
Glossary

This chapter contains a list of all the abbreviations used in this dissertation.

ACM Advanced Computing Machinery

AGFA Actien-Gesellschaft für Anilin-Fabrikation (an imaging company)

ALOI Amsterdam Library of Object Images

AMI Augmented Multi-party Interaction (video retrieval evaluation event)

AP Average Precision

API Application Programming Interface

ARGOS Evaluation Campaign for Surveillance Tools of Video Content (French)

ART Angular Radial Transform

AUC Area Under Curve

AVG Average

BG Background

BPREF Binary Preference

CBIR Content–Based Image Retrieval

CBIRS Content–Based Image Retrieval System

CCV Colour Coherence Vector
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CCTV4 China Central Television 4

CEA Commissariat à l’Énergie Atomique (French Atomic Energy Commission)

CFW Collection Frequency Weight

CGI Common Gateway Interface

CHI Computer–Human Interaction

CIE Commission Internationale de l’Eclairage (International Commission of Illu-

mination)

CIS Coin Images Seibersdorf

CLEF Cross–Language Evaluation Forum

CLIR Cross–Language Information Retrieval

CMY Cyan, Magenta, Yellow (color space)

CNN Cable News Network

COIL Colombia University Object Image Library

CSS Curvature Scale Space

CT Computer Tomography

CV Computer Vision

DARPA Defense Advanced Research Project Agency

DB Database

DBMS Database Management System

DCU Dublin City University

DDL Description Definition Language
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DFR Divergence From Randomness

DS Description Scheme

EER Equal Error Rate

EM Expectation Maximisation

ETISEO Evaluation du Traitement et de l’Interprétation de Séquences Vidéo

(Video Understanding Evaluation)

FD Fourier Descriptor

FG Foreground

FIRE Flexible Image Retrieval Engine

GIFT GNU Image Finding Tool

GIR Geographical Information Retrieval

GIS Geographical Information System

GMAP (geometric) Mean Average Precision

GNU GNU is Not Unix

GPL General Public License

GRF Gibbs Random Field

GUI Graphical User Interface

HEAL Health Education Assets Library

HMMD Hue Maximum Minimum Difference (colour space)

HSB Hue, Saturation, Brightness (colour space)

HSV Hue, Saturation, Value (colour space)
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HTML Hypertext Markup Language

HTTP Hypertext Transfer Protocol

IAPR International Association for Pattern Recognition

IBF International Boxing Federation

IBM International Business Machines

ID Identification, unique identifier

IDF Inverse Document Frequency

IEEE Institute of Electrical and Electronics Engineers

INEX INitiative for the Evaluation of XML Retrieval

IR Information Retrieval

IRMA Image Retrieval in Medical Applications

ISJ Interactive Search and Judge (pooling method)

JPEG Joint Photographic Experts Group

KLT Karhunen-Loeve Transform

LBC Lebanese Broadcasting Corporation

LCD Liquid Crystal Display

LNCS Lecture Notes in Computer Science

LSE Least Significant Element

LSI Latent Semantic Indexing

LSW Least Significant Word

LTU Look That Up Technologies (company)
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MAP (arithmetic) Mean Average Precision

MARS Multimedia Archival and Retrieval System(s)

MFD Minkowski-Form Distance

MGRF Markov-Gibbs Random Field

MIR Mallinckrodt Institute of Radiology

MIRA Multimedia Information Retrieval Applications

MIRC Medical Image Resource Centre

MIT Massachusetts Institute of Technology

MPEG Moving Picture Experts Group

MRF Markov Random Field

MRI Magnetic Resonance Imaging

MRSAR Multi-Resolution Simultaneous Auto Regressive texture model

MSE Most Significant Element

MRR Mean Reciprocal Rank

MSN Microsoft Network

MSNBC Microsoft Network / National Broadcasting Company

MSW Most Significant Word

MT Machine Translation

MTF Move To Front (pooling method)

NBC National Broadcasting Company

NEC Nippon Electric Company
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NII National Institute of Informatics

