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Abstract

This dissertation investigates the system-centred evaluation of visual information

retrieval from generic photographic collections.

The development of visual information retrieval systems has long been hindered

by the lack of standardised benchmarks. Researchers have proposed numerous sys-

tems and techniques, and although different systems clearly have their particular

strength, there is a tendency by researchers to use different means of showing re-

trieval performance to highlight the own algorithm’s benefits. For the field of visual

information search to advance, however, objective evaluation to identify, compare

and validate the strengths and merits of different systems is therefore essential.

Benchmarks to carry out such evaluation have recently been developed, and eval-

uation events have also been organised for several domains. Yet, no efforts have

considered the evaluation of retrieval from generic photographic collections (i.e. con-

taining everyday real-world photographs akin to those that can frequently be found

in private photographic collections as well, e.g. pictures of holidays and events).

We therefore first analyse a multitude of variables and factors with respect to

the performance and requirements of visual information systems, and we then de-

sign and implement the framework and resources necessary to carry out such an

evaluation. These resources include: a parametric image collection, representative

search requests, relevance assessments and a set of performance measures. In addi-

tion, we organise the first evaluation event for retrieval from generic photographic

collections and report on its realisation. Finally, we present an analysis and the

evaluation of the participating retrieval systems as well as of the evaluation event

itself.
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Filling this particular gap by making possible a systematic calibration and

comparison of system performance for retrieval from generic photographic collec-

tions constitutes the main scientific contribution of this research. This dissertation

thereby enables a deeper understanding of the complex conditions and constraints

associated with visual information identification, the accurate capturing of user

requirements, the appropriate specification and complexity of user queries, the ex-

ecution of searches, and the reliability of performance indicators.
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from viventura for supporting this research and providing their valuable images for

evaluation purposes.

To my research colleagues Mark Aquilina, Gary Howells, Guandong Xu, Hao Lan

Zhang and Murali Krishna Reddy Danda for creating a stimulating and motivating

work environment in our student research office. Special thanks go to Klautsi, Rex

and Turba for keeping me company during my long and late office hours and making

these times a little bit less lonely. I also want to thank my flatmate Chegon Hashim

for supporting and nursing an often tired, injured and hungry Abang throughout

the entire candidature.

Final thanks to my wonderful friends world-wide for standing by me and con-

viii



tinuing that special friendship although they might not have seen me a lot in recent

years. I miss the time that I could have otherwise spent with them, and I deeply

appreciate their loyalty.

Last but not least, to my beautiful family in Austria, especially my Mum, my

Dad and my two gorgeous sisters Andrea and Ingrid for their emotional support,

continuous encouragement and everlasting love. Thank you so much for believing

in me and always being there for me.

ix



Contents

Abstract i

Declaration iii

List of External Publications iv

Acknowledgements vii

Table of Contents x

List of Figures xi

List of Tables xii

1 Introduction 1

1.1 Visual Information Evolution . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 Traditional Photography . . . . . . . . . . . . . . . . . . . . 2

1.1.2 Digital Imaging . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.1.3 Digital Images in the Internet Age . . . . . . . . . . . . . . 4

1.2 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2.1 The Visual Information Search Problem . . . . . . . . . . . 6

1.2.2 The Need for Image Retrieval Benchmarks . . . . . . . . . . 7

1.3 Thesis Organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.3.1 Structure of this Dissertation . . . . . . . . . . . . . . . . . 10

1.3.2 Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.3.3 Scientific Contributions . . . . . . . . . . . . . . . . . . . . . 13

