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Measuring and Rendering Art Paintings Using a Color Camera

SHOJI TOMINAGAT and NORIHIRO TANAKA't

A method is proposed for measuring an art painting by using the simple imaging system of
an RGB camera and a light source, and rendering the painting as computer graphics images
under any conditions of illumination and viewing. The surface shape of an art painting is
considered as the rough plane with paints on a flat canvas, rather than a 3D curved surface.
The surface material is an inhomogeneous dielectric with the dichromatic reflection property
that is described in terms of the diffuse reflection component and specular reflection compo-
nent. We capture some images of the same painting under different illumination directions,
so that the diffuse reflection component at each pixel is extracted from the observed data.
First, the surface normal of shape information is estimated from the diffuse component, based
on a photometric stereo without using a rangefinder. Next, the surface-spectral reflectance
is estimated from the RGB values for the diffuse component based on the 3Dlinear model.
Moreover, the Torrance-Sparrow model is used for image rendering. The specular function is
fitted to the observed specular reflection data for estimating reflection parameters. Finally, an
experiment using an oil painting is executed for demonstrating the feasibility of the proposed
method.

Jan. 2004

1. 0o0o0oad

000000 oO0oboOo0oOoboboboobooooo
go0oDo00O0OO00000o0oOobOOoooobooboooon
000000000000 o0bOobO0o0boOoOoOoooao
goobotbooboboodoooobuooobooo
000000040 VASARIO Visual Arts System for
Archiving and Retrieval of ImagesO0 000000
gooboboboobobooboobooooooooaar
gooobooooobooobooooooobooooo
0000000000 000000Y0000000

fO00oooooo
Osaka Electro-Communication University

350

000000000000 RGBOOOOOOOOD
0000000000000000000000000
000000 RGBOOODOOOODOOODOOOD
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000ooo?oo00000000nooon
000000000000000000000000
000000000000000000000000
00D0000O0o0

00000000000000000000000
000000000000000000000000



Vol. 45 No. 1

DRRHE
HE
»
RetEFIL
RE

|

SRTTEE
LyEY Ly

01 0000000000 00000000
Fig.1 Flow from measurement to image rendering for an
art painting.
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Fig.2 Measuring system for an art painting.
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Fig.3 Spectral sensitivities of the color camera used.
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Fig.4 Imaging at different illumination directions.
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Fig.5 Oil painting of a natural scene and the analysis

area.
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Fig.6 Sensor outputs computed for different illumination
directions.
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Fig.7 Example of camera outputs for different

illumination directions.
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Fig.8 Plot of the averaged sensor outputs as a function

of illumination direction.
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Fig.9 Second example of camera outputs for different
illumination directions.
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Fig. 10 Variation of the extracted data by different values
of the weighting coefficient ws.
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Fig.11 Basis functions for surface-spectral reflectances.
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Fig.12 Geometric model of reflection.
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Fig. 13 Image of the estimated surface normals.
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by the proposed method and the measurements by
a 3D laser microscope.
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Fig.15 Areas used for examining accuracy of the spectral
reflectance estimates.
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Fig. 16 Estimation results of surface-spectral reflectances.
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Fig. 17 Specular component image.
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Fig. 18 Intensity distribution of specular component as a
function of angel ¢.
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Fig.19 Image rendering result on the assumption of illu-
mination of a daylight fluorescent lamp with the
color temperature of D65.

obo0O0o00ooo0o00 ps 0000 0000000
goboobOooooobooooboocoooobooo
gboocooooooooooooboooooboobooo
gooooooboooboooooooooooboo
gooobobboowogooooooonoooon
ooooooooooooboOoooooboO v=o0.070

Oradian =164 00000000000 1800

goboooOoooboobOoooOooobboboooboo
00000 Torrance-Sparrow D0 00000000
gooooooooooooOooobboobooboooo
odoo0oooooooboooooDo
gdo0oodobooooooooooogooogo
goboobooobooboo 3pobuoooboboooog
Jgo0Doo00o0ooOoOooooDooooooOoono
00000b0OooO0o000ooooooooooog
goooobiooooooooooooboooo
O0DO00DO0OFEMM\DOOODOO0DO0O0OO0OOOO
gooooooooDOoboboboDbD400000D00O45
goboo0ooooobooooooooboooo
goboboOo0o0ooOooooobooboooooo
gdogo200000 Deh0O0O0OCOCOOOOOO
gooodooOoOo200000000b0Ob0DboDOo
J000o0o0ooOo0210000000000000
000000 o0oooODOD0o000O 21000000



360 goooooooo

020 000 Des 000000000O0O0DOOOOO
Fig.20 Observed image of the oil painting under a real
D65 fluorescent lamp.
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Fig.21 Images on the assumption of illumination of an

incandescent lamp (Left: Image rendering result,

Right: real image of the oil painting).
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Fig.22 Image rendering results of the oil painting with
different view points and illumination directions.
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