooOoboOoOon
ocoobooooooooboooooooboboOoOoOoboOoOoOooboboooOobOOOobobobooo

ocooooooooooooooooobooooOoObobObOoboboboooooooooooon

0000000000000 000000000®? 0000000000000000
gooooboooodoooooooooboobooooooobooboooooooboooooboonoa
gobodoobooooooobooooooooooon
goboooooooobooodooooooboooOobooobobooooOooOoOoooobooon
000000000000 00000000000000000000000000%00
goooboooooooooboooooooooooboboOooOobOobOOOoOOOoOoooDooboo
goboooooboobooobooooboooooooooboobooooooo

2. 000000

2.1 00000000000
gobooboooooooooooooooooooobooooooboooooooooboo
gobooooooooooooobooooooooboOobooooooooooooDboo
ooboooobooobooooboooooo
oi100000000o0o00oo0ooocoboooooboooobooooobooooOoon
goboooooooobooobooooooooooooboooooobooboooooDoobOobo
gooooobooboooooboooooooboooooboooooooooooooboooo

coooooooobooobo 2000000000000 000000O0000O0O0O0O00O00O

0200000000000000000000000000000000000000
00000000000000000000000 300000000000000000
000000000000 00000000000000000000000000000
0000000000000 0000000D0000000

000000000000 000000D0000000000000000000000
0000000000000 0000000000000000000% 0000000
000000000000000000D00000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 0000000000000'Y'Y 0Doo0o000O0o0on
00000000000000000000000000070000000000000
Oooo'®?opoo000000000000000000000000000000

Vol.2009-CVIM-167 No.15
2009/6/9

01 000000000O0000000O00000

02 0000000000000000

00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000Oo0ooo0'®oooooo000ooooooo*Yooooooooooooon
000000000000000000000000'90
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
2.2 00000000
0000000000000000000000000000000000000000

gobootooboooobooooobobooooooOooOoOooOooooOoboOoOooOoboOooobooOoooon

goboooooooboooooooooboooobooooooooooooooooooboobooo

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

03 OoOoOoO0oOoO0oOoboOoOooOobOOoOoOoOobooO

goooooooooooooooooboooooobooo0ooooooocOooooooboo
goooooooooobooooooooooboooooboobooooobooooooobobooo
goooooooooooooooooboooooboobooooooboooboobooooobooonoo
gooooooooooooooobooboobooooooboooooooboooooDoonoo
oooo
oobobooooooooboooboooooboooobooooboOooobOooDbonon
gooooooobooooobooooboooboooooooobooooooooooon
goooooooooooobooooooooobooooooooboooooooooDboo
goooooooooooboooooooboooooboooooboooboogoooDoo
cooboooooooooboboooooooooOoOobOOoOoOoOoOooOoObOOoOoOoOooboobooon
ocooooooooooboooOoOobOO0OOO0OOOoOooooboboOoObOObObOOobOOoOooboo
goooooboooboooooooooobobooooooobooooooooooooboonoa
goboodooboooooooboooooooboooobooooooobooooooooa
oooooo200000000000000000O0O0C0O00O000O0OOOCOOOO0
gooobooooooobooooooooobooooooboboOooooobooOooooooooOboOoo
oo
gobooobooooooooobouobouob400b000bDObOOObOOOOOOOO
oboodooobooooooooboooooOooobOOo0oOobOOoOobooobOboOobobOooDooo
goboooooboooooooobooooOoooboooobooboooobobOooboooobooo
gooooboooooooooboobooooooOoooOooooooobooOoocOoooooDooDboOno
gooooboooooooooooooooboooboobooobooobooobooooooobooonoo

Vol.2009-CVIM-167 No.15
2009/6/9

: :

v 1 |
MHHREE ERRTAPC H 1
\_Bfgx=EPC '

04 0OO0O0OO00O0O0O0OOCOOOOOOOCO

gooooobooooobooooboooobobooooOooobooOooooo

gobooooooooooooboooooobooOoooobooobooboOoooooOooooooboo
gobooooooooooooooooobooobooobooooooooOooooooDooboo
gboooobooobooooboocoooo

