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1. Publishable summary 
 
The field of pattern recognition (or machine learning) is concerned with the automatic discovery of 
regularities in data through the use of computer algorithms, and with the use of these regularities to 
take actions such as classifying data into different categories, with a view to endow artificial 
systems with the ability to improve their own performance in the light of new external stimuli. This 
ability is instrumental in building next-generation artificial cognitive systems (ACS's), namely 
systems that can perceive, reason and interact robustly in open-ended environments. The socio-
economic implications of this scientific endeavour are enormous, as ACS's will have applications in 
a wide variety of real-world scenarios ranging from industrial manufacturing to vehicle control and 
traffic safety, to remote and on-site (environmental) sensing and monitoring, and to medical 
diagnostics and therapeutics. 
This project aims at bringing to full maturation a paradigm shift that is currently just emerging 
within the pattern recognition and machine learning domains, where researchers are becoming 
increasingly aware of the importance of similarity information per se, as opposed to the classical 
feature-based (or vectorial) approach. Indeed, the notion of similarity has long been recognized to 
lie at the very heart of human cognitive processes and can be considered as a connection between 
perception and higher-level knowledge, a crucial factor in the process of human recognition and 
categorization. 
Traditional pattern recognition techniques are centered around the notion of “feature”. According to 
this view, each object is described in terms of a vector of numerical attributes and is therefore 
mapped to a point in a Euclidean (geometric) vector space so that the distances between the points 
reflect the observed (dis)similarities between the respective objects. This kind of representation is 
attractive because geometric spaces offer powerful analytical as well as computational tools that are 
simply not available in other representations. Indeed, classical pattern recognition methods are 
tightly related to geometrical concepts and numerous powerful tools have been developed during 
the last few decades, starting from linear discriminant analysis in the 1920’s, to perceptrons in the 
1960’s, to kernel machines in the 1990’s.  
The geometric approach suffers from a major intrinsic limitation, which concerns the 
representational power of vectorial, feature-based descriptions. In fact, there are numerous 
application domains where either it is not possible to find satisfactory features or they are inefficient 
for learning purposes. This is typically the case when experts cannot define features in a 
straightforward way, when data are high dimensional, when features consist of both numerical and 
categorical variables, and in the presence of missing or inhomogeneous data. But, probably, this 
situation arises most commonly when objects are described in terms of structural properties, such as 
parts and relations between parts, as is the case in shape recognition. This led in 1960’s to the 
development of the structural pattern recognition approach, which uses symbolic data structures, 
such as strings, trees, and graphs for the representation of individual patterns, thereby, 
reformulating the recognition problem as a pattern-matching problem.  
In the last few years, interest around purely similarity-based techniques has grown considerably. 
For example, within the supervised learning paradigm (where expert-labeled training data is 
assumed to be available) the now famous “kernel trick” shifts the focus from the choice of an 
appropriate set of features to the choice of a suitable kernel, which is related to object similarities. 
However, this shift of focus is only partial, as the classical interpretation of the notion of a kernel is 
that it provides an implicit transformation of the feature space rather than a purely similarity-based 
representation. Similarly, in the unsupervised domain, there has been an increasing interest around 
pairwise algorithms, such as spectral and graph-theoretic clustering methods, which avoid the use of 
features altogether. 



Despite its potential, presently the similarity-based approach is far from seriously challenging the 
traditional paradigm. This is due mainly to the sporadicity and heterogeneity of the techniques 
proposed so far and the lack of a unifying perspective. On the other hand, classical approaches are 
inherently unable to deal satisfactorily with the complexity and richness arising in many real-world 
situations. This state of affairs hinders the application of machine learning techniques to a whole 
variety of relevant, real-world problems. Hence, progress in similarity-based approaches will surely 
be beneficial for machine learning as a whole and, consequently, for the long-term enterprise of 
building ACS’s. However, by departing from vector-space representations one is confronted with 
the challenging problem of dealing with (dis)similarities that do not necessarily possess the 
Euclidean behavior or not even obey the requirements of a metric. The lack of the Euclidean and/or 
metric properties undermines the very foundations of traditional pattern recognition theories and 
algorithms, and poses totally new theoretical/computational questions and challenges that we are 
addressing with this project.  
With this project, we undertook a thorough study of several aspects of similarity-based pattern 
analysis and recognition methods, from the theoretical, computational, and applicative perspective, 
with a view to substantially advance the state of the art in the field. The whole project revolved 
around two main themes, which basically correspond to the two fundamental questions that arise 
when abandoning the realm of vectorial, feature-based representations, namely: 

 How can one obtain suitable similarity information from object representations that are 
more powerful than, or simply different from, the vectorial? 

 How can one use similarity information in order to perform learning and classification 
tasks? 

Although the two issues are clearly interrelated, it was advantageous to keep them apart as this 
allowed us to separate the similarity generation process (a data modeling issue) from the learning 
and classification processes (a task modeling issue). According to this perspective, the very notion 
of similarity becomes the pivot of non-vectorial pattern recognition in much the same way as the 
notion of feature-vector plays the role of the pivot in the classical (geometric) paradigm. This 
results in a useful modularity, which means that all interactions between the object representation 
and the learning algorithm are mediated by the similarities, which is where the domain knowledge 
comes into the scene. 
During the last part of the project we continued the work on the above fundamental questions 
addressed in the previous years. As for the first question, we aimed at devising suitable similarity 
measures for non-vectorial data, specifically tailored to a given task. We have focussed primarily on 
structured data (e.g., graphs), because of their expressive power and ubiquity, and on geometric 
measures as they allow one to employ the whole arsenal of powerful techniques available in the 
(classical) pattern recognition literature. We have also explored an alternative to this “tailoring” 
approach, which consists in learning similarities directly from training data.  
As concerns the second question, we have both addressed foundational issues related to similarity 
information and developed practical similarity-based algorithms that do not depend on the actual 
object representation. In particular, as concerns the latter objective, we have distinguished between 
the situation where the informational content associated with the violation of the geometric 
properties is limited, or is simply an artifact of the measurement process, and that where this is not 
the case. This distinction is important as, depending on the actual situation, two complementary 
strategies will be pursued: the first attempts to impose geometricity by somehow transforming or re-
interpreting the similarity data, the second does not and works directly on the original similarities.  
In the last 1.5 years of the project we also continued our work on our large-scale biomedical 
imaging applications. With the direct involvement of leading pathologists and neuroscientists from 
the University Hospital Zurich and the Verona-Udine Brain Imaging and Neuropsychology 
Program, we contribute towards the concrete objective of providing effective techniques to assist in 



the diagnosis of renal cell carcinoma, one of the ten most frequent malignancies in Western 
countries, as well as of major psychoses such as schizophrenia and bipolar disorder. These 
problems are not amenable to be tackled with traditional machine learning techniques due to the 
difficulty of deriving suitable feature-based descriptions. Indeed, many biomedical applications 
exhibit precisely the same characteristics. The successful outcome of our experimentation provides 
evidence as to the practical applicability of our approach in biomedicine, thereby fostering further 
research along the lines set up by SIMBAD, both at the methodological and at the practical level. 
SIMBAD involves the following partners: 

