IPSJ SIG Technical Report

Vol.2013-CVIM-188 No.34
2013/9/3

JO0o0dooboodd BRDFOO

ooooof oooooft

oooooogtt

Ooooo e 0000t

1000000000000 0000
+ 00000000
#tO0oDoooooo
#0DOoDoO0oOoOooO
HHt00D0ODO00OO0OO
E-mail: {{yoshieki}@cvl.iis.u-tokyo.ac.jp, ftetsuro.morimoto@toppan.co.jp, t1timarik@nii.ac.jp,

TTTmukaigaw@am.sanken.osaka-u.ac.jp

obob0 obooooobooboooobooOooobOobbOOobDOobOoOooOobOobOoOoOobDOobObOOoboOoboooo
ubooooboooobooboobo 2000000000000 O00b000O0b00O0bOO0bOO0O0O0bO0O0O0OO
goooo0oooooooooooooooooecGgoooooooooooooOoOoOoOOOOooOoOobLDboo
ubooooboooooboobooooboboooboboooboobooooobobooooboOobooooboOobooonoo
gboooooooboobobooboooobooboboboboobooooboobobobooboboobOobooobobooobon
gbooooboooobobooooboboooboboobooboooooboooobOobobooobooboooo
gbooooboobooooobooooboboobo1oobobooboooobobooooboooobOobooog
gbooogoboooooboboooooooooobobooboobooboooooboooobOobobobDoboboooo

gbooooboooooogooboo

o000 BRDFOOOOOOODOOOODOODOOO

1. D000

gboooobooobooboboooboobooooon
ggodobboboooooobbbooooooboobo
gbooooboooobooooboboooooobo
goooobbbobooddddodoouoouoouuoo
ggooboooboobooooooooobbboooooo
ggodobobboooooobbbooooooboobo
gboooooobooooobobooooon

gogooobobobbooooobobbboooooo
gboboooooooboobobooooooobobooon
ggodobobbboooooobbbooooubobo
obooooboboboobobooobooboooooon
gbooboobooboobooooboboooooobo
ggodoobooooooooooo

gbobobobooboooboobobooobon
000000ooooooUOo BRDFH)OOOOOOO
OO0OO0OBRDFOOOOOOOODDOOOOOOOOD
0000000000 Lambert 0000 Oren-Nayar O
00 [1]00000000000000Phong000 [2]0
Blinn 0 00 [3]0 Ward O O O [4]0 Torrance-Sparrow 0
00 [5]0 Lafortune 0 O O [6]0 Ashikhmhin [7] 000 0O
gogodobobbooooobobbboooouoboobo
obooooboooobooooboOoboooooon
gboooooobooooooo

(© 2013 Information Processing Society of Japan

00000000000000000000000
0000000000000000000000000
IwasakiO [8§] 0 000000000000000000
0000000000000 Hirayama 0 [9][10] 00 0
0000000000000000000000000
00000000000Sun O [11][12)0 CDOODODO
0000000000000 CDOO00000O0N0O
0000000000000000000000000
0000000000000000000000000
000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000([13)0S000
PO0O0DO00O0O0O0DOO00O0O0O0DOOO0OO0O
0000[140000000000000000000
0000000001000000000000000
000000000000000000
00000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000 100000000000000000
00000000000000000000
000000000000000200000000



IPSJ SIG Technical Report
Eo E1 E2 Es Ea Es

01 0ooooooooobooooooo

BRDFOOOOOOOODOOO30O00OO0O0O000O0D0
ooboooboOooooo400000000000D
ggbobooboooboooboooboasaboo
gboooobooooog

2. 0000000000 [15]

goboooooboooooboboooobooogoo
oboooobooboooooboboooooono 100
ooooooboobooboboooooboooooDbo
obooooboooooboooobooboooooon
0000 10n,00000O0OdOOOOG,ODOOOO
00000000

0100000000000 o00ob0o0000oE O
gbooooooo

E=FE +E+E;+FE4+--
21A

Eo(e12 + tiatorraze™ + tiatarrisrare
+t12t21Tg3T§1€3iA + -

= E()(Tlg -+ t12t217‘236iA(1 + TQgT'QleiA

+r3ra ¥t + )

= E()(Tlg -+ t12t21T236iAf7'a611 — T23T216iA) (1)
000000000 070r30000000¢150t 0
Joo0ooooooooAQOO 10 BC+CDOOOO
0oooooOoo(@)ooooooo

A 47rngcicos 0 @)

gboooobooooboobobooooooo

ro1 = —T12 (3)
goooobooouoboouoboooobooog
tortio + 13y =1 (4)
000000000000 00 ()O0@3)0@00 £0

(50000000

£
Ey
1

iA
= ri2 + lizlarrage’™ ——————
1-— To3T21€"