NIST National Institute of Standards and Technology

NLP Natural Language Processing

NTCIR NII Test Collection for IR Systems

NTDTV New Tang Dynasty Television

NTU National Taiwan University

OWL Web Ontology Language

PA Place Adjunct

PCA Principal Component Analysis

PEIR Pathology Educational Instructional Resource

PETS Performance Evaluation of Tracking and Surveillance

PHP PHP: Hypertext Preprocessor

PNG Portable Network Graphics

PR Pattern Recognition

PR graph Precision vs. Recall graph

QBE Query by Example

QBIC Query by Image Content

QBK Query by Keyword

QBS Query by Sketch

QFD Quadratic Form Distance

RDF Resource Description Framework
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RF Relevance Feedback

RGB Red, Green, Blue (colour space)

RIA Reliable Information Access (workshop)

RISAR Rotation-Invariant Simultaneous Auto-Regressive texture model

ROC Receiver Operator Characteristic

SAC St. Andrews Collection of historic photographs

SAR Simultaneous Auto-Regressive texture model

SGML Standard Generalised Markup Language

SIGIR Special Interest Group on Information Retrieval

SIR Semantic Image Retrieval

SOIL Surrey Object Image Library

SOM Self Organising Map

SPEC Standard Performance Evaluation Corporation

SQL Structured Query Language

TA Time Adjunct

TBIR Text-Based Image Retrieval

TBIRS Text-Based Image Retrieval System

TC Technical Committee

TF Term Frequency

TFM Ternary Fact Model

TPC Transaction Processing Performance Council
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TREC Text REtrieval Conference

TUC Technical University Chemnitz

URL Uniform Resource Locator

USA United States of America

USD United States Dollar

VIPER Visual Information Processing for Enhanced Retrieval

VIR Visual Information Retrieval

VIRS Visual Information Retrieval System

VOC Visual Object Classes

WBA World Boxing Association

WBC World Boxing Council

WBO World Boxing Organisation

WJM Wolf Jolion Metric

WWW World Wide Web

XML eXtensible Markup Language
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Notation

This chapter explains the mathematical notation used throughout this dissertation

to keep it as homogeneous as possible. It also provides a link to where the symbol

was used for the first time to get further information on it.

| · | Cardinality of a set (introduced in Equation 5.4)

A Similarity matrix (introduced in Equation 2.8)

AP Average precision (defined in Equation 3.3)

APi Average precision for topic i (introduced in Equation 3.4)

aij Similarity between i and j (introduced in Equation 2.8)

B The number of bins in a histogram (introduced on Page 70)

b Tuning constant (used in Equation 2.5)

bpref Binary preference (defined in Equation 3.11)

C Covariance matrix of feature vectors (introduced in Equation 2.9)

cov(X, Y ) Covariance of two variables X and Y (used in Equation 5.17)

D Set of documents in a collection (introduced on Page 67)

D Number of documents in a collection (introduced in Equation 2.2)

Dj Text document in a collection (introduced on Page 67)

D(I, J) Distance between images I and J (introduced on Page 70)
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d Topic difficulty (defined in Equation 5.16)

dj Topic difficulty for iteration j (defined in Equation 5.15)

d(T , I) Topic difficulty of topic T for image collection I (defined in Equation 5.16)

df Document frequency (defined in Equation 5.14)

dl(j) Document length, length of document Dj (introduced on Page 67)

E(X) Expected value of variable X (used in Equation 5.17)

ER Retrieval experiment error rate (defined in Equation 7.1)

er Error rate (defined in Equation 3.13)

FI Feature vector for image I (introduced in Equation 2.8)

f Fuzziness value (introduced on Page 310)

fi(I) Number of pixels in bin i of image I (introduced on Page 70)

GMAP Geometric mean average precision (defined in Equation 3.5)

H Entropy of objects in an image (defined in Equation 4.2)

Hmax Maximum entropy of objects in an image (defined in Equation 4.4)

H(I, J) Hausdorff distance between images I and J (defined in Equation 2.10)

~h(I, J) Directed Hausdorff distance from image I to J (defined in Equation 2.11)

I Set of images in the collection (introduced in Equation 5.16)

I, J Images (introduced on Page 70)

i, j, k, l Counters for various purposes

idf(i) Inverse document frequency of term ti (defined in Equation 2.2)

K Number of topic elements (introduced in Equation 5.2)
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K1 Tuning constant (used in Equation 2.5)

L1 Manhattan distance (described on Page 71)

L2 Euclidean distance (described on Page 71)

mp,q Algebraic moment of order p + q (defined in Equation 2.1)

MAP Un-interpolated mean average precision (defined in Equation 3.4)

MRR Mean reciprocal rank of relevant images (defined in Equation 3.10)