• UNIVE: Ca’ Foscari University (Venice, Italy), coordinator 
• UNIYORK: University of York (England) 
• TUD:  Delft University of Technology (The Netherlands) 
• IST:  Insituto Superior Técnico (Lisbon, Portugal) 
• UNIVR:  University of Verona (Italy) 
• ETH Zurich: Eidgenössische Technische Hochschule Zürich (Switzerland) 

The consortium has been carefully designed so as to include top-level competences in all relevant 
areas and problems in pattern recognition. In addition, we strove to set up a highly cohesive 
network where each research unit not only is well characterized in terms of competences, problems 
addressed, methodologies used and objectives, but is also tightly coupled with the rest of the 
network. All members in the consortium have an established international reputation and a long 
experience in the fields of machine learning and pattern recognition, where in the past few years 
have also contributed substantially to advance the state-of-the-art of the similarity-based paradigm. 
The complementarity of expertises was crucial for our endeavour, as it allowed us to attack each 
problem from different standpoints, thereby fostering cross-fertilization of ideas.  
The SIMBAD website is: http://simbad-fp7.eu 
 
 



2. Project objectives for the period 
 
In this project we aimed at advancing the state of the art in similarity-based pattern analysis and 
recognition from the theoretical, computational, and applicative perspective. As outlined in the 
“Publishable summary”, the project revolved around two main themes, which concerned the issues 
of how to obtain suitable similarity information from non-vectorial representations, and how to use 
them, irrespective of the way in which they are obtained. In addition to these two basic themes, a 
third one arose which concerns the validation of the proposed techniques and their applicability to 
real-world problems. These was used to quantitatively evaluate the success of the proposed research 
on large-scale applications with clear social impact.  

Accordingly, as for the first two years, the objectives for the last part of the project have been 
structured around the following three strands. 
1. Deriving similarities for non-vectorial data. The goal here is to develop suitable similarity 
measures for non-vectorial data. In the last 1.5 years of SIMBAD we focused mainly on the 
problem of deriving similarities from examples and combining them.  
2. Learning and classification with non-(geo)metric similarities. Within this research strand we 
aim at both addressing foundational issues related to similarity information and developing practical 
algorithms that do not depend on the actual object representation. In particular, as concerns the 
latter objective, we have distinguished two cases, which in turn lead to two complementary 
approaches. On the one hand, we have considered the case where the informational content of non-
(geo)metricity is limited or caused by measurement error. In this case it is a plausible strategy to 
perform some correction on the similarity data in an attempt to impose (geo)metricity, and then use 
classical geometric techniques. On the other hand, when the information content of non-
(geo)metricity is relevant one needs brand new tools, as standard techniques would not work in this 
case.  
More specifically, in the last 1.5 years of the project the activity within these themes has been 
organized around two main areas: 
a) Imposing geometricity on non-geometric similarities (embedding). Here we worked primarily in 
the area of graph regularization for manifold embeddings. This encompasses both methods to 
constrain the overall form of the manifold and to regularize local measurements on the manifold 
such as curvature. 
b) Learning with non-(geo)metric similarities. Here we extended the game-theoretic framework 
developed in the previous years. In particular, we studied the cases of high-order relations and 
multi-population settings.  
We also studied classification rules for dissimilarity data in pseudo-Eulcidean embeddings as well 
as in dissimilarity spaces. Various ways of combiners have been examined, between classifiers, 
kernels as well as between dissimilarity matrices. 
3. Validation. Here we continued our work on the selected large-scale biomedical applications, 
namely: (i) the analysis of Tissue Micro Array (TMA) images of renal cell carcinoma (RCC) and 
(ii) the analysis of brain magnetic resonance (MR) images in the context of mental health research 
(e.g., schizophrenia). 
 
As far as the scientific and the dissemination part is concerned, the project was articulated in the 
following work packages: 

WP2. Deriving similarities for non-vectorial data (structural kernels) 
WP3. Foundations of non-(geo)metric similarities (formally concluded at month 18th) 



WP4. Imposing geometricity on non-geometric similarities (embedding) 
WP5. Learning with non-(geo)metric similarities 
WP6. Analysis of tissue micro-array (TMA) images of renal cell carcinoma 
WP7. Analysis of brain magnetic resonance (MR) scans for the diagnosis of mental illness 
WP8: Dissemination, communication and exploitation 
 

In the next section we shall describe the activities done within each work package (for more details 
we refer to related publications and/or deliverables). 



 

3. Work progress and achievements during the period (months 25-42) 

 
Work package WP2:  
Deriving similarities for non-vectorial data (structural kernels) 
Work package leader: IST 
Participants: IST, UNIVR, UNIVE, UNIYORK, ETH Zurich 
Start month: 1  End month: 24  Overall person-months: 52 
 
 
The central objective of this work-package are to develop computational models for generating 
similarities for non-vectorial data, with particular emphasis on structured and semi-structured 
descriptions. In the final part of the project we focused mainly on task WP2.3. The goal of WP2.3 
was to address the problem of deriving similarities from examples and combining them, based on 
two approaches:  
 

(a) ensemble clustering  
 

• Exploring “the use of different data representations” 
 
 we extended the Evidence Accumulation Clustering (EAC) paradigm, that 
intrinsically combines arbitrary data representations based on co-occurrence 
information. 

 
• “…as well as new combination techniques (constrained clustering)” 

We have: 
 
     proposed a probabilistic formulation for the combination process, based on the 
empirical estimates of the probability of pairs of objects to belong to the same 
cluster, leading to a consensus soft partition solution; 
 
     proposed a probabilistic generative model for consensus clustering, based on a 
dyadic aspect model for the evidence accumulation clustering framework; 
 
     explored cluster combination on embedded spaces derived from co-association 
data; 
 
   integrated constrained clustering in the context of the EAC paradigm, proposing 
a methodology of integration of constraints at all possible levels (clustering 
ensemble, learned pairwise similarity, final consensus clustering) 
 

• “Validity of the learned similarities will be assessed…” 
 

   We have formalized the clustering validity problem within the framework of 
ensemble clustering, proposing novel validity measures at the levels of  original data 
representation, clustering ensemble, and  learned pairwise similarities. 
 



    In addition, we have addressed the issue of scalability, focusing of the critical 
problem of space complexity in pairwise co-occurrence data within the EAC 
framework. We proposed mechanisms for building clustering ensembles that 
promote sparseness in the latter data, combined with efficient mechanisms for sparse 
matrix representation. 
 
   We applied the clustering ensemble approach to the assessment of emotional 
states from ECG data, having proposed a methodology that can be applied for 
learning similarity relations on temporal data. 

 
(b) game-theoretic approach 

 
Developments on learning similarity from examples based on game-theoretic approaches 
were mainly achieved in WP5. Preliminary work on combining the ensemble clustering and 
the game-theoretic approaches, by imposing Nash conditions, although partially addressed, 
did not lead to definitive conclusions, and was not further pursued due to the lack of time.  
 

