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Abstract

We can image some objects that cannot exist. For example, M.C. Escher drew some “impossible objects” in his
works, which we can see as “real objects” despite those cannot be created in real. If we can express imaginable
objects as impossible objects, that will extend our creation potential. In this thesis, we propose techniques that create
illusion expression by combining several imagéfers in real time, and describe those algorithms and sample works.
Using those techniques, it is able to show impossible objects as real objects and depict temporal-spatial distortion
objects. Those methods are planar process that only combining images using pixel information. Nevertheless, we
obtain expressions like using depth information.

—-11-



0o00oO0ooO Vol.12,No. 1, pp.11-23

1 0000

AROOOOCODOOOOOOOOCODO 3bCcGOOO
oooooboooooooooooboobobooog
ooooooooooooboooboobobooooooa
00000000 AROOOOOOOO 10000
ooobooooooooobooooboobooboooog
OO0 AROOOOOOOOOOOOCOODOOOO
gobooooooOoOoooooooooboobobooog
Oo0O0O0O0O0O00AROO0O0O0000000O00O0
oboooooboboooboooooooboobooooboo

gooooooooooobOo0o0oooooooo
odooooooboooooooooobobooOog
dooooooboooooooobooboboooog
0000000000000 000D (ooooo
O0000o0o00ooo0ooo)booooooooo
dooooooooooooooouooooooo
000 [2QIDAROCDOOOOO“00O0"00O0O00OO
oooooooooooboooooooboooog
ooooo“ooo0’00o0o0ooDoO0O0000
goooooooooooooobobbooooooo
ooooooboooooboooo

goooooOOoOO0OO0OAROOODOOOOOOOOO
000000000 @BIoOOooooooooooo
ooooooooooooooooooboobooOoOog
O0 4Uo0ooU0o0ooooooooooouo
goooooooooooobobo0oooooDD AR
ooooooooooooboooboooooboooog
doooooooooobobooooooboooooa
000000000000000OgpBloooooo
oooood

gboooooboooobodooocoboooomoboo
goooooboooooooooooboobooog
OOOAROOOODODODODOOOOOOOOOO
ocoooooOoODOO0OOO0OO0OO0000000ARDO
ooooooooooboobobooooooboooooo
0000000000000 00000000ARDO
cooobooOoODOOOO0OO000000AROOO0O0OO
goooOoOoOoDOOOOOOOAROOOOOOO
oooooooooooobooooooobooooog
udooodoooooooobooooobooog
OO0 AROODODOOOOOOAROOOOOO 3DCG
oobooooboooooooooooon

gooooooooooooooboooboDboon
gooooooooooboboooooobooboooog
O00ooOoOo eoooooonooooooooo
ocoooooooobooooboooboobooobooooboo
goooooooooooobobooooobooboboboo
goooobooooooooobooboooooooon
odooooooooboooooobobooooooog
gooobobooooooooooooooobobon
oooooooooobooooobooboooog
oooooooooooboboooooooooood
oooooooooooobooooooooboooo
oooooobooooboooo

goooo0o000 2000050000000
oooooooooooooooboobooogoo
oo0O000000000e00O0O00OO0OOOOOO

gooooog

2 J0Ooooooo

gboobooboooboooboooooooooooDo
oooooooooo(@oooooooooooo
00o00oo0)b0o0ooO0o0oUooooUooooo
goooooooooooboocooooooooon
gooooboobooooooooooooooooon
good

uboobooooooboobooboboobobooobo
gooooooooooobobooooooooooo
gobooooooooooooobooooooooon
gobooooooooooooobooocoooooon
gooooooooooooobobboooooooo
goooooooooooboooooooooooon
o0o0o0o0ooooooUooooooooo [7fuoo
goboooooooooooboooooooobooon
goooooooooooooobooboooooooon
gooooo

goooooooooooooobobobooooo
goooooooooooboooooooooooon
goooooooooocbooooooooboooooon
gooooobooooooooobooboooooooon
gooooooooooooooocooooobooon
gooooooocooooooboooboooooooo
gooooooooooooboooboboobooooooo
gobooooboooooboocoooo

