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Preface

This volume contains the proceedings of the joint IAPR International Workshops on
Structural and Syntactic Pattern Recognition (SSPR 2016) and Statistical Techniques in
Pattern Recognition (SPR 2016). S+SSPR 2016 is a joint biannual event organized by
Technical Committee 1 (Statistical Pattern Recognition Technique) and Technical
Committee 2 (Structural and Syntactical Pattern Recognition) of the International
Association of Pattern Recognition (IAPR). This year, S+SSPR was held in Mérida,
Mexico, from November 29 to December 2, 2016. Merida is the largest city in the
Yucatan Peninsula and boasts the second-largest historic center in Mexico after Mexico
City.

All submitted full papers were reviewed by at least two members of the Technical
Committee. The 51 accepted papers span a wide variety of topics in structural, syntac-
tical, and statistical pattern recognition. Indeed, since its inception, S+SSPR has attracted
participants working in a wide variety of fields that make use of statistical, structural or
syntactic pattern recognition techniques as well as researchers whomake methodological
contributions to the field. This has traditionally resulted in a rich mix of papers with
applications in image processing, computer vision, bioinformatics, chemo-informatics,
machine learning, and document analysis. We are pleased to say that S+SSPR 2016 is no
exception to this trend, featuring up-to-date research on areas such as spatio-temporal
pattern recognition, texture and shape analysis, semantic segmentation, clustering and
classification. S+SSPR also had invited talks by two prominent speakers: Professor
Sudeep Sarkar from the University of South Florida and Professor Hamid Krim from
North Carolina State University. In addition to parallel oral sessions for SPR and SSPR,
there were also joint oral sessions covering topics of interest to both communities and the
Pierre Devijver Award Lecture delivered by Professor Mario A.T. Figueiredo.

We would like to thank our sponsors, the British Machine Vision Association
(BMVA) and the International Association of Pattern Recognition (IAPR), who helped
us to achieve the goals of the conference. We wish to express our appreciation to
Springer for publishing this volume. Would also like to thank all the members of the
Technical Committee. Without the enthusiasm of the Technical Committee members,
their time, and expertise, the reviewing process that has made S+SSPR 2016 possible
could never have been completed. Last, but not least, we would like to also thank the
authors for submitting their work and making S+SSPR 2016 a success.

November 2016 Antonio Robles-Kelly
Marco Loog

Battista Biggio
Francisco Escolano

Richard Wilson



Organization

Program Committee

Ethem Alpaydin Bogazici University, Turkey
Silvia Biasotti CNR — IMATI, Italy
Manuele Bicego University of Verona, Italy
Gavin Brown University of Manchester, UK
Umberto Castellani University of Verona, Italy
Veronika Cheplygina Erasmus Medical Center, The Netherlands
Francesc J. Ferri Universitat de Valencia, Spain
Pasi Fränti University of Eastern Finland
Giorgio Fumera University of Cagliari, Italy
Edel Garcia CENATAV, Cuba
Marco Gori Universita di Siena, Italy
Michal Haindl Institute of Information Theory and Automation

of the CAS, Czech Republic
Barbara Hammer Bielefeld University, Germany
Edwin Hancock University of York, UK
Laurent Heutte Université de Rouen, France
Tin Kam Ho IBM Watson Research Center, USA
Atsushi Imiya IMIT Chiba University, Japan
Xiaoyi Jiang University of Münster, Germany
Tomi Kinnunen University of Eastern Finland, Finland
Jesse Krijthe Leiden University, The Netherlands
Mineichi Kudo Hokkaido University, Japan
Arjan Kuijper Fraunhofer IGD and TU Darmstadt, Germany
Ludmila Kuncheva Bangor University, Wales
Xuelong Li Chinese Academy of Sciences, China
Richard Nock CEREGMIA-UAG, France
Mauricio Orozco-Alzate Universidad Nacional de Colombia Sede Manizales,

Colombia
Nikunj Oza NASA
Giorgio Patrini Australian National University, Australia
Marcello Pelillo University of Venice, Italy
Adrian Peter Florida Institute of Technology, USA
Filiberto Pla University Jaume I, Spain
Marcos Quiles Federal University of Sao Paulo, Brazil
Mariano Rivera Centro de Investigacion en Matematicas AC, Mexico
Fabio Roli University of Cagliari, Italy
Samuel Rota Bulò Fondazione Bruno Kessler, Italy



Benjamin Rubinstein University of Melbourne, Australia
Clarisa Sanchez

Gutierrez
Diagnostic Image Analysis Group, RaboudUMC,

The Netherlands
Carlo Sansone University of Naples Federico II, Italy
Frank-Michael Schleif University of Bielefeld, Germany
Juan Humberto Sossa