In addition, and beyond the goals of WP2.3, we have extended previous work on dissimilarity 
increments (DI), a second order dissimilarity measure, by: 
 

 modeling the statistical distribution of DI; 
 
 proposing new clustering methods using this dissimilarity measure and statistical 
model; 
 
 proposing of a new Bayesian classification method incorporating the previous DI 
statistic 

 
In summary, the main achievements in WP2.3 were the development of algorithms that do not 
depend on the actual data representation, that model or handle arbitrary data (in terms of data 
generation models, spatial distribution or sparseness), and moved one step forward towards 
unsupervised learning with minimum or no a priori information. The main deviation was the failure 
to develop a game-theoretic approach for learning similarities from examples. 
 
Additionally, and beyond what was foreseen in the proposal, we have also obtained significant 
results in kernel learning for supervised learning. Namely, we have proposed a new online 
algorithm multiple kernel learning (MKL) algorithm, which exploits the large-scale tradeoffs 
directly. The algorithm is simple, flexible, and adequate for structured prediction. Moreover, we 
have provided a full theoretic characterization, in terms of regret, convergence, and generalization 
bounds. This work was reported in detail in an AISTAST’2011 in   NIPS 2010 Workshop in New 
Directions in Multiple Kernel Learning. 
 
 
Publications 
 
1. Papers in collaboration with other SIMBAD groups 
 

1.1.  H. Aidos, A. Fred, and B. Duin, “Classification using high order dissimilarities in non-
Euclidean spaces”. Submitted to 1st International Conference on Pattern Recognition 
Applications and Methods – ICPRAM’2012, 2011. 
 



1.2. M. Bicego, A. Martins, V. Murino, P. Aguiar, and M. Figueiredo, “2D shape recognition 
using information theoretic kernels”, Proceedings of the IAPR International Conference on 
Pattern Recognition – ICPR’2010, Istanbul, Turkey, 2010. 
 

1.3. M. Bicego, A. Perina, V. Murino, A. Martins, P. Aguiar, and M. Figueiredo, “Combining 
free energy score spaces with information theoretic kernels: application to scene 
classification”, Proceedings of the IEEE International Conference on Image Processing – 
ICIP’2010, Hong Kong, 2010. 

 
1.4. M.Bicego, A. Ulaş, U. Castellani, A. Perina, V. Murino, A. Martins, P.  Aguiar, and M. 

Figueiredo, “Combining information theoretic kernels with generative embeddings for 
classification”, submitted to Pattern Recognition, 2011. 

 
1.5. S. Bulò, A. Lourenço, A. Fred, and M. Pelillo, “Pairwise prob- abilistic clustering using 

evidence accumulation.” In E. Hancock, R. Wilson, T. Windeatt, I. Ulusoy, F. Escolano, 
editors, Structural, Syntactic, and Statistical Pattern Recognition,  LNCS vol. 6218, pp. 
395-404,  Springer, 2010. 

 
1.6. A. Carli, M. Figueiredo, M. Bicego, and V. Murino, "Generative Embeddings Based on 

Riccian Mixtures: Application to Kernel-Based Discriminative Classification of Magnetic 
Resonance Images", Submitted to the First International Conference on Pattern 
Recognition Applications and Methods – ICPRAM’2012, 2011. 

 
1.7. M. Figueiredo,  P. Aguiar, A. Martins, V. Murino, and M. Bicego, “Information theoretical 

kernels for generative embeddings based on hidden Markov models”, In E. Hancock, R. 
Wilson, T. Windeatt, I. Ulusoy, F. Escolano, editors, Structural, Syntactic, and Statistical 
Pattern Recognition,  LNCS vol. 6218, pp. 395-404, Springer, 2010. 

 
2. Other SIMBAD papers 

 
2.1. H. Aidos and A. Fred,  “Statistical  modeling of dissimilarity increments for d-

dimensional data: application in partitional clustering”, submitted to  Pattern 
Recognition, 2011. 
 

2.2. H. Aidos and A. Fred, “On the distribution of dissimilarity increments.” In J. Vitrià, J.  
Sanches, and M., Hernández, editors, Pattern Recognition and Image Analysis, LNCS 
vol. 6669, pp. 192–199, Springer, 2011. 

 
2.3. H. Aidos and A. Fred, “Hierarchical clustering with high order dissimilarities.” In P. 

Perner, editor, Machine Learning and Data Mining in Pattern Recognition, LNCS vol. 
6871, pp. 280–293, Springer, 2011. 

 
2.4. H. Aidos and A. Fred, “A study of embedding methods under the evidence accumulation 

framework”, Proceedings of the 1st International Workshop on Similarity-Based Pattern 
analysis and Recognition – SIMBAD’2011, Springer, 2011 (to appear). 

 
2.5. D. Coutinho, A. Fred, and M. Figueiredo, “One-lead ECG-based personal identification 

using Ziv-Merhav cross parsing.” Proceedings of the 20th International Conference on 
Pattern Recognition - ICPR 2010, Istanbul, Turkey, 2010. 

 
2.6. D. Coutinho, A. Fred, and M. Figueiredo, “Personal identification and authentication 



based on one-lead ECG by using Ziv-Merhav cross parsing”  Proceedings of the 
International Workshop on Pattern Recognition in Information Systems – PRIS’2010), 
Funchal, Portugal, 2010. 

 
2.7. D. Coutinho, A. Fred, and M. Figueiredo, “ECG-based continuous authentication system 

using adaptive string matching”, Proceedings of the International Conference on Bio-
inspired Systems and Signal Processing -BIOSIGNALS, Rome, Italy, 2011. 

 
2.8. D. Coutinho, H. Silva, H. Gamboa, A. Fred, and M. Figueiredo, “A case study on fiducial 

and non-fiducial approaches to ECG-based biometric systems.” Submitted to Pattern 
Analysis and Applications, 2011. 

 
2.9.  J. Crespo and P. Aguiar, “Revisiting complex moments for 2-D shape representation and 

image normalization”, IEEE Transactions on Image Processing, vol. 20, pp. 2896-2911, 
2011. 

 
2.10. J. Crespo and P. Aguiar, “The 2D orientation is unique through principal moments 

analysis, IEEE International Conference on Image Processing -ICIP’2010, Hong Kong, 
2010. 

 
2.11. J. Crespo and P. Aguiar, “Principal moments for efficient representation of 2D Shape”, 

IEEE International Conference on Image Processing - ICIP’2009, Cairo, Egypt, 2009. 
 

2.12. J. Duarte, A. Fred, A. Lourenço, and F. Duarte, “On consensus clustering validation.” In 
E. Hancock, R. Wilson, T. Windeatt, I. Ulusoy, F. Escolano, editors, Structural, 
Syntactic, and Statistical Pattern Recognition,  LNCS vol. 6218, pp. 385-294,  Springer, 
2010. 