N Set of images retrieved (introduced in Equation 5.5)

ND Set of retrieved images through direct hits (introduced in Equation 5.4)

N Number of images in the collection (introduced on Page 141)

NO Number of objects in an image (described on Page 174)

NO(i) Number of objects of type i in an image (introduced in Equation 4.3)

NR Number of binary relations in an image (defined in Equation 4.5)

NRmax Maximum number of binary relations (defined in Equation 4.6)

NT Number of object types in an image (introduced in Equation 4.2)

n Number of retrieved images (introduced in Equation 3.1)

ncc Number of correctly classified images (introduced in Equation 3.14)

nco Number of image types correctly classified at least once (introduced in Equa-

tion 3.14)

ncu Number of images classified as unknown (introduced in Equation 3.14)

ncw Number of wrongly classified images (introduced in Equation 3.14)

nr Number of relevant images retrieved (introduced in Equation 3.1)
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nrjn The first r judged non-relevant images (introduced in Equation 3.11)

ndl(j) Normalised length of document Dj (defined in Equation 2.3)

O Set of objects in an image (introduced on Page 174)

P Precision (defined in Equation 3.1)

PT Proportion of ties (defined in Equation 7.2)

Pi Precision for image i (introduced in Equation 3.4)

P (n) Precision after n images are retrieved (introduced on Page 141)

P (r) R-precision (introduced on Page 142)

p, q Order (introduced in Equation 2.1)

pi Likelihood of the occurrence of object i in an image (defined in Equation 4.3)

Q Total number of query topics (introduced in Equation 3.4)

R Set of relevant images for all topic sentence elements (defined in Equation 5.3)

Rj Set of relevant images for all topic sentence elements in iteration j (introduced

in Equation 5.3)

R∗
j Set of relevant images for the most significant topic element in iteration j (de-

fined in Equation 5.13)

Rj,k Set of relevant images for the kth topic element in iteration j (described on

Page 216)

RR Set of relevant images retrieved (introduced in Equation 3.8)

R Recall (defined in Equation 3.2)

R(n) Recall after n images are retrieved (described on Page 141)

r Number of relevant documents/images (introduced in Equation 2.2)
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rk The kth relevant document/image (introduced in Equation 3.11)

Rank1 Rank of the first relevant image (introduced on Page 147)

Rankk Rank of the kth relevant image (introduced on Page 148)

Rankrec Reciprocal Rank of the first relevant image (defined in Equation 3.8)

Rank Average rank of relevant images (defined in Equation 3.9)

S MUSCLE CIS Score (defined in Equation 3.14)

T Topic sentence (defined in Equation 5.2)

Tj Set of topic elements for the jth iteration (mentioned on Page 217)

T The transpose of a matrix (introduced in Equation 2.8)

t Topic sentence element (defined in Equation 5.1)

ti Term i in a text document (introduced in Equation 2.2)

tk The kth topic element (introduced in Equation 5.2)

tf(i, j) Term frequency, number of occurrences of term ti in document Dj (de-

scribed on Page 67)

X, Y Variables used in Pearson’s product moment correlation (introduced in Equa-

tion 5.17)

x, y Coordinates (used in Equation 2.1)

α Factor for vocabulary mismatch and incomplete and incorrect annotation (de-

fined in Equation 5.4)

β Factor for element ambiguity (defined in Equation 5.5)

γ Annotation gap factor (defined in Equation 5.6)

η Tuning constant (introduced in Equation 5.6)
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θ Tuning constant (introduced in Equation 5.6)

λ Constant for calculation of GMAP (introduced in Equation 3.7)

µX Mean value of random variable X (introduced in Equation 5.17)

ρ Object repetitiveness (defined in Equation 4.1)

ρ(X, Y ) Pearson’s product moment correlation (defined in Equation 5.17)

σX Standard deviation of variable X (used in Equation 5.17)

τ Kendall’s rank correlation coefficient (described on Page 317)
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parison of Autoregressive and Fourier-Based Descriptors in 2-D Shape Clas-

sification. IEEE Transactions on Pattern Analysis and Machine Intelligence,

17(2):201–207, 1995.

[207] L. H. Keister. User Types and Queries: Impact on Image Access Systems.

In R. Fidel, T. Bellardo Hahn, E. M. Rasmussen, and P. J. Smith, editors,

Challenges in Indexing Electronic Text and Images, ASIS Monograph Series,

pages 7–22. Learned Information, Inc., Medford, NJ, USA, 1994.