x



2 Characteristics and Processes of Visual Information Retrieval 17

2.1 Visual Information Retrieval . . . . . . . . . . . . . . . . . . . . . . 18

2.1.1 Evolution and Overview . . . . . . . . . . . . . . . . . . . . 18

2.1.2 Retrieval Process and Components . . . . . . . . . . . . . . 20

2.1.3 Current Challenges . . . . . . . . . . . . . . . . . . . . . . . 23

2.2 Visual Information Queries . . . . . . . . . . . . . . . . . . . . . . . 24

2.2.1 Identification of User Information Needs . . . . . . . . . . . 25

2.2.2 Query Specification . . . . . . . . . . . . . . . . . . . . . . . 29

2.2.3 Classification Schemes . . . . . . . . . . . . . . . . . . . . . 31

2.3 Content-Based Image Descriptors . . . . . . . . . . . . . . . . . . . 34

2.3.1 Descriptor Classification and Requirements . . . . . . . . . . 34

2.3.2 Colour Descriptors . . . . . . . . . . . . . . . . . . . . . . . 36

2.3.3 Texture Descriptors . . . . . . . . . . . . . . . . . . . . . . . 41

2.3.4 Shape Descriptors . . . . . . . . . . . . . . . . . . . . . . . . 46

2.3.5 Other Content-Based Descriptors . . . . . . . . . . . . . . . 50

2.3.6 Index Organisation . . . . . . . . . . . . . . . . . . . . . . . 52

2.4 Concept-based Image Descriptors . . . . . . . . . . . . . . . . . . . 54

2.4.1 Content-Independent Meta-Data . . . . . . . . . . . . . . . 55

2.4.2 Keyword Representations . . . . . . . . . . . . . . . . . . . 55

2.4.3 Structured Representations . . . . . . . . . . . . . . . . . . 59

2.4.4 Free-Text Representations . . . . . . . . . . . . . . . . . . . 62

2.4.5 Automatic Annotation . . . . . . . . . . . . . . . . . . . . . 62

2.5 Result Generation and Presentation . . . . . . . . . . . . . . . . . . 65

2.5.1 Concept-Based Result Generation . . . . . . . . . . . . . . . 65

2.5.2 Content-Based Result Generation . . . . . . . . . . . . . . . 69

2.5.3 Combined Result Generation . . . . . . . . . . . . . . . . . 73

2.5.4 Result Display . . . . . . . . . . . . . . . . . . . . . . . . . . 73

2.6 Related Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

2.6.1 Relevance Feedback . . . . . . . . . . . . . . . . . . . . . . . 74

xi



2.6.2 User Interaction . . . . . . . . . . . . . . . . . . . . . . . . . 75

2.6.3 Current Retrieval Problems . . . . . . . . . . . . . . . . . . 76

2.7 Image Retrieval Systems . . . . . . . . . . . . . . . . . . . . . . . . 77

2.7.1 Early Image Retrieval Systems . . . . . . . . . . . . . . . . . 78

2.7.2 Commercial Image Retrieval Systems . . . . . . . . . . . . . 78

2.7.3 Academic Image Retrieval Systems . . . . . . . . . . . . . . 80

2.7.4 Internet Image Search Systems . . . . . . . . . . . . . . . . 83

2.7.5 Recent and Influential Systems . . . . . . . . . . . . . . . . 87

2.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

3 Analysis and Evaluation of Visual Information Retrieval 90

3.1 Aims and Principles of Benchmarking . . . . . . . . . . . . . . . . . 91

3.1.1 Evolution and Motivation . . . . . . . . . . . . . . . . . . . 91

3.1.2 Criticism and Limitations . . . . . . . . . . . . . . . . . . . 97

3.1.3 Benchmark Components . . . . . . . . . . . . . . . . . . . . 98

3.2 Document Collections . . . . . . . . . . . . . . . . . . . . . . . . . . 100

3.2.1 The Corel Photo CDs . . . . . . . . . . . . . . . . . . . . . 101

3.2.2 The St Andrews Collection of Photographs . . . . . . . . . . 103

3.2.3 The Wikipedia Multimedia Corpus . . . . . . . . . . . . . . 107

3.2.4 The Lonely Planet XML Document Collection . . . . . . . . 109

3.2.5 The ImageCLEFmed Collection . . . . . . . . . . . . . . . . 111

3.2.6 The ImagEVAL Corpora . . . . . . . . . . . . . . . . . . . . 114

3.2.7 Image Collections in Other Tasks . . . . . . . . . . . . . . . 115

3.2.8 Additional Royalty-Free Collections . . . . . . . . . . . . . . 120