 
2.13. F. Duarte, J. Duarte, A. Fred, and M. Rodrigues, “Average cluster consistency for cluster 

ensemble selection.” In A. Fred, J. Dietz, K. Liu, and J. Filipe, editors, Knowledge 
Discovery, Knowlege Engineering and Knowledge Management,  Communications in 
Computer and Information Science, volume 128, Springer 2011. 

 
2.14. A. Lourenço, A. Fred, and A. Jain, “On the scalability of evidence accumulation 

clustering.” Proceedings of the 20th International Conference on Pattern Recognition – 
ICPR’2010, Istanbul Turkey, 2010. 

 
2.15. A. Lourenço, A. Fred, and M.  Figueiredo, “A generative dyadic aspect model for 

evidence accumulation clustering” Proceedings of the 1st International Workshop on 
Similarity-Based Pattern analysis and Recognition – SIMBAD’2011, Springer, 2011 (to 
appear). 

 
2.16. A. Martins, N. Smith, P. Aguiar, and M. Figueiredo, “Structured sparsity in structured 

prediction”, Proceedings of the 2011 Conference on Empirical Methods in Natural 
Language Processing - EMNLP2011, Edinburgh, UK, 2011. 
 

2.17. A. Martins, N. Smith, E. Xing, P. Aguiar, M. Figueiredo, “Online learning of structured 
predictors with multiple kernels", Proceedings of the  Fourteenth International 
Conference on Artificial Intelligence and Statistics - AISTATS'2011, Fort Lauderdale, FL, 
USA, 2011. 

 



2.18. A. Martins, N. Smith, E. Xing, P. Aguiar, M. Figueiredo, “Online MKL for Structured 
Prediction", NIPS2010 Workshop on New Directions in Multiple Kernel Learning, 
Whistler, Canada, 2010. 

 
2.19. L. Medina and A. Fred, “Clustering data with temporal evolution: Application to 

electrophysiological signals”. In J. Filipe, A. Fred, B. Sharp, editors, Agents and Artificial 
Intelligence, Communications in Computer and Information Science, volume 129, 
Springer, 2011. 

 
 

 
 
 
 
 
 



Work package WP3:  
Foundations of non-(geo)metric similarities 
Work package leader: TUD 
Participants: TUD, ETH Zurich 
Start month: 1  End month: 18 
 
The objective of the workpackage is to study both the causes of the lack of (geo)metricity in 
dissimilarity data and its effect on traditional machine learning algorithms. The  workpackage 
ended in the 18th month. Yet additional work has been done.  
 
As an extension of WP3 we studied classification rules for dissimilarity data in pseudo-Eulcidean 
embeddings as well as in dissimilarity spaces. Various ways of combiners have been examined, 
between classifiers, kernels as well as between dissimilarity matrices. In particular the latter yielded 
often very good results.  
  
In combination with our research in WP4 we found that an integration of the dissimilarity spaces 
obtained from the embedding of the graph structures with graph node feature data outperforms the 
pure structural classifications as well as the pure feature based classifications.  
  
The combination of dissimilarity spaces also resulted in significantly good results in WP7 in the 
classification of histograms obtained from brain MRI images. 
 
On several occasions reviews of our SIMBAD findings have been (or will be) presented at 
conferences and in ia special book chapter or in a special journal issue. 
 
We could show that dissimilarities are helpful for handling missing data, may constitute good 
representations for multi-instance learning and may contribute to applications in medical imaging, 
seismics and chemometrics. We are working on applications in tumor tissue classification, bio-
crystallization and video- segmentation (no publications yet). 
 
 
Publications 
 
R.P.W. Duin and E. Pekalska, Non-Euclidean Dissimilarities: Causes and Informativeness, in: E.R. 
Hancock et al. (Eds.) (eds.), Proc. SSPR & SPR 2010, Lecture Notes in Computer Science, vol. 
6218, Springer, Heidelberg, 2010, 324-333. 
 
R.P.W. Duin, M. Loog, E. Pekalska, and D.M.J. Tax, Feature-based Dissimilarity Space 
Classification, in: D. Ünay, Z.Çataltepe, and S. Aksoy (eds.), Recognizing Patterns in Signals, 
Speech, Images, and Videos, ICPR 2010, Lecture Notes in Computer Science, vol. 6388, Springer, 
2010, 46-55. 
 
A. Ibba, R.P.W. Duin, and W.J. Lee, A study on combining sets of differently measured 
dissimilarities, ICPR 2010, 2010, 3360-3363. 
 
A. Ibba, W.-J. Lee, and R.P.W. Duin, Merging multiple sources of information using dissimilarity 
based approaches, Proc. ASCI 2010, 2010. 
 



S.W. Kim and R.P.W. Duin, An emperical comparison of kernel-based and dissimilarity-based 
feature spaces, in: E.R. Hancock et al. (Eds.) (eds.), Proc. SSPR & SPR 2010, Lecture Notes in 
Computer Science, vol. 6218, Springer, Heidelberg, 2010, 559-568. 
 
S.W. Kim and R.P.W. Duin, On Improving Dissimilarity-Based Classifications Using a Statistical 
Similarity Measure, in: I. Bloch, R.M. Cesar Jr. (eds.), Proc. CIARP 2010, Lecture Notes in 
Computer Science, vol. 6419, Springer, 2010, 418-425. 
 
W.J. Lee, R.P.W. Duin, M. Loog, and A. Ibba, An Experimental Study On Combining Euclidean 
Distances, Proc. The 2nd International IAPR Workshop on Cognitive Information Processing (14-
15-16 June, 2010 Elba Island, Tuscany - Italy), IEEE, 2010, 304-309. 
 
Y. Plasencia-Calana, E. Garcia-Reyes, M. Orozco-Alzate, and R.P.W. Duin, Prototype selection for 
dissimilarity representation by a genetic algorithm, ICPR 2010, 2010, 177-180. 
 
S.W. Kim and R.P.W. Duin, Dissimilarity-Based Classifications in Eigenspaces, in: Csar San 
Martn, Sang-Woon Kim (eds.), Proc. CIARP 2011, Lecture Notes in Computer Science, Springer, 
2011. 
 
W.J. Lee, R.P.W. Duin, and M. Loog, Generalized Augmentation of Multiple Kernels, in: C. 
Sansone, J. Kittler, F. Roli (eds.), Multiple Classifier Systems (Proc. 10th Int. Workshop, MCS 
2011, Naples, Italy), Lecture Notes in Computer Science, vol. 6713, Springer, Berlin, 2011, 116-
125. 
 



Work package WP4:  
Imposing geometricity on non-geometric similarities (embedding) 
Work package leader: UNIYORK 
Participants: UNIYORK, ETH Zurich, UNIVE, TUD 
Start month: 7  End month: 42  
 
 
The overall aim in this work package is that, given similarity data, possibly in the form of a 
weighted graph, we aim at developing algorithms for transforming them into instance-specific 
vectorial representations (embedding) that are suitable for traditional geometric learning algorithms. 
 
