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Mixing Oil Paints for Perception of Shading Illusions
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<Summary> Metamerism is a phenomenon where two objects recognized as having different colors under

one light are also recognized as having the same color under another light. This research proposes technology

for actualizing artistic illusion that exploits metamerism. Specifically, the purpose of the research relates to

automatic calculation of blending ratios of oil paints that cause metamerism to occur under specific light

sources. It entails metamerism occurring between four types of object colors under two types of light sources.

This enables us to create false shading where the observer recognizes the 2D oil painting as if it is a 3D

object with plausible shading.

Keywords: metamerism, computer-aided art, art illusion, multispectra, oil paint, reflection model, shading

illusion
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(a) Four mixing paints computed, (b) those under
blue light, (c¢) those under red light
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Fig.3 Metamerism of four sets of mixed paint illumi-
nated by two different lights
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Table 1 Mixing ratio of paints

ooo 00100 200 3|00 4
oooooo 0.000| 0.000{ 0.000| 0.092
ooooooooo 0.011| 0.000| 0.163| 0.046
oooooooo 0.026| 0.000{ 0.000| 0.035
gooooooo 0.006| 0.000( 0.054| 0.000
oooO0o0oOoOooooooo) 0.000 0.000( 0.000{ 0.000
ooooooooo 0.011| 0.408| 0.000| 0.058
ooooooogd NO4 0.085| 0.000{ 0.000| 0.000
oooooooo 0.000| 0.017| 0.270| 0.000
oooooooooo 0.146| 0.000| 0.000| 0.087
ooooooooo 0.122| 0.006| 0.000| 0.011
ooooooooo 0.106| 0.000{ 0.000| 0.035
ooooooo 0.000| 0.032{ 0.029| 0.000
ooooooooo 0.192| 0.457| 0.000| 0.000
oooooooooo 0.000| 0.055| 0.146| 0.000
ooo 0.000| 0.000| 0.053| 0.247
ooooooo 0.230| 0.000{ 0.000| 0.046
ooooooo 0.000| 0.000{ 0.000| 0.132
ooooobooooo 0.000| 0.000{ 0.000| 0.103
gooooo 0.000| 0.024| 0.286| 0.000
ooooo 0.064| 0.000{ 0.000| 0.108
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Fig.6 Spectral reflectance of four mixed paints

(=N}
(=]

Mixed paint 1 under Light 1
Mixed paint 2 under Light 1
h ( \ Mixed paint 3 under Light 1

L —— Mixed paint 4 under Light 1
Mixed paint 1 under Light 2
Mixed paint 2 under Light 2
Mixed paint 3 under Light 2
“ /\ | Mixed paint 4 under Light 2

AL 0
)N AN

400 Wavelength [nm] 800

07 2000000000400000000000000O
Fig.7 Spectra of four paints under two lights

[31un -qre] oouerper [enoods

[o1e0s umoujun Yym wu/ w/as/m |

o
[

000000000000000000000000000
00000000000
00000000000000000000000000
0O00000000000D0000MiyazakiD'»0000
000000000000000000000000000
0000000000000000000000Miyazaki O
020003000000000000200040000
000000000000000000000000000
000000000000000000000000000
O00000O0O0FinlaysonOd'2:300000000000
O00000LEDOODOODOOOOOOOOOOODOD
000

00000000000000000000000000
LEDOO0ODOO0OO0ONONDOOONO0DDOOONONONOOOONno
00000000 LEDOODOOOOOOOOONOOOOOD
O00000O000http://www.cg.info.hiroshima-cu.
ac.jp/~miyazaki/0O0

U U

O0o00000oooooooooooooOno?247001760
0000 (B)DOODOOODODDOODODOO0O0OO0O0O0221350030
coooOooobOocoOobooOooooOooooOobcOoOoooo



1)

4)

6)

7

8)

9)

oggdgaod

J. Mitani: “A Design Method for 3D Origami Based on Ro-
tational Sweep”, Computer-Aided Design and Applications,
Vol. 6, No. 1, pp. 69-79 (2009).

R. D. Hersch, S. Chosson: “Band Moiré Images”, SIGGRAPH
2004 Papers, pp. 239-247 (2004).

N. J. Mitra, M. Pauly: “Shadow Art”, ACM Trans. on Graph-
ics, Vol. 28, No. 5, pp. 156:1-156:7 (2009).

Y. Yue, K. Iwasaki, B. Chen, Y. Dobashi, T. Nishita: “Pixel
Art with Refracted Light by Rearrangeable Sticks”, Computer
Graphics Forum, Vol. 31, No. 2, pp. 575-582 (2012).

M. Papas, T. Houit, D. Nowrouzezahrai, M. Gross, W. Jarosz:
“The Magic Lens: Refractive Steganography”, ACM Trans. on
Graphics, Vol. 31, No. 6, pp. 186:1-186:10 (2012).

M. Nonoyama, F. Sakaue, J. Sato: “Multiplex Image Projec-
tion Using Multi-Band Projectors”, Proc. of the IEEE Interna-
tional Conference on Computer Vision Workshops, pp. 868-873
(2013).