(© 2013 Information Processing Society of Japan

Vol.2013-CVIM-188 No.34
2013/9/3

02 0000 1.000 3.00000 50[nm] 00 5000[nm] O
0000000000000000000000000
00000000 1450 00 600[nm] 0000

JAN 2 A
r12 — 127231’ + (1 — rig)raze’

1 — rogroret®
19 + rozett

=T A (5)

1+ rogriget®

0000 -0000000000000000
R=|r|? (6)

0ooooo
0000 (S00)00000 (POO0)000O0O00D0
0000000000 (nOo@Do000000o0ooon
00000000000000000 (70@®) 0000
00000000000 SO000POOO0OO0O0OODO

0d0oo00o0oooO0o0ooooooooooooon
nq cos 1 — ny cos by

S
= 7
"2 n1 cos 01 + na cos fs (7)

P N cos B — nq cos By ()
1277, cos By + ny cos By

SOPOO0OOOOOO (MO@DUOODOOOO (6)0
ooo00o0oO0oOoooOoooooosocpOOOoooOoOOO
000000000000 00000oOooo (6)00
O0O0O0BRDFOOOOODOOOOOOOOOO (6)
000000 BRDFOOOOODODOOO

3. BRDFOOOO

00000000000000 BRDFOOOOO (6)
0000000000000000000 BRDFODO
0000000000000000000000000
000000 R,MO (6)00000000000 R,
0000000000000000000000000
RLOR:0..0RMOO00O0D000O000O0O0O0OO
(6)00000000000 RIOR0..0RMO0OODO

M . .
min Y (R, — R} )

gbooobOoboooooboooobooooboon



IPSJ SIG Technical Report

0300 0300
0.250 0250

0.200 0.200

Intensity

0150

Intensity

0100 0.100
0050 0.050

0.000

0
30 430 480 530 80 630 680 730 780
Wavelength[nm]

380 430 480 530 580 630 680 730 780
Wavelength[nm]

(a) (b)

03 000000 U0U0oooooooUUd(a:bonoonO
goO0:1o00b00C00O0:1100000000¢0:3.00
O0:100mm] 0 (b):00000DO0O:1.0000000
0:1.1000000000:3.0000:5000[nm)]

gboobooooooono

0((9)002000000000000000000
ooboobOoooboooboooooboobooon
gboobooboooobooooboboooooobo
oboooobobooobooooboobooooooDn
gboooobooboobobooooobooooooDo
gbooooboooobooooboboooooobo
g0o0000oO0DOOoOooooooOdn,0O00dOOD
gbooooobooboooo

1.0 < ny 3.0 (10)
120 < d < 5000[nm)] (11)

000000000000 (10)0000000000
0030000000000000000000000
0000000000000000000000000
000000001.0000000000000000
0000000000000 (100000000000
000

0(2)000000000000000000000
0000000000000000000000000
0000000000000 200000000000
0ooooooo
010 0000000000000000
020 000000D00000000000000
0000000000000000000000000
0000000000000 (03 ()00000000
0000000000000000000000000
0000000000000000000000 3 (b)
0000000000000000000000000
00000000 (11)000000000 (10)000
00000000000000000000000

0(100(11)00000000000000000
000000 (900000000000000000
00000 (2)000000000000000000
0000000000000000000000000
000000000 (5)0(7n0@®) 0000000000

(© 2013 Information Processing Society of Japan

Vol.2013-CVIM-188 No.34
2013/9/3

04 0OO0OOO

0000000000000000000000000
00000000 1.0000000000000000
0000000000000000000000000
000000000000 (2)000000000000
000 (10)0(11)00000000000000000
000 (90000000000000

4. 0 U

OCO0oOoOoOoOoOoOoOoOBRDFOOOOOOODOO
gbobooboooobobooooobooooboon
gbooooboobooooobooboooboobooboooon
LCTrogoooooooooooooooooogoo
gboooboobooooboooog

4.1 00 0O

040000000000000000000000
0000000000000000000000000
0000000000000000000400000
0000000000000000000000000
0000000000000000 LCTF(OO0O000
0000000)00000000000000000
000000000 MgF,(000 1.37) 0 400[nm] 0 O
000000000000
LCTFO0O00000D0D00000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000400nm] 00 720nm] 0 4nm] 000000
0ooooooooo

4.2 0 0

ooooobbooboilsebooopooooooogon
gboboboboobobosgben0oboOnoOnOOn
oooroobooocobOobooobooboooooon
gbobooboboobooboooobooooboon
RMSEOOOOOOOOOOOOOOODOOOOOOO



IPSJ SIG Technical Report

05 0oooooooooooooon

06 ODOODOOOOOO

0 (12)0(13) 00000000

\/(dtrue - des’tirrmte)2
RMSEyp; ckness = d (12)
true

\/Z (Rtrue()‘) - Restinm?feO‘))2
Z Rtrue()\)2

diryeD degtimate 000 000000000000000
000 Rypue(NO RestimateN) 0000000000
000000000