21 0O0OO

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooO0oO0O0oO0oooon
ChihD00OOOOOOO0OO0OO0OOOO0O000000
000000000000000000000000
000000000000000000000 [8)[9]0
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
00000000 [1000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
00000 [11[12)000000000000000
000000000000000000000000
000000000000000000000000
000000D0D00000000000000000
000000000000000000000000

— 12—



Jo0o0o0oo0ooO0o Vol.l2,No. 1, pp.11-23

0oo0oooooOoooo0oooooooooooo
goodooooboooboooboooboooboooboo
goooboobooboo

Savransky] 0000000000000 OOOO
goboboooboboouooboouooboobobo
goooboobooobobooooboooboooobooob
00ooooo0oo0ooooooooooo 13100
goooooboooooooobooboobooo
000000 (1450 0000000000000
0ooo0ooooooooooooooOooooooo
goooobooobooooboobuoobmomooboo
goobooobooboobooobooboooooon
ooooooOoooooooooooooooDooo
goooboooboobobooooobooobooo
goboobobooboobobooboobooo
ooooooO0ooooooOoooooooooooo
gobooobooboobooboobooboooo
gooooobbooboooboobooboobooon
ooooooooooooooowubOOoooooo
000000000 [1e)ooooooooooon
goooboobooooboobooboooboooobooboon
oooooooooooooooooooooooo
gooboooboooooboobooooobooboooo
goobooboobooboobooboboooboo
000Do000o0oooooooowuOOoOOoooon
gooooooobooobbuooobbooooo
000000o0o0o0uoO0oOMcCannOD OO0 OO [27]
goobooobDOooDooooooooboobooD
goboobooboooboobooboboobooo
gooobooobooboooboooobooboboon
goobooOO0oobobDOooboobDoooobobboo
goooboooboooboobooboobobooo
goooooooo

go0obO00o0obD0o0oboU0oooboooboooo
goboobobooboobooboobooboooo
goooooooboooboobooboboobbooboon
0000oooopooooooOo3bccooooonon
gooobobooboboobobooooo

23000000000 OoOooooooOooooo
0000000000D0D0D0D0D0OD00OO0O0O0 Heaven's
Mirror[18] O O O O through the looking glass[19] O
OO0O0OOHeaven'sMirrorD0 D0 000000000
goo0dooo0ooooDooOooooovoooooo
gooobooboooobooboooobooooboboon
gooobooobooooboooboobobooobooobo
0000000000000 000000through the
lookingglass ] OO OO0 0000000 OOOOOO
goboobooobooobobooooboooboooobobob
gooooboooooboooooboooobooo
(CoooooooOUoOO)obooooooooooo
gooooooobooobooboobobbooboboob
gooobooboobobobooog

22 00O0OO0OO

oooooooOoooOooooOo (0 yoooou
goobolooooooooooooobooooo

.

N

(a) BEmN\vI7

(b) BRIy T7i (o) BRILAKNY T 7 i

(e) FATREILIA/NY T 7

(d) FIREILfA/NY T 7

0200000 ARODOODOOOO

0000000000000 (0 200000000
000000000000000000000000
00000000000000000 (0 2@)00
000000000000000000000000
00000 (000)0000000000000
0000000000 2000000UO000000
00000 1000000000000000000
000000000000000000(@ 2(b)d(c)
00000000000000D0000000000
0000000000000 0000000000
000000000000000000000000
(0 2()00000000000000000000
000000000000000000000000