N. Kawai: “Bump Mapping onto Real Objects”, ACM SIG-
GRAPH 2005 Sketches, pp. 12:1-12:1 (2005).

T. Amano: “Shading Illusion: A Novel Way for 3-D Represen-
tation on the Paper Media”, Proc. of Procams 2012 Workshop
on CVPR2012, pp. W11.01:1-W11.01:6 (2012).

R. Valluzzi, LEDs Illuminat Metamerism in Abstract Art - No
2, http://www.youtube.com/watch?v=£fyJH1inM730 (2012).

10)

11)

12)

13)

14)

15)

16)

17)

R. Bala, K. M. Braun, R. P. Loce: “Watermark Encoding and
Detection Using Narrowband Illumination”, Proc. of Seven-
teenth Color Imaging Conference, pp. 139-142 (2009).

M. S. Drew, R. Bala:
Metamerism-Based Watermarking”, Proc. of 18th Color Imag-
ing Conference, pp. 22-26 (2010).

A. Alsam, G. Finlayson: “Metamer Sets without Spectral Cal-

“Sensor Transforms to Improve

ibration”, Journal of the Optical Society of America A, Vol. 24,
No. 9, pp. 2505-2512 (2007).

G. D. Finlayson, P. Morovic: “Metamer Sets”, Journal of the
Optical Society of America A, Vol. 22, No. 5, pp. 810-189
(2005).

K. Kobayashi, T. Yamada, A. Hiraishi, S. Nakauchi: “Real-
Time Optical Monitoring of Microbial Growth Using Optimal
Combination of Light-Emitting Diodes”, Optical Engineering,
Vol. 51, No. 12, pp. 123201:1-123201:8 (2012).

D. Miyazaki, K. Takahashi, M. Baba, H. Aoki, R. Furukawa, M.
Aoyama, S. Hiura: “Mixing Paints for Generating Metamerism
Art under 2 Lights and 3 Object Colors”, Proc. of IEEE Inter-
national Conference on Computer Vision Workshops, pp. 874—
882 (2013).

S. Tominaga, S. Nishi: “Surface Reflection Properties of
Oil Paints under Various Conditions”, Proc. of SPIE 6807,
doi:10.1117/12.766188 (2008).

L. Simonot, M. Hébert: “Between Additive and Subtractive
Color Mixings: Intermediate Mixing Models”, Journal of the
Optical Society of America A, Vol. 31, No. 1, pp. 58-66 (2014).

(20150 30 120 00)
(20150 90 90 0D00)



U 0 0 0O oopopooo

20000 OOOOOOOOOOO0O0O020050 O
goobooooooooooooboooooooo
gbooooooobooooooboooz20080 OO0
goooboobooooooooooooooodn
0000020000 VSMMOOOODOO20130
VC/GCADUOOUOUOO0ODDODOOOOOOD2011
0O MIRUOOOOOOOAIODIJCVSP 0 OO
oooooooooooOOO0OoO0O0OO0IEEED
ACMOOODO

o o o o
20140 OD0O0O0O0O0O0OOOOOOOOOOO
20140 ODO00OO0OOOOOCOOOCOOOBOOO
ooooooo

0 0 0O 0O opoooo

19900 DO0OOO0OO0OOOOO00OO020040 OO
obooooooooooooooooooo
gbooooooooegs o oooooooooo
0ooocGUoOooOoOoOo20100 VC/GCAD
00000000000o0o20120 IEVCOOO
00020130 VC/GCADDDOOOOOOOO
gooooocooooooobooooooooo
OvROOOOOO

)frl ‘a\

o

o o g

19930 0000000000 O0O000001997
U ooooooooooooooooooon
ooboooooooooooooooooooo
19970 O0O0O0OOOOOOOOOOOOOO
goooooooooooooonoooooon
ooo0O020050 MIRUOOOOOO20070O
MIRUOOOOOO20070 ACCvOoODoooo
20100 PSIVIOOOOOO20110 MIRUO
oo00020120 CVAOOODOOO20130
VC/GCADOOUOODOO0DOOOooooooo
oooooobooocooooooobooo

o o o o

19910 OD0C0OO0O0OOOO00000019% O
ooooooooooooooooooogooa
oooooOooooOooOoOoob20070 OOOO
gooooooooob20100 DOOOOCOO
goooz20000 0OoOOOOOOOOOOCOO
gooooooooooooooooooon
goooooooooooooOoodooooon
gbobooooooooooboooooobooon
gooooooocoooooooobooo

g o o o

19930 000000000000 000000
Oo00b019970 OOOOOOOOODOOOOO
gboooooooobooooboobogoo oobooo
oooooooooOoOoO0O20030 OO0O0O0O0O
20100 ODOOOOOOOOOOOCOOO00O0
00200820090 OOOOOOOOOOOOO
gooboooooooocoooooooooo
goooooooooooooooooooon
ooOOoo20000 OO0OOOOOOOOOOO
gooooob20100 ODOOOOO0OOOOOooon
0020120 MIRUOOOOOOOOOOOO
goooooooooooooooooooon
goooooooogooooooo



