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Abstract

We have proposed a concept of Virtual Photometric Environment which is realized by projection of
photometric patterns to a screen object in the real world. In this paper, we discuss a learning method
for reproducing the local reflectance distribution of real objects. The local reflectance distribution is
composed of point reflectances and their local distribution. The point reflectance is learned from a set
of images, and represented by a 2D function. The learning of the local distribution is based on Markov
model. Experimental results show that the appropriate local reflectance distribution can be reproduced

on the screen object.

61



1 0Oood

oooboooboooboboooboooooo
ubobobooobooboboboooboooon
obOooooooboobobooocooboooon
ooooooo
gooobooooooobooooobooooo
gbooooooboboboooooboooon
0000 [1)0000000000ooooooo
oooboooooboboobooooboobgoo
gbooobobooboboobobocooboobooon
gobobooooobooooboooooooooon
oboooooboboboooooobooboon
ooooobobooboooobooboooooo
ccGUU000O00OOoOooooooooooood
obooboooboobooooboooboooon
oooooooobobobooooobooDoon
boooboooboobobobocooboobooon
gbobooobobooobooboboobooobooon
obOoooobooboboobooooobooon
gbooooboobooooobooooooo
gooboboooooooooobooooooon
obOooooooboboooooobOoooon
obooooooooboboooobooboon
oooooooobooboboooooboogoo
gbooooobooboboobobooboboboon

00000000000 oooooooo 2,30

oboooooboobobobooboooboobooo
ooooooboooobobooboooboooo
gbooooboooobobooog
oboobooooobooooooobooooon
oobooooooboboboooooboooo
00000000000 4,5|000000000
gboooobooboooobooboobooobooon
O000000UooOo0ooooouodloooo
O000000000o0ooooooooopB)oo
gboooboooboboboooooboobooon
obOooooooboobooooooboonooon
obooboboooooboboooooboobooon
oooooooobooooooooboooooon
gboooboooboboboooooboobooon
obooooboooooboboooooboooon
goobooooooooooooboooooon
gbooooboooboboboooooboobooon
goobOooooboooobooooooooooon

62

Photometric Pattern Virtual Light
Project \
n T 7 -
» ¢
LU-I ¥
[— »
| —

Computer

— User
Screen object in real world

U 1gbgoood

gbOobOobooooobooooboobooon
oboobooboboboboooooooo 30
oboobooobooobOoboooooboooon
boboboooboboobooboboobooon
oboobOoooobooboooobobooon
ooooogo

2 JOooooo

21 0DOO0O0OOO0ODOOO0

obobOoooobooboobOoooobono
oboobooooobooboobobooboobonbooon
oboobooooboobooboboobobOobooon
ooobooooobooil1boooboooooooo
oboboobO300b00b00obooboooooon
oboobooboobobooboooobobooDoon
bobooboobobooboboooboooon
oboooobOooboobooboboobobo
oboooobobooooooooboboonoon
goboooooboooobobooobooboogooboo
bobooboboooboboooboobooobooon
obobOoboobOoobooboboooboooon
oboooooboobooooooooobooon
oooobooog

22 0OO00O0OO0OO

O0000000ooooooooooooon
0000000000000 00000attached
shadowO cast shadow OO0 OO0 0000000000
O0o00DO0oo0oooooooooOo 300000
do0O00o0o0o0o0O0OO0OO0O00O0O0OOoOOoOoOoo



ooooobooobOobOobooooobOoooo
gooooobooooboobooodg
000000000 Torrance-Sparrow O 0 O [7]
O Phong 00D QOO0 U0O0OOOOOCODO
Torrance-Sparrow 0000000000 000
goooo.
1 —bsy

1= kdfp cos by + ksfpme 202 (1)
s1

0000k, 00000007,00000000860
oooo0o0ooo0oooooooobk0OO0OOO
006, 000000000000 OOoOOe,, O
oboooOooooob 200000000000
O0000s000O00ODOUOODODOOUOO (O
oooo)ooo.

O0D0PhongO0DOOODOODODOO:O00DO
oooo.