00000000000000 (@0 2(e)0

ooboooooooooOooboOoDoobOoDon
goooboooooooooooooobooooon
goboooooooobooobooooboooooooon
ooooooooooooOboOoOoomooooboo
000000 10 AODBOOOOODOOOODOOO
l0 cCOO00DOoOO00o0AOOOOOOODOOOO
ADBOOOOOO0OOOOOOBOOOO

ooooooooooooocobooooboboooo
oooooooUoooOoooooooOoD (8 10a O
p)00O0000O00OO0ODO0OO0OOOOOO0OD
goooooooooooboooooooooooon
good

o Op000O00DOOOOODOODOOOODOO
00000000000 (@ 1oy )ooooooOoo
bdyoooooboooooboooboooooo

oo0ooOoooOooioioooooooooooooo

— 13-



Jo0o0o0oo0ooO0o Vol.l2,No. 1, pp.11-23

a b‘O)[/B 0)1“15111

¥

AJER

# =]

TY

fesiE
vIcE BA0 QB BBOE
# M gl
KBIBCDE |y icpiacoes .
Y EBIF ZBOEE D:
P = L Bzl BADE TETREITIE
2 A i
F P i
-y B BCDE

g1roooooooooooobooooon

gobooooocooboobooooooooboooooon

goooobooobooobooboooooooooooo

000000000000000000000000
0000D0I000000000000000000
00000000000 A0DDDDOOOOOOO
0000000« 000000000000000
i0000000000000000000000R
0000000000y 000a’' 000R° 000
0000

00000000000@ 10D)0mO00on
00000000000 00000C00O0nO
00000000000y 00000 (00-y)O
000000000000000000000000

gooooooooooopOoooOoOoooooooo

000000o0o00o00oooooba’0000o0ono
goooUoOoooooUoOiooooouooo
go0ooooooooooooproooooooo
gooooooooOoooioooooood
goobooooooooooboobbooOoOy OO
goboooooooobooboooboboooooooon
goboooOooooooooooooooooooon
goooobooooobooooooobobooooooon
gooooooooooO0o0ooooooooooo
gooooooooooocoooooooooooon
gboboooooooooooboooooooooon
gooooooooooooboboboooooooon
goooooocoooobooooooooooooon
goooooooooooboobooooooooon
goo0O0o0o0ooo0o0o0ooooooOooD 30
gooooooocoooocoooooooobooooon
gooooood
goooooooooobobooooooooooo
goooboooooooboooooooobooo
gooooooooobooooooooooooan
gooOo3apoooooooooooooooooo
gooooooooooooooooboooboooon
goobooooooooooooooboooooon

0300000000

000000000000000000003DCGO
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000 JavaApple 000
0(@O00000N000000003)0

23 OO

22000000000000000O0OO0O0DDO
gobooooodoooooooobobobooooooaa
00000 4000000000000 O0OOO
gooooooocooooobooooouooooooo
goboooboobobobooooooobooobooooo
gooooooooooooooboooOooo AOO
000 BOOOOOOOOOOOOOOOOCOO B
ooooooooooooooooooo

Lhttpy/miyashita.comimpossibleObjecimdex.html
2httpy//miyashita.conNeckerCubgndex.html

— 14—



Jo0o0o0oo0ooO0o Vol.l2,No. 1, pp.11-23

dFvh—Fa—7

0400000 ARO0O0 OOOOOODO
oooon

0 4(b)XJ(c)O0(d)00000000000000O0
0000000000000 4b)00000000
000000000000000000000000
000000000000000000 4¢)0000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000 40000000
000000000000000000000000
0000000000000000

0500000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000

os5:000000oooooon

(a) EHETEHLVERBR

(b) B L& LERBROBER

0600000000

24 00O0O0OO

00000000000000000000000
000000000000000000000000
00000000000000000000 6(a)0
0000 100000000000000UD0000
000000000000000000000000
000000000000000000000 6()0
00000000000000 (00)-0-0 (@)oo
000000000000000000000000
0000000 UO00000000000010
000000000000000000000000
0oooooo

Savransky] 0000000000000 0000
000000000000000000000000
000000000000000000000000
00000000000 [A30Wud0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000 [16000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000

00000000000000000000000
0000000 6()00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

