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Digital Image Processing 

ÅUsing an image (video) as the input, there are many 

techniques which can enhance or modify an image or 

extract statistical or quantitative information. 

 e.g., Medical images, Adobe Photoshop 



Computer Vision 

ÅThe science and technology of machines that see 

ÅCan the machine extract desired information from an 

image? 

 

 

What did I see? 



Computer Vision 

ÅMethods for extracting information 

ï Image statistics  

ïTemplate matching 

>Photographic 

>Geometric projections 

ïArtificial intelligence 

ïOther methods 



Computer Graphics vs.  
Computer Vision 

Computer Graphics 

Input: Observer Position 

 (xe, ye, ze)  

 Environment Geometry 

(xo, yo, zo)  

  View Direction & 

 Frustum 
 

Output:  Image (xs, ys)  

Computer Vision 

Input: Image (xs, ys)  

 

 

 

 

Output: Environment 

geometry (xo, yo, zo)  



 

 

How can we extract geometric 

information from a set of photographs 

when we only have image data? 



Potential Uses 

ÅCity models are vital for urban planning & design 

ÅNumerous academic & research disciplines 

ï e.g., archeology, history, geography 

ÅMapping, Navigation, and GPS systems 

ï e.g.,                      , Microsoft 
 

ÅCreation of computer animations and games 

ÅAugmented reality ï a major future market 

 

 



Simple case 

Known camera positions (xe, ye, ze) , camera 

optics, known corresponding points each image. 

Jeremiah Fairbank. View dependent perspective images. Master's thesis, Cornell University, August 2005.  

http://www.graphics.cornell.edu/pubs/2005/Fai05.html


Problem: 

What if we know the camera optics, but 

neither the camera position nor the 

corresponding points in each 

photograph? 

 

 



Camera Definition 

Model 

The camera location, view direction, and 

frustum must be defined relative to the object. 

View 

direction 

Camera 



Y 

Z 

X 

Ze 

Xe 

Ye 

Eye Coordinate System 

The model is described in a  

right handed coordinate system. 



Simple Perspective 

Transformation 
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Early Work - 1975 

 

 

 



Sagan House  

 

 

 



Sagan House 

 

 

 



Negroponteôs Aspen Project 

The Aspen Moviemap experienced in the ñMedia Roomò at the Architecture Machine 

Group, MIT, c1980. The ñtraveler,ò seated in an instrumented armchair, controls speed 

and direction of travel. (Photo: Bob Mohl) 



Aspen Project Video 



Paul Debevecôs Berkeley Tower - 1996 

 

 

 

A view from the movie, computer-rendered both as a polygon 

model and as a photorealistic image from sixteen photographs. 

The image on the right is completely computer generated. 

http://ict.debevec.org/~debevec/Campanile/#images 



Rendering Models through Photographs 



Paul Debevecôs Berkeley Tower - 1996 

 

 

 

http://ict.debevec.org/~debevec/Campanile/#movie 



Google Street View 

ÅThe world contains roughly 50 million miles of roads, 

paved and unpaved, across 219 countries (ref.) 

ÅThis is equivalent to circumnavigating the globe 1250 

times. 

ÅTo date, hundreds of cities in more than 20 countries 

across four continents have been captured. 

ÅGoogle has developed several vehicular platforms and 

texture information in the projectôs multi-year history. 

Drafomir Anguelov, Carole Dulong, Daniel Filip, Christian Frueh, Stepheane Lafon, Richard Lyon, Abhijit Ogale, Luc Vincent, Josh Weaver. ñGoogle Street View: Capturing The World At Street 

Level,ò IEEE Computer, June 2010. 



Street View Vehicular Platforms 

 

 

 

Drafomir Anguelov, Carole Dulong, Daniel Filip, Christian Frueh, Stepheane Lafon, Richard Lyon, Abhijit Ogale, Luc Vincent, Josh Weaver. ñGoogle Street View: Capturing The World At Street 

Level,ò IEEE Computer, June 2010. 

Second-(right) and Third- (left) 



 

 

 

Street View Vehicular Platforms 

Trike 

Drafomir Anguelov, Carole Dulong, Daniel Filip, Christian Frueh, Stepheane Lafon, Richard Lyon, Abhijit Ogale, Luc Vincent, Josh Weaver. ñGoogle Street View: Capturing The World At Street 

Level,ò IEEE Computer, June 2010. 