(2)

0000k, 00000007,000000004604
0000000000000 dnkEO0D0OO0OO
oo, 0000000000000 DOOODOOO0n
nO0O00000000.

attached shadow 0 cos; OO OO ODOODOONO
cast shadow 00000000000 DOOOOOO
0000000000000 D0O attached shadowd
OO00O0Ocast shadow OO0 OO0OO0OO0O0O00OOO0O
oood

i = kqlp cos Oy + keI, cos™ 0

23 0OO0O0DOOO0

oboooooboooobooboboooon
ooooooboobooo110ooooobooooo
ooo03ccbooOU10000ooooooo 1]
o0o00O0 (0D 20oooooooo 30000
oobooooooooooboboooooooboooo
O0000000000oooo

03)000000000000O0O0ODOOOO
oboooooboobooobooocooboooon
OO0 ()0 (ogDO0D0DO00O0ODO0ODO0OOOOO
gboobooooobooboboooooboobooon
OO0 PhongOODOODODOOODOODOD kOO0
000k 00000D0,00000000000
O00(c)D000000000O0ODO0OO0O0O0OD
oooooo(mUoUoooDoooooooooo
gbooooboooobobooog

63

Screen ({bject Camera for rangefinder

Projector

02000000

03 00000booooooon

gboobooooobooboooooboooon
oboobOooooboobooooooobooon
oboobooooobooboobobooboooooon
goboooooooooooboooooboooa
boobobooobobobooooboobooon
obOooOooboooOobooboooooboonoon
gboobooobooobobooooboooon
oooooao

3 Uuounoboooooood
gooooood

3.1 OUoogbooooodn

2000000000000C00O0CO000O0OO0
oboboboooboobooooboboobooon
obOobOooooooboboooobooon
gbooboboooboobobooobooboooon
bobooboboobooobobooobooobooon
oboobOooooboobOobooooobooon



gboooboooboboboooooboobooon
ooboboooooobooooooboooooooon
oboooobooboooobooooboobooon
oobooooooooooooooooooooo
g3boobooboooboooboboboooon
obOoooobooboooobooboboooon
gbooooboobooooobooooooo
obooooobooboooooooboooon
oooooobooooboboooobooboo

gbooobooooboobooooobooooo

obooooooooboboobocooboooon
gugobobobooooobobbooaobobogod
gogoobobooobobooobooobbooo
gboooooboooooboooon

gbooobooboooboobobooobooobo

gboooboooboboboooooboobooon
gbooboooooooboobooooboobooon
obobooboboobobooboooobooboon
oooooboooooboboooooboobooo
bobooooboobobooooboobooboon
obOoooocboobobooboooboobooon
gbooooobooooboobooogooon
obooooobooboooooooboooon
oooooobooboooboboobobooboo
gboooboooooboboocooboobooon
gbobooooooboobooooboobooon
obOoooobooboboboooooboooon
ooooo
oboooooooobooobooooboooboo
ooooooooboooobooboooboooo
gboooooobobobooobooboobooon
oobooooooooboooooboooooon
obooooobooooboboooooo

3.2 0OO0Oogooboo
3.2.1 BRDF

guobbooooooboooboboooboo
gbogobobooboobobobooobo
00O (bidirectional reflectance distribution func-
tion:BRDF) DO OOBRDF O OOOOO (6, ¢1)
00000000000000 (6y,¢,) 00000
00000000 400000 f(6r, 91,00, ¢,) 0
ooo,¢)00000(6,,¢,) 00000000

O0o0ooooooo0oooooOo Loooooo
obOobOooooboobooboooboobooon
obooboobobDoobooboooobooon
gobooboobo«<:0booobooboobog

i = f(01, 61,0, du)L (3)

0000000000000 BRDFOOODOO
oboobooooobobOobobooboooooon
oboobooooboobooboooboooooo
booboboooboobooooboobobooon
obOooOooOoobooboobOoooboobonboon
000 3)0000oooooooooooood
obooboobooobobooobobooooon
gooobooooboobooooobooog

3.2.2 0000OO0OO0OO0COOO

O00D0O00DO0O0DOO0O04000 BRDFOO
O0ooO0ooOoOoOOooOooooooOooooooo
0000oooooooboooo0oooooooo
ooobOOo0o0o0obOobOoboOoooobDoooon
o00obO0obOOobOOobOobDOoooboOo4000O
O00ooOoooooooogooooboooo4no
000000000 DOooooooooooon
ooooDbOobooonog

O0o0ooooooooooooooood
oooobobDoOOoOoO0oOooboooogooo
00000000022 000000 Torrance-
Sparrow OO0 [7]0 Phong OO0 80000
0 00 Torrance-Sparrow D 0 000000000
00000 kg, ks, o OODODOODOOOOOOO
006, 000000000 (0s,,0s,) 00000
0000000000 o0oooOooDOo 3000n
oooboobOobobOoboOo 3sgbooboobogo
fi(04,05,,0,,) 000 0000000000O0O0OO
O000bO0o:000000000000

i = ft(odvgsuasz)l’ (4)

O00OOPhongOODODOODODOOOOOOOO
0 kg, ks, n000000000O00OOCDOO MO0
Ooooopoe,0D0D0D0O000DOODODODODOO
ooobob2000000000000000
00200000000 f,(04,6,) 0000000
oooboooboobooooboo<:0000000