The work package is divided into the following tasks: 
 
 WP4.1 Spectral and geometric manifold embedding 
 WP4.2 Structure-preserving embeddings 
 
Within WP4.1 we are interested in the problem of embedding dissimilarities onto manifolds which 
are not flat (i.e. that exhibit non-Euclidean behaviour). Our basic representation for the 
dissimilarities is a graph; the vertices represent objects and the edges encode the given 
dissimilarities between objects. The problem is then one of graph embedding. The embedding 
problem is ill-posed because the data does not fully constrain the shape of the manifold, and it is 
likely noise is present in the data. Regularization of embeddings is therefore a very important issue. 
 
In the final part of the project we worked in the area of graph regularization for manifold 
embeddings. This encompasses both methods to constrain the overall form of the manifold and to 
regularize local measurements on the manifold such as curvature. 
 
Our main achievements are as follows (see deliverable D4.3 for details): 
 

• A set of tools to probe the cause of non-Euclidean behaviour in dissimilarity data. 
• Methods to regularize quantities measured on the graph using diffusion processes. 
• A method of embedding the graphs onto the surface of constant curvature manifolds in the 

presence of noise. 
• A algorithm to evolve non-Euclidean dissimilarities towards a Euclidean manifold. 
• Methods to measure and control the complexity of graph structures, and some information-

theoretic kernels derived from these complexities. 
 
These achievements have led to a number of publications listed below. 
 
Publications 
I. Patras and E.R. Hancock, Coupled prediction-classification for robust visual tracking", IEEE 
Transactions on Pattern Analysis and Machine Intelligence, 32, pp. 1537-1552, 2010. 
 
Bai Xiao, Hang Yu and E.R. Hancock, Manifold Embedding for Shape Analysis", Neurocomputing, 
73, pp. 1606-1613, 2010. 
 
Peng Ren, T. Aleksic, R.C. Wilson and E.R. Hancock A Polynomial Characterization of 
Hypergraphs Using The Ihara Zeta Function", Pattern Recognition, 44, pp. 1941-1957, 2011. 
 



Peng Ren, R.C. Wilson and E.R. Hancock, Graph Characterization via Ihara Coefficients", IEEE 
Transactions of Neural Networks, 22, 233-245, 2011. 
 
M. Kawulok, Jing Wu, E.R. Hancock, Supervised relevance maps for increasing the distinctiveness 
of facial images". Pattern Recognition, 44, pp.929-939, 2011. 
 
Pen Ren, T. Aleksic, R.C. Wilson and E.R. Hancock, Ihara Zeta Functions, Quantum Walks and 
Cospectrality in Strongly Regular Graphs", Quantum Information Processing, 10, pp.405-417, 
2011. 
 
J. Wu, W.A.P. Smith and E.R. Hancock, Gender Discriminating Models from Facial Surface 
Normals", Pattern Recognition, 44, pp. 2871-2886, 2011. 
 
S Rota-Bulo, E.R. Hancock, F. Aziz and M. Pelillo, Efficient Computation of Ihara coefficients 
using the Bell Polynomial Recursion", Linear Algebra and Applications, to appear. 
 
R. C. Wilson, E.R. Hancock, E. Pekalska and R. Duin, Spherical Embeddings for non-Euclidean 
Dissimilarities", CVPR pp. 1903-1910, 2010. 
 
W. Xu, R.C. Wilson and E.R. Hancock, Rectifying Non-Euclidean Similarity Data using Ricci 
Flow Embedding", ICPR, pp. 3324-3327, 2010. 
 
L. Han, R.C. Wilson and E.R. Hancock, A Supergraph-based Generative Model", ICPR, pp. 1566-
1569, 2010. 
 
F. Escolano, M.A, Lozano and E.R. Hancock, Heat Flow-Thermodynamic Depth Complexity in 
Networks", ICPR, pp. 1578-1581, 2010. 
 
S. Xia, Jianjun Lu, and E.R. Hancock, Mining Exemplars for Object Modelling using Affinity 
Propagation", ICPR, 918-921, 2010. 
 
P. Ren, T. Aleksic, R.C. Wilson and E.R. Hancock Ihara Coefficients: A Flexible Tool for Higher 
Order Learning", S+SSPR, LNCS 6218, 670-679, 2010. 
 
H ElGhawalby and E.R. Hancock, Graph Embedding using an Edge-based Wave Kernel, S+SSPR, 
LNCS 6218, pp. 60-69, 2010. 
 
W. Xu, R.C. Wilson and E.R. Hancock, Regularisng the Ricci Flow Embedding", S+SSPR, LNCS 
6218, pp. 579-588, 2010. 
 
R.C. Wilson and E.R. Hancock, Spherical Embedding and Classiffication", S+SSPR, LNCS 6218, 
pp. 589{599, 2010. 
 
S. Xia and E.R. Hancock, Mining Exemplars for Object Recognition using Affinity Propagation", 
S+SSPR, LNCS 6218, pp. 191-201, 2010. 
 
N. Rahman and E.R, Hancock, Commute Time Convolution Kernels for Graph Clustering", 
S+SSPR, LNCS 6218, pp. 316-323, 2010. 
 
F. Escolano, E.R. Hancock, D. Giorgi and M.A. Lozano, What is the Complexity of a Network? 
The Heat Flow-Thermodynamic Depth Approach", S+SSPR, pp. 286-295, 2010. 



 
L. Han, E.R. Hancock and R.C. Wilson, Entropy versus Heterogeneity for Graphs", GbRPR 2011, 
LNCS 6658, pp. 32-41, 2011. 
 
L. Han, E.R. Hancock and R.C. Wilson, Learning Generative Graph Prototypes Using Simplified 
von Neumann Entropy", GbRPR 2011, LNCS 6658, pp. 42-51, 2011. 
 
F. Escolano, E.R. Hancock and M.A. Lozano, Graph Matching through Entropic Manifold 
Alignment", CVPR, pp. 2417-2424, 2011. 
 
W. Xu, E.R. Hancock and R.C. Wilson, Rectifying Non-euclidean Similarity Data through Tangent 
Space Reprojection", IbPRIA 2011, LNCS 6669, pp. 379-386, 2011. 
 
L. Han, E.R. Hancock and R.C. Wilson, Characterizing Graphs Using Approximate von Neumann 
Entropy", IbPRIA 2011, LNCS 6669, pp. 484-491, 2011. 
 
Z. Zhang and E.R. Hancock, Feature Selection for Gender Classification", IbPRIA 2011, LNCS 
6669, pp. 76-83, 2011. 
 
L. Bai and E.R. Hancock Graph Clustering using the Jensen-Shannon Kernel", CAIP 2011, LNCS 
6854, pp. 394-401, 2011. 
 
F.Escolano and E.R. Hancock, From Points to Nodes: Inverse Graph Embedding through A 
Lagrangian Formulation", CAIP 2011, LNCS 6854, pp. 194-201, 2011. 
 
F. Aziz, R.C. Wilson and E.R. Hancock, Kernelising the Ihara Zeta Function", CAIP 2011, LNCS 
6854, pp. 219{227, 2011. 
 
W. Xu, R.C. Wilson and E.R. Hancock, Determining the Cause of Negative Dissimilarity 
Eigenvalues", CAIP 2011, LNCS 6854, pp. 589-597, 2011. 
 
