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Abstract: A method is proposed to recover the reflectance properties of all objects in an environment. The input
of the algorithm is a 3D geometric model of the scene, a panorama of it, and the information of light sources. The
result is a full model of the reflectance properties of the scene. Recovery is done in a progressive refinement manner.
At the very beginning, supposes all surfaces are diffuse and generates a new panorama. Then the new rendered
panorama and the original one are compared iteratively. If the differences of some objects are greater than a
threshold, more complex reflectance models are chosen for them. Finally, each object in the scene has a proper
reflectance model, the scene can be rendered under novel lighting or viewing conditions, old objects can be
removed from the scene, and new objects can be augmented into the scene. Special efforts have been done on
recovering textures of textured diffuse, isotropic, and anisotropic surfaces; shadows and highlights are eliminated
almost clearly.
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Fig.1 Example for distinguishing textures from anisotropic surfaces
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Input: Scene, Panorama, Lights;

Output: A reflection model of the scene.

Begin

/* Inverse rendering diffuse surfaces */

For each surface in the scene Do

pg =averaged color value of all pixels in /.,;;
Calculate ;(2 ;

EndDo

k=1,

While (k<MaxStep AND not all y?’s are low enough ) Do

For each surface in the scene Do

Pl =pltf = ;"; Calculate 7°;
k

EndDo
k=k+1;
EndDo
For each surface in the scene Do

© PEBREBEADIS  hupy/www. jos. org. cn
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If (4 is low enough)
Mark it as a diffuse surface;
Else
Mark it as an isotropic surface;
EndDo
/* Inverse rendering isotropic surfaces */
k=1,
While (k<MaxStep AND not all y? s of isotropic surfaces are low enough) Do
For each isotropic surface Do
Anneal ( p,, p,,as); // Do one step of Annealing
EndDo
k=k+1;
EndDo
For each isotropic surface Do
If (4 is low enough)
If MirrorCheck(an isotropic surface)
Mark it as a mirror;
Else do nothing;
Else Mark it as an anisotropic surface;
EndDo
/* Identify textured surfaces */
For each anisotropic surface Do
If TextureCheck(an anisotropic surface)
Mark it as a textured surface;
EndDo
/* Inverse rendering anisotropic surfaces */
k=1,
While (k<MaxStep AND not all x> s of anisotropic surfaces are low enough) Do
For each anisotropic surface Do
Anneal( p,, p,,as,a,,x,y,z); //Do one step of Annealing
EndDo
K=k+1,
EndDo
/* Inverse.01ndering textured difuse.surfaces */
For each textured surface Do

I
T =2l - Calculate y?;
E X

recovered

If (x* is low enough)
Mark it as a textured diffuse.surface;
Else Mark it as a textured isotropic.surface;
EndDo
/* Inverse.01ndering textured iotropic.surfaces */
For each textured isotropic.surface Do

= Iz“‘ ; Pao=average color of all pixels in T;
EndDo
k=1;
While (k<MaxStep all y?’s of textured isotropic.surfaces are low enough) Do

For each textured isotropic.surface Do
Anneal ( p,y, p, ,as); //Do one step of Annealing
EndDo
k=k+1;
EndDo
For each textured isotropic.surface Do

AND not © hEE
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Loa =1
T _%; Calculate y°;

recovered

If (x* is not low enough)

Mark it as an anisotropic surface
EndDo
/* Inverse rendering textured anisotropic surfaces */
For each textured anisotropic surface Do

Irea
T, :—E' ;
P40 =average color of all pixels in Ty;
EndDo
k=1,

While (k<MaxStep AND not all y? ’s of textured anisotropic surfaces are low enough) Do
For each textured anisotropic surface Do
Anneal ( p,y, p,,as,aq,%,y,2 ); //Do one step of Annealing
EndDo
k=k+1,
EndDo
For each textured anisotropic surface Do
;o dw-ll

recovered E ’

EndDo
End
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Fig.5 Six views of a scene panorama
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Table 2 Scopes of parameters in the reflection model

R 2 AT R 2 HO e v

Parameter a az as as as ag x y z
Upper bound 1.0 1.0 1.0 1.0 0.3 0.3 1.0 1.0 1.0
Lower bound 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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(2) (b) (©) (d)
Fig.6 Images rendered after modification of 3D model and lighting of the environment
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