Azuela
National Polytechnic Institute, Mexico

Salvatore Tabbone Université de Lorraine, France
David Tax Delft University of Technology, The Netherlands
Andrea Torsello Università Ca’ Foscari di Venezia, Italy
Seiichi Uchida Kyushu University, Japan
Terry Windeatt University of Surrey, UK
Huang Xiao Technical University of Munich, Germany
Jing-Hao Xue University College London, UK

VIII Organization



Contents

Dimensionality Reduction, Manifold Learning and Embedding Methods

P2P Lending Analysis Using the Most Relevant Graph-Based Features . . . . . 3
Lixin Cui, Lu Bai, Yue Wang, Xiao Bai, Zhihong Zhang,
and Edwin R. Hancock

Simultaneous Nonlinear Label-Instance Embedding for Multi-label
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Keigo Kimura, Mineichi Kudo, and Lu Sun

Least-Squares Regression with Unitary Constraints for Network Behaviour
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Antonio Robles-Kelly

Mathematical Aspects of Tensor Subspace Method . . . . . . . . . . . . . . . . . . . 37
Hayato Itoh, Atsushi Imiya, and Tomoya Sakai

Thermodynamic Characterization of Temporal Networks . . . . . . . . . . . . . . . 49
Giorgia Minello, Andrea Torsello, and Edwin R. Hancock

Dissimilarity Representations

A Multi-Stage Approach for Fast Person Re-identification . . . . . . . . . . . . . . 63
Bahram Lavi, Giorgio Fumera, and Fabio Roli

Unsupervised Parameter Estimation of Non Linear Scaling for Improved
Classification in the Dissimilarity Space. . . . . . . . . . . . . . . . . . . . . . . . . . . 74

Mauricio Orozco-Alzate, Robert P.W. Duin, and Manuele Bicego

The Similarity Between Dissimilarities. . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
David M.J. Tax, Veronika Cheplygina, Robert P.W. Duin,
and Jan van de Poll

Bilingual Data Selection Using a Continuous Vector-Space Representation. . . 95
Mara Chinea-Rios, Germán Sanchis-Trilles, and Francisco Casacuberta

Improved Prototype Embedding Based Generalized Median Computation
by Means of Refined Reconstruction Methods . . . . . . . . . . . . . . . . . . . . . . 107

Andreas Nienkötter and Xiaoyi Jiang

http://dx.doi.org/10.1007/978-3-319-49055-7_1
http://dx.doi.org/10.1007/978-3-319-49055-7_2
http://dx.doi.org/10.1007/978-3-319-49055-7_2
http://dx.doi.org/10.1007/978-3-319-49055-7_3
http://dx.doi.org/10.1007/978-3-319-49055-7_3
http://dx.doi.org/10.1007/978-3-319-49055-7_4
http://dx.doi.org/10.1007/978-3-319-49055-7_5
http://dx.doi.org/10.1007/978-3-319-49055-7_6
http://dx.doi.org/10.1007/978-3-319-49055-7_7
http://dx.doi.org/10.1007/978-3-319-49055-7_7
http://dx.doi.org/10.1007/978-3-319-49055-7_8
http://dx.doi.org/10.1007/978-3-319-49055-7_9
http://dx.doi.org/10.1007/978-3-319-49055-7_10
http://dx.doi.org/10.1007/978-3-319-49055-7_10


Graph-Theoretic Methods

On the Relevance of Local Neighbourhoods for Greedy Graph Edit
Distance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

Xavier Cortés, Francesc Serratosa, and Kaspar Riesen

GriMa: A Grid Mining Algorithm for Bag-of-Grid-Based Classification . . . . . 132
Romain Deville, Elisa Fromont, Baptiste Jeudy, and Christine Solnon

Edge Centrality via the Holevo Quantity . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Joshua Lockhart, Giorgia Minello, Luca Rossi, Simone Severini,
and Andrea Torsello

Thermodynamic Network Analysis with Quantum Spin Statistics . . . . . . . . . 153
Jianjia Wang, Richard C. Wilson, and Edwin R. Hancock

Correlation Network Evolution Using Mean Reversion Autoregression . . . . . 163
Cheng Ye, Richard C. Wilson, and Edwin R. Hancock

Graph Entropy from Closed Walk and Cycle Functionals . . . . . . . . . . . . . . . 174
Furqan Aziz, Edwin R. Hancock, and Richard C. Wilson

Dirichlet Graph Densifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
Francisco Escolano, Manuel Curado, Miguel A. Lozano,
and Edwin R. Hancook

A Jensen-Shannon Divergence Kernel for Directed Graphs. . . . . . . . . . . . . . 196
Cheng Ye, Richard C. Wilson, and Edwin R. Hancock

XNN Graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
Pasi Fränti, Radu Mariescu-Istodor, and Caiming Zhong

fMRI Activation Network Analysis Using Bose-Einstein Entropy . . . . . . . . . 218
Jianjia Wang, Richard C. Wilson, and Edwin R. Hancock

