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A Basic Study for Showing Relief
by Anisotropic Reflection

Naok1 Kawarft

We propose a method for showing the light-depending reflection of arbitrary
relief-like shape onto the surface of real objects using anisotropic reflection
caused by grooves on flat media. We first obtain the distribution of normal
vector by projecting modeled objects in three-dimensional space onto a screen,
and convert the obtained vector field into the scalar field representing the orien-
tations of grooves by projecting normal vectors on the normal projection plane.
We next draw straight or curved lines following converted scalar field and gener-
ate a binary image that succeeds the distribution of the original normal vector.
We lastly substantiate the pattern of the generated binary image and show
that the resulted anisotropic reflection indicates the changing reflection of the
original shape. We also prove that the three-dimensional visual effect similar to
the work in high relief appears on almost plain surfaces with ordinary processes
such as printing and embossing.
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Fig.1 Overall process for making a pseudo relief.
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Fig.2 A coordinate system.
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Fig.3 Reflectance depending on azimuth (model).
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Fig.4 Reflectance depending on azimuth (measured).
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Table 1 Estimated parameters D.

0; TURA (FAFE) FIRI (GE22)
15° 11.56 (8.7%) 3.50 (13.0%)
30° 48.85 (5.9%) 0.61 (9.5%)
45° 97.38 (5.3%) 0.21 (5.3%)
60° 149.87 (5.4%) (HEEARHR)
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Fig.6 Comparing measured reflectance with model.
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Fig.7 Normal vector on cylinder surface.
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Fig.8 Reflectance variance on relief surfaces.

00000000000000000000000000000000000000000
000001000000000000000000000000000000 nO0000
0000000 PODOODO0ODO0002000000000 D =11.560D = 3.50
000000000000000000000000000000 n=21.85010000
00000000 056%Mn=>56900000 3.50%0000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000 800000000000
00000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000 D000D00D0000000000000000000000
00000000000000000000000000000000000000000
0000000000000000

3.2 00000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000003 0000000000000000000000000000
000000000000000000000000000000 (x(z,y),éx(z,y)) 0
000000000000000000000000000000 G(z,y) 0000200
000000 10000000000000000000000000000000000

00o0ooooooog Vol 51 No. 3 1118-1128 (Mar. 2010)

EREEE
09 OJ000OO0OoOoooooogo
Fig.9 Converting a normal into a zenith.
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Fig. 10 A distribution of groove angle.
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Fig.11 A black copy made up of straight lines and an expected reflection.
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Fig.12 A black copy made up of curved lines and an expected reflection.
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Fig. 13 Prototypes by embossing (left) and printing (center).
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Fig. 14 Appearances of an embossed sample (upper) and rendered images (lower).

gooobooooooobooboooobooboooooooooooooboOooooon
gbobooboooooboooodboooooooboobooooboooboobOoooOoooobo
gboooboooobodoooobooooboooooooboOoooboouooOoobooDo
oo

5.2 OOOOOCOOOO

gooooooooooboooooobooooooboOoboOob0oooboOoboOooooDOoboo
goooooooooooooooboooobooooboo0oooooooDoooooooDoo
goooobooodoooooooboooooobooOobobOoboOob0oooDbOOoOoOobooOoDOoOoOoon
goooooooooooooooboobooooboooooboooboOoooobooobooooDoon
oobooooooooon

(© 2010 Information Processing Society of Japan



1126 OO0OO0OOOOOOOOOOOOCOOOOO0

015 0000000000000B0O0O00000

Fig. 15 Appearances of a printed sample (upper) and rendered images (lower).
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Fig. 16 Distribution of azimuth of grooves (left) and the 12-level image (right).
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Fig.17 Distribution of norm of projected vector (left) and the 12-level image (right).
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