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Fast Rendering of Reflections in Non-uniform Surfaces
Using a Multi-Scale Environment Map
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Abstract A technique is described for rendering in real time reflections on surfaces with non-uniform roughness, which

is difficult to do with conventional methods. It combines off-line processing with hardware rendering. First, a multiscale

environment map is created of the rough surfaces. Next, the pixels that would significantly affect the rendering results in an

omnidirectional image are filtered out. Finally, the reflections on the surfaces are rendered in real time using the map to re-

flect the effects of the roughness. Experiments demonstrated that the proposed method can render surfaces with non-uniform

roughness sufficiently accurately in real time.
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Tllustration of surface reflection.
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Multi-scale environment map represented in voxel space.
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Calculation of multi-scale environment map.

cobobOooobooooboooooboOooooboooon
ooo
coooboobcooooooooooooooooboooon
cobobOooobooooboooooboOooooboooon
DDDDDDDDDDDDDDDDDDDCOSA(1/))DDD
coooooobooooooooboboOooooboooon
cobobOoooboooooooooboOoooooooon
O000000000000000 %0 000000
cOoo0Oo0oO00oO0Oo0Oo/000oo000ooocoooobosono
000000 (1)OoooDAODDODOODODOOOOOO

(1/)voxel) (11)

~I =

oOooa
Yyoger = arctan(u/(A x s)) (12)

0000w000000000000000000000
000000000000 (7) 0 g(A\)0

— log(7)
log(cos(arctan(u/(A x s)))

A=ygA) = (13)

0000000«000000000000000000
0000000A=1.0000000000000000
000000000000000Phong00000000
0000000000000A=500000000000
0000000000 (13)00000000000000
wO0000000000w=6200000000000
ooooo

2.3 000000000000000000000

0000000000000000000000000
0000000000000003D0000000000
00000000000000000040000000
00000000000000000000000000
00000000000000000000000000
0000{00000000000000A0<A<1)0
000000000000000007000(6)000
0000000AD0000D0000000000000
00000100000000000000000000
00000000000000000000000000
000000000000000000000000000

(3) 3



/_ ERGAsRLT ﬁ
- TORF¥ -
<yELS . /| TORTFYER
_______________ AT
(ON )
as HEREOHES

BERT—IL
mix BEvTyS

04 00000000D0O0O0O0ODOOOOOOOOOOO0

Texture mapping using a multi-scale environment map.
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Generation of a multi-scale environment map using multi-

scale images.
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Environment maps used in experiments
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Comparison of rendring results of a virtual teapot with non-uniform surface roughness.
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Comparison with Phong’s model-based rendering in terms

of computed intensities.
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Comparison with Phong’s model-based rendering in terms
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oag oooooooo
oooooooo
[h:m:s]

00000000 [him:s]

0o0o0o0(@ooo0n)

73:51:54

< 0:00:0.017(60fps)

00o00(@oo00n)

21:23:49

< 0:00:0.017(60fps)

PhongO 00

1:03:05

0o 00000 0oooo
A=1.0 | (0.35,0.35,0.35) | (0.02,0.02, 0.02)
A =0.75 | (0.48,0.48, 0.48) | (0.02, 0.02, 0.02)
A=05 | (0.65,0.64,0.64) | (0.03,0.03, 0.03)
A =0.25 | (0.90,0.91, 0.90) | (0.04, 0.04, 0.04)

000 | (0.56,0.56,0.56) | (0.03,0.02, 0.03)
(b)y00D00D00000000006(k)00

0o 00000 0oooo
A=1.0 | (0.73,0.73,0.73) | (0.03, 0.03, 0.03)
A =0.75 | (0.86,0.86, 0.86) | (0.02, 0.02, 0.02)
A=05 |(0.91,0.91,091) | (0.02,0.02, 0.02)
A=025| (1.4,1.5,1.5) | (0.02,0.03,0.03)

ooo (1.2,1.2,1.2) | (0.04, 0.04, 0.04)

070006(b)0000000000000000OO0
00000000000000000000000Phong
000000000000000 (000000000
00000000 (b)0(a)0 (h)000D000 (¢) 0000
000()000000000000000000000
00000000000000000000000000
000000000000000000000000 (c)
000000000000000000000000 40
00000000000007000000000000
00000000000000000000000000
000000000000000000Phong 0000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000007()0000000000000
0000000000000009°000000000
00000000000000000000000000
00 (3) 0000 Phong 0000000000000 0OD0

6 (6)

cobobOooobooooboooooboOooooboooon
cobobOooobooooboooooboOooooboooon
cobobOooobooooboooooboOooooboooon
cobobOooobooooboooooboOooooboooon
cobobooooooooboocooooooooboOoooo
cobobOooobooooboooooboOooooboooon
cobobooboooooboocooooooooobooooo
cobobOooboboooboooobooooboOoooooon
cobobOooobooooboooooboOooooboooon
ooooon

oOo0ooO0O0O00o0O0O0O0s000000000000
ocoO0Oz21000000000CO0O0O00O0O0CCOCODOOO
O00000O060fps0 00000000000 000DO
00000000000 PhongDODOOODOOOOOODO
oo0l1oo0o0000100000000000000
cobobOooobooooboooooboOooooboooon
cooooooooooooboooo

3.3 JOoboooobOoooooooobooooooon

od

0000000000000 Ladybug0O0OOO0OOO
coooobooobooboboooooooboooboooobooon
cobobOooobooooooooboboOooooboOooon
cobobobooboobOoooooooooooooooonod
cobobOooobooooooooboboOooooboOooon
coooOooooobOOoboOoooOoOoOooOobOOoobObOOon
000 15fps000000000006950000 (4600
0)0000000000003.200000000000
cobobOooobooooooooboboooooboooon
O0OO0064x64x640000000000000000

00000000000 Vol.57, No. 10 (2003)



HAL (pure hw vp): NVIDIA GeForce3
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i “teapot.x" with NUR Specular, using Texcoord.

“teapot.x" with NUR Specular, using Texcoord.
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HAL (pure hw vp): NVIDIA GeForce3
"teapot.x" with NUR Specular, using Texcoord.
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“teapot.x" with NUR Specular, using Texcoerd.
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Rendering of reflections in a virtual teapot using a dy-
namic environment map.
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