3.3 Search Tasks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

3.3.1 Topic Types . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

3.3.2 Dimensions of Topic Development . . . . . . . . . . . . . . . 126

3.3.3 Topic Components . . . . . . . . . . . . . . . . . . . . . . . 131

3.4 Relevance Assessments . . . . . . . . . . . . . . . . . . . . . . . . . 132

3.4.1 Assessment Quality and Subjectivity . . . . . . . . . . . . . 133

xii



3.4.2 Assessment Coverage and Completeness . . . . . . . . . . . 135

3.5 Performance Measures . . . . . . . . . . . . . . . . . . . . . . . . . 139

3.5.1 Precision and Recall-Based Measures . . . . . . . . . . . . . 141

3.5.2 Rank-Based Measures . . . . . . . . . . . . . . . . . . . . . 147

3.5.3 Measures for Other Tasks . . . . . . . . . . . . . . . . . . . 149

3.6 Evaluation Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

3.6.1 TRECVID . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

3.6.2 ImageCLEF . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

3.6.3 ImagEVAL . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

3.6.4 PASCAL Visual Object Classes Challenge . . . . . . . . . . 159

3.6.5 MUSCLE CIS Coin Competition . . . . . . . . . . . . . . . 161

3.6.6 INEX Multimedia . . . . . . . . . . . . . . . . . . . . . . . . 163

3.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

4 Data Design and Engineering 166

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

4.1.1 Motivation and Overview . . . . . . . . . . . . . . . . . . . 167

4.1.2 Requirements and Specification . . . . . . . . . . . . . . . . 168

4.2 Collection Creation . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

4.2.1 Collection Development . . . . . . . . . . . . . . . . . . . . 171

4.2.2 Image Origin . . . . . . . . . . . . . . . . . . . . . . . . . . 172

4.2.3 Image Selection . . . . . . . . . . . . . . . . . . . . . . . . . 173

4.2.4 Image Examples . . . . . . . . . . . . . . . . . . . . . . . . . 178

4.2.5 Image Collection Statistics . . . . . . . . . . . . . . . . . . . 182

4.2.6 Distribution of the Collection . . . . . . . . . . . . . . . . . 186

4.3 Image Semantics and their Specifications . . . . . . . . . . . . . . . 188

4.3.1 Original Image Captions . . . . . . . . . . . . . . . . . . . . 189

4.3.2 Image Annotation Rules . . . . . . . . . . . . . . . . . . . . 190

4.3.3 Annotation Process . . . . . . . . . . . . . . . . . . . . . . . 197

4.3.4 Image Semantics Analysis and Statistics . . . . . . . . . . . 198

xiii



4.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204

5 Task Creation and Visual Information Complexity 206

5.1 Introduction to Retrieval Difficulty . . . . . . . . . . . . . . . . . . 207

5.1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

5.1.2 Query Difficulty . . . . . . . . . . . . . . . . . . . . . . . . . 208

5.1.3 Topic Difficulty in Benchmarks . . . . . . . . . . . . . . . . 210

5.2 Topic Difficulty Model . . . . . . . . . . . . . . . . . . . . . . . . . 210

5.2.1 Sentence Elements . . . . . . . . . . . . . . . . . . . . . . . 211

5.2.2 Quantifying the Annotation Gap . . . . . . . . . . . . . . . 212

5.2.3 Topic Difficulty . . . . . . . . . . . . . . . . . . . . . . . . . 214

5.2.4 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216

5.3 Experimental Validation and Analysis . . . . . . . . . . . . . . . . . 223

5.3.1 Correlation with System Effectiveness . . . . . . . . . . . . . 223

5.3.2 Alternative Approaches . . . . . . . . . . . . . . . . . . . . . 225

5.3.3 Topic Difficulty Analysis . . . . . . . . . . . . . . . . . . . . 229

5.3.4 Benefits and Limitations . . . . . . . . . . . . . . . . . . . . 231

5.4 Topic Design Methodology . . . . . . . . . . . . . . . . . . . . . . . 232

5.4.1 User Need Analysis . . . . . . . . . . . . . . . . . . . . . . . 232

