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Measurement of Subsurface Scattering under Generic Illumination
Yasuhiro Mukaigawa®, Kazuya Suzuki, Yasushi Yagi (Osaka University)

Abstract

The scattering effect of incident light, called subsurface scattering, occurs under the surface of translucent objects.
In this paper, we present a method for measuring the subsurface scattering using a single image taken under generic
illumination. In our method, diffuse subsurface reflectance in the subsurface scattering model can be linearly solved
by quantizing the distances between each pair of surface points. Then, the dipole approximation model is fit to the

diffuse subsurface reflectance. By applying our method to real images of translucent objects, we confirm that the

parameters of subsurface scattering can be computed for different materials.
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(b) Translucent object
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Fig.1. The difference between BRDF and BSSRDF.
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Fig.2. Examples of R(d) O Apple: o5 = 2.29 , 0, =
0.003 , 7 =1.3. Skin: 0y = 0.74 , 04 = 0.032 , n = 1.30
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Fig.3. Formulation of radiance by patch division.
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(a) illumination environment  (b) synthesized image
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Fig.4. Simulated scene.
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Table 1. Range of parameters.
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Table 2. Estimated parameters and PSNR.

Sampling [mm)] ‘ os ‘ oa ‘PSNR [dB]

0.05 2.14 | 0.000 26.47
0.10 2.20 | 0.007 42.12
0.15 2.19 | 0.004 30.58
0.20 2.19 | 0.009 33.47
0.25 2.19 | 0.005 28.69
0.30 2.32 | 0.009 29.78
0.35 2.34 | 0.009 47.93
0.40 2.22 | 0.009 25.76
0.45 2.18 | 0.009 20.35
0.50 2.40 | 0.009 23.43

Ground truth ‘ 2.19 ‘ 0.002 ‘ -

PSNR[dB]
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Fig.5. Relationship between quantizing distance and
PSNR.
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Fig.6. Fitting of dipole approximation model.
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Fig.7. Environment for capturing real objects.
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Fig.8. Translucent objects.

Jo0000obO0o0obO00oDo0onDooooooonooooa
0.05mm OO 0.50mm OO 0.05mm 0000000000
doodoopooobooOoOOooooooooooooboooao
do00o0d0obOOo0obOo0obOo0obo0boooooooa
doo0dooOOoobO00oDoooDoo0booooooooa
0ooOoooOoooooo
0d0ooOobOOoOobOoOooO30ooobooboooag
000000bO0oboooOd os0000 e, 0000000
gdoooboooooooboooobonobg e, 0O0OOO
Oo0ooo00obObOes00DOO0O0O0DO1000000OO
0030000000000 b0bO0obOobOOobOoooo 1
do0oooboobOoobOooboobooooooooa
do0odobOOo0obOoobOoobOo0bOooboooooa
Jo0o00do00odoodoDoOooDOOoodoDooDooaoo
0o0o00o0obOobOob0obOobOobOoboooooooon
gwoodooobboooooooobbboooooa
0d000OOooOooOoooPEO POMODOOODOODOOOO
JdododopPOODOOOOOOOOOODODOOOOO
J0000000b000b000obo00obooonoooooa
O0CGUOOO nobooooooooooobooooo
oobooboobooooag

5/6



03 O0ooooooooo

Table 3. Estimated parameters.

material | shape | illumination H s ‘ Oa
1 2.62 | 0.010
cube
2 1.69 | 0.000
PP
. 1 2.07 | 0.010
pyramid
2 2.12 | 0.010
1 0.01 | 0.001
cube
2 0.08 | 0.001
PE
. 1 0.28 | 0.000
pyramid
2 0.15 | 0.010
1 0.03 | 0.000
cube
2 0.37 | 0.010
POM
. 1 0.56 | 0.010
pyramid
2 0.37 | 0.010
0.010 * % X X
0.008
0.006
0.004
PP x
0.002 PE
POM x
Ok—

0.5 10 15 20 25 30
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Fig.9. Distribution of the estimated parameters.
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Fig.10. Dipole approximation model for each material.
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Fig.11. Rendering results using estimated parameters.
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