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Chaplin, Modern Times, 1936



[A Bucket of Water and a Glass Matte: Special EffectdadernTimes;bonus feature on The Criterion Collection set



Multi-view geometry problems

w Structure:Given projections of the same 3D point in two or
more images, compute the 3D coordinates of that point

Camera 1 Camera 2 \
R1’t1 \

R2’t2 \ R3,t3 Slide credit:

Noah Snavely

Camera 3



Multi-view geometry problems

w Motion: Given a set of corresponding points in two or more
Images, compute the camera parameters

\ O
of TS

Camera 1 f?
R t Camera 2
1'*1 : R2 t2 ; 3,t3 Slide credit:
] [ ]

Noah Snavely



Multi-view geometry problems

w Stereo correspondencedsiven a point in one of the images,
where could its corresponding points be in the other images?

Camera 1 Camera 2
Rl,tl

R t lide credit:
Rz,tz 313 > '

Noah Snavely

Camera 3



Multi-view geometry problems

w Optical flow: Given two images, find the location of a world poin
In a second closby image with no camera info.

Camera 1 2/ O ®

AV

Camera 2



Fundamental matrix

Let X be a point in left image, x @n right image

Epipolar relation
A x maps to epipolar line | 6
A x fhaps to epipolar line |

Epipolar mapping described by a 3x3 matrix F:
a Ow
a Owee

It follows that: W OwW TI



Fundamental matrix

This matrix F iIs called

Athe fiEssential Matri xo
I when image intrinsic parameters are known
Athe AFundamental Matri xo

I more generally (uncalibrated case)

Can solve for F from point correspondences
A Each ( x , paix gives one linear equation in entries of F

WwOw T
A F has 9 entries, but really only 7 degrees of freedom.

A With 8 points it is simple to solve for F, but it is also possible
with 7. See Marc P o | | enbtesyod asnice tutorial



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

Stereo image rectification




Stereo image rectification

w Reprojectimage planes
onto a common plane
arallel to the line
etween camera centers

w Pixel motion is horizontal /
after this transformation

w Twohomographieg3x3 A
transform), one for each
Input imagereprojection

i C.Loopand Z. Zha@hgmgutin?
Rectifying Homographies for Stereo
Vision TEEE Conf. Computer Vision
and Pattern Recognition, 1999



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

Rectification example




Correspondence problem

Multiple match
° Hypothesis1 hypOtheSES
© Hypothesis 2 . .
satisfy epipolar
constraint, but
which is correct?

O Hypothesis 3

Right image

Figure from Gee & Cipolla 1999



Dense correspondence search
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For each epipolar line:
For each pixel / window in the left image:

A Compare with every pixel / window on same
epipolar line in right image

A Pick position with minimum match cost (e.g., SSD,
normalized correlation)

Adapted from Li Zhang
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. Clear»correSpohdence between intensitiés, but also noise and ambiguity

Source: Andrew Zisserma



Correspondence problem

=

epipolar

Neighborhoods of corresponding points are
similar in intensity patterns.

Source: Andrew Zisserma



Correlation-based window matching




Correlation-based window matching

3 .- - left image band (x)
s .- g right image band (x/)




Correlation-based window matching

right image band (x’)

Cross
correlation

disparity = x/ - x






Correlatlon based window matching

R N\f\/v\ /J\

Cross
correlation
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Texturelessegions are
non-distinct; high
ambiguity for matches.




Effect of window size

W=3 W =20

Want window large enough to have sufficient intensity
variation, yet small enough to contain only pixels with
about the same dispatrity.

Figures from Li Zhang



