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IMAGE-BASED RENDERING 
 
 
 

 

1.  What is 
                          Image-Based Rendering  ? 
 
- The synthesis of new views of a scene from pre-recorded pictures. 
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2.  Why? 
 

  (1)  We really enjoy visual magic ! 
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  (2)  We need intuitive, natural and comprehensible presentations: 
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  etc… 
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3.  How ? 
 
    General pipeline: 
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4.  Three Tech. Approaches 
 

1. 3D Model Construction from Image Sequences 
 
2. Transfer-Based Image Synthesis 
 
3. light field 

 

 
 
 
 



Chengyu Krystian Ji, CSE, UNSW 
Presentation for NICTA Course: Computer Vision 
June, 2003 

 4

 
 
 
 
 
 



Chengyu Krystian Ji, CSE, UNSW 
Presentation for NICTA Course: Computer Vision 
June, 2003 

 5

5.   Approach 1: 
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- techniques that first recover a three-dimensional scene model from a 
sequence of pictures, then render it with classical computer graphics 
tools. 
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                                        (1) Registered Images 
Scene Modeling from … 
                                        (2) Unregistered Images 
 
 
 

 5.1   Scene Modeling from Registered Images 
 
First consider a relatively simple case:   
   All images are registered in the same global coordinate system. 
  

·  Volumetric Reconstruction 
·  Virtualized Reality 
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   5.1.1   Volumetric Reconstruction 

�

��� ����#-3�
	���	����&5���,
 �	���������'& 8��,����
/1 �"�	���)��
��	�2���*�	�	�)�'3��A.��,
'# �;���	���K��#7�����-��
����,
��+�2���

+�����&�&��	� �	� �+�'#B� �����	��IJ���	�)
��+&5!
�)�����+& �A�,
K�,�	��
'���������)�*���K�
���	��
'������& �<��3	3��,

���$#%�/���5
'�%
	.

���)���	�+�2.,���*��.��,
"# ���7�	!	�����)�/�6�A� �/��
	.'3+� �*���+�6�/���

 

Two main global constraints  
                                      imposed on a solid shape by its image contours: 
 

(1)  the shape should lie in the volume defined by the intersection of 
the viewing cones attached to each image,   (Baumgart 1974) 

 
(2)  the cones should be tangent to its surface 
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     observed object    � 1    polyhedral approximation  
                                     � 2    smooth spline surface  
                                     � 3    spline surface tangent to visual rays 
 
“ � 2”    -  Spline Construction.   
“ � 3 ”   -  Spline Deformation 
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Spline Construction 
 

- Bezier arcs                   - spline curve 
 

·  A Bezier curve of degree n is a polynomial parametric curve defined as 
the barycentric combination  

 
               of n+1 control points Pi (i = 0, 1, . . ., n),    where the weights 

 are called Bernstein polynomials of degree n. 
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·  A triangular Bezier patch of degree n is a parametric surface de� ned as 
a barycentric combination 

 
of a triangular array of control points Pi jk, where the homogeneous 

polynomials are trivariate Bernstein 
polynomials of degree n. 
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·  Let n = 4,  say, quartic Bezier patches. 
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Now make it adequately smooth ! 
 
G1 continuity: Its triangular Bezier patches share the same tangent plane 
along their common boundaries. 
 
A necessary condition:  All control points surrounding a common vertex be 
coplanar. 
Generally, 

[Loop, 1994] 
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Now each patch must be split three ways,  
 

 
 

and G1 continuity should be enforced.  
 
We use degree elevation: 
                                          boundary curves  

�

 quartic Bezier curves 
(Shirman and Sequin [1987]) 
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Spline Deformation 
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  5.1.2   Virtualized Reality 
 
The 3D Room: 

 
 

·  The internal and external parameters of all cameras are first measured 
in the same world coordinate system using the algorithm proposed by 
Tsai [1987b]. 

·  Three-dimensional scene models are then acquired by fusing dense 
depth maps acquired via multi-baseline stereo (see [Okutami and 
Kanade,[1993]) 

·  It's challenging to directly merge the surface meshes 
associated with different cameras into a single surface model.  
However Curless and Levoy [1996] proposed volumetric 
technique for range image fusion to the problems. 
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·  texture-mapping 
 

·  Synthetic animations 
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5.2  Scene Modeling from Unregistered Images 
The Facade System 
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6.  Approach 2: 
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Instead of trying to recover the camera or scene parameters, we can construct 
an explicit representation of the set of all possible pictures of the observed 
scene, then use the image position of a small number of tie points to specify a 
new view of the scene and transfer all the other points into the new image. 
 
 

6.1 Affine View Synthesis 
(1) 

 
 
 
coordinate vectors:  

 
(1) can be written as 

  

 
we have  
(2) 
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For all the scene points, 

 
 
 
 

(3) 

 
 
 

6.2  Euclidean View Synthesis 
 
coordinate vectors:  
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(1) simplifies into 
(4) 

               
(5) 

 
where 

 
 
So we have (6): 

 
where 
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Let  , and use (6), we have weak-perspective constraints as 
  (7) 

       
with 

 
 
(7) give a pair of linear constraints: 
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7.  Approach 3:     
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This category of approaches model images by a two-dimensional set of light 
rays (or more precisely by the value of the radiance along these rays) and the 
set of all pictures of a scene by a four-dimensional set of rays, the light field.  
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