23 0O0O00O0O0O0O0OO

gobooooooooobooooooooobobooobooObooboooobooboOoooooDooo
goooooooooooooboooooobooooooobooboooooooobooooDoobooOoo
goooooooooooooboobooo0ooooooboobooooobooooo0oooDoDo
gooooboooooooooooooooooboooobooooooooooboooooo
gooooooooooooooOobOCboObObobobOOooooooooooooobobooOOnn
goooooboobooooobobobooooobooooooboobO 200000000000
gooooboboooooooooboooooOobobboOoooooobboooooo 3000
goboooobooooooooooooooobooboooobooooooogoooonoa
0000000000000 0000000000000000000000O0YY000
goo3tdooooooooooooooboooooooboooobooooooobooaoo
goboobooooooooooooboobooobooOooobobOoOoboOoooobooooboboOoOoo
gbooooboooodoo suoooobodoboooooooouoboobooobOoOobOoooo
goooooo

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

RREHAIEE
@rra—3(PC))

NASVRT L

RS232C H

EgiRRA
TARTLA

Elf§i2RAPC

ATLA
NASDRT L

05 3000000000000000000

3. 0OoOooao

3.1 000000

00000000 3000000000000000000000 500000000
0000000000000 0000000000000000000000000000
0000000000000 00000000000000000000000 PCOOO
0000000000000 00000000000000000000000 PCOO
0000000000000 000000D0000000000 CPU O Intel Pentium4
000000 3.2GH000000 1GBOO0O0DODDOO PCO CPUD Intel Xeon 5160
000000 3GHz2000000 3GBOO00O00OODDOO00O0OODDDOOO0 960 x
7200 0000000 30HzO0OOOODOOOODOOO 60000

3.2 00000

000000 NACOO EMR-AT VOXEROD 7000000000000 00000
00000000000 000000000000000000000000000000
0000000000000 000000D000000000000000000000
00 8000000000000 DO0DON0NDON0NDO0DDNONDO0O0ODONONDnoNoOng
000000000000000000Y™o

000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000D0000000000000
0000000000000 000000D000000000000000000000

Vol.2009-CVIM-167 No.15
2009/6/9

07 OO00OOOO

goooboboooooobooooboooooobogsbooooooooooboooooooa
goooobooocobooooobosouoobooboodboooooooooboOoooooon
gobooooobobooobobooooooboooooboOooooooo
gooooooooooboooobooooooboooOobboOobOooOobOoboboOoooDoo
gooooooooooobooooboooboboOobCOoboOobObOOooboboOoDOOOOOobooObo
0000000 60HzOOOO

3.3 UUOOOooooo

00D 1000000000000000000000000000000000Y00

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

08 00000000

ooooboooooooooocooooboOoboOoooOoooobooOoboOoOboOoOooooDoobo
oooooooobooooobooOooobOoOoOoOooOoOOoOooooOomooDoboOn
ooooooocooooobooooooooboobooOoooboboooOoOoobOoboOoooooDooboo
000000000007 000000000000000000000

34 00OOO

OoooOOoO0OO0O00000009000 SONY400 0000000 O0DOOOODODOO
gooooboooobooooooooooobobobo 1920x 1080000000000000
goooobooooooooooooooboooooboboboooooooooooooobo
000 pCOO0O0DODODOOOCOOOOPCOOODODOOOOOOOODODOOOOOOO
goooboooooboooooboooooboobooboOoobo20000b00000DDO
gobooooboooooobooooboooooOooobboooooobooooboboOoooo

4. J0O0OO0oOO0OO0OOoOog

gobooobooooooooooooooooooooooboooooooooooboa
gboooboooooooobooooooobooooooobooooboooobooon
0000ooO0o0o0o00oo0o0ooo0oooooooooooGPUODODOOOOOOO
goooboobooodoooooboooooooooboobooooooooOooOoboOoOoooobooboo
gdobooodoooooooooooboooobotbbooboooobooooDbObObobbOOooooo

gooootooooooboooobooooobooboOobooobobooOobOoOooboOboOooa
O0oo0o()ooooooUoooooooo

DDD._8§:§:wp<—@g;?))@m(—@@;?)>t@nw) (1)