Model Selection, Classification and Clustering

Classification of Volumetric Data Using Multiway Data Analysis . . . . . . . . . 231
Hayato Itoh, Atsushi Imiya, and Tomoya Sakai

Commute Times in Dense Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Francisco Escolano, Manuel Curado, and Edwin R. Hancock

Outlier Robust Geodesic K-means Algorithm for High Dimensional Data . . . 252
Aidin Hassanzadeh, Arto Kaarna, and Tuomo Kauranne

X Contents

http://dx.doi.org/10.1007/978-3-319-49055-7_11
http://dx.doi.org/10.1007/978-3-319-49055-7_11
http://dx.doi.org/10.1007/978-3-319-49055-7_12
http://dx.doi.org/10.1007/978-3-319-49055-7_13
http://dx.doi.org/10.1007/978-3-319-49055-7_14
http://dx.doi.org/10.1007/978-3-319-49055-7_15
http://dx.doi.org/10.1007/978-3-319-49055-7_16
http://dx.doi.org/10.1007/978-3-319-49055-7_17
http://dx.doi.org/10.1007/978-3-319-49055-7_18
http://dx.doi.org/10.1007/978-3-319-49055-7_19
http://dx.doi.org/10.1007/978-3-319-49055-7_20
http://dx.doi.org/10.1007/978-3-319-49055-7_21
http://dx.doi.org/10.1007/978-3-319-49055-7_22
http://dx.doi.org/10.1007/978-3-319-49055-7_23


Adaptive Sparse Bayesian Regression with Variational Inference
for Parameter Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263

Satoru Koda

Multiple Structure Recovery via Probabilistic Biclustering . . . . . . . . . . . . . . 274
M. Denitto, L. Magri, A. Farinelli, A. Fusiello, and M. Bicego

Generalizing Centroid Index to Different Clustering Models . . . . . . . . . . . . . 285
Pasi Fränti and Mohammad Rezaei

Semi and Fully Supervised Learning Methods

The Peaking Phenomenon in Semi-supervised Learning . . . . . . . . . . . . . . . . 299
Jesse H. Krijthe and Marco Loog

Walker-Independent Features for Gait Recognition from Motion
Capture Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310

Michal Balazia and Petr Sojka

On Security and Sparsity of Linear Classifiers for Adversarial Settings . . . . . 322
Ambra Demontis, Paolo Russu, Battista Biggio, Giorgio Fumera,
and Fabio Roli

Semantic Segmentation via Multi-task, Multi-domain Learning . . . . . . . . . . . 333
Damien Fourure, Rémi Emonet, Elisa Fromont, Damien Muselet,
Alain Trémeau, and Christian Wolf

Sequential Labeling with Structural SVM Under an Average Precision Loss . . . 344
Guopeng Zhang and Massimo Piccardi

Shape Analysis

Forensic Analysis of Manuscript Authorship: An Optimized Computational
Approach Based on Texture Descriptors. . . . . . . . . . . . . . . . . . . . . . . . . . . 357

Jean Felipe Felsky, Edson J.R. Justino, and Jacques Facon

Information Theoretic Rotationwise Robust Binary Descriptor Learning . . . . . 368
Youssef El Rhabi, Loic Simon, Luc Brun, Josep Llados Canet,
and Felipe Lumbreras

Markov–Gibbs Texture Modelling with Learnt Freeform Filters . . . . . . . . . . 379
Ralph Versteegen, Georgy Gimel’farb, and Patricia Riddle

Shape Normalizing and Tracking Dancing Worms. . . . . . . . . . . . . . . . . . . . 390
Carmine Sansone, Daniel Pucher, Nicole M. Artner,
Walter G. Kropatsch, Alessia Saggese, and Mario Vento

Contents XI

http://dx.doi.org/10.1007/978-3-319-49055-7_24
http://dx.doi.org/10.1007/978-3-319-49055-7_24
http://dx.doi.org/10.1007/978-3-319-49055-7_25
http://dx.doi.org/10.1007/978-3-319-49055-7_26
http://dx.doi.org/10.1007/978-3-319-49055-7_27
http://dx.doi.org/10.1007/978-3-319-49055-7_28
http://dx.doi.org/10.1007/978-3-319-49055-7_28
http://dx.doi.org/10.1007/978-3-319-49055-7_29
http://dx.doi.org/10.1007/978-3-319-49055-7_30
http://dx.doi.org/10.1007/978-3-319-49055-7_31
http://dx.doi.org/10.1007/978-3-319-49055-7_32
http://dx.doi.org/10.1007/978-3-319-49055-7_32
http://dx.doi.org/10.1007/978-3-319-49055-7_33
http://dx.doi.org/10.1007/978-3-319-49055-7_34
http://dx.doi.org/10.1007/978-3-319-49055-7_35