L. Han, R.C. Wilson and E.R. Hancock, An Information Theoretic Approach to Learning 
Generative Graph Prototypes", SIMBAD 2011, LNCS 7005, pp. 136-151, 2011. 
 
F. Aziz, R.C. Wilson and E.R. Hancock, Graph Characterization via Backtrackless paths", 
SIMBAD 2011, LNCS 7005, pp. 152-166, 2011. 
 
Z. Zhang and E.R. Hancock, Mutual Information Criteria for Feature Selection", SIMBAD 2011, 
LNCS 7005, pp. 238-252, 2011. 
 
M. Haseeb and E.R. Hancock, Feature point matching using a Hermitian property matrix", 
SIMBAD 2011, LNCS 7005, pp. 325-337, 2011. 



Work package WP5:  
Learning with non-(geo)metric similarities 
Work package leader: UNIVE 
Participants: UNIVE, IST 
Start month: 7  End month: 42 
 
 
All approaches developed in WP2 and WP4 are based on the assumption that the non-geometricity 
of similarity information can be eliminated or somehow approximated away. When this is not the 
case, i.e., when there is significant information content in the non-geometricity of the data, 
alternative approaches are needed. The objective of this work package is to develop novel, general 
learning models which do not require the (geo)metric assumption, thereby working directly on the 
original data. Game theory offers an attractive and unexplored perspective that serves well our 
purpose. In this report, we briefly describe the main achievements and point to the relevant 
publications where these achievements are described in greater detail. 
 
In the final part of the project, we provided generalizations of the game-theoretic framework 
developed in WP5.1. In particular, we worked on (see deliverable D5.2 for details): 
 
High-order relations: extensions to the game-theoretic approach have been studied, allowing k-
way interactions among players, which is equivalent to using high-order similarity relations, or 
payoff functions that are non linear in the population distribution allowing us to deal with context-
dependent similarities. Here, we worked on the following problems: 
 

• High-order clustering (UNIVE) 
• Hypergraph matching (UNIYORK) 
• Feature selecton (UNIYORK) 

 
Multi-population formulations: generalizations involving several distinct populations of players. 
These “multi-population” games allow to learn many related classification functions 
simultaneously. Here we worked on the following problems: 
 

• Graph transduction (UNIVE) 
• Consensus and probabilistic clustering (UNIVE and IST) 
• Correlation clustering (UNIVE) 

 
In addition, we did some preliminary work aimed at studying the stability of our game-theoretic 
(dominant set) clustering. 
 
We applied (are applying) these techniques to a variety of computer vision problems, including: 
 

• Matching and inlier selection (UNIVE) 
• Semantic image labelling (UNIVE in collaboration with TU Graz, Austria) 
• Feature combination, with applications on WP6-7 problems (UNIVE, UNIVR, ETHZ) 
• Object recognition (UNIVE in collaboration with University of Toronto, Canada) 

 
 
 
 



 
Publications 
 
A. Albarelli, E. Rodola`, A. Cavallarin, and A. Torsello (2010), "Robust Figure Extraction on 
Textured Background: a Game-Theoretic Approach." In 20th International Conference on Pattern 
Recognition. (ICPR2010). 
 
A. Albarelli, E. Rodola`, and A. Torsello (2010a), "Robust Game-Theoretic Inlier Selection for 
Bundle Adjustment." In 3D Data Processing, Visualization and Transmission (3DPVT). 
 
A. Albarelli, E. Rodola`, and A. Torsello (2010b), "A Game-Theoretic Approach to Fine Surface 
Registration without Initial Motion Estimation." In IEEE International Conference on Computer 
Vision and Pattern Recognition (CVPR2010). 
  
A. Albarelli, E. Rodola`, and A. Torsello (2010c), "Loosely Distinctive Features for Robust Surface 
Alignment." In 11th European Conference on Computer Vision (ECCV2010), pp. 519-532. 
 
A. Albarelli, E. Rodola, and A. Torsello (Submitted), “Fast and Accurate Surface Alignment 
Through an Isometry-Enforcing Game.” Submitted to IEEE Trans. Pattern Anal. Mach. Intell. 
 
A. Albarelli, E. Rodola`, A. Torsello (2011a), "A Non-Cooperative Game for 3D Object 
Recognition in Cluttered Scenes." In International Conference on 3D Imaging, Modeling, 
Processing, Visualization and Transmission, pp. 252-259. 
 
A. Albarelli, E. Rodola`, A. Torsello (2011b), "Imposing Semi-Local Geometric Constraints for 
Accurate Correspondence Selection in Structure from Motion: A Game-Theoretic 
Perspective."International Journal of Computer Vision, published online 24 March 2011. 
 
A. Erdem and M. Pelillo (2011), “Graph Transduction as a Non-Cooperative Game.” In Proc. 8th 
IAPR-TC-15 International Workshop on Graph-Based Representations in Pattern Recognition 
(GbR2011), pp. 195-204, Springer, LNCS 6658. 
 
A. Erdem, and M. Pelillo (2011), “Graph Transduction as a Non-Cooperative Game.” Neural 
Computation, in press. 
 
J. Hou and M. Pelillo (2011), “Feature Combination Based on Dominant Set Clustering”, SIMBAD 
TR Series 2011_58. 
 
P. Kontschieder, S. Rota Bulo`, M. Donoser, M. Pelillo and H. Bischof (2011a), “Semantic Image 
Labelling as a Label Puzzle Game.” The 22nd British Machine Vision Conference (BMVC2011), 
Dundee, UK. 
 
P. Kontschieder, S. Rota Bulo`, H. Bischof and M. Pelillo (2011b), “Structured Class-Labels in 
Random Forests for Semantic Image Labelling.” International Conference on Computer Vision 
(ICCV2011), Barcelona, Spain (oral presentation). 
 
P. Ren, R. C. Wilson, E. R. Hancock (2011), “High Order Structural Matching Using Dominant 
Cluster Analysis”. In 16th International Conference on Image Analysis and Processing, Ravenna, 
Italy. 
 
N. Rebagliati and M. Pelillo (2011) “On Regularization of Dominant Set Clusters”, work in 



progress. 
 
E. Rodola`, A. Albarelli, and A. Torsello (2010a), "A Game-Theoretic Approach to Robust 
Selection of Multi-View Point Correspondence." In 20th International Conference on Pattern 
Recognition. (ICPR2010). 
 
E. Rodola`, A. Albarelli, and A. Torsello (2010b), "A Game-Theoretic Approach to the 
Enforcement of Global Consistency in Multi-View Feature Matching." In Joint IAPR International 
Workshops on Structural and Syntactic Pattern Recognition (SSPR 2010) and Statistical Techniques 
in Pattern Recognition (SPR 2010). 
  
E. Rodola`, A. Albarelli, A. Torsello (2011), "A multiscale Game for 3D Object Recognition in 
Cluttered Scenes." work in progress. 
 
