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Intelligent Image and 

Graphics Processing
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3D Reconstruction

• Recover the 3D world

• Inverse problem 
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Visual SLAM (Real-time Processing)



Pipeline



Pipeline



Two View Reconstruction



Keypoints Detection



Descriptor of Each Point



Match Points



Match Points
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Camera Model



Pinhole Camera Model



Pinhole Camera Model



Pinhole Camera Model



Principal Point Offset



Object Motion



Camera Motion



Real Camera



General Projective Camera



Radial Distortion



Radial Distortion Example



Homography



Homography – Matrix Notation for Vector Product



Homography – Plane Projective Transformations



Homography – Plane Projective Transformations



Homography



Homography



Homography



Homography

Limitation: Only homography can not handle translation!



Epipolar Geometry



Fundamental Matrix

x’ lies on the l’



Features of Fundamental Matrix



Fundamental Matrix – Eight-point Algorithm



Fundamental Matrix – Eight-point Algorithm



Fundamental Matrix – Singular Value Decomposition



Fundamental Matrix – Eight-Point Algorithm



Fundamental Matrix – RANSAC Estimation



Two View Reconstruction



Essential Matrix



Essential Matrix



Essential Matrix



Essential Matrix – Four Possible Solution



Two View Reconstruction



Triangulation



Triangulation



Mid-point Algorithm



View Direction



Front of the Camera



Pick the Solution



Two View Reconstruction



Bundle Adjustment



Bundle Adjustment



Bundle Adjustment



Bundle Adjustment



Bundle Adjustment



Bundle Adjustment



Bundle Adjustment





Select First Two View



Pipeline



Demo

http://www.adv-ci.com/blog/source/sequence-sfm/



How to Efficiently Learn

1. Read example program > 3 times

Find good examples at github

2. STL, OpenCV, OpenGL, Eigen3, …

3. Practice key components: SE3, RANSAC, 

ICP, Bundle Adjustment

4. Global -> Detail

5. Read the bible <<Multi-view Geometry>>