— 15—



0o00oO0ooO Vol.12,No. 1, pp.11-23

goboOooooooobOoooooooooooo
oooooooooobooboooooboooooo
oooooooooooboboooooooooooa
ooooooooo

oooooooooooooooooboobobobn
doooooooooboboooooboobobooooa
oooooobooooboobooo

odooooooooooooooooooooo
ooooooooooooboobooouooboobooog
ooooooooooooooobooboobooog
oooooboooooooooooooboooboooog
doooooooooooooobooboboOoog
ooooooooboooooboooobobooOoog
oooooooooooocbooooboobooboooog
odoooooobooooooooobooooog
gooooooooobooooooooobooog
oooooooooooooooooobooboooOog
ooooog

lgarashiD D00 0000000000 0O0OOOO
ooooooooooooooooooooooOog
oooooooooboooooboobobooooa
[0[00000000D000000ODO0O0OOOO0
ooooooooooooooooooooooOog
doooooooooboboooooooboooog
ooooooobooooboobooooboooooooo

3 Jooboboooono

uboooooooooooooooobooobooono
gooooooooobooooooobobooogog
oooOooooooooOo*o0r0 0000000
O"0o0ooooooobooooobbOO0O00000on
gooooooobo AROOOOODOOOOOOg
oooooooooooooooobobooooooo
obooooboboooboooooooooooonon

31 0000

gboboobobooboboboboooooobg
goboooboobooooboooboobooooo
OO TbVP(Time-based Visual Presentaidn)] O O O
0000000000000 TbhbVP Browserd 000
O [21]0TbVPBrowsel OO O OO0O0OO0OO0OOOOO
goboooboooboooooobooobooooboobo
gbooboobobobooobobobobooobo
obooboooo

Khronos projector[22][230 00000000 CO
gboooboboobobboboobobooooooo
ooboo0oboboooboooboboooboo
gO00OOOoOoOoOooOoooooOoOoOooosnail Light
Projector240 0000000000 OOOOOOO
goboodoboOooboooooobooooooooboo
gobboooboooboooobooboboboboooboo
gooboobooobooooo

(b) FREFEZ DR

(d) 5&%/( vI7DER

) BENY I 7 LBERE

0s8Qfdo0oooooooooooogod

0000 [25l10000000000000O0000
goooooooooooooooooooooon
gooooooooooooobocooooooooon
gobooooooooobooooooocoboooon
goooooooooooobooboboooonoooon
ooooOO0O0o0ooooD AROOODOOOODOOO
goboooodooooooooooooobooooo
gooooooocoooooobobobooooooon
gooooooboooooooooooooooooon
goooooooooooboooooooooooo
gooooo

32 DO00O0O0OO

o0oooopoooooooooooo (R, G,
B:b)DODODODOODOODOOR,G,BO0 (ReddD
(GreenO (Blue)UOOOOOOOr,g,bO0ODOODO
goOo0oDO0oOoObDOoOoOoOgDb obOo 255000
gbooboobooboobooboobooobooo
gooooo

gooooobooboobogo rooooooooo
gbooboobooboooobooobooobooo
gooooooboobooobboboobobooooo
gooboooobobooooboooobooboooo
00000000 ARTooKitOOOODOOOOOOO
goboobooobOooooboooboooboooobooo
0000ooooo (R:255,Go,B:opooOoOoOoQg
00 (0 8( 0000000000 DOnnOoon
gooooooboooboobooooboooboooo
gobooboooooooboobooobooooboo
0000000000000 (R:255,G:0,B:0p 00
(0 8M)IDOODO0O0ONOODO0DNOOOONONOOn
0@ 8c)i0I0DD00DONOODO (O 8(d)D
00000o0oooooooog (R:255,G:0,B:000
gooobooobooboouoobobouooboobooo
gobooboooooooboooobooboboooooo
goo

— 16—



00000000 Vol.12, No. 1, pp.11 — 23

A
BEITL—LHS
FrEBaE & FIRRERD

BE/NY I 7
(BIL—L5EH)

g700000000000D0O00O0DOOO

ooooooooooooooo

@I\—F4oLTT7zH b

bvoz—7TI7zH b

(OF: - =awES/ N

01000000000

—-17-



0o00oO0ooO Vol.12,No. 1, pp.11-23

ooooobooooooooooobobooobobo
oooooooooooooooooobooboooog
O000oo0o0oooooo (ouuoooooooo
oooooooooooooooooobooboOooo
oooooooboooooboooo

