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Based on a course given at UNC by Prof. Marc Pollefeys & the book “Multiple View Geometry” by Hartley & Zisserman
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Multiple View Geometry
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Course Objectives

� To understand the geometric relations between multiple views of 
scenes. 

� To understand the general principles of parameter estimation and error 
propagation.

� To be able to compute scene and camera properties from real world 
images using state-of-the-art algorithms.
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Material

Textbook:

Multiple View Geometry in Computer Vision

by Richard Hartley and Andrew Zisserman

Cambridge University Press

Alternative book:

The Geometry from Multiple Images

by Olivier Faugeras and Quan-Tuan Luong

MIT Press

On-line tutorial:

http://www.cs.unc.edu/~marc/tutorial.pdf

http://www.cs.unc.edu/~marc/tutorial/
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Learning Approach

� read the relevant chapters of the books before the course. 

� In the course the material will then be covered in detail and 
motivated with real world examples.

� Hands-on assignments will be provided to give students a "feel" 
of the practical aspects. 

� Students will be familiarized with and encouraged to use Matlab 
& Maple.
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Schein “Requirements“

Final exam ( 100 points )

50 points needed

you can have up to ~40 points before
the actual exam

2 little multiple choice like tests
(~10 points each, ~20-30 minutes)

programming assignment
(~20 points, groups, matlab)

you can collect points already during
the semester – not obligatory

up to ~40 points
after lecture
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Applications

Augmented Reality

(Marker-Based)
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Applications
Augmented Reality

(Feature-based)
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Visualization
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(Marker-Based)
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Applications – 3D Modeling 
(Model-Based)

Courtesy:Paul Debevec
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Applications – 3D Modeling 
(Feature-Based)
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Applications – 3D Modeling 
(Feature-Based)

Courtesy: Luc Van Gool & Mark Pollefeys, K. U. Leuven
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Content

� Background
Projective geometry (2D, 3D), Parameter estimation, Algorithm 
evaluation.

� Single View
Camera model, Calibration, Single View Geometry.

� Two Views
Epipolar Geometry, 3D reconstruction, Computing F, Computing 
structure, Plane and homographies.

� Three Views
Trifocal Tensor, Computing T.

� More Views
N-Linearities, Multiple view reconstruction, Bundle adjustment, 
auto-calibration, Dynamic SfM, Cheirality, Duality
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Fast Forward!

� Quick overview of what is coming…
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Background

La reproduction interdite(Reproduction Prohibited), 1937, René Magritte.
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Projective 2D Geometry

� Points, lines & conics

� Transformations

� Cross-ratio and invariants
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Projective 3D Geometry

� Points, lines, planes and quadrics

� Transformations

� �� , �� and � �
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Estimation

� How to compute a geometric relation from correspondences

� Linear (normalized), non-linear and Maximum Likelihood 
Estimation

� Robust (RANSAC)
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Evaluation and Error Analysis

� How good are the results we get

� Bounds on performance 

� Covariance propagation 

� & Monte-Carlo estimation

residual

error

( )+= - J�J� XP
1T
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Single-View Geometry

The Cyclops, c. 1914, Odilon Redon
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Camera Models
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Mostly pinhole camera model

but also affine cameras, pushbroom camera, …
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Camera Calibration

� Compute projection 
matrices given 2D-3D
point correspondences

� (normalized) linear, MLE,…

� Radial distortion
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More Single-View Geometry

� Projective cameras and 

� planes, lines, conics and quadrics.

� Camera center and camera rotation

� Camera calibration and vanishing points, calibrating conic and 
the IAC

** CPPQ =T

coneQCPP =T
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Single View Metrology

Antonio Criminisi
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Two-View Geometry

The Birth of Venus(detail), c. 1485, Sandro Botticelli
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Epipolar Geometry

Fundamental matrix   Essential matrix

0xx' =FT ( ) 0x̂[t]'x̂ =´ RT

'PP,F ® 'PP,E ®
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Two-View Reconstruction
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Epipolar Geometry Computation

� (normalized) linear estimation:

� minimal: 

� Maximum Likelihood Estimation:

� RANSAC

� … and automated two view matching

0xx' =FT

( ) 0�det 21 =+ FF
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Rectification
Warp images to simplify epipolar geometry
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Structure Computation

� Point reconstruction: 
Linear, optimal, direct optimal methods

� Also lines and vanishing points
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Planes and Homographies

TT )1,v(� =Relation between plane                    and H given P and P’
Relation between H and F, 
Determining H from F, F from H

The infinity homography H�
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Three-View Geometry

The Birth of Venus(detail), c. 1485, Sandro Botticelli
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Trifocal Tensor
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Three View Reconstruction

� (normalized) linear

� minimal (6 points)

� MLE (Gold Standard)



camp  |  department of computer science  |  technis che universität münchen | 21 October 2005 36

chair for computer aided medical procedures    |    wwwnavab.cs.tum.edu

Combined Orthographic and 
Perspective (COP) Images 
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Calibration/Reconstruction from 
COP Images 
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Motion of Lines & Cylinders
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Multiple-View Geometry

The Birth of Venus(detail), c. 1485, Sandro Botticelli
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Multiple View Reconstruction

� Affine factorization

� Projective factorization
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Bundle Adjustment
Maximum Likelihood Estimation 
for complete structure and motion
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Bundle Adjustment
Maximum Likelyhood Estimation 
for complete structure and motion
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Bundle Adjustment
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More AR Applications 

Courtesy of EPFL
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Applications: Diminished Reality
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Applications in Broadcasting
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Medical AR Applications 
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Medical AR Applications 

Courtesy:Frank Suaer, Ali Khamene et al. Siemens Corporate Research
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Medical Application
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LOTS OF INTERESTING PROJECTS

Tracking
Visualization

Feature Recognition

http://wwwnavab.in.tum.de/Chair/StudentProjects

Medical AR
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Tobias Sielhorst1, Tobias Blum,  Nassir Navab1

1CAMP, TU München. 2Klinik für Orthopädie und Sportorthopädie r.d. Isar, TU München

SEP@ CAMP � NDI Best Student Award @ 
IEEE International Symposium on Mixed and 
Augmented Reality (ISMAR’05)