Vol.2009-CVIM-167 No.15
2009/6/9

09 00000000

0000¢(i,y) 00 (2:,4) 00000000000 (za,5.) 00000000000
000000000000000000000000000000000000 10000
0000000 O00000000000000000000000000000000
000000000000000000000000000000000

0100000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000f/00000000000 20
0000000000000000000000000000000000000000
0000000000000 00D00000000000000000000000000
000000D00000D000000000000000000000000000000
00D00D0000000D000D00000000 110000000000000000
0000000000000000000000000000000 1100000000
00000000000000000000000

5. O O

5.1 OOO0OO0OO0OO0O
goboooooooooboboooobooooobooboOooooobooOobocOoOobooobooboOoo
gob40000 2000000000000 C0OO0OCOOOOOOOOOOOOOOOO

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

N LT i

010 0000000

goooooooooooboooooooboooooObOOoOoooooooboooOoooDonDOo
goboooobooooooooooobooooooobooooboobooooooboobooo
000000 12000 ()0 (b)0 20000000000000000000O0O0ODO
gobobooogo3dooooooooooooboooooooooooobooooooo
coooooooobooooboobooOoboOooOooboboobobOOoOooobooboboobOOoOoOobbbo
ocoobooooooooobooobOoOoOoboOoooobobo0ooobooboboooooboobooon

gobodooboooooobobooobooobooooboooooooboooooboboooon

5.2 ODO00O0OO0O0O0O0OO0OOOOOOOOOO
lobooboooobooooooboodoooboooooboooooooooobooonoa
00000000000 00000000YO000000 30000000000000
goooboboboodooooooooboooooooobobooooooboboOoooooDoooOo
goboduobedouobOOODOOOUbOOOUOOOOOUOOOODOOOLOOODOO
5.2.1 0 O0OO
0i1ooobooooobooooboooobooboobooooboo 20000
goooobooooooooooboooooooboooOoOoOo0oooooOooOoOooooDoono
goooobooooooooooobooooooooooooooooooobooobooooo

Vol.2009-CVIM-167 No.15
2009/6/9

(a) 000 255

(b)y 00D 255

011 0000000000000 D(a) 00000000000O0DOOODODODODODOOO(M) 0000000
go0ooooo0ooooooooooooo

ooboob0O woooooooooooobobo 200000000O0O000O0OOOODOO
gooboobo ooobooooooboooooooooboooooboooooooOoooo
ooboooooooobooooooooboooobooOooOOooboboOobooOoOobOboOobOboOoono
goooooooocooooooboooobooooooooooboooooooooooDooboo

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

012 00000000000 0000000(2) 0000 : 000000 DODDOOOOO0O (b) A. Wyeth :
Cristina’s World.

O

|
(a) (b)

013 000000000000 000000(a) 000 5(b)00O0O 8

goooooooooooooooooooobooboooboooooooooDoboOooo
gobooooobooobooooooobooboooobooooooo

5.22 0000

01000000000000b0o000O0O00 10000000000COOOOOODAO

ocoooooooooooooooooboooooOobobobbobobooooooooooooon

goboooboooobooooooooobooooooooooobooooooao
goboboobooooodooooooobooooooboobooooooooooooooboo
goooooboooooooobooooooooobooooooobooooooooooo
gbobooooobooodooooooooooobooooooooboooOooboooooooboa
goobooboobooodooobooobooobooooooboboooooooooooooDooo
gooooooooobooooboobcoooobooboOooooboOooboOoobooooboobooboboo
goooobooboooooooooooooobooOoooOoooobOoobOoboOooooDOoboOoo
gobobooooooobooooooooooobooobooboooobooboOooobobooOooOo9n
goooobooooooooobooocoooobooOoboOoOooooboooOoooobobooooDbonoo
goboboooooooboooobooooloosuoboooooooooooboooOoo