[208] Y.-S. Kim and W.-Y. Kim. Content–Based Trademark Retrieval System Using

Visually Salient Features. In Proceedings of the 1997 IEEE Conference on

Computer Vision and Pattern Recognition (CVPR ’97), pages 307–312, San

Juan, Puerto Rico, June 17–19 1997. IEEE Computer Society.

[209] K. Kishida, K.-h. Chen, S. Lee, K. Kuriyama, N. Kando, H.-H. Chen, S. H.

Myaeng, and K. Eguchi. Overview of CLIR Task at the Fourth NTCIR Work-

shop. In Proceedings of the Fourth NTCIR Workshop on Research in Chinese

& Japanese Text Retrieval and Text Summarization, National Institute of

Informatics, Tokyo, Japan, April 2003.

[210] B. Ko, J. Peng, and H. Byun. A new content–based image retrieval system

using hand gesture and relevance feedback. In Proceedings of the Second

International Conference on Multimedia and Exposition (ICME’2001), pages

501–504, Tokyo, Japan, August 22–25 2001. IEEE Computer Society.

[211] S. Kopf, T. Haenselmann, and W. Effelsberg. Enhancing Curvature Scale

Space Features for Robust Shape Classification. In Proceedings of the 2005

International Conference on Multimedia and Exposition (ICME’2005), Am-

378



sterdam, The Netherlands, July 6–8 2005. IEEE Computer Society. (CD-

ROM).

[212] M. Koskela, J. Laaksonen, S. Laakso, and E. Oja. Evaluating the performance

of Content–Based Image Retrieval Systems. In R. Laurini, editor, Fourth

International Conference On Visual Information Systems (VISUAL’2000),

volume 1929 of Lecture Notes in Computer Science (LNCS), pages 430–441,

Lyon, France, November 2–4 2000. Springer.

[213] D. Koubaroulis, J. Matas, and J. Kittler. Evaluating colour-based object

recognition algorithms on the soil-47 database. In D. Suter and A. Bab-

Hadiashar, editors, The Fifth Asian Conference on Computer Vision (ACCV

2002), pages 840–845, Melbourne, Australia, January 23–25 2002. Asian Fed-

eration of Computer Vision Societies.

[214] W. Kraaij, A. F. Smeaton, and P. Over. TRECVID 2004 - An Overview. In

Online Proceedings of the TREC Video Retrieval Evaluation 2004, Gaithers-

burg, MD, USA, November 15–16 2004.

[215] W. Kraaij, A. F. Smeaton, and P. Over. TRECVID 2006 - An Introduc-

tion. In Online Proceedings of the TREC Video Retrieval Evaluation 2006,

Gaithersburg, MD, USA, November 13–14 2006.

[216] S. Krishnamachari and R. Chellappa. Multiresolution Gauss-Markov Ran-

dom Field Models for Texture Segmentation. IEEE Transactions on Image

Processing, 6(2):251–267, February 1997.

[217] K. Kuriyama, N. Kando, T. Nozue, and K. Eguchi. Pooling for a Large-Scale

Test Collection: An Analysis of the Search Results from the First NTCIR

Workshop. Information Retrieval, 5(1):41–59, 2002.

[218] R. Kurniawati, J. S. Jin, and J. Shepherd. SS+-Tree: An Improved Index

Structure for Similarity Searches in a High-Dimensional Feature Space. In

379



I. K. Sethi and R. C. Jain, editors, Storage and Retrieval for Image and

Video Databases V, volume 3022 of SPIE Proceedings, pages 110–120, San

Jose, CA, USA, February 1997.

[219] J. Kustanowitz and B. Shneiderman. Motivating Annotation for Personal

Digital Photo Libraries: Lowering Barriers While Raising Incentives. Techni-

cal Report HCIL-2004-18, University of Maryland, College Park, MD, USA,

January 2005.

[220] T. Kuyel and J. Ghosh. A fast space localized computation of the outputs

of a Gabor filter bank. In Proceedings of the IASTED Conference on Sig-

nal and Image Processing (SIP’95), pages 511–514, Las Vegas, NV, USA,

November 20–23 1995.

