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Course Schedule 

�  Introduction  
�  The Mathematics of 3D Triangulation  
�  3D Scanning with Swept-Planes  
� Camera and Swept-Plane Light Source Calibration 
�  Reconstruction and Visualization using Point Clouds 



Modeling Lens Distortion 

normalized image coordinates distorted image coordinates 

G. Bradski and A. Kaehler. Learning OpenCV. O�Reilly Media, 2008  

Without lens distortion distortion 

Modeling Lens Distortion 

normalized image coordinates distorted image coordinates 

G. Bradski and A. Kaehler. Learning OpenCV. O�Reilly Media, 2008  

Radial distortion 



Modeling Lens Distortion 

normalized image coordinates distorted image coordinates 

G. Bradski and A. Kaehler. Learning OpenCV. O�Reilly Media, 2008  

Tangencial distortion 

Modeling Lens Distortion 

normalized image coordinates distorted image coordinates 

G. Bradski and A. Kaehler. Learning OpenCV. O�Reilly Media, 2008  







OpenCV 

Demo: Camera Calibration in Matlab 

J.-Y. Bouguet. Camera Calibration Toolbox for Matlab. http://
www.vision.caltech.edu/bouguetj/calib_doc/ 





Demo: Mapping Pixels to Optical Rays 
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�  How to map an image pixel to an optical ray? 
�  Solution: Invert the calibrated camera projection model 
�  But, also requires inversion of distortion model (which is non-linear) 
�  Mapping implemented in Camera Calibration Toolbox with normalize.m 
� Result: After calibration, pixels can be converted to optical rays 











Demo: Putting it All Together 



#VRML V2.0 utf8 
Shape { 
  geometry IndexedFaceSet { 
    coord Coordinate { 
      point [ 
         1.633 –0.943 –0.667 
         0.000  0.000  2.000 
        -1.633 –0.943 –0.667 
         0.000  1.886 –0.667 
      ] 
    } 
    coordIndex [ 
      0 1 2 –1 3 1 0 –1 2 1 3 –1 2 3 0 -1 
    ] 
  } 
} 
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VRML File Format 

Additional Reconstruction Examples 

J.-Y. Bouguet and P. Perona. 3D photography on 
your desk. Intl. Conf. Comp. Vision, 1998  

J. Kim and J. Wu. Scanning with Shadows. CSE 558 
Project Report (U. Washington), 2001 

P. Blaer, N. Hasan, C. Tripp, and L. Volchok. 3D Desktop 
Photography by Eclipse. Project Report (Columbia), 2001 

J. Kubicky. Home-Brew 3-D Photography. 
EE 149 Project Report (Caltech), 1998 
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