5.4.2 Topic Development and Dimensions . . . . . . . . . . . . . . 235

5.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239

6 Parametric Benchmark Design and Architecture 241

6.1 Benchmark Parameters . . . . . . . . . . . . . . . . . . . . . . . . . 242

6.1.1 Collection Parameters . . . . . . . . . . . . . . . . . . . . . 242

6.1.2 Representation Parameters . . . . . . . . . . . . . . . . . . . 244

6.1.3 Query Parameters . . . . . . . . . . . . . . . . . . . . . . . . 246

6.2 System Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . 246

6.2.1 Collection Management . . . . . . . . . . . . . . . . . . . . . 246

6.2.2 Topic Management . . . . . . . . . . . . . . . . . . . . . . . 248

xiv



6.3 System Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

6.3.1 General System Administration . . . . . . . . . . . . . . . . 250

6.3.2 Collection Management and Administration . . . . . . . . . 253

6.3.3 Topic Management and Administration . . . . . . . . . . . . 260

6.3.4 Relevance Assessment . . . . . . . . . . . . . . . . . . . . . 268

6.3.5 Contact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

6.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

7 System Analysis and Evaluation 274

7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

7.1.1 Ad-hoc Retrieval Evaluation at ImageCLEF . . . . . . . . . 275

7.1.2 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276

7.2 Evaluation Design and Organisation . . . . . . . . . . . . . . . . . . 278

7.2.1 Call for Participation and Registration . . . . . . . . . . . . 279

7.2.2 Document Release . . . . . . . . . . . . . . . . . . . . . . . 280

7.2.3 Topic Release . . . . . . . . . . . . . . . . . . . . . . . . . . 284

7.2.4 Submission of Runs . . . . . . . . . . . . . . . . . . . . . . . 287

7.2.5 Relevance Assessments . . . . . . . . . . . . . . . . . . . . . 288

7.2.6 Result Generation and Notification . . . . . . . . . . . . . . 292

7.2.7 Evaluation Event and Publication . . . . . . . . . . . . . . . 294

7.3 Retrieval Performance Analysis . . . . . . . . . . . . . . . . . . . . 294

7.3.1 Submission Overview . . . . . . . . . . . . . . . . . . . . . . 294

7.3.2 Participating Groups and Methods . . . . . . . . . . . . . . 297

7.3.3 System Performance Analysis . . . . . . . . . . . . . . . . . 301

7.3.4 Topic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . 305

7.4 Event Analysis and Evaluation . . . . . . . . . . . . . . . . . . . . . 309

7.4.1 Benchmark Validation . . . . . . . . . . . . . . . . . . . . . 310

7.4.2 Task Difficulty . . . . . . . . . . . . . . . . . . . . . . . . . 316

7.4.3 Performance Measures . . . . . . . . . . . . . . . . . . . . . 317

7.4.4 Feedback From Participants . . . . . . . . . . . . . . . . . . 318

xv



7.4.5 Future Prospects . . . . . . . . . . . . . . . . . . . . . . . . 320

7.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322

8 Conclusion 324

8.1 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324

8.2 Main Achievements . . . . . . . . . . . . . . . . . . . . . . . . . . . 330

8.3 Limitations and Future Research . . . . . . . . . . . . . . . . . . . 332

Glossary 334

Notation 342

Bibliography 348

A ImageCLEFphoto Query Topics 421

A.1 Topic Narratives and Origin . . . . . . . . . . . . . . . . . . . . . . 421

A.2 Topic Relevance Assessments . . . . . . . . . . . . . . . . . . . . . 454

A.3 Topic Result Overview . . . . . . . . . . . . . . . . . . . . . . . . . 456

A.4 Topic Results by Geographic Constraints . . . . . . . . . . . . . . . 459

A.5 Results by Log File Involvement . . . . . . . . . . . . . . . . . . . . 461

A.6 Results by Visual Features . . . . . . . . . . . . . . . . . . . . . . . 463

A.7 Results by Image Caption Completeness . . . . . . . . . . . . . . . 466

A.8 Results by Topic Difficulty . . . . . . . . . . . . . . . . . . . . . . . 468