33 DOOogo

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000

00000000000 (0 10@)0000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000

000000000 (0 10(b)000000000
000000000000000000000000
000000000000 (xO0OOyOoOoOOOOo
0000)0000000000000000000
0000 xO0OO0y00OO0OO0OO0OO0OO0OO0OO0OO0O0O0OO
000000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0ooo

0000000 (0 10c)00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000

34 OO

00000000 EffecTV[26][27]0 000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
330000000000000000 (0 10(@)0
O000EfecTVOOOOO0OO0O0O0000 QuarkTV
00000000000000000000000
0000000 EfecTVOOOOO0O0O0O0O0OO0O
0000000000000000000000 @
10(b)) 0 SpiralTVO 0 OODO0O0O0OO0 (O 10(c) 0
StreakTvO OO OO0 00

EffecTVOOODO00O00000D0EfecTVO OO
000000000000000000000000
00000000 AROOOOOO0O0000000
00000000000000000EfecTVOOO
00000000000000MO00000000

goooooooooooooboboboooooooo
goooooooooooooobooooooooon
goooooooooooboooooooooooon
goboooooooooooooboboooooooo
goooooooooooooboooboboooooooon
goooooocooo
gooboooboooboobobooboboboDbo
gobooooooooooooobooocoooooon
gobooobooocoooooooooocoooooon
goboooooooobooboooooooobooon
09000000000D0O00O00DOOO00D0ODO
goboooooooooooooooooooooon
gooooboooooobooobobooooooo
goooooooooocoboooboooboooooon
goooooooooooooooooboobooooon
gooooooooooooooboobooooooon
goobooooooooooobooobooooooooon
gobooobooooooooooboobooooooo
gooooooooooobbooooooooooo
goboooooooooooooboboobooooon
gobooooooooooooobooboooooooo
goobooooooooboooooog

4 OJODOOOOOOOoOdg

200300000000000O0DDOOOOOO
goooooooooooooo AROODOOOO
0000000000000000000 11000
o0ooOooo0oooooooooDoboO00n0 AROO
gooooooooobboobooooooooboooon
gboooooboooooooooooobooo

41 DOO0OO

ggoooooooboooo0ooooboooooo
goooooboooobobboo AROOOOooo
000000oU0oOo0ooOoo [28IOoUoOooOO
ooooOO0O00 AROOOODOOOOO0O0ODOOO0O
gooooooooobooooooooooooon
0000000o0b0o0o0oooO euoooOoo
ooooO0OboOO0O0000 AROOOO0OODOOOO
goooooooooooooooooboooooon
gooooooooooooboobobooooooon
gooooobooocooobooobooooooooooo
gooooooooooooobobbooooooo
oooooooooooobooooooooooon
goboooooooooooooooocoooooon
gobooooooobooobooooboo

42 0O0O0OO0OO

00000000000 110000000000
0000000000000000 (0 11(aJ000
00000000000000000000000

- 18-



Jo0o0o0oo0ooO0o Vol.l2,No. 1, pp.11-23

(b)stE/ Ny T 7

=
i

(QFZ\y T 7

(@) ADEHS

(C)E3=Raw VAN

011:0000000000000000000DO

= el e -

Y

O12.ARO00000000O0O0CO0O0O0OOO00ODODO0OOODOOOOOOODDOOO

0000000000000000000 (0 11(b))D
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000 (0 11(c)00
000000000000000000000000
0000000000000000000000 (RO,
G:0,B:0) 00000 (R:255, G:255, B:255)0 0 0 O
0000 (Ri255, G:194,B:140 000000000
000 (0 1(d)]000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 (O 11(e)0

43 00O

000000000000000000000000
0000000000000000000 AROOO
000000000000000000000000
000000000000000000000000
000000000000000000000 ARO
000000000000000000000000
000000000000000000000000
00000 ARODOOOOOOOOOODOOOOOO
0000000000000000000000

