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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.

• To have the basis to start working in a Computer Vision project.
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3D Computer Vision I (Summer Term)

Projective and Single-View Geometry

Lecture (Theoretische Informatik) 2+2 SWS, 5 Credits

The Cyclops, c. 1914, Odilon Redon
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3D Computer Vision II (Winter Term)

Multiple View Geometry

Two-View Geometry Three-View Geometry

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

Lecture (Theoretische Informatik) 2+2 SWS, 5 Credits

43D Computer Vision - Introduction



Material

Text book:

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


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.

63D Computer Vision - Introduction



Requirements

Final exam (100 points)

50 points needed

You can have up to 40 points before

the actual exam.

Midterm Exam

(20 points, 60 minutes)

Homework

(20 points, in groups of

maximum 2 students)

You can collect points already during

the semester (not obligatory):

up to 40 points

after lecture
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Augmented Reality

(Marker-Based)

Video demonstrations: 1999

Applications



Augmented Reality

(Feature-based)

1998 - 2001

Applications



Applications ïAdvanced Visualization
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Applications ïAdvanced Visualization
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Applications ï3D Modeling (Marker-Based)



Applications ï3D Modeling (Marker-Based)



Applications ïObject Class Recognition

Object Class Recognition at a Glance

John Winn and Antonio Criminisi

Microsoft Research Ltd., Cambridge, UK
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ObjectRecognition.wmv


Applications ïCinema, Special Effects

3D Computer Vision Lab Course

CAMP –TU Muenchen
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Applications ï3D Modeling (Model-Based)

Courtesy:Paul Debevec

debevec-campanile.mov


Applications ï3D Modeling (Feature-Based)



Applications ï3D Modeling (Feature-Based)

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



Content

• Transformations
Projective Geometry (2D, 3D)

• Parameter estimation 

Estimation, Error Analysis, Algorithm Evaluation

• Single View
Camera Models, Camera Calibration, Single View Geometry

• Two Views
Epipolar Geometry, 3D Reconstruction, Computing the Fundamental Matrix, 
Rectification and Disparity, Matching

• Three Views
Trifocal Tensor, Computing the Trifocal Tensor

• More Views
Multiple view reconstruction, Bundle Adjustment, Structure from Motion, 
Simultaneous Localization and Mapping
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Fast Forward!

• Quick overview of the 3D Computer Vision lectures (I and II)…
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3DCV I (Summer Term)
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Background

La reproduction interdite (Reproduction Prohibited), 1937, René Magritte.

3DCV I (ST)
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Projective 2D Geometry

• Points, lines & conics

• Transformations

• Cross-ratio and invariants

3DCV I (ST)
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Projective 3D Geometry

• Points, lines, planes and quadrics

• Transformations

• П∞, ω∞and Ω ∞

3DCV I (ST)

263D Computer Vision - Introduction



Estimation

• How to compute a geometric relation from correspondences

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

• Robust (RANSAC)

3DCV I (ST)
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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
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3DCV I (ST)
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Single-View Geometry

The Cyclops, c. 1914, Odilon Redon

3DCV I (ST)
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Camera Models
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Mostly pinhole camera model

but also affine cameras, pushbroom camera, …

3DCV I (ST)
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Camera Calibration

• Compute projection 

matrices given 2D-3D

point correspondences

– (normalized) linear, MLE,… 

• Radial distortion

3DCV I (ST)
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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

3DCV I (ST)
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3DCV I (ST)
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Applications in Broadcasting 3DCV I (ST)
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3DCV II (Winter Term)
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Two-View Geometry

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

3DCV II (WT)
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Epipolar Geometry

Fundamental matrix   Essential matrix
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3DCV II (WT)
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Two-View Reconstruction 3DCV II (WT)
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Epipolar Geometry Computation

• (normalized) linear estimation:

• minimal: 

• Maximum Likelihood Estimation:

• RANSAC

• … and automated two view matching
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3DCV II (WT)
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Reconstruction and Disparity, Stereo Matching
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With two (or more) cameras we can infer

depth from correspondences using

triangulation.

3DCV II (WT)



Rectification

Warp images to simplify epipolar geometry

3DCV II (WT)
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Combined Orthographic and 

Perspective (COP) Images 

3DCV II (WT)
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Calibration/Reconstruction from COP Images 3DCV II (WT)
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Motion of Lines & Cylinders
3DCV II (WT)



Multiple-View Geometry

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

3DCV II (WT)
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Multiple View Reconstruction

• Affine factorization

• Projective factorization
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3DCV II (WT)
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Shape from Silhouettes
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Camera 1
Camera 2

Camera 3

3DCV II (WT)



Structure from Motion
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3DCV II (WT)

http://phototour.cs.washington.edu/bundler/



Bundle Adjustment

Maximum Likelihood Estimation 

for complete structure and motion
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3DCV II (WT)
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Bundle Adjustment

Maximum Likelyhood Estimation 

for complete structure and motion
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3DCV II (WT)
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Bundle Adjustment

No bundle adjustment

Bundle adjustment needed

to avoid drift of virtual object

throughout sequence

Bundle adjustment

(including radial distortion)

3DCV II (WT)
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Simultaneous Localization and Mapping (SLAM)
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3DCV II (WT)

Incrementally build a consistent map of own environment (= mapping) while 

simultaneously determining the own location within this map (= localizatioan).



More Application Examplesé

3D Computer Vision - Introduction 54



Pose Estimation
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S. Holzer , S. Hinterstoisser, S. Ilic, N. Navab

Distance Transform Templates for Object Detection and Pose Estimation

CVPR 2009



Tracking by classification
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S. Hinterstoisser, S. Benhimane, V. Lepetit, P. Fua, 

N. Navab

Simultaneous Recognition and Homography Extraction 

of Local Patches with a Simple Linear Classifier

BMVC 2008

S. Hinterstoisser, S. Benhimane, N. Navab, P. Fua, 

V. Lepetit

Online Learning of Patch Perspective Rectification 

for Efficient Object Detection

CVPR 2008



Tracking by classification
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S. Hinterstoisser, O. Kutter, N. Navab, P. Fua, V. Lepetit

Real-Time Learning of Accurate Patch Rectification.

CVPR 2009.  



3D Reconstruction
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A. Bigdelou, A. Ladikos, N. Navab

Incremental Visual Hull Reconstruction

BMVC 2009.  



Dense Surface Tracking
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C. Cagniart, E. Boyer, S. Ilic, N. Navab

Iterative Mesh Deformation for Dense Surface Tracking

Workshop on 3-D Digital Imaging and Modeling, 2009.  



More AR Applications 

Courtesy of EPFL



Medical AR Applications
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Medical AR Applications 
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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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