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Preface

Computer vision is the science and technology of making machines that see. It is
concerned with the theory, design and implementation of algorithms that can auto-
matically process visual data to recognize objects, track and recover their shape and
spatial layout.

The International Computer Vision Summer School - ICVSS was established
in 2007 to provide both an objective and clear overview and an in-depth analysis
of the state-of-the-art research in Computer Vision. The courses are delivered by
world renowned experts in the field, from both academia and industry, and cover
both theoretical and practical aspects of real Computer Vision problems. The school
is organized every year by University of Cambridge (Computer Vision and Robotics
Group) and University of Catania (Image Processing Lab). Different topics are cov-
ered each year. A summary of the past Computer Vision Summer Schools can be
found at: http://www.dmi.unict.it/icvss

This edited volume contains a selection of articles covering some of the talks
and tutorials held during recent editions of the school and covering some of the key
topics in computer vision. The chapters provide both an in-depth overview of chal-
lenging areas and key references to the existing literature. The main topics covered
by the chapters include the visual field, advanced algorithms for visual feature ex-
traction and description, feature matching and image registration, object detection
and recognition, object tracking, image segmentation. Each chapter contains key
references to the existing literature.

It is our hope that graduate students, young and senior researchers, and aca-
demic/industrial professionals will find the book useful for understanding and re-
viewing current approaches in Computer Vision, thereby continuing the mission of
the International Computer Vision Summer School.

Sicily, Sept 2013 Roberto Cipolla
Sebastiano Battiato

Giovanni Maria Farinella

http://www.dmi.unict.it/icvss
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The Center for Machine Perception, Prague, Czech Republic
e-mail: vojirtom@cmp.felk.cvut.cz



Contents

The Visual Field: Simultaneous Order in Immediate Visual
Awareness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Jan Koenderink, Andrea van Doorn, Whitman Richards

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2 Local Sign . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
3 The Fuzzy Line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
4 The Fuzzy Plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
5 Atlas Structure: The Self-Similar Fuzzy Line and Plane . . . . . . . . 7

5.1 The Self-similar Fuzzy Plane as a Sampling Structure
in Physiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.2 The Self-similar Fuzzy Plane as a Model of the
Microgenesis of Visual Presentations . . . . . . . . . . . . . . . . 12

6 Metameric Images in the Fuzzy Self-Similar Plane . . . . . . . . . . . . 13
7 The Pointless Order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

7.1 Awareness and Hallucination . . . . . . . . . . . . . . . . . . . . . . . 19
8 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

A Primer for Colour Computer Vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Graham D. Finlayson

1 Colour Image Formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
1.1 Colour Correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2 Colour Constancy and Illuminant Estimation . . . . . . . . . . . . . . . . . 33
2.1 Estimating the Illuminant . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.2 The Maloney Wandell Algorithm . . . . . . . . . . . . . . . . . . . 36
2.3 Statistical Illuminant Estimation . . . . . . . . . . . . . . . . . . . . 38
2.4 Evaluating Illuminant Estimation Algorithms . . . . . . . . . 38

3 Illuminant Invariants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
3.1 Intensity Invariance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
3.2 Colour Invariance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3.3 Comprehensive Normalisation . . . . . . . . . . . . . . . . . . . . . . 41



XIV Contents

3.4 Colour Constancy at a Pixel . . . . . . . . . . . . . . . . . . . . . . . . 41
4 Computer Vision and Colour Perception . . . . . . . . . . . . . . . . . . . . . 43

4.1 Colour Difference Formulae and Computer Vision (a
Cautionary Remark) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

Descriptor Learning for Omnidirectional Image Matching . . . . . . . . . . . . 49
Jonathan Masci, Davide Migliore, Michael M. Bronstein, Jürgen
Schmidhuber

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3 Similarity Preserving Hashing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.1 Similarity-Sensitive Hashing (SSH) . . . . . . . . . . . . . . . . . 52
3.2 Covariance Difference Hashing (Diff-Hash) . . . . . . . . . . 53
3.3 LDAHash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4 Neural Network Hashing (NNhash) . . . . . . . . . . . . . . . . . . . . . . . . . 54
5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

5.1 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
5.3 Performance Degradation in Time . . . . . . . . . . . . . . . . . . . 56
5.4 Generalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

6 Discussion, Conclusions, and Future Work . . . . . . . . . . . . . . . . . . . 60
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Visual Correspondence, the Lambert-Ambient Shape Space and the
Systematic Design of Feature Descriptors . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Stefano Soatto, Jingming Dong

1 Visual Correspondence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
2 Nuisance Groups, Orbits and Shape Spaces . . . . . . . . . . . . . . . . . . . 66

2.1 Extension to Infinite-Dimensional Shape Spaces . . . . . . . 73
3 The Geometry of the Lambert-Ambient Model . . . . . . . . . . . . . . . . 75

3.1 Occlusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4 Co-variant Detectors, Invariant Descriptors . . . . . . . . . . . . . . . . . . . 81
5 Aggregating Residual Variability . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

Classemes: A Compact Image Descriptor for Efficient Novel-Class
Recognition and Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Lorenzo Torresani, Martin Szummer, Andrew Fitzgibbon

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
3 Method Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

3.1 Classeme Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
3.2 Using the Classemes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100



Contents XV

4 Further Details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.1 Selecting Category Labels . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.2 Gathering Category Training Data . . . . . . . . . . . . . . . . . . 101
4.3 Learning Classifiers φc . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
4.4 Feature Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
4.5 Classeme Quantization . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

5 Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
5.1 Experiment 1: Multiclass Classification . . . . . . . . . . . . . . 104
5.2 Experiment 2: Retrieval . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

The Enhanced Flock of Trackers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
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