00000000000000000000000
00000000000000MO0000000
0000000000000000000000000
000000000000000000 (0 1200))
00000000000 1200)00000000
000000000000000000000000
000000000000000000000000
00000000000

—19-



Jo0o0o0oo0ooO0o Vol.l2,No. 1, pp.11-23

(a) AFTEE

(c)
SEROBEIEL,
ZOENBAD MUEER,
RO RIVERNT
ADEN S BEEEUG

(HRBLTL>X
ATSTO NefE

013:000000000000000DO

gooooooboboobooboboboooo
l200)00000o0ooopUoOooooUoooo
gooooooooooobooobobooboooooo

0000000000 0000 (R:255, G:255, B:255)

000 (R:255,G:0,B:000 000000000000
00000 (MO00000000)0 25500 000
000000000000000000000000
00000 POO0O0 (RN, Gg,Bb)0DOO0O00D0
0000000000000 (R, Gy, B:b)0 0D
000000000000000 (Rr/, Gg’, B:bY)
00000000000000000 (R, Gg”,
Bby)00DO00000D0

w = g;j/255
rl” =wr +(L0-w)r/
9" =wg + (L0-w)g’
b = wh + (1.0 - w)b/’

gbbooooooooooooooboobobobooo
gooooOwDO 10000000000000000O
gboooooooooobooooooooboooooon
gobooooooooobooooooobobooooon
gooooobooobooooobooooooon
gboooobooboooooooooooboooooooon
gobooooboooooboobooooboooboooooo
goooooooooooobooooooooooon
goboboooboodoooooooooooooooon
goooooooooboooDOoboOoooooooon
gobobooooooobooboooooooooooon
gbooooboooooocoooooooo

S Doobooog

40000000000000000000CC0CO0OO
gboboodoooooooobooooooooooon
000000 1800000000000 000BO
goboooooooooooooooooooooon
gooooo

127

25
Green

014:00000000000000

51 0000

O000DARDOOODOODOOOOOOOOOOOO
000000000000000000000000
00000000000000000 [30]0000
000000000000000000000000
00000000000000000000000
00000000000000000000000
[31][32] 0000000000000 0000O0O
000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0oooo

—20-



Jo0o0o0oo0ooO0o Vol.l2,No. 1, pp.11-23

015 0000000000000

5.2 000000

0000000000000 1300000000
000 (0 13()0000000000000000
0000000 (RO, GO, B:0)000000000
0000000000 (013100000000
0000000 (R:00255,G:l 255, B:255)] 0 0 0
000000000000000000000000
0 (R:255,G:194,B:14p 000000000000
000000000000000000000000
000000255000 (000000)00000
0o0oooooo

00000 POOOOOxO000yO0OOO0O0OO
0 xyOOOOOO POOOOOOOOOOOOO
pOp,00000000000000000000
0oO0ooooo

t, = 2(p;/255— 0.5)
t, = 2(py/255— 0.5)

p,pg 0 000 255000000¢,t,000-1.00
0 1000000000000, 0000000
0000000000000 o0 (R:2552, G:25%2,
B:255) 00 0000000000000 O0O0OO0OD
DoPODOOODOOODOODDOODOOOD
Ooo0oooUooOooooooo (O 140

QU P-sPOODONODOOQOIDDD (X+ ks,
y+t,9 0000000 s0000000000000
0000000000000000 POOO (R:153,
G:51,B:2550 0 000000QUODODO (x+0.2s,y—
069 0000

0000000000000 0000000 PO
QOODOD (0 130 QPO sPOODODDOD
0000000000000 00000000000
0000000000000000 s0000000
00000000000 0000000000000
000000D000000000 (0 130000
000000000 000000000000000
0000D00000000000000000000
000 (0 150)0

0150000000 64000000 4800000
000 sO50000000000000 15000
00000000 PODO (Ri153, G:51, B:255)]
00000000000 QUOOD0 (x+02x 500,
y—0.6x500)=(x+10,y-30)0 0000000000 P