B Benchmark Users 470

B.1 End-user Agreement . . . . . . . . . . . . . . . . . . . . . . . . . . 470

B.2 Benchmark End-users . . . . . . . . . . . . . . . . . . . . . . . . . . 472

xvi



List of Figures

1.1 The evolution of photography. . . . . . . . . . . . . . . . . . . . . 2

1.2 World boxing champions (heavyweight, September 2003). . . . . . . 8

2.1 Overview of visual information retrieval processes. . . . . . . . . . . 21

2.2 Sensory gap and semantic gap. . . . . . . . . . . . . . . . . . . . . . 23

2.3 Example of boundary-based and region-based similarity. . . . . . . 47

2.4 Structured image representation according to the MPEG-7 DS. . . . 61

2.5 Blobworld: a real and segmented image of a wolf. . . . . . . . . . . 82

3.1 Annual cycle of a TREC-style benchmark. . . . . . . . . . . . . . . 99

3.2 Sample images from the Corel database. . . . . . . . . . . . . . . . 101

3.3 Sample images from the SAC. . . . . . . . . . . . . . . . . . . . . . 104

3.4 Sample image and its caption. . . . . . . . . . . . . . . . . . . . . . 105

3.5 Sample SAC caption in SGML format. . . . . . . . . . . . . . . . . 105

3.6 Sample images from the Wikipedia Image Collection. . . . . . . . . 107

3.7 XML caption for the image African Buffalo.jpg. . . . . . . . . . 108

3.8 Sample images of the Lonely Planet XML document collection. . . . 109

3.9 XML captions in the Lonely Planet document collection. . . . . . . 110

3.10 Sample images from the Casimage collection. . . . . . . . . . . . . . 111

3.11 Sample images from the PEIR dataset. . . . . . . . . . . . . . . . . 112

3.12 Sample images from the MIR database. . . . . . . . . . . . . . . . . 112

3.13 Sample images from the PathoPic collection. . . . . . . . . . . . . . 112

3.14 Sample images from the IRMA database. . . . . . . . . . . . . . . . 116

3.15 Sample LTU images from chosen categories. . . . . . . . . . . . . . 116

xvii



3.16 Sample CIS images with their identifiers. . . . . . . . . . . . . . . . 117

3.17 Sample FlickR images. . . . . . . . . . . . . . . . . . . . . . . . . . 118

3.18 Sample Pascal images. . . . . . . . . . . . . . . . . . . . . . . . . . 119

3.19 Sample images of the University of Washington. . . . . . . . . . . . 120

3.20 Sample images of the test data set of the Benchathlon. . . . . . . . 121

3.21 Sample images of the ALOI. . . . . . . . . . . . . . . . . . . . . . . 122

3.22 Sample images for topic “small sailing boat”. . . . . . . . . . . . . . 132

3.23 Precision vs. recall graph. . . . . . . . . . . . . . . . . . . . . . . . 143

3.24 Graphical representations. . . . . . . . . . . . . . . . . . . . . . . . 144

4.1 Collection development overview. . . . . . . . . . . . . . . . . . . . 171

4.2 Number of objects. . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

4.3 Level of repetitiveness. . . . . . . . . . . . . . . . . . . . . . . . . . 176

4.4 Number of relationships. . . . . . . . . . . . . . . . . . . . . . . . . 177

4.5 Examples of sports photos. . . . . . . . . . . . . . . . . . . . . . . 178

4.6 Examples of action pictures. . . . . . . . . . . . . . . . . . . . . . 179

4.7 Examples of city pictures. . . . . . . . . . . . . . . . . . . . . . . . 179

4.8 Examples of people shots. . . . . . . . . . . . . . . . . . . . . . . . 179

4.9 Examples of animal photos. . . . . . . . . . . . . . . . . . . . . . . 179

4.10 Examples of landscape photos. . . . . . . . . . . . . . . . . . . . . 180

4.11 Tourists in varying poses at the Salt Lake of Uyuni in Bolivia. . . 180

4.12 The Cathedral of Cusco, Peru, in different viewing angles. . . . . . 181

4.13 The Inca ruins of Machu Picchu in varying weather conditions. . . 181

4.14 A cyclist riding a racing bike at different times of the day. . . . . . 181

4.15 Colour variation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183

4.16 Temporal range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183

4.17 Geographical range. . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

4.18 Number of objects. . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

4.19 Repetitiveness of objects (ρ). . . . . . . . . . . . . . . . . . . . . . . 185

4.20 Number of relationships. . . . . . . . . . . . . . . . . . . . . . . . . 186

xviii



4.21 Original image caption. . . . . . . . . . . . . . . . . . . . . . . . . . 189

4.22 Sentence order examples. . . . . . . . . . . . . . . . . . . . . . . . 191

4.23 Sample images for grammatical number and numerals. . . . . . . . 192

4.24 Sample images for terminology. . . . . . . . . . . . . . . . . . . . . 193

