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SFMedu Program with Code

A Structure from Motion System for Education

Download from: http://3dvision.princeton.edu/courses/SFMedu/



http://3dvision.princeton.edu/courses/SFMedu/

How: a complete new way of learning
Standard Way Our Way

Multiple View Reading: the MVG bible
Geometry
! in computervision (need ~2 yearS)
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Crying: Not Working At All
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When they take a picture:

Y

Picture



When they take a picture:

Matlab Image Column
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Picture

Matlab Image Row



When they take a picture:

Matlab Image
Column C

Y

Picture

Matlab Image Row V
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When they take a picture:

We let fto take care of this as well.
Unit of f is pixel/world unit.

World Unit: e.g. Meters
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Same Camera Same Setting = Same K
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* Input: Observed 2D image position

* Output: X; X,
Unknown Camera Parameters (with some guess)

BR, [t,6,ER, [t H ER[t:H
Unknown Point 3D coordinate (with some guess)

X X4 X5
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A valid solution gR, |t,B.ER, [t,H,ER,[t,Hand X', X* X,

must let

- x;=KER [t §X' xI=KER,|t,iX
Re-projection - x=KER,|t,HX" x;=KER,[t,{X* x;=KER,|t,{X°

- x;=KER; |t,§X x; = KER, |t,5X°
%N
Observation _ s
<1 <3
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A valid solution &R, |t,}.ER, |t,B.ER,|t;H and X, X* X,

must |let the Re-projection close to the Observation, i.e. to minimize the
reprojection error
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WREAEREB: FEMEHERNT
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A valid solution éRl\tlﬁ,éRz\tZH,éRg\tgﬁl and X' X* X° ...

must |let the Re-projection close to the Observation, i.e. to minimize the
reprojection error
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Question: What is the unit of this objective function?



Fundamental Matrix

Image 1

X, <> X,

x, Fx, =0



Estimating Fundamental Matrix

e Given a correspondence
X, > X,
* The basic incidence relation is g
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Estimating Fundamental Matrix

XlTFXZ — () for 8 point correspondences:
1 1 .2 2 _3 3 _4 4 _5 5 _6 6 _7 7 8 8
X; <X, X, X, X X, X, X, X, X, X, X, X, X, X, X,

1.1 1.1 1 1.1 1.1 1 1 1
XXy XYy X ViXo VYo Vi Xy MV
2 2 2 2 2 2.2 2 2 2 2
X Xo  XyVy, X ViXo Vo Vi Xy Yy
3.3 3 3 3 3.3 3 3 3 .3 3
XiXo XV Xg WViXyp VVo Vi Xy Vo

44 4 4 4 44 4 4 4 4 4
XXy XVo Xg ViXy VYV V1 Xy Vo
5.5 5 5.5 5 5 5
XXy XYy Xg ViXo VVo V1 Xy Vo

6.6 6. 6 6 6.6 6. 6 6 6 6
XXy XYy, X ViXo ViVo Vi Xy Vo

7.7 7.7 7 7.7 7.7 7 7 7
XXy XYy X ViXo ViVo Vi Xy Vo
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Direct Linear Transformation (DLT)



Algebraic Error vs. Geometric Error

* Algebraic Error
min|Af]
 Geometric Error (better) Unit: pixel
o . 2 . \ 2
minad(x], Fxj) +d(x}, F'x)
J

Solved by (non-linear) least square solver (e.g. Ceres)



Solving This Optimization Problem

* Theory:
The Levenberg—Marquardt algorithm

http://en.wikipedia.org/wiki/Levenberg-Marquardt algorithm

* Practice:
The Ceres-Solver from Google

http://code.google.com/p/ceres-solver/



http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm
http://code.google.com/p/ceres-solver/

Ceres-solver: A Nonlinear Least Squares Minimizer

Toy problem to solve  min (1() _ x)z

class SimpleCostFunction
: public ceres::SizedCostFunction<l /* number of residuals =/,
1 /* size of first parameter /> {
public:
virtual “SimpleCostFunction() {}
virtual bool Evaluate(double const* const* parameters,
double* residuals,
double** jacobians) const {
const double x = parameters[0] [0];
residuals[0] = 10 - x; // fl(x) = 10 - x
// Compute the Jacobian if asked for.
if (jacobians !'= NULL &% jacobians[0] !'= NULL) {
jacobians[0] [0] = -1;
}

return true;



Ceres-solver: A Nonlinear Least Squares Minimizer

Toy problemto solve  min (1() _ x)z

int main(int argc, char** argv) {
double x = 5.0;
ceres::Problem problem;

// The problem object takes oumership of the newly allocated
// SimpleCostFunction and uses it to optimize the value of .
problem. AddResidualBlock(new SimpleCostFunction, NULL, &x);

// Run the solver!

Solver: :0Options options;
options.max_num_iterations = 10;
options.linear_solver_type = ceres::DENSE_QR;
options.minimizer_progress_to_stdout = true;
Solver: :Summary summary;

Solve(options, &problem, ksummary);

std: :cout << summary.BriefReport() << "\n";
std::cout << "x : 5.0 ->» " << x << "\n";
return 0;



Ceres-solver: A Nonlinear Least Squares Minimizer

Toy problem to solve  min (1() _ x)z

O: £: 1.250000e+01 d: 0.00e+00 g: 5.00e+00 h: 0.00e+00 rho: 0.00e+00 mu: 1.00e-04 1i: O
1: £: 1.249750e-07 d: 1.25e+01 g: 5.00e-04 h: 5.00e+00 rho: 1.00e+00 mu: 3.33e-05 1i: 1
2: £: 1.388518e-16 d: 1.25e-07 g: 1.67e-08 h: 5.00e-04 rho: 1.00e+00 mu: 1.1le-05 1i: 1
Ceres Solver Report: Iteratioms: 2, Initial cost: 1.250000e+01,

Final cost: 1.388518Be-16, Termination: PARAMETER_TOLERANCE.

x : b ->10
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Linking

SIFT Matching SIFT Matching

observation matrix

Camera

40 60 a0 100 120 140

Points
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Keypoints Detection
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Descriptor for each point
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Pomt I\/Iatch for correspondences

| J | J

SIFT SIFT
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Other Intrinsic Camera Parameters

* Principle point offset
e especially when images are cropped (Internet)

e Skew
¢r 00! Cfos ol
K=¢ 0 / 00 mmmmm) K=¢0 f p 0
50 0 1y 50 0 1 ¢
e Radial distortion (due to optics of the lens)

2 _ 2 _ 2 2
re =[x =x"+y

x'=(+kr’ +k,r*)x

S& A
before after



Other Camera Models

* Fisheye

* Mirror
* Panorama

* Tilt-Shift Lens
* Biological Eyes

http://sun360.csail.mit.edu Canon TS-E 24mm f/3.5L |1



http://www.0-360.com/
http://sun360.csail.mit.edu
http://www.popgadget.net/2006/07/fisheye_camera.php

Recap: SFMedu Program with Code

Download from: http://3dvision.princeton.edu/courses/SFMedu/

COLMAP: SIMFIMVSHHIEEE
https://github.com/colmap/colmap
https://colmap.github.io/tutorial.html



http://mit.edu/jxiao/Public/software/SFMedu/
http://3dvision.princeton.edu/courses/SFMedu/
https://github.com/colmap/colmap
https://colmap.github.io/tutorial.html
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