Vol.2009-CVIM-167 No.15
2009/6/9

01 000o0oo0O0o0o0ooooooo

ooooo 0000000 [%)]) oooooooooono [%]
1 80 90
2 100 90
3 90 90
4 100 100
5 100 100
6 100 90
7 100 100
8 80 100
9 80 60
10 80 90

ooooooooooooboooobooboooooooooocooooooooooooooon
6. 00O0OO

goooooooooooboooooooooOooooooobOooooooobooooboOoo
goooooboooooooooooooboooooooooboOobo 3sbOboboOoooooon
goooboooooooooooooooobooooboobo0ooooobooboooooonoo
gooooooooooobooboboooooooooooobooooooooooon
goooooooboooooooobooooobooooobobobooooboooooDboboo
gooooooobooooobooooboboooooooooooobooobooboboOoDboon
coooooooooooooooooooooOObObObObObObOOooooooooooo
coooooooooobooboooboOooooooooOoOoOooboOobOOobObOOoOoooobooboon
gobooobooooo

gobobbobooooooooboooooboooooooooooboboobooooooboo
goooboobooooobooooooboobooooooobooooooooooooOoo
goooboooooooooooobooooobooooooobooboOoobooobooooboo
gobodoboboobooooobooooboooboooooboOoooboobooboooooo
vooooobcoobooooooooooobooooOo0obboUOobOoUobOOobOboOobOoboooo
ooo

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

o o o0 0

1) N.A.Dodgson.: Autostereoscopic 3d displays, Computer, Vol.38, No.8, pp.31-36
(2005).

2) 000,0000,0000:00000000003000000000O0DO0ODOO,
00000000000000000, Vol.9, No.1, pp.49-56 (2007).

3) G.E.Favalora.: Volumetric 3d displays and application infrastructure, Computer,
Vol.38, No.8, pp.37-44 (2005).

4) 0000,0000,00000:00000000000O00O0OOOODOODO 30
000000,000000000000000 11000000, pp.219-222 (2006).

5) 000,Paul Milgram., 000, 0000: 0000000000000 O0O0OOOO
000000, ITE Technical Report, Vol.19, No.46, pp.1-6 (1995).

6) 0000,0000,000,0000:000000000000O000D0OO00OO
00, IEICE technical report, Welfare Information technology, Vol.104, No.638, pp.
37-42 (2005).

7) 00U00,000:000000000000000000OO0O0OO-00D000
00000o0o000d-, MEDICAL IMAGING THECHNOLOGY, Vol.18, No.5, pp.
725-733 (2000).

8) O00L,0000,00000:0000000D000O000ULOOOO0OOO0OOOO
000000000, 0 110000o0oouooooooo, (2008).

9) A.P.Pentland.: A new scene for depth of field, IEEE Transaction on Pattern Anal-
ysis and Machine Intelligence, Vol.9, pp.523-531 (1987).

10) G.Mather.: Image blur as a pictorial depth cue, Proceedings of Biological Sciences,
Vol.263, No.1367, pp.169-172 (1996).

11) G.Mather.: The use of image blur as a pictorial depth cue, Perception, Vol.26, pp.
1147-1158 (1997).

12) G.Mather. and D.R.R.Smith.: Blur discrimination and its relation to blur-
mediated depth perception, Perception, Vol.31, pp.1211-1219 (2002).

13) V.A.Nguyen., I.P.Howard., and R.S.Allison.: Detection of the depth order of de-
focused images, Vision Research, Vol.45, pp.1003-1011 (2005).

14) K.J.Ciuffreda.: Accommodation and its anomalies.In W.N.Charman, editor, Visual
Optics and Instrumentation, pp.231-279, Macmillan Press, London, UK, (1991).
15) K.J.Ciuffreda.: Accommodation, the pupil and presbyopia, In W.Benjamin, Bor-

ish’s Clinical Refraction, pp.77-120, W.B.Saunders Co., Philadelphia, PA, (1998).
16) K.Fisher. and K.J.Ciuffreda.: Accommodation and apparent distance, Perception,
Vol.17, pp.609-621 (1988).
17) G.Mather. and D.R.R.Smith.: Depth cue integration: stereopsis and image blur,
Vision Research, Vol.40, No.25, pp.3501-3506 (2000).

Vol.2009-CVIM-167 No.15
2009/6/9

18) 0000000000 UOD0OD0ODOO: eyemark 0000 DOOODOODOOO,
http://www.eyemark.jp/tips/wording/explanation01l.html.

19) 0U0O,0000,0000:00 ODODOOOOUDOOOOOOO,000000DOO
(1994).

(© 2009 Information Processing Society of Japan