4.25 Sample images for interpretation rules. . . . . . . . . . . . . . . . . 194

4.26 Sample images for adjectives. . . . . . . . . . . . . . . . . . . . . . 195

4.27 Complete caption for image 16019.jpg. . . . . . . . . . . . . . . . . 198

4.28 Description field for image 16019.jpg. . . . . . . . . . . . . . . . . . 200

4.29 Sample images for notes. . . . . . . . . . . . . . . . . . . . . . . . 202

4.30 Temporal granularity. . . . . . . . . . . . . . . . . . . . . . . . . . . 203

5.1 Empirical investigations for η and θ. . . . . . . . . . . . . . . . . . 214

5.2 MAP and difficulty of 113 ImageCLEF topics (2004-2006). . . . . . 224

6.1 Collection management architecture. . . . . . . . . . . . . . . . . . 247

6.2 Topic management architecture. . . . . . . . . . . . . . . . . . . . . 248

6.3 Benchmark administration and management. . . . . . . . . . . . . . 249

6.4 Author overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251

6.5 Edit authors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252

6.6 Add authors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252

6.7 Image administration. . . . . . . . . . . . . . . . . . . . . . . . . . 254

6.8 Logical image representation management. . . . . . . . . . . . . . . 255

6.9 Edit logical image representations. . . . . . . . . . . . . . . . . . . . 256

6.10 Collection subset generator. . . . . . . . . . . . . . . . . . . . . . . 257

6.11 Image representation generator. . . . . . . . . . . . . . . . . . . . . 259

6.12 Topic overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260

6.13 Topic creation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261

6.14 Show topic information. . . . . . . . . . . . . . . . . . . . . . . . . 263

6.15 Edit topic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264

6.16 Topic translation overview. . . . . . . . . . . . . . . . . . . . . . . . 265

xix



6.17 Add topic translation. . . . . . . . . . . . . . . . . . . . . . . . . . 266

6.18 Edit topic translation. . . . . . . . . . . . . . . . . . . . . . . . . . 266

6.19 Topic generation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

6.20 Print topics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268

6.21 Relevance assessment overview. . . . . . . . . . . . . . . . . . . . . 269

6.22 Pooled relevance assessments. . . . . . . . . . . . . . . . . . . . . . 270

6.23 Interactive relevance assessments. . . . . . . . . . . . . . . . . . . . 271

6.24 Contact information Clement Leung. . . . . . . . . . . . . . . . . . 272

6.25 Contact information Michael Grubinger. . . . . . . . . . . . . . . . 272

7.1 The annual cycle of ImageCLEFphoto 2006. . . . . . . . . . . . . . 278

7.2 The generated English caption for image 16019.jpg. . . . . . . . . 280

7.3 The generated German caption for image 16019.jpg. . . . . . . . . 282

7.4 Topic with three sample images. . . . . . . . . . . . . . . . . . . . . 284

7.5 Relevance assessments (ad-hoc topics). . . . . . . . . . . . . . . . . 289

7.6 Relevance assessments (visual topics). . . . . . . . . . . . . . . . . . 291

7.7 MAP by topic based on modality. . . . . . . . . . . . . . . . . . . . 306

7.8 Error rates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312

7.9 Proportion of ties. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

7.10 ER-PT curves. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314

8.1 Scientific contributions. . . . . . . . . . . . . . . . . . . . . . . . . . 331

A.1 Sample images for Topic 1. . . . . . . . . . . . . . . . . . . . . . . 422

A.2 Sample images for Topic 2. . . . . . . . . . . . . . . . . . . . . . . 422

A.3 Sample images for Topic 3. . . . . . . . . . . . . . . . . . . . . . . 423

A.4 Sample images for Topic 4. . . . . . . . . . . . . . . . . . . . . . . 424

A.5 Sample images for Topic 5. . . . . . . . . . . . . . . . . . . . . . . 424

A.6 Sample images for Topic 6. . . . . . . . . . . . . . . . . . . . . . . 425

A.7 Sample images for Topic 7. . . . . . . . . . . . . . . . . . . . . . . 425

A.8 Sample images for Topic 8. . . . . . . . . . . . . . . . . . . . . . . 426

xx



A.9 Sample images for Topic 9. . . . . . . . . . . . . . . . . . . . . . . 426

A.10 Sample images for Topic 10. . . . . . . . . . . . . . . . . . . . . . 427

A.11 Sample images for Topic 11. . . . . . . . . . . . . . . . . . . . . . 427

A.12 Sample images for Topic 12. . . . . . . . . . . . . . . . . . . . . . 428

A.13 Sample images for Topic 13. . . . . . . . . . . . . . . . . . . . . . 429

A.14 Sample images for Topic 14. . . . . . . . . . . . . . . . . . . . . . 429

