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Multi-view geometry problems
ωStructure: Given projections of the same 3D point in two or 

more images, compute the 3D coordinates of that point
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Multi-view geometry problems
ωMotion: Given a set of corresponding points in two or more 

images, compute the camera parameters
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Multi-view geometry problems
ωStereo correspondence: Given a point in one of the images, 

where could its corresponding points be in the other images?
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Multi-view geometry problems
ωOptical flow: Given two images, find the location of a world point 

in a second close-by image with no camera info.
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Fundamental matrix

Let x be a point in left image, xôin right image

Epipolar relation

Åx maps to epipolar line lô

Åxô maps to epipolar line l

Epipolar mapping described by a 3x3 matrix F:

It follows that:
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Fundamental matrix

This matrix F is called

Åthe ñEssential Matrixò

ïwhen image intrinsic parameters are known

Åthe ñFundamental Matrixò

ïmore generally (uncalibrated case)

Can solve for F from point correspondences

ÅEach (x, xô)pair gives one linear equation in entries of F

ÅF has 9 entries, but really only 7 degrees of freedom.

ÅWith 8 points it is simple to solve for F, but it is also possible 

with 7. See Marc Pollefeyôsnotes for a nice tutorial

ὼὊὼ π

http://cs.unc.edu/~marc/tutorial/node53.html


Stereo image rectification



Stereo image rectification

ωReprojectimage planes 
onto a common plane 
parallel to the line 
between camera centers

ωPixel motion is horizontal 
after this transformation

ωTwo homographies(3x3 
transform), one for each 
input image reprojection

ü C. Loop and Z. Zhang. Computing 
Rectifying Homographies for Stereo 
Vision. IEEE Conf. Computer Vision 
and Pattern Recognition, 1999.

http://research.microsoft.com/~zhang/Papers/TR99-21.pdf


Rectification example
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Correspondence problem

Multiple match 

hypotheses 

satisfy epipolar 

constraint, but 

which is correct? 

Figure from Gee & Cipolla 1999
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Dense correspondence search

For each epipolar line:

For each pixel / window in the left image:

ÅCompare with every pixel / window on same 

epipolar line in right image
ÅPick position with minimum match cost (e.g., SSD, 

normalized correlation)

Adapted from Li Zhang
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Correspondence problem

Source: Andrew Zisserman

Intensity 

profiles
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Correspondence problem

Neighborhoods of corresponding points are  

similar in intensity patterns.

Source: Andrew Zisserman
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Correlation-based window matching
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Correlation-based window matching
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Correlation-based window matching
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Correlation-based window matching
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Correlation-based window matching

???

Texturelessregions are 
non-distinct; high 
ambiguity for matches.
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W = 3 W = 20

Figures from Li Zhang

Want window large enough to have sufficient intensity 

variation, yet small enough to contain only pixels with 

about the same disparity.

Effect of window size