000000000 6%0000000000000
0000 33%000000000 (2)00000000
0000000000000000000 AdAn/m O
00000000000000000000 30[um] 0
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

RMS Espectm =

(© 2013 Information Processing Society of Japan

(13)

Vol.2013-CVIM-188 No.34
2013/9/3

ooo(°) [ 20 [ 30 [ 40 [ 50 [ 60 [ 70
0000 (%) | 21.63 | 15.83 | 17.19 | 20.27 | 21.78 | 18.21
01 00000000000000 (%)

googobooobooboboobooboobooboo
1000000booooon

o7 0OO00ooOoOOoOoOooOoboOoobOOoOoOoOoboboooobooo
gooooooboooobooooo

gbooobOoboobooboooobobooooaon
oboooboobooooboobooooboooooboon
gbooobogosuboooooboboobooboon
ooooboobooooobooooboooooboon
gboobOobooobooboooobooooboon
obooooooooboobooooboooooboon
obooooOobooooobooooboooooboon
gobd20em 00000000000 OO0DODOODOO
oboooooooboooooooon

5. gogobobooogd

gbooobooboobooboooobobooooboao
oboooboobooooobooooboooooboon
gboboobOoboobooboooobooooboon
obooobooboooobobooo

gbooobOoboobooboooobobooooan
oobooooobooooboooboooboooboboboooon
gboooboobooo3gobooooboooooooon
ooooooboooboobooooooboooooboon
obooobooooobooooobos3sbooooooon
oooooOBRDFOODOOOOODOODOOOODOO

6. U U

obooooOobooboobobooobobooooboaon
gboooboobobooooobobooooobooboon
obooooOoboooooboooobooooobooon
gooooooooo



IPSJ SIG Technical Report

(b)

(d)

(e)

()

08 0D0D00DO0OODOODOODO (0)d20000 100
000000000000000000000 (000)0
000000000000000000 (0)@(a)00
02000(b)0003000()0004000(d)00
05000(e)0006000()000 7000

(© 2013 Information Processing Society of Japan

[10]

[11]

[12]

[13]
[14]
[15]

Vol.2013-CVIM-188 No.34
2013/9/3

O O

M. Oren and S.K. Nayar, ”Generalization of Lam-
bert’s Reflectance Model”. SIGGRAPH. pp.239-246,
Jul, 1994.

B. T. Phong, "Illumination for computer generated
pictures,” Communications of ACM 18, no. 6, pp.
311-317, 1975.

James F. Blinn, "Models of Light Reflection for Com-
puter Synthesized Pictures”, Computer Graphics, Vol.
11, No. 2, pp. 192-198, July, 1977.

G. Ward. "Measuring and modeling anisotropic re-
flection,” ACM SIGGRAPH Computer Graphics,
26(2):265-272, 1992.

K. Torrance and E. Sparrow. ” Theory for off-specular
reflection from roughened surfaces,” Journal of Opti-
cal Society of America, 57(9):1105-1114, 1967.

E. Lafortune, S. Foo, K. Torrance, and D. Greenberg.
Non-linear approximation of re- flectance functions.
Proceedings of the 24th annual conference on Com-
puter graphics and interactive techniques, pp. 117-126,
1997.

M. Ashikhmin and P. Shirley. ” An anisotropic phong
BRDF model,” Journal of Graphics Tools, 5(2):25-32,
2000.

K. Iwasaki, K. Matsuzawa, and T. Nishita. ”Real-
time rendering of soap bubbles taking into account
light interference,” Computer Graphics International
2004(CGI’04), pp. 344-348, 2004.

H. Hirayama, K. Haneda, H. Yamashita, and Y.
Monden. ” An accurate illumination model for objects
coated with multilayer films,” Furographics 2000, pp.
145-150, 2000.

H. Hirayama, Y. Yamaji, K. Kaneda, H. Yamashita,
and Y. Monden. ”Rendering iridescent colors appear-
ing on natural objects,” Pacific Graphics 2000, p. 15,
2000

Y. Sun, F. D. Fracchia, M. S. Drew, and T. W.
Calvert. ”"Rendering iridescent colors of optical disks,”
Proceedings of the Eurographics Workshop on Render-
ing Techniques 2000, pp. 341-352, 2000.

Y. Sun, F. D. Fracchia, T. W. Calvert, and M. S.
Drew. ”Deriving spectra from colors and rendering
light interference,” IEEE Computer Graphics and Ap-
plications, Vol. 19, pp. 61-66, 1999.
0000000000000, 000000000
ooooo”0ooooooooo, 0000020110
0oooo’00o0ooooooo-ooooo- o0
00 020100