A.15 Sample images for Topic 15. . . . . . . . . . . . . . . . . . . . . . 430

A.16 Sample images for Topic 16. . . . . . . . . . . . . . . . . . . . . . 430

A.17 Sample images for Topic 17. . . . . . . . . . . . . . . . . . . . . . 431

A.18 Sample images for Topic 18. . . . . . . . . . . . . . . . . . . . . . 431

A.19 Sample images for Topic 19. . . . . . . . . . . . . . . . . . . . . . 432

A.20 Sample images for Topic 20. . . . . . . . . . . . . . . . . . . . . . 432

A.21 Sample images for Topic 21. . . . . . . . . . . . . . . . . . . . . . 433

A.22 Sample images for Topic 22. . . . . . . . . . . . . . . . . . . . . . 433

A.23 Sample images for Topic 23. . . . . . . . . . . . . . . . . . . . . . 434

A.24 Sample images for Topic 24. . . . . . . . . . . . . . . . . . . . . . 434

A.25 Sample images for Topic 25. . . . . . . . . . . . . . . . . . . . . . 435

A.26 Sample images for Topic 26. . . . . . . . . . . . . . . . . . . . . . 435

A.27 Sample images for Topic 27. . . . . . . . . . . . . . . . . . . . . . 436

A.28 Sample images for Topic 28. . . . . . . . . . . . . . . . . . . . . . 436

A.29 Sample images for Topic 29. . . . . . . . . . . . . . . . . . . . . . 437

A.30 Sample images for Topic 30. . . . . . . . . . . . . . . . . . . . . . 437

A.31 Sample images for Topic 31. . . . . . . . . . . . . . . . . . . . . . 438

A.32 Sample images for Topic 32. . . . . . . . . . . . . . . . . . . . . . 438

A.33 Sample images for Topic 33. . . . . . . . . . . . . . . . . . . . . . 439

A.34 Sample images for Topic 34. . . . . . . . . . . . . . . . . . . . . . 439

A.35 Sample images for Topic 35. . . . . . . . . . . . . . . . . . . . . . 440

A.36 Sample images for Topic 36. . . . . . . . . . . . . . . . . . . . . . 440

A.37 Sample images for Topic 37. . . . . . . . . . . . . . . . . . . . . . 441

xxi



A.38 Sample images for Topic 38. . . . . . . . . . . . . . . . . . . . . . 442

A.39 Sample images for Topic 39. . . . . . . . . . . . . . . . . . . . . . 442

A.40 Sample images for Topic 40. . . . . . . . . . . . . . . . . . . . . . 443

A.41 Sample images for Topic 41. . . . . . . . . . . . . . . . . . . . . . 443

A.42 Sample images for Topic 42. . . . . . . . . . . . . . . . . . . . . . 444

A.43 Sample images for Topic 43. . . . . . . . . . . . . . . . . . . . . . 444

A.44 Sample images for Topic 44. . . . . . . . . . . . . . . . . . . . . . 445

A.45 Sample images for Topic 45. . . . . . . . . . . . . . . . . . . . . . 445

A.46 Sample images for Topic 46. . . . . . . . . . . . . . . . . . . . . . 446

A.47 Sample images for Topic 47. . . . . . . . . . . . . . . . . . . . . . 447

A.48 Sample images for Topic 48. . . . . . . . . . . . . . . . . . . . . . 447

A.49 Sample images for Topic 49. . . . . . . . . . . . . . . . . . . . . . 448

A.50 Sample images for Topic 50. . . . . . . . . . . . . . . . . . . . . . 448

A.51 Sample images for Topic 51. . . . . . . . . . . . . . . . . . . . . . 449

A.52 Sample images for Topic 52. . . . . . . . . . . . . . . . . . . . . . 449

A.53 Sample images for Topic 53. . . . . . . . . . . . . . . . . . . . . . 450

A.54 Sample images for Topic 54. . . . . . . . . . . . . . . . . . . . . . 450

A.55 Sample images for Topic 55. . . . . . . . . . . . . . . . . . . . . . 451

A.56 Sample images for Topic 56. . . . . . . . . . . . . . . . . . . . . . 451

A.57 Sample images for Topic 57. . . . . . . . . . . . . . . . . . . . . . 452

A.58 Sample images for Topic 58. . . . . . . . . . . . . . . . . . . . . . 452

A.59 Sample images for Topic 59. . . . . . . . . . . . . . . . . . . . . . 453

A.60 Sample images for Topic 60. . . . . . . . . . . . . . . . . . . . . . 453

xxii



List of Tables

3.1 Overview of VIR evaluation events. . . . . . . . . . . . . . . . . . . 151

3.2 Number of TRECVID participants per task and year. . . . . . . . . 153

3.3 Number of ImageCLEF participants per task and year. . . . . . . . 156

3.4 Participation at ImagEVAL 2006. . . . . . . . . . . . . . . . . . . . 158

3.5 ImagEVAL 2006 task overview. . . . . . . . . . . . . . . . . . . . . 158

4.1 Text file extensions for semantic descriptions. . . . . . . . . . . . . 187

4.2 Word statistics for the title field. . . . . . . . . . . . . . . . . . . . 199

4.3 Word statistics for the description field. . . . . . . . . . . . . . . . . 200

4.4 Linguistic patterns of the description field. . . . . . . . . . . . . . . 201

4.5 Linguistic patterns of the description field. . . . . . . . . . . . . . . 201

4.6 Pattern symbols. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

4.7 Word statistics for the notes field. . . . . . . . . . . . . . . . . . . . 202

