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Epipolar Geometry -- Three Problems

¥ Geometry -- Given point pairs (xin, X2n) , Pnd the
transform F that holds between all other point pairs

e Correspondence -- Given F and x1, find x2

¥ 3D Reconstruction -- Given x1 and x2, bnd X
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¥ Correspondence -- Given F and x1, bnd x»




Motivation: Epipolar Constraint
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Image 1 Image 2
¥ Two views of the same object

¥ Can any point in image 2 correspond
to the yellow point in image 17

source: S. Savarese



Motivation: Epipolar Constraint

Points x> corresponding to point Xy
must lie along the epipolar line (5

and

Points x1 corresponding to point x»
must lie along the epipolar line [



Epipolar Constraint
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Point X1 can be a projection
of multiple 3D points



Epipolar Constraint

corresponding points in image 2
must lie along the epipolar line



Stereo Matching

¥ Given F and a set of points in image 1

¥ Find the corresponding points in image 2

F$1



Epipolar Constraint

a line passing through two points:
lQ — €9 X T9 = [ezx]mz

epipolar line epipole



Geometry:
Xo = Mo X

Epipolar Constraint




Epipolar Constraint

Geometry:
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Epipolar constraint:
l2 — €9 X T9o = [GQX]QUQ



Epipolar Constraint

Geometry:
Xo = MoX |

Epipolar constraint:
l2 — €9 X T9o = [GQX]QUQ

—1
= o = [62X]M2M1 r1 = Faxq
%,_/
F fundamental matrix



Finding Epipolar Lines

Given F and xi;, Pnd the epipolar line of x;:
ZQ — F x 1

= epipolar line in image 2



Finding Epipolar Lines -- Example

lin = F ' Xop lo, = F X1,

Epipolar lines for a few sample points



Improved Matching Formulation: Linear Assignment

min Trace(A'Y)

subject to: Y
Vi, J vi; € |0,1]

[2,] yi; = 1 j, yi =1



Improved Matching Formulation: Linear Assignment

Indicator matrix
of matching pairs

min Trace(A'Y)

subject to: Y
Vi, J vi; € |0,1]



Improved Matching Formulation: Linear Assignment
distance matrix
: T
min Trace(A' Y)
subject to: Y
Vi,j yi; € (0,1]



Improved Matching Formulation: Linear Assignment

min Trace(A'Y)

subject to: Y
Vi, J vi; € |0,1]

[2,] Yij = 1 L], yi =1
one-to-one matching



Improved Matching Formulation: Linear Assignment

min Trace(A'Y)
subject to: Y

\V/i,j Yij - [O, 1]

[2,] yi; = 1 j, yi =1




Improved Matching Formulation: Linear Assignment

min Trace(A'Y)

subject to: Y
Vi, J vi; € |0,1]

yij =1 i,y =1

additional i
constraints: . J, Xj

|j = FX;

2D point in image 2 epipolar line in image 2




Improved Matching Formulation: Linear Assignment

min Trace(A'Y)

subject to: Y
Vi,j Yij - [O, 1]

[2,] yi; = 1 j, yi =1

J
additional .
B Vi: o Fo; =0

2D point in image 2 2D point in image 1




How to Incorporate the Additional Stereo Constraints?

additional .
¥ @] P =0

2D point in image 2 2D point in image 1



How to Incorporate the Additional Stereo Constraints?

dditional 1 ey —
D 2] Fzi] -y = 0

(2,5) .
iIndicator of
/\ matching pairs

2D point in image 2 2D point in image 1



How to Incorporate the Additional Stereo Constraints?

dditional 1 Tl ag. . —
D 2] Fzi]- yij = 0

iIndicator of
matching pairs




Improved Matching Formulation: Linear Assignment

min Trace(A'Y)
subject to: Y

\V/i,j Yij - [O, 1]

[2,] yi; = 1 j, yi =1




Improved Matching Formulation: Linear Assignment

m;n ‘Trace(A'Y) + Trace(B'Y)]
subject to:

\V/i,j Yij - [O, 1]

[2,] yi; = 1 j, yi =1



Improved Matching Formulation: Linear Assignment

min Trace((A+ B)'Y)

subject to: Y
\V/i,j Yij - [O, 1]

[2,] yi; = 1 j, yi =1
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¥ 3D Reconstruction -- Given x1 and x2, bnd X




3D Structure Reconstruction from Stereo Images

Goal:

Estimate X, given two observations of X in stereo images

and camera parameters M1 = Ky [| O] and M2= K7 [R t]



3D Structure Reconstruction from Stereo Images

reference
coordinate
system

0:=0¢

Goal:

Estimate X, given two observations of X in stereo images

and camera parameters M1 = Ky [| O] and M2= K7 [R t]



Minimization of Geometric Error

hypothesis

O, — O,
xl—MlX:O Zl?z—MzX:O



Minimization of Geometric Error

hypothesis

min - ([lzy — MyX " + [lzy — M2 X %)



Minimization of Geometric Error

hypothesis

min - ([lzy — MyX " + [lzy — M2 X %)

subject to: rq Fai = epipolar

_———

constraint



Minimization of Geometric Error

hypothesis

_———

epipolar
constraint



Minimization of Geometric Error -- Solution

min - ([lz1 = My X + ||z — Mo X )

subjectto: X'(M5; F M;) X =0

NS

min X" MX 12+ Ix," MoX12+ I X T (M) FM)X)



Minimization of Geometric Error -- Solution

min - ([lz1 = My X + ||z — Mo X )

subjectto: X'(M5; F M;) X =0

AL
min  Ix1" M{X!124 Ix," MaX!12+ 1 XT(M)FM{)X)

X \\
AT A

NS

min-Ixp " MiX T2+ X" MoX 12+ TAX L



Minimization of Geometric Error -- Solution

min- Ixp " MiX T2+ X" MoX 12+ TAX L

NS

min  la " A;X!2
X

Algorithm: Levenberg-Marquardt



http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm

X1

X7

Summary

epipolar line in Image 2.
ZQ — FCIZ‘l

epipolar line in image 1.
ll — FTZEQ

fundamental equation:

o F oy = 0

No explicit relationship between x; and Xz,
because F is singular



Example Problem: Finding Epipoles

Given the fundamental matrix, Pnd the epipoles

) fi1. fio fiz Up Uy
F="fy fpn fudl =" v 3 =" v 3

fzg T3 fa3 1 1



Problem: Finding Epipoles

Since e lies on the epipolar lines:

image 1: erf [ =0

image 2: eg [o =0



Problem: Finding Epipoles




Problem: Finding Epipoles

homogeneous system of equations:
image 1: - €1 — 0

image 2: FTez =0



Problem: Finding Epipoles

image 1: Fe1 =0 —> °1
< : st lel2=1
min F'e,
image2: F'le, =0 —=/> @



Problem: Finding Epipoles

homogeneous system of equations:

image 1. ey 1s the eigenvector of F

iImage 2: e5 is the eigenvector of F71