(a) BEBEETIORAFY () E)’&”ESOT:?]’?‘)I’] [N

HEER

(d) @) #BE>f=ATTxH MkD

(c) BKTHUVRF¥

o

Ole.0000000CO000DOOOO0O

000000000 10000 30000000000
000 150000000000000000000
1500000000000000000000000
00000000 QPO PODOOODODOOD
0ooooooo

00000000000000000000000
0DO00000000000QPOODOOOOOO
00000000000000 9000000000
000000000000000000000000
00000000000000000 (0 1500)0
1800000000 QPOOODODOODODOO0
0000000000000000000000 (@
150)0

53 OO

ggooooooooooobobboooooooo
gooooooooooooooboooooooon
0(@Uoo)ooooooooooooooooo

—21-



0o00oO0ooO Vol.12,No. 1, pp.11-23

ooooooooooooboooobooboooog
oooooooooooboboooooobooooo
oooooooooooooboooboooooooa
ooooog

DDDDDDDDDDDQ_F)’DDDDDDDDDD
gobooooooooooooboooooooooo
oooooooooooooooboobobooogog
oboooooocoboOooOooboobOoboOooboOoog
000000000000000 (O 16)d

odooooooooooooooobooooooo
odooooooooooobooboboooooooa
ooooooooooooboobooobooboboooo
ooooooooooooboooobooobooboooog
udooooooooboobobooooooboobooooa
030000000000oo0oooooooo
gboobooooooooooooooboobobooOoo
oboboobooboooboOoooboOoooOoooooo
oooboooooooboobooboooboboOog
ooooobooooooobooooboobooooog
gobod

6 0000

oooooooooooooobooooboobooobon
ubbobooboobobooboboobooboobooog
gobooooooooboooooobbooooboo

oooooooooooooooboooboobooobon
doooooooooooooobooboboooog
gooooobobOoooooboobbOooboDDb AR
oooooooooooobooboooooooog
dooooooooooobooboboooooooa
goooooooooobobooooooboooog
oobooooboooooooooboooooo

tdoooooooooooobobooobooobo
goooooooooooooooobobbooogg
oooooooboooooooooooooooog
oooooooooooobooobobbooooooa
goooooooooooooooobobboogog
oooooobooooooo

oogd

[1] OO 0OU0DODOOOUOOOARO: 1000 1000
0000 Augmented Realiy AROD OO OO00ODO
00 Vol. 51, No. 4, pp. 367-372 (2010).

[ 0000000000000 0000000
000000000 (2010).

[3] 000O0000D0000D0000000000
0000 100 NICOGRAPHIO 00 0 CD-ROM
0000 pp. 162-163 (2011).

[4] 0D0OO0OD0O0D0OD0O0D0OD0O0O
0000000 00000000000000
0000000000 2012000 Opp. 777-782
(2012).

(5]

(6]

(7]

(8]

9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

— 22—

gbobobobobobobooboboon
0ooooooo (2728).
httpy/www.youtube.conwatch?w=-HOPUdyH\V._I.

000000000—0000000—000
0000 (1984).

00000000000 00000000000
(2006).

Khoh, C. W. and Kovesi, P.: Animating Impossible
Objects.
http;y/www.csse.uwa.edu.Apk/Impossibl¢impos
sible.html.

Khoh, C. W. and Kovesi, P.: Rotating the Impossi-
ble Rectanglel.eonardg Vol. 34, No. 3, pp. 197—
198 (2001).

Owada, S. and Fujiki, J.: DynaFusion: A Mod-
eling System for Interactive Impossible Objects,
Proceedings of the 6th international symposium on
Non-photorealistic animation and renderingp.
65-68 (2008).

000000000000 00000000000
0000000000000000000000
0.0000000 CADOOOODO Vol. 2008,
No. 119, pp. 31-36 (2006).

goooobobobOobooooboboooo
og.
httpy//www.jp.playstation.corscejtitle/mugerimu
gen.