5.1 Correlations for the topic difficulty measure. . . . . . . . . . . . . . 225

5.2 Low-cost approaches and correlations with MAP. . . . . . . . . . . 226

5.3 Medium-cost approaches and correlations with MAP. . . . . . . . . 227

5.4 High-cost approaches and correlations with MAP. . . . . . . . . . . 228

5.5 Topic difficulty levels. . . . . . . . . . . . . . . . . . . . . . . . . . . 229

5.6 Examples of easy topics. . . . . . . . . . . . . . . . . . . . . . . . . 229

5.7 Examples of difficult topics. . . . . . . . . . . . . . . . . . . . . . . 230

5.8 Search patterns. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234

5.9 ImageCLEFphoto 2006 topics. . . . . . . . . . . . . . . . . . . . . . 235

xxiii



7.1 The visual topics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286

7.2 Relevance assessment statistics (ad-hoc topics). . . . . . . . . . . . 290

7.3 Relevance assessment statistics (visual topics). . . . . . . . . . . . . 290

7.4 Participating groups. . . . . . . . . . . . . . . . . . . . . . . . . . . 295

7.5 Submission overview by dimensions. . . . . . . . . . . . . . . . . . . 295

7.6 Ad-hoc experiments listed by query and caption languages. . . . . . 296

7.7 Systems with highest MAP for each query language. . . . . . . . . . 302

7.8 Results by query mode. . . . . . . . . . . . . . . . . . . . . . . . . . 303

7.9 Results by image representation language. . . . . . . . . . . . . . . 303

7.10 Results by retrieval modality. . . . . . . . . . . . . . . . . . . . . . 304

7.11 Results by feedback or query expansion. . . . . . . . . . . . . . . . 304

7.12 The visual results. . . . . . . . . . . . . . . . . . . . . . . . . . . . 305

7.13 Topic overview by topic origin. . . . . . . . . . . . . . . . . . . . . . 307

7.14 Topic overview by geographic constraints. . . . . . . . . . . . . . . 307

7.15 Topic overview by visual features. . . . . . . . . . . . . . . . . . . . 308

7.16 Topic overview by difficulty level. . . . . . . . . . . . . . . . . . . . 308

7.17 Topic overview by logical image representation completeness. . . . . 309

7.18 Error rates associated with fuzziness values of 5% and 10%. . . . . . 312

7.19 Proportion of ties for fuzziness of 5% and 10%. . . . . . . . . . . . . 313

7.20 Required fuzziness values for ER ≤ 5%. . . . . . . . . . . . . . . . . 315

7.21 Minimum fuzziness values of other collections for ER ≤ 5%. . . . . 315

7.22 Topic difficulty in ImageCLEF 2004-2006. . . . . . . . . . . . . . . 316

7.23 Correlation of performance measures. . . . . . . . . . . . . . . . . . 317

A.1 Overview of the ad-hoc topic assessments. . . . . . . . . . . . . . . 454

A.2 Overview of the visual topic assessments. . . . . . . . . . . . . . . . 455

A.3 Overview of the ad-hoc topic results. . . . . . . . . . . . . . . . . . 456

A.4 Overview of the ad-hoc topic results (continued). . . . . . . . . . . 457

A.5 Overview of the visual topic results. . . . . . . . . . . . . . . . . . . 458

A.6 Topics specifying a particular location. . . . . . . . . . . . . . . . . 459

xxiv



A.7 Topics specifying general locations or man-made objects. . . . . . . 460

A.8 Topics with no geography. . . . . . . . . . . . . . . . . . . . . . . . 460

A.9 Topics not taken from the log file. . . . . . . . . . . . . . . . . . . . 461

A.10 Topics derived from the log file. . . . . . . . . . . . . . . . . . . . . 461

A.11 Topics directly taken from the log file. . . . . . . . . . . . . . . . . 462

A.12 Semantic topics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463

A.13 Topics with a medium level of visuality. . . . . . . . . . . . . . . . . 464

A.14 Visual topics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464

A.15 Visual topics ordered by their level of visuality. . . . . . . . . . . . 465

A.16 Topics with all relevant images having complete captions. . . . . . . 466

A.17 Topics with 80% to 99% of relevant images having complete captions. 466

A.18 Topics with 60% to 79% of relevant images having complete captions. 467

A.19 Topics with less than 60% of relevant images having complete captions.467

A.20 Very difficult topics. . . . . . . . . . . . . . . . . . . . . . . . . . . 468

A.21 Difficult topics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468

A.22 Medium-hard topics. . . . . . . . . . . . . . . . . . . . . . . . . . . 469

A.23 Easy topics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469

B.1 End-users of the IAPR TC-12 Benchmark. . . . . . . . . . . . . . . 472

B.2 End-users of the IAPR TC-12 Benchmark (continued). . . . . . . . 473

xxv


