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Editorial paper

Executable Thematic Special Issue on Pattern Recognition Techniques for Indirect
Immunofluorescence Images Analysis

In recent years we have supported the development of a progressively growing number of application areas of
Pattern Recognition. These are mainly devoted to the exploitation of cutting edge scientific methodologies to
address problems of our society. This activity is generating entirely new scientific communities. Groups of
scientists are developing competing robust prototypes more or less ready to be transformed inte real working
systems. In the field of medical image analysis this trend has been even more evident than,in others, as the
availability of assisted diagnosis tools will allow the medical community to increase their preductivity as well as
improve the quality and precision of their diagnosis.

Among all, rather novel interests are concentrating on the indirect immunofluorescenceimages (IIF) — images
obtained by stained biological tissue interacting with special sources of light to generate fluorescent image
responses. These techniques are especially suited to detecting antibodies in the patient serum, which is critical
for diagnosing many autoimmune diseases. Due to its effectiveness, diagnestic tests for systemic autoimmune
diseases are gaining more interest in both the academic and industrial eommunities. Nevertheless, today IIF is
still a subjective method very dependent on the experience and expertise of the pathologist. As a consequence,
there is strong demand for a completely automatic system with the potential of increased test repeatability and
reliability as well as faster test turn-around time with lower costs.

These issues have been researched by an increasing number of academic groups. In the last few years these
groups have provided innovative contributions to the:different aspects of the analysis of IIF images as image
acquisition, pre-processing, segmentation, and pattern, classification [1-4]. Such interest has been also boosted
by a series of benchmarking activities on IIF cell and specimen classification held at leading international
conferences in the areas of pattern recognition’(ICPR 2012 and ICPR 2014) and image processing (ICIP 2013). In
all cases these competitions had strong participation from the scientific community, collecting several dozens of
distinct software submissions [5-9].

This special issue describes adyances achieved through this series of initiatives, and we are very pleased by their
success. We have adopted an‘innovative format recently launched by the journal. This is an executable thematic
issue and is aimed at promoting “reproducible research” by collecting the most relevant contributions in this
area and comparing them independently on the large datasets already used for the “Performance Evaluation of
Indirect Immunofluorescence Image Analysis Systems” competition held at ICPR 2014. Specifically, the
participants have been pequested to submit executable methods for addressing one or both of the following
classificationtasks.

. TASK 1:classify the pre-segmented cell images belonging to IIF images according to one of six different
stainingrpattern classes

. TASK 2: classify the pre-segmented IIF specimen images according to one of seven different staining
pattern classes

The special issue was open to all of the research community, including those groups that already participated in
the benchmarking activities held at ICPR 2012, ICIP 2013 and ICPR 2014.

The organization of this executable special issue comprised two phases. In the first phase the participants
submitted the software implementation of their proposed method, all the parameterizations required to execute
the software, with a preliminary description of the approach. Then the organizers evaluated the performance of
the submissions on the unseen private part of the dataset. Only the best performing methods were selected for



the second phase. Groups with the best performing and innovative executable submissions were invited to
submit a regular paper thoroughly describing their state of the art method. All the papers accepted to this
special issue have undergone a rigorous regular blind peer review process, so as to provide the readers with
clear high quality descriptions of the theoretical and methodological aspects.

The special issue comprises eight contributed papers, which describe in detail the corresponding methodologies
proposed by the participants: in particular, four papers focus only on the staining pattern classification at the cell
level (Task 1), while the remaining four papers faces the classification at both the cell and the specimen levels
(Tasks 1 and 2). The contributed papers are also accompanied by two review articles. The first article,
“Computer Aided Diagnosis for Anti-Nuclear Antibodies HEp-2 Images: Progress and Challenges”, proposes a
detailed analysis of the literature concerning IIF image analysis, the main directions of the research in this field,
the main contributions, and future trends and challenges. We intend that such paper can serve.as a broad and up
to date introduction for new researchers that are interested in this exciting research area and want to contribute
to its growth and development. The second review article, “HEp-2 staining pattern“recoghition at cell and
specimen levels: datasets, algorithms and results”, provides a detailed analysis of the'performance achieved by
the current state of the art methods included in the special issue, together with the earlierssystems participating
to the “Performance Evaluation of Indirect Immunofluorescence Image Analysis Systems” competition held at
ICPR 2014. Furthermore, this paper summarizes and discusses