Last lecture

A Passive Stereo
A Spacetime Stereo




Today

A Structure from Motion:
Given pixel correspondences,
how to compute 3D structure and camera motion?

Slides stolen from Prof Yungyu Chuanc



Epipolar geometry &
fundamental matrix



The epipolar geometry

epipolar geometry demo
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http://www.ai.sri.com/~luong/research/Meta3DViewer/EpipolarGeo.html

The epipolar geometry
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The epipolar geometry
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The epipolar geometry
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The epipolar geometry

epipolar pole epipolar geometry demo

= Intersection of baseline with image plane
= projection of projection center in other image

baseline

epipolar plane = plane containing baseline
epipolar line = intersection of epipolar plane with image


http://www.ai.sri.com/~luong/research/Meta3DViewer/EpipolarGeo.html

The fundamental matrix F

Two reference frames are related via the extrinsic parameters

p'=R(p-T)

The equation of the epipolar plane through X is

X'(T3p)=0 = (R'p+T)' (T3 p)=0



The fundamental matrix F
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The fundamental matrix F




The fundamental matrix F
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The fundamental matrix F




The fundamental matrix F

A The fundamental matrix is the algebraic representation
of epipolar geometry

A The fundamental matrix satisfies the condition that for
any pair of corresponding p

XTFx=0  (x"I=0)
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The fundamental matrix F
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The fundamental matrix F

A It can be used for
o0 Simplifies matching
0 Allows to detect wrong matches



Estimation of F 8 8-point algorithm

A The fundamental matrix F is defined by

T —
X ' Fx =0
for any pair of matches
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each match gives a linear equation
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8-point algorithm
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8-point algorithm

ATo enforce that F is of
minimizes |F - Fsubject to detF'=0.

A It is achieved by SVD. Let F = UEV, Where
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then F'= UE Vs the solution.

ran



8-point algorithm

% Build the constraint matrix

A = [x2(1,:)06. *x1(1, :)"
X2(2,:) . *x1(1,:))" x2(2,:)'.*x1(2,:)" x2(2,:)" ...
x1(1,:)’ x1(2,)' ones(npts,1) |;

[U,D,V] = svd(A);

% Extract fundamental matrix from the column of V
% corresponding to the smallest singular value.
F =reshape(V(:,9),3,3)’;

% Enforce rank2 constraint
[U,D,V] = svd(F);
F = U*diag([D(1,1) D(2,2) O])*V*;



8-point algorithm

A Pros: it is linear, easy to implement and fast
A Cons: susceptible to noise



Problem with 8-point algorithm
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Normalized 8-point algorithm

normalized least squares yields good results
Transform image to ~[-1,1]x[-1,1]
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Normalized 8-point algorithm

1. Transform input by E =TX,, X = TX'i
2. Call 8-point onJ&,, Eto obtain
3. F=T'*IET




Normalized 8-point algorithm

[X1, T1] = normalise2dpts(x1);
[X2, T2] = normalise2dpts(x2);

A = [x2(1,:)o06.*x1(1, :)"
X2(2,))' *x1(1,:)" x2(2,))".*x1(2,:)" x2(2,:)" ...
x1(1,:)' x1(2,)’ ones(npts,1) |;

[U,D,V] = svd(A);
F = reshape(V(;,9),3,3)";

[U,D,V] = svd(F);
F = U*diag([D(1,1) D(2,2) O])*V";

% Denormalise
F=T2*F*T1;



Normalization

function [newpts, T] = normalise2dpts(pts)

c = mean(pts(1:2,:)")"; % Centroid
newp(1l,:) = pts(1,:)-c(1); % Shift origin to centroid.
newp(2,:) = pts(2,:)-c(2);

meandist = mean(sgrt(newp(1,:)."2 + newp(2,:).*2));
scale = sqgrt(2)/meandist;

T=[scale 0 -scale*c(l)
O scale -scale*c(2)
0 0 1 ]
newpts = T*pts;



RANSAC

repeat
select minimal sample (8 matches)
compute solution(s) for F
determine inliers

until G#inliers,#samples)>95% or too many times

compute F based on all inliers



Results (ground truth)

m Ground truth with standard stereo calibration




Results (8-point algorithm)