N. Rebagliati, S. Rota Bulo` e M. Pelillo (2011), “Correlation Clustering with Stochastic 
Labelings.”, SIMBAD TR Series, 2011_58. 
 
S. Rota Bulo`, I. M. Bomze and M. Pelillo (2010), “Fast Population Game Dynamics for Dominant 
Sets and Other Quadratic Optimization Problems.” In International Workshop on Structural and 
Syntactic Pattern Recognition (SSPR2010), Cesme, Izmir, Turkey. 
 
S. Rota Bulo`, A. Lourenco, A. Fred and M. Pelillo (2010), “Pairwise Probabilistic Clustering 
Using Evidence Accumulation.” In International Workshop on Statistical Techniques in Pattern 
Recognition (SPR2010), Cesme, Izmir, Turkey. 
 
S. Rota Bulo` and M. Pelillo (2009), “A Game-Theoretic Approach to Hypergraph Clustering.” In 
Advances in Neural Information Processing Conference (NIPS 2009), vol. 22, pages 1571-1579. 
 
S. Rota Bulo` and M. Pelillo (2010), “Probabilistic Clustering using the Baum-Eagon Inequality.” 
In International Conference on Pattern Recognition (ICPR2010), Istanbul, Turkey. 
 
S. Rota Bulo` and M. Pelillo (2011), “A Game-Theoretic Approach to Hypergraph Clustering.” 
Submitted to IEEE Trans. Pattern Anal. Mach. Intell. 
 
S. Rota Bulo`, M. Pelillo and I. M. Bomze (2011), “Graph-Based Quadratic Optimization: A Fast 
Evolutionary Approach.” Computer Vision and Image Understanding, vol. 115, pp.984-995. 
 
Z. Zhang and E. R. Hancock (2011a), “A Graph-Based Approach to Feature Selection.” In Proc. 8th 
IAPR-TC-15 International Workshop on Graph-Based Representations in Pattern Recognition 
(GbR2011). 
 
Z. Zhang and E. R. Hancock (2011b), “A Hypergraph-Based Approach to Feature Selection.” In 
Proc. 14th International Conference on Computer Analysis of Images and Patterns (CAIP2011). 
 
Z. Zhang and E. R. Hancock (2011c), “Mutual Information Criteria for Feature Selection.” In Proc. 
1st International Workshop on Similarity-Based Pattern Analysis and Recognition, to appear. 
 
 
 



Work package WP6:  
Analysis of tissue micro-array (TMA) images of renal cell carcinoma 
Work package leader: ETH Zurich 
Participants: UNIYORK, UNIVE, UNIVR, IST, TUD 
Start month: 13  End month: 42 
 
The objective of this workpackage is to apply the techniques developed in workpackages WP2 - 
WP5 to the analysis of Tissue Micro Array (TMA) images of renal cell carcinoma (RCC), which is 
one of the ten most frequent malignancies in Western societies. Current diagnostic rules rely on 
exact counts of cancerous cell nuclei that are manually counted by pathologists. 
 
We fit the goals of WP6 in these points (see deliverable D6.2 for details): 
 
a) We set up the pipeline of TMA analysis. It is implemented in Matlab and semi-automatic. The 
pipeline comprises Nucleus detection, Nucleus segmentation, nucleus classification, staining 
estimation and survival analysis. 
 
b) We set up a comprehensive dataset as benchmark for various approaches in medical imaging. We 
provide 133 TMA images that should be estimated in staining. Also, we provide 8 exhaustively 
labeled TMA images as dataset for nucleus detection, classification and staining estimation (TMAs 
from Renal Cell Carcinoma). Also, we provide a dataset for embedding problems: non-metric 
dissimilarity matrices resulting from different features and dissimilarity measures from the nuclei. 
 
 
Publications 
 
T. J. Fuchs, J. M. Buhmann, Computational pathology: Challenges and promises for tissue analysis. 
Computerized Medical Imaging and Graphics 35:515-530 (2011). 
 
M. Bicego, A. Ulas, P. J. Schuffler, U. Castellani, P. Mirtuono, V. Murino, A. Martins, P. M. Q. 
Aguiar, M. A. T. Figueiredo. Renal Cancer Cell Classification Using Generative Embeddings and 
Information Theoretic Kernels, PRIB 2011, November 2-4, Delft, The Netherlands. 
 
M. Gonen, A. Ulas, P. J. Schuffler, U. Castellani, V. Murino. Combining Data Sources Nonlinearly 
for Cell Nucleus Classification of Renal Cell Carcinoma, 1st International Workshop on Similarity-
Based Pattern Analysis, 2011, LNCS Vol: 7005, pp: 250-260, September 28-30, Venice, Italy. 
 
A. Ulas, P. J. Schuffler, M. Bicego, U. Castellani, V. Murino. Hybrid Generative-Discriminative 
Nucleus Classification of Renal Cell Carcinoma, 1st International Workshop on Similarity-Based 
Pattern Analysis, 2011, LNCS Vol:7005, pp:77-88, September 28-30, Venice, Italy. 
 
P. J. Schuffler, A. Ulas, U. Castellani, V. Murino. A Multiple Kernel Learning Algorithm for Cell 
Nucleus Classification of Renal Cell Carcinoma. ICIAP 2011, LNCS Vol: 6978, pp:413-422, 
September 14-16, Ravenna, Italy. 
 
 



Work package WP7:  
Analysis of brain magnetic resonance (MR) scans for the diagnosis of mental illness 
Work package leader: UNIVR 
Participants: UNIYORK, UNIVE, IST, ETH Zurich, TUD 
Start month: 13  End month: 42  
 
The objective of work package 7 (WP7) is to apply similarity-based techniques and algorithms 
developed in the other work packages to the analysis of brain magnetic resonance (MR) images in 
the context of mental health research (e.g., schizophrenia). Data consists of morphological MR 
images (3DA), instrumental to exploring the content of grey and white matter tissues, the volume of 
specific structures and the 3D shape morphology of particular brain regions, and diffusion weighted 
imaging (DWI) images, providing information on the microstructural integrity of the brain. 
 
In the final phase of the project the following work has been done (see deliverable D7.2 for details): 
 

- Data preparation & release: 
o Multimodal registration of sMRI to DWI 
o release of the second version of the data, based on the DWI modality 

 
- Use of multiple modalities (DWI + structural MRI) [CIARP11]: 

o A multimodal registration approach has been employed to merge and integrate 
information coming from different imaging modalities. 

o Ensemble of classifiers and modalities has been applied 
 

- A dissimilarity-based method has been proposed to improve the brain classification 
procedure [IMA11]: 

o Different dissimilarity measures have been employed. 
o Different sources of information have been integrated into the dissimilarity space. 

 
- Definition of a new 3D shape descriptors based on advanced spectral shape techniques 

[MICCAI 11]. 
 
- Application of generative embeddings and IT kernels to improve brain classification 

([PR11s]) 
o pLSA has been used as generative model. 
o different generative embedding have been exploited. 
o IT-kernels have been used for classification. 