0d

I

042000000000

ooooo
i = fp(6a,0s)L (5)

OOo0opooooooooooo 100000 64
O000000000100000000 fi(ky) 0O
gboobooobooooobobooooboon
oboooobooo+«:00b000000b00000

i= fi(0a)L (6)

obooboob200030b00b00bO0oboOobo
000000000000 0O000D0O0ODOOPhong
0000 Torrance-Sparrow D0 00000000
ggbobooooboooobbooobobooo
ubobooooboobooboobooboon

3.23 200000000000000O

ooooooboboooboobobobooon
ooooooooooobbooobooooooo
gboboboooboobobobocooboobooon
oooooooobooboobooo200000
(04,0) 0000000 (b)0 200000000
gbooboobooooboooooao

20000000000O0O0000O00O0040
oboooooboobooboboooooboooon
ooooooboboboooboboooooboo
gbooooooboboobooboooboobooon
oboooOooooob 200000000000
oobobooooobooooooooobooooooDo
oooooboboobooooboooooboobooo
gbobobooooboooboobo 2000000
oobooOooobooooooobooooooon
ooooooooo

gboooobooboooooobooooo
gbooooboobooooooooboooon

65

O0o0ooooo0o40000000000D0O0
od20000000000000002000A0
oobooboOoo2000000000000000
O000doe:, 6,0 2000000000000
obobobobobooboobooboooooen
OO0O0oDOoOD 1000 20000000000
ooooo400000000000D00O0000
oooooopoOe, 0000000000000
oo0ooooOooogoe,0o9cOnoooono
oboobooooobooboobooobooooon
000 (5)0000 (M4,0,) 00000O00O0OODO
0° <0, <90°00°<H, <90° 0000

3.24 000000000 2000000000
oo

goboooooboooobooooboboonbo
ooobodooil1boooboooobooo2000
obobOobobOoobooboooobooon
oboobooboobooobobooooboobooon
oboobOoooooobOoboooooboooon
gdbobooooooboooooboooooobon
oboobOoooobooboobooooobooon
obooboobobOooooooboooosonogon
oboobooboboboboooobo 200000
oboooobooooboobooooboo
oooooboooooobobooobonoon
ooooboooooooboo

20000000O0DOOCOO0O0DOOOODOOODOO
gboboboooboobooooboobooboon
oboboobobOo 2000000000000
00000400000000000 (04,05)00
boboboboobooobooboobooboen
ooobooooooooooooboooooon
oooboooooooboooobooboobobooooboo
obooboooboboobooooboboooon
goboobooooboobooooobooog

obobooooboobOoooobooboono
O20000000000000000000O0
ooooobobobOobOoboobooboo 200
ooooobooooOoobobooooboooooon
ooboooooboooz200000000000
gbooboboob200000000000D0O0
bobobooobooboboooboooobooon
oboobobobo 20000000000000



(N,

gs 2000000000000

2RTREZ Y TA

O

2R TERGE~Y Y T B

=

—HTBAHE( d 0 INFHE

Lo

=

06 00000000000

gbooooboooobobooog

3.3 Uogoooo

0000000000000 D00o0O0O0ooo
0000000000oooooooooooo
000000000000 O0000O0ooDoDoon
0000000000000000O0O0O0O0OOn
0000000000000 000000O0O0
o0000000O00O00O0O0O0OoOoOoOoOO
0000000000000 OO0OOOOOO
0000000000000000000000
0000000000000 000000O0OO
0000000000 0O0O0O0O0OOOOOO
00000 3.2400000000000000D0
00000000000 D0O000DOO
000000 ¢c0000RO0000O0DOO0OOO
0000000000000 00000O0O0On
ooooooooooo ~tHogoooooon
0000r000000D00O0DO0O0DOOODOOO
0000000000 00D00000
00000000O0O000O0O0O0O e00On
0000000000000O0O0O0OoOooOon
00000000000000000000O00
00000000000 D00O0D0O0O0000On
00000000 00-000000000000
0000000000000 000O0O0O0O0OO
J000000000000000O0OoOoOoOon
ooooo

66

o7 00000000000

4 0000

4.1 0O0O0OO0O0OOO

oooooooboooooooobobooooo
r0dobo0oobooobobooooobobooobooo
oobooooboooobooboboobooboo
obobOobobOobooboboooo 10000
oboooobooboboobob1100b00bgon
geboboobOobObOOobOO 30000000
gooobooooooobooon

oboboooobooboboooobono
geboboobOoOoOoobOOobOOobOonOOonOOn
obooooooooboobooooobooon
oooboooboobOoboooboobOoooooo
oboooobooooboobooboooboo
obOooOooooooboooobooooon
goooboboooooobooooooobooooo
ooooobobooo0obooobooboooooboo
boobobooobobobooboboobooon
oooobooboooooboooon