[221] K.-L. Kwok, L. Grunfeld, N. Dinstl, and P. Deng. TREC2005 Robust Track

Experiments using PIRCS. In E. M. Voorhees and L. P. Buckland, edi-

tors, Proceedings of the Fourteenth Text REtrieval Conference (TREC 2005),

Gaithersburg, MD, USA, November 15–18 2005.

[222] A. Laine and J. Fan. Texture Classification by Wavelet Packet Signa-

tures. IEEE Transactions on Pattern Analysis and Machine Intelligence,

15(11):1186–1191, November 1993.

[223] P. M. Lam, J. K. Wu, and B. M. Mehtre. STAR – A System for Trademark

Archival and Retrieval. In Proceedings of the Second Asian Conference on

Computer Vision (ACCV 1995), pages 214–217, Singapore, December 5–8

1995.

[224] B. Larsen, A. Trotman, B. Sigurbjörnsson, S. Geva, M. Lalmas, and S. Ma-

lik. INEX 2006 Guidelines for Topic Development. In N. Fuhr, M. Lalmas,

and A. Trotman, editors, INEX 2006 Workshop Pre-Proceedings, pages 373–

380, Schloss Dagstuhl, Germany, December 18–20 2006. DELOS: Network of

Excellence on Digital Libraries.

380



[225] R. R. Larson. Text Retrieval and Blind Feedback for the ImageCLEF Photo

Task. In C. Peters, P. D. Clough, F. C. Gey, J. Karlgren, B. Magnini, D. W.

Oard, M. de Rijke, and M. Stempfhuber, editors, Evaluation of Multilin-

gual and Multi-modal Information Retrieval: Seventh Workshop of the Cross-

Language Evaluation Forum (CLEF 2006), Lecture Notes in Computer Sci-

ence (LNCS), Alicante, Spain, September 19–21 2006. Springer. (in press).

[226] V. Lavrenko, R. Manmatha, and J. Jeon. A Model for Learning the Semantics

of Pictures. In S. Thrun, L. K. Saul, and B. Schölkopf, editors, The Proceed-

ings of the 2003 Conference on Advances in Neural Information Processing

Systems (NIPS 16), pages 553–560, Vancouver, BC, Canada, December 8–13

2004. MIT Press.

[227] S.-Y. Lee and F.-J. Hsu. 2D C-String: A New Spatial Knowledge Represen-

tation for Image Database Systems. Pattern Recognition, 23(10):1077–1087,

1990.

[228] S.-Y. Lee, M. C. Yang, and J. W. Chen. 2D B-string: A Spatial Knowledge

Representation for Image Database Systems. In Proceedings of the Second

International Computer Science Conference (ICSC’92), pages 609–615, Hong

Kong, 1992.

[229] T. M. Lehmann, T. Deselaers, H. Schubert, M. O. Güld, C. Thies, B. Fischer,
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Y. Aloimonos, editors, Proceedings of the 15th International Conference on

Pattern Recognition (ICPR’00), pages 1043–1046, Barcelona, Spain, Septem-

ber 3–8 2000. IEEE Computer Society.

[302] H. Müller, W. Müller, D. M. Squire, S. Marchand-Maillet, and T. Pun. Per-

formance Evaluation in Content–Based Image Retrieval: Overview and Pro-

posals. Pattern Recognition Letters, 22(5):593–601, April 2001.

391



[303] H. Müller, W. Müller, D. M. Squire, Z. Pec̆enović, S. Marchand-Maillet,
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Y. Aloimonos, editors, Proceedings of the 15th International Conference on

Pattern Recognition (ICPR’00), pages 1–4, Barcelona, Spain, September 3–8

2000. IEEE Computer Society.

[458] A. Vellaikal and C.-C. J. Kuo. Hierarchical Clustering Techniques for Image

Database Organization and Summarization. In C.-C. J. Kuo, S.-F. Chang,

and S. Panchanathan, editors, Multimedia Storage and Archiving Systems III,

412



volume 3527 of SPIE Proceedings, pages 68–79, San Jose, CA, USA, October

1998.

[459] R. C. Veltkamp. Shape Matching: Similarity Measures and Algorithms. In

Proceedings of the SMI 2001 International Conference on Shape Modelling

and Applications, pages 188–197, Genova, Italy, May 07–11 2001.

[460] R. C. Veltkamp and L. J. Latecki. Properties and Performances of Shape

Similarity Measures. In V. Batagelj, A. Ferligoj, and A. Žiberna, editors,
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