Savransky, G., Dimerman, D. and Gotsman, C.:
Modeling and Rendering Escher-Like Impossible
Scenes,Computer Graphics Forum\ol. 18, pp.
173-179 (1999).

0000000000000000000000
00000000000 20090 O O O Vol. 2009,
No. 4, pp. 143—144 (2009).

000000000000000000000
0000000000000000.HCLO000
0000000000000000000000
Vol. 2009, No. 28, pp. 95-102 (2009).

Wu, T.-P., Fu, C.-W,, Yeung, S.-K., Jia, J. and Tang,
C.-K.: Modeling and Rendering of Impossible Fig-
ures, ACM Transactions on Graphigsvol. 29,
No. 2, pp. 13:1-13:15 (2010).

McCann, J. and Pollard, N.: Local layeringCM
SIGGRAPH 2009 paperSIGGRAPH '09, ACM,
pp. 84:1-84:7 (2009).

000000000000000000000
000000000000000000000
000000000 000Heaven's Mirrofl O O
000000 200800 00 Vol. 2008, No. 4, pp.
147-148 (2008).

000000000 dthrough the looking glass,
Ooooooooo Vol 3, No. 3, pp. 185-188
(2004).



[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

0o00oO0ooO Vol.12,No. 1, pp.11-23

Igarashi, T. and Mitani, J.: Apparent layer op-
erations for the manipulation of deformable ob-
jects,ACM SIGGRAPH 2010 paperSIGGRAPH
10, New York, NY, USA, ACM, pp. 110:1-110:7
(2010).

0000000000000000000000
000000000000000000000
000000000000000000000
000 00Vol. 44, No. 11, pp. 2767-2777 (2003).

Cassinelli, A. and Ishikawa, M.: Khronos projec-
tor, ACM SIGGRAPH 2005 Emerging technologies
SIGGRAPH '05, ACM (2005).

Cassinelli, A.: KHRONOS PROJECTOR.
httpy/www.k2.t.u-tokyo.ac.jpmemberglvargKhr
onog.

Matsuzaki, K., Iwai, D. and Sato, K.: Snail light
projector: interaction with virtual projection light
in hyper-slow propagation speeByoceedings of
the 7th International Conference on Advances in
Computer Entertainment TechnolggACE '10,
ACM, pp. 114-115 (2010).

000000000000000000000
0000000000000000000000
00000000 20110 00 0Vol. 2011, No. 3
pp. 757-760 (2011).

00000 dTannenbaum, B.EEffecTV:0 00O O
O0000O00O0b000oO0bo0ooooooooa
000o0oooOoOo0o0oooboooooon 20030
0 0O O Vol. 2003, No. 1, pp. 94-99 (2003).

EffecTV crew: HfecTV.
httpy/effectv.sourceforge.nfdex.ja.html.

0000000000FAR. Vision0 0000
0000000000000000000000
000 20100 O O OVol. 2010, No. 4, pp. 177-180
(2010).

00000000000000000 AROOO
000000000000000000000
0 20110 0 O O pp. 218-221 (2011).

0000030000000 0000OUnOIAR-
TooKitOOOOOOOODOOOOOOOODOODO
O0000000O0Ooooo (2008).

Pessoa, S., Moura, G., Lima, J., Teichrieb, V. and

Kelner, J.: Photorealistic rendering for Augmented
Reality: A global illumination and BRDF solution,
Virtual Reality Conference (VR), 2010 IEEfD. 3
—-10 (2010).

Aittala, M.: Inverse lighting and photorealistic ren-
dering for augmented realityhe Visual Computer
Vol. 26, pp. 669678 (2010).

oo oo

Na o/

201000 000000000000000201200
000000000000000000000000
0000000000000002012000 (OO)
ooo

oo oo

goooooooooboooobpoooooooon
goobooooooooooooooboobooooon
000o0o00ooo0bOooooooooooo2o07
g00oooooooOooooooozooo0COOOnd
00020130 0000000000000000O0
goooooooooooooobooooooooo
0000000ooooooodHCciIoooogooooo
0000000 2201200000000000

— 23—