O000000000O0O000OoOoe(0O)x201
(0000)=120600000000000000
gbooboooobobooboboooobooDoon
boboboooboboboooooboobooon
ooboobooobooooboooobooooboo
ooobooooobooool4oooooooon
oobooooobooooboboooobooooboo

4.2 0O0OO0OO0OO0OO0OOOO0O

obobobooooobobobocoobono
oboobooooobooboooooboobooon
osbooooobobooboooooooooon
ubobobobob 4000000000000
oboboobobOoooooooooo e 40



(x.y-2)

(x-1,
y-1)

(x+1,

xy-D)| )

(x-2y)|(x-1.y)| (x.y)

(2000000

(hyOODOOoooo

At

(c)0D0D000000

09 oboooooooo

oboboobobOoooooooo 200000
oooboobooboooobooobooboon
00000000 90000(IDOOO0O0OOO
gooboooooobooooooooooooon
obO1000o0b00ob0obooboobo 1000
ooobooo200b0000000000000
oooOooooooboOo 3000004000
goobooooooooooooboooooooon
O00oo0ooOoooooooob oedonon
ooobooobobooboboobooooobooogo
00000000000000000 (e)0D0O0O0
obOooooboobooobooocooboooon
oboooboooooooboooooboooon

O000020000000000 100000(a)
uboboooo20b0000000000000

67

“

IS5A81 JIS5A82 J52481

ISA82

95243 JSR84

(a) 000

J5A83

(b)y DD D

ISA84

010: 00002000000000

0 11: 00000000

oboobooooooobobooooobonbooon
bobooobooboobooboboooboobooon
bobOooboobOoooboooboboobooon
obobOoooooobooooboobooon
obooboobOooboobooboooooboonbDoon
000000 (bh)000O04000 2000000
oooooooooooobooooob 11gooo
oboobOooboobobooobooooooon
gbooboobobooobobooooboooon
udobobooooboooooobooooboo
oobooboooboooobooooboooboo

4.3 0O0OOO0OO0OO0OO0OOOO0O

000000000000000000000
0000000000000000000000
0000000000000000000000
000000000 12()0000(M) 00000
0000000000000000000000
00000000000

000000000000000000000
000000000 13()0((b) 00000000
0000000000000000000000
0000000000000000000000
0000000000000000000000



(a) O (byOooo

012:. 0000000 (0DoOoo)

(h)OOOUOOO O o0oooooo

0130000000000

68

boooobobbooooobobobooobooon
oboooobobOoobooboooobooon
obooooboobooobboobooboooDon
oboobooobobooboooobooboooon
obobOooooboobobooooobooon
oboobOoooobooboooooboobooon
ooood

5 Udg

obobooooooboboooobono
oboboboooboobooooboobooboon
oooboooooooooboooooooooo
gboobooooboboobooooobooDoon
ooboobooooboooooo

obobOooooboobooboooobono
obooboobooobooboooobooboooon
ooooobooon

O00O00O00ooooooOogd CRESTOOO
oooobOooooooboooon

goon

1) 00O0OO0,0000,000,¢“000000000
00000000o0o0ooooooooo”, oo
0 D-II Vol. J84-D-II, No.7, pp.1448-1455, July
2001.

[2] Y.Sato, M.D.Wheeler, and K.Ikeuchi, “Object
Shape and Reflectance Modeling from Observa-
tion”, Proc. SIGGRAPH’97, pp.379-387, 1997.

[3] DOOO0,0000,0000,“000000000
goboooobooouoboooooo»,obo
D-IT Vol. J84-D-II, No.8, pp.1873-1881, August
2001.

[4] S.R.Marschner, S.H.Westin, E.P.F.Lafortune,
K.E.Torrance, and D.P.Greenberg, “Image-
Based BRDF Measurement Including Human
Skin”, Proc. 10th Eurographics Workshop on
Rendering, pp.139-152, June 1999.

[5] P.Debevec, T.Hawkins, C.Tchou, H.P.Duiker,
W.Sarokin, and M.Sagar, “Acquiring the Re-
flectance Field of a Human Face”, Proc. SIG-
GRAPH2000, pp.145-156, 2000.

[ 0000,0000,0000000,000, 1990.

[7] K.E.Torrance, and E.M.Sparrow, “Theory for
off-specular reflection from roughened surface”,
J. Opt. Soc. Am, vol.57, pp.1105-1114,1967.

[8] B.T.Phong, “Illumination for Computer Gener-
ated Pictures”, Commun. ACM, vol.18, pp.311-
317, June 1975.



