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ESTIMATION

• 2D Lines and Ellipses

• 2D Projective transformations

• 3D to 2D Camera Projection

• Fundamental matrix computation
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OUTLIERS

Outliers have a disproportionately large influence
They must be eliminated.



2

RANSAC

Given data set S:

1. Randomly select a minimal sample s of 
data points from S and instantiate the 
model M.

2. If too few points in S are “close enough” 
to M go back to 1.

3. Use the points that are “close enough” to 
robustly fit in the least-square sense and 
terminate.

Hartley, Chap 4.7

RANSAC

ROBUST LEAST-SQUARES

• Inliers are taken to be the points whose 
distance    to the model is less than t

• Minimize the robust criterion
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RANSAC PARAMETERS

• Distance threshold:

• Number of attempts:

• Size of the consensus set:
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PARAMETERS OF 
A HOMOGRAPHY

• Number of measurements required:
• 8 degrees of freedom.
• 2 constraints per correspondence.

• Linear solutions:
• Minimal vs over-constrained solutions
• Eliminating outliers

• Gold standard algorithm.
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Hartley, Chap 4.
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NON INVARIANCE

• Basic DLT is not invariant to similarity 
transformations of the image.

• Some coordinate systems are better than 
others to perform the computation.

Normalize, that is precondition, the data 
before running DLT.

NORMALIZATION

In each image independently:
Translate the points to bring their centroid is 
at the origin. 
Scale the points so that the average distance 
to the origin is sqrt(2).

No normalization With normalization



5

NORMALIZED DLT ALGORITHM
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DETECTED CORNERS

The camera rotates about its optical center

CORRESPONDENCES RANSAC

Given a set of correspondences S:

1. Randomly select a sample s of four 
correspondences from S and use DLT to 
instantiate H.

2. If too few correspondences in S are 
“good enough” to M go back to 1.

3. Use the correspondences that are “good 
enough” to robustly fit in the least-square 
sense and terminate.

Hartley, Chap 4.7

ELLIPSE FITTING REVISITED

Perfect data Noisy data

ALGEBRAIC vs EUCLIDEAN 
DISTANCES
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NON-LINEAR MINIMIZATION
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PARAMETERS OF 
PROJECTION MATRIX

• Number of measurements required:
• 11 degrees of freedom.
• 2 constraints per correspondence.

• Direct linear transform:
• Minimal solution for 6 correspondences
• Over-constrained solutions by imposing 

• Non linear optimization.

 PXx =

Hartley, Chap 7.
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GEOMETRIC STEREO

Depth from two or more images:
• Geometry of image pairs
• Establishing correspondences

TRIANGULATION 

Geometric Stereo: Depth from two images

EPIPOLAR LINE

Line on which the corresponding point must lie.

Epipolar Line

EPIPOLAR LINES

Three points shown as 
red crosses.

Corresponding epipolar
lines.

SHAPE FROM VIDEO

1. Treat consecutive images as 
stereo pairs. 

2. Compute disparity maps.
3. Merge 3-D point clouds.
4. Represent as particles.

FUNDAMENTAL MATRIX
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SHAPE & MOTION CAPTURE

( … )

COMPLEX 3-D MOTION

IMPLICIT SURFACES IN
COMPUTER GRAPHICS

J.F. Blinn. A Generalization of Algebraic Surface Drawing. ACM 
Transactions on Graphics, 1982.

M.P. Gascuel and A. Verroust and C. Puech. A Modeling 
System for Complex Deformable Bodies Suited to Animation 
and Collision Processing. Journal of Visualization and 
Computer, 1991.

D. Thalmann, J. Shen, and E. Chauvineau. Fast Realistic 
Human Body Deformations for Animation and VR Applications. 
In Computer Graphics International, June 1996.

The volumetric primitives melt like mercury drops

METABALLS: 
ELLIPSOIDAL PRIMITIVES

• Each one defines a field.

• The surface is an isosurface of their sums.

Algebraic distances of 3—D points to the surface 
can be computed without search and are 
differentiable.
Surface normals and curvatures can be computed 
both simply and exactly.
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