 
 

- Cooperation with other partners  
o Venice: graph representations to apply graph similarity measures. Unfortunately 

preliminary results were not encouraging.  
o Delft: dissimilarity combination techniques developed by the Delft group (paper 

IMA11) 
o Lisbon: application of IT kernel of IST group our score space representation 

extracted from our dataset (paper submitted to PR). 
o York: approaches which employ dissimilarities based on deformable registration of 

brains. Unfortunately preliminary results were not encouraging. 



o Zurich ETH. We share some methodological techniques for dealing with our medical 
applications. In particular we have employed Multiple Kernel Learning and IT 
kernels over score spaces approach in both schizophrenia detection (WP7) and 
Microarray analysis (WP6). We published four conference papers 

 
We mention that the foreseen application of Multiple Instance Learning (MIL) on dissimilarities has 
not been concluded. 
 
 
Publications 
 
[IMA11] Aydın Ulaş, Robert P. W. Duin, Umberto Castellani, Marco Loog, Manuele Bicego, 
Vittorio Murino, Marcella Bellani, Stefania Cerruti, Michele Tansella, Paolo Brambilla, 
Dissimilarity-based Detection of Schizophrenia, International Journal of Imaging Systems and 
Technology, Vol. 21, No. 2, pp:179-192, 2011 
 
[PRIB11] Aydın Ulaş, Umberto Castellani, Vittorio Murino, Marcella Bellani, Michele Tansella, 
Paolo Brambilla, Heat Diffusion Based Dissimilarity Analysis for Schizophrenia Classification, 
PRIB 2011, LNBI Vol: 7036, pp: 306-317, November 2-4, Delft, The Netherlands. 
 
[MICCAI11] Umberto Castellani, Pasquale Mirtuono, Vittorio Murino, Marcella Bellani, Michele 
Tansella, Paolo Brambilla, A new shape diffusion descriptor for brain classification, MICCAI 2011. 
 
[MICCAI11 W] Umberto Castellani, Aydın Ulaş, Vittorio Murino, Marcella Bellani, Michele 
Tansella, Paolo Brambilla, Selecting scales by Multiple Kernel Learning for shape diffusion 
analysis, MICCAI 2011, Workshop on "Mathematical Foundations of Computational Anatomy", 
pp:148-158, September 18-22, Toronto, Canada. 
 
[CIARP11] Aydın Ulaş, Umberto Castellani, Pasquale Mirtuono, Manuele Bicego, Vittorio Murino, 
Stefania Cerruti, Marcella Bellani, Manfredo Atzori, Gianluca Rambaldelli, Michele Tansella, 
Paolo Brambilla, Multimodal Schizophrenia Detection by Multiclassification Analysis, CIARP 
2011, LNCS Vol: 7042, pp: 491-498, November 15-18, Pucón, Chile. 
 
[MICCAI10] Umberto Castellani, Alessandro Perina, Vittorio Murino, Marcella Bellani, Gianluca 
Rambaldelli, Michele Tansella, Paolo Brambilla, Brain Morphometry by Probabilistic Latent 
Semantic Analysis, MICCAI '10, LNCS Vol: 6362, pp: 177-184, 2010 
 
[ICPR10 W] Aydın Ulaş, Robert P. W. Duin, Umberto Castellani, Marco Loog, Manuele Bicego, 
Vittorio Murino, Marcella Bellani, Stefania Cerruti, Michele Tansella, Paolo Brambilla, 
Dissimilarity-based Detection of Schizophrenia, ICPR 2010, Workshop on "Brain Decoding: 
Pattern Recognition Challenges in FMRI Neuroimaging", pp: 32-35, August 22, 2010, Istanbul, 
Turkey. 
 
[PR11s] M. Bicego, A. Ulas, U. Castellani, A. Perina, V. Murino, A. Martins, P. Aguiar, M. 
Figueiredo: Combining Information Theroretic Kernels with Generative Embeddings for 
Classification, submitted to Pattern Recognition. 
 



Work package WP8:  
Dissemination, communication and exploitation 
Work package leader: UNIVE 
Participants: UNIVE, IST 
Start month: 7  End month: 36  

 
 
 
 
Besided scientific publications, the consortium has put a lot of effort towards disseminating its 
achievements in a variety of ways. The following table summarizes the main activities carried out 
during the last 1.5 years of the project. 
 
 

LIST OF MAIN DISSEMINATION ACTIVITIES 
 

No. Type of activity Main leader Title Date Place 
1 Book UNIVE Similarity-Based Pattern Analysis and Recognition 

Springer's Series "Advances in Computer Vision 
and Pattern Recognition" 

mid-2012 
(to appear) 

--- 

2 Workshop UNIVE SIMBAD 2011 -- First International Workshop on 
Similarity-Based Pattern Analysis and Recognition 
(Springer's LNCS proceedings; videolectures 
coverage; sponsored by PASCAL 2 and IAPR) 

September 
2011 

Venice, Italy 

3 Workshop UNIVE ICML 2010 Workshop on "Learning in non-
(geo)metric spaces" 
(sponsored by PASCAL 2; videolectures coverage) 

June 2010 Haifa, Israel 

4 Special Session UNIVE 
UNIYORK 

Similarity-Based Pattern Analysis and Recognition 
Special session at S+SSPR 2010 
(videolectures coverage) 

August 
2010 

Cesme, Izmir, 
Turkey 

6 Tutorial UNIVE "Game theory in computer vision and pattern 
recognition" 
CVPR 2011 Tutorial 

June 2011 Colorado 
Springs, CO 

7 Tutorial UNIVE 
UNIYORK 
UNIVR 

"Beyond features: Similarity-based pattern analysis 
and recognition" 
ICIAP 2011 Tutorial 

September 
2011 

Ravenna, Italy 

8 Tutorial UNIVE "Game theory in pattern recognition and machine 
learning" 
ICPR 2010 Tutorial 

August 
2010 

Istanbul, Turkey 

9 Tutorial UNIVE "Game theory in pattern recognition" 
PRIA 2010 Tutorial 

December 
2010 

St. Petersburg, 
Russia 

10 Tutorial TUD "Issue of non-Euclidean data" 
CIARP 2011 Tutorial 

November 
2011 

Pucon, Chile 

11 Summer School 
Course 

UNIVE 
TUD 

Summer School on "Graphs in computer graphics, 
image and signal analysis" 

August 
2011 

Bornholm, 
Denmark 

13 Summer School 
Course 

UNIVE Summer School VISMAC 2010 November 
2010 

Catania, Italy 

14 Magazine Article UNIVE "Artificial intelligence on a learning curve" 
In Projects: Science, Technology and Innovation, 
Insight Publisher 

December 
2010 

 

16 Newsletter Entry UNIVE FET Through the Keyhole: 
Future and Emerging Technologies in Europe 

January 
2011 

 

 

 



Other activities include: invited/keynote talks at several international conferences by all PI's as well 
as seminars given in various research labs all over the world.  


