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Camera C

i

alibration

The idea is to snap
images at different
depths and get a
lot of 2D3D point
correspondences.

x1,vyl, z1,ul, vl
X2,y2,2z1,u2,v2
XN, yn, zn, un,vn
Then solve a system

of equations to get
camera parameters.



Camera Parameters

A camera is described by several parameters
A Translation T of the optical center from the origin of world coords
A Rotation R of the image plane
A focal length f, principal point (x ., y .), pixel size (s,, Sy)
A blue parameters are called -extrinsics,® red are -intrinsics®
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A The projection matrix models the cumulative effect of all parameters
A Useful to decompose into a series of operations
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A The definitions of these parameters are not completely standardized
i especially intrinsicsd varies from one book to another



Stereo
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Depth from Stereo
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Depth from disparity
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O Baseline h Q See Chapter 12
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Disparity is inversely proportional to depth.
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Depth from Stereo
AD2FfY NBO2USNI RSLIGK o0& TA
corresponds to x

A SubProblems

1. Calibration: How do we recover the relation of the cameras (if
not already known)?
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Correspondence Problem

gz

A We have two images taken from cameras with different
Intrinsic and extrinsic parameters

A How do we match a point in the first image to a point in the
second? How can we constrain our search?
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Key ideaEpipolarconstraint

Potential matches fox have to lie on the corresponding liheQ

Potential matches foE ave to lie on the corresponding lihe
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Epipolargeometry: notation

4

e ec

wBaselineg line connecting the two camera centers

wEpipoles
= intersections of baseline with image planes
= projections of the other camera center

wEpipolarPlaneg plane containing baseline (1D family)
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Epipolargeometry: notation

4

e ec

wBaselineg line connecting the two camera centers

wEpipoles
= intersections of baseline with image planes
= projections of the other camera center

wEpipolarPlaneg plane containing baseline (1D family)

wEpipolarLines- intersections okpipolarplane with image

planes (always come in corresponding pairs)
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Example: Converging cameras
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Example: Motion parallel to Iimage
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Epipolar constraint: Calibrated cas:

O : O r

w Assume that the intrinsic and extrinsic parameters of the cameras are
known

w We can multiply the projection matrix of each camera (and the image
points) by the inverse of the calibration matrix to getrmalized
Image coordinates

w We can also set the global coordinate system to the coordinate
system of the first camerd.hen the projection matrices of the two

cameras can be written dk| 0] and[R | t] T



Simplified Matrices for the 2 Cameras
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Epipolarconstraint: Calibrated case

X =(x,1)T

W

he vectorskx, [, andx are coplanar



Epipolarconstraint. Calibrated case

X

xidts (Rx)]=0 ®B) x{'Ex=0 with

. !

Essential Matrix E
(LonguetHiggins, 1981)

The vectorskx, [, andx are coplanar 19



Epipolar constraint: Calibrated cas:

(@)

xiPt3 (Rx)]=0 ﬂ XiTEX:OHWith E=[t.]R

O.’

w E xis theepipolarline associated witx (I' =E X
w E'X' is theepipolarline associated witlx' (I = E'X")
w Ee=0 andEe =0

w Eis singular (rank two)

w Ehas five degrees of freedom
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Fuse a calibrated binocular stereo pair to
produce a depth image

image 1 image 2

Dense depth map

Many of these slides adapted from
Steve Seitz and Lana Lazebnik




Stereo Image rectificatio
w Reprojecimage planes
onto a common plane
arallel to the line
etween camera centers

w Pixel motion is horizontal \
O\ \\\

after this transformation

w Twohomographieg3x3 A’
transform), one for each
Input imagereprojection

U C. Loop and Z. Zharigomputing
RectifyingHomographiesor Stereo
Vision IEEE Conf. Computer Vision
and Pattern Recognition, 1999
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http://research.microsoft.com/~zhang/Papers/TR99-21.pdf

Example

Unrectified

Rectified




Left Right

scanline

Matching COST/\\
/\/\{ disparity

w Slide a window along the right scanline and
compare contents of that window with the
reference window In the left image

w Matching cost: SSD, SAD, or normalized correlation
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Correspondence search

Left Right

scanline——=—
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Results with window search

Data




Using more than two images
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Multi-View Stereo for Community Photo Collections
M. Goesele, N. Snavely, B. Curless, H. Hoppe, S. Seitz
Proceedings of ICCV 2007,
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http://grail.cs.washington.edu/projects/mvscpc/download/Goesele-2007-MVS.pdf
http://iccv2007.rutgers.edu/

3D model

AfnDigital copyo

A Allows us to
I Inspect detalils of object
I Measure properties
I Reproduce in different material

A Many applications
I Cultural heritage preservation
I Computer games and movies
I City modelling
I E-commerce




