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Use of Spider Model to Decompose Complex Reflection Components

;AR OBRT, Robby T Tan'T, Nk B ExE M N w ot

Tetsuro Morimoto’, Robby T Tan'f, Rei Kawakami® and Katsushi TIkeuchi®

Abstract Many object surfaces are composed of layers of different physical substances, and these are known as layered surfaces. Such
surfaces have more complex optical properties than diffuse surfaces and are generally incapable of being segmented. This is because their colors
change with the mixture of the optical properties of the layers, which leads to the colors changing gradually instead of sharply. To tackle these
problems, we focused on surfaces with two layers, and propose a novel physical model, the Spider model. Given a single input image, our goal
is to segment the colors of the image on the basis of the physical model of layered surfaces and to extract the optical properties of the two layers.
The end results provide us with the approximated top layer’s opacities, as well as the reflection of the top and bottom layers. The latter two are

equivalent to the segmented colors of both layers. We show the results of comparison with general segmentation and digital matting. Moreover,

experiments with real images show that our method is effective.
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(a) Input image. (b) Segmentation result by using a graph-based seg-
mentation method'®. (c) Segmentation result by using the proposed
method.
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(a).The optical model of the Lambert-beer model. (b).The optical model
based on the Lambert-Beer model of layered surface objects.
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Decomposition results for real layered surface objects: (a) Input images, (b) Input images with user-specified top and bottom strokes.
Black lines are bottom layer markings, the others are mixed layers samples. (c) Top layer images,(d) Bottom layer images, and (e).

(a) (b)

B3 (a) ¥ 1.(@) » RGB 624l 7' 11w b (b) LB HNIZHD €5

NMZEBARL T —EF VDY Iab—vary () 7
Ty b, () BRI D ERERD ST T OO
ErEOM B, BoMid kot F, &L Tnwa.

(a) The plot of Fig. 1.a in normalized RGB space.(b) Simulation of spi-

der model using LB-based model.(left) plot (right) CG image: The gray

circle represents the bottom layer’s color. Black circles represent the

top layer’s colors.
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(a) (b)

(c) (d)
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W%, /e KUK FT FREABINT E v &) 120
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FEWIE. (d) S A7z B O EW]E i

Decomposition result, when top layer’s thickness is sufficiently thick.
(a) Input image, (b) Marked regions, (c) F., (d) ¢.
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B5 79408 E o7 Fo Offtg & L A Yo%
FEAR (@) AJJWIE. (b) ¥ —F ¥ ZWifE. () LMoY v T v
CHEEE NI T — T4 ¥ DGO SIS Sz B o
i (F.). (d) Je: s iz BRG o (F,). 4t BUH. (e) (a)
DINTG A =55 LB HNIZHEKO L EF Ve lnwTy Ia
L—=Yary LIREHOr T -4 7. ()@ DI T —
TA Y HERE NI CG i

Estimation using the intersection of color lines: (a) Input image, (b)

Marked regions, (c) Estimated color lines and top layer’s color of each

colorant in the RGB space. In plot graph, the yellow point is the es-

timated top layer’s color. (d)Left: Estimated top layer’s color. Right:

Ground truth (e) Synthesized color lines using the parameters of (a). (f)

Synthesized CG image from (e).
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6 KHAZORIZXDMOIEAZZLEE Y Iab—Tar:
(@) AJJWE.(b) R DIFER % A1) 2 F V0 10%,50%,3 15,9
FZ L7233 a b= a VR @ e S I AE ] L
%, (2),(),0),G) MDIEAE F 1T T F IV D 10%,50%,3 15,9
RS U 7oA B EE i

The simulated results of water colors: (a) Real input image.
(b),(c),(d),(e) Simulation by reducing the thickness of the original
10%.50%.3 times, and 9 times, (f) Estimated opacity, (g),(h),(i).(j) Es-
timated opacity by reducing the thickness of the original 10%, 50%.3
times, and 9 times.

(c) (d)
9 fEk Tk L O F | (a) Closed-form matting®. (b) Lazy
Snapping®”. (¢) KMeans. (d) #& 4 T
Comparison with conventional methods: (a) Closed-form matting®>,
(b) Lazy Snapping27), (c)KMeans. (d) Proposed mehtod.
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W FRO T )V (d) dh S e TR, e i Sz
AEWIE ¢ Wifg. (5).(g) MDIERE A+ U ZF o) 10%I12 L
7evIab—va Vg e AREVIE WG, (h).G) HOEHR
EAYIFAND MLz I a b= a ViR ERE
Y i 1.

(a) Input image: a water color painting painted by a professional artist.
(b) Input image with user specified top and bottom strokes. (c) Ex-
tracted top layers. (d) Extracted bottom layer. (e) Extracted opacity.
(f),(g) Simulation and opacity images by reducing the thickness of the
original 10%, (h),(i) Simulation and opacity images by increasing the
thickness of the original 9 times.
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