Multi-View Geometry (Cont.)

Stereo Constraints (Review)

Given pin left image, where can the corresponding point p’
in right image be?




Stereo Constraints (Review)

Epipolar Line

Epipolar Constraint (Review)
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FIGURE 11.1: Epipolar geometry: the point P, the optical centers @ and @' of the two
cameras, and the two images p and p’ of P all lic in the same planc.

All epipolar lines contain epipole, the image of other camera center.




From Geometry to Algebra (Review)

FIGURE 11.1: Epipolar geometry: the point P, the optical centers Q and Q' of the two
comerns, and the two imoges p and p* of P all lic in the same plane.

From Geometry to Algebra (Review)
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The epipolar constraint: these vectors are coplanar:
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Op-[00" x O'p] =0
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p.p'are image
coordinates of
Pincl and c2...

c2 is related to cl by
rotation R and
translation t

\
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0" x 0'p'] =0
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p-[tx (Rp)]=0
Linear Constraint:
Should be able to express as matrix

multiplication.

The Essential Matrix (Review)

Matrix that relates image of point in one camera to a
second camera, given translation and rotation.




The Essential Matrix

» Based on the Relative Geometry of the Cameras

» Assumes Cameras are calibrated (i.e., intrinsic
parameters are known)

» Relates image of point in one camera to a second
camera (points in camera coordinate system).

* Is defined up to scale
* 5 independent parameters

The Essential Matrix

V. : ; : ;
(C;:D is the epipolar line corresponding to p” in the
left camera.

au+bv+c=0

p=(u,v,1)
[= (a,b,C)T
[-p=0

Eptp=0
p'Ep =0

T
Similarly € p isthe epipolar line corresponding to p in the
right camera




The Essential Matrix

Ee=[t,]JrRe =0
Similarly, £Te=R"[t,]'e=-R"[t,]e=0

Essential Matrix is singular with rank 2

Small Motions and Epipolar Constraint




Motion Models (Review)
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Translating Camera

p" (v JJw])p-(px p)v
a=0 m
(px p).v=0
p, p, and v are coplanar

Focus of expansion (FOE): Under pure trand ation, the motion

field at every point in the image points toward the focus of
expansion

FOE for Translating Camera




FOE from Basic Equations of Motion
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What if Camera Calibration is not known




Review: Intrinsic Camera Parameters

Image plane

Fundamental Matrix

p'E p'=0 pand p arein cameracoordinatesystem

If uand u’ are corresponding image coordinates then we have

u=Rp p=R"u
I I => U - I
=PRp p'=PRu
uRTERM =0
=Uu'Fu' =0 F=P"ER?
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Fundamental Matrix

u'Fu' =0
F=R'ER"
Fundamental Matrix is singular with rank 2

In principal F has 7 parameters up to scale and can be estimated
from 7 point correspondences

Direct Simpler Method requires 8 correspondences

Estimating Fundamental Matrix

The 8-point algorithm
u'Fu' =0

Each point correspondence can be expressed as alinear equation
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The 8-point Algorithm

8 corresponding points, 8 equations.
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Invert and solve for 7.
(Use more points if available; find least-squares

solution to minimize Z(pffpg)z )

i=1

Shape from Stereo
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Pinhole Camera Model

Virtual
Image
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Basic Stereo Derivations

‘ ¥ P=(X,Y,2)

P

Derive expression for Z asafunction of x,, X,, fand B

Basic Stereo Derivations

P =(X.Y.Z)
B
X X +B B
Py =—-f= x =-f =x-f=
X 7 5 7 X 7
7= fB
X~ X%
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Basic Stereo Derivations

Ray from
camera 2

.
X !\

3 B Ray from
camera |
X,

Definethe disparity: d =x —Xx,

7-18
d
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