Entity Extraction and Correction Based on Token Structure Model
Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401

Najoua Rahal, Mohamed Benjlaiel, and Adel M. Alimi

Detecting Ellipses in Elongated Shapes Using the Thickness Profile . . . . . . . 412
Aysylu Gabdulkhakova and Walter G. Kropatsch

Spatio-temporal Pattern Recognition

Unsupervised Interpretable Pattern Discovery in Time Series
Using Autoencoders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427

Kevin Bascol, Rémi Emonet, Elisa Fromont, and Jean-Marc Odobez

Gesture Input for GPS Route Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439
Radu Mariescu-Istodor and Pasi Fränti

GPS Trajectory Biometrics: From Where You Were to How You Move . . . . 450
Sami Sieranoja, Tomi Kinnunen, and Pasi Fränti

Structural Matching

Enriched Bag of Words for Protein Remote Homology Detection . . . . . . . . . 463
Andrea Cucci, Pietro Lovato, and Manuele Bicego

The Average Mixing Matrix Signature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474
Luca Rossi, Simone Severini, and Andrea Torsello

Exact Graph Edit Distance Computation Using a Binary Linear Program . . . . 485
Julien Lerouge, Zeina Abu-Aisheh, Romain Raveaux, Pierre Héroux,
and Sébastien Adam

Approximating Graph Edit Distance Using GNCCP . . . . . . . . . . . . . . . . . . 496
Benoît Gaüzère, Sébastien Bougleux, and Luc Brun

Generalised Median of a Set of Correspondences Based on the Hamming
Distance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507

Carlos Francisco Moreno-García, Francesc Serratosa,
and Xavier Cortés

A Graph Repository for Learning Error-Tolerant Graph Matching . . . . . . . . . 519
Carlos Francisco Moreno-García, Xavier Cortés,
and Francesc Serratosa

Graph Edit Distance or Graph Edit Pseudo-Distance? . . . . . . . . . . . . . . . . . 530
Francesc Serratosa, Xavier Cortés, and Carlos-Francisco Moreno

XII Contents

http://dx.doi.org/10.1007/978-3-319-49055-7_36
http://dx.doi.org/10.1007/978-3-319-49055-7_36
http://dx.doi.org/10.1007/978-3-319-49055-7_37
http://dx.doi.org/10.1007/978-3-319-49055-7_38
http://dx.doi.org/10.1007/978-3-319-49055-7_38
http://dx.doi.org/10.1007/978-3-319-49055-7_39
http://dx.doi.org/10.1007/978-3-319-49055-7_40
http://dx.doi.org/10.1007/978-3-319-49055-7_41
http://dx.doi.org/10.1007/978-3-319-49055-7_42
http://dx.doi.org/10.1007/978-3-319-49055-7_43
http://dx.doi.org/10.1007/978-3-319-49055-7_44
http://dx.doi.org/10.1007/978-3-319-49055-7_45
http://dx.doi.org/10.1007/978-3-319-49055-7_45
http://dx.doi.org/10.1007/978-3-319-49055-7_46
http://dx.doi.org/10.1007/978-3-319-49055-7_47


Text and Document Analysis

Handwritten Word Image Categorization with Convolutional Neural
Networks and Spatial Pyramid Pooling . . . . . . . . . . . . . . . . . . . . . . . . . . . 543

J. Ignacio Toledo, Sebastian Sudholt, Alicia Fornés, Jordi Cucurull,
Gernot A. Fink, and Josep Lladós

A Novel Graph Database for Handwritten Word Images . . . . . . . . . . . . . . . 553
Michael Stauffer, Andreas Fischer, and Kaspar Riesen

Graph-Based Keyword Spotting in Historical Handwritten Documents . . . . . . 564
Michael Stauffer, Andreas Fischer, and Kaspar Riesen

Local Binary Pattern for Word Spotting in Handwritten Historical
Document . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 574

Sounak Dey, Anguelos Nicolaou, Josep Llados, and Umapada Pal

Learning Robust Features for Gait Recognition by Maximum Margin
Criterion (Extended Abstract) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585

Michal Balazia and Petr Sojka

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587

Contents XIII

http://dx.doi.org/10.1007/978-3-319-49055-7_48
http://dx.doi.org/10.1007/978-3-319-49055-7_48
http://dx.doi.org/10.1007/978-3-319-49055-7_49
http://dx.doi.org/10.1007/978-3-319-49055-7_50
http://dx.doi.org/10.1007/978-3-319-49055-7_51
http://dx.doi.org/10.1007/978-3-319-49055-7_51
http://dx.doi.org/10.1007/978-3-319-49055-7
http://dx.doi.org/10.1007/978-3-319-49055-7

	Preface
	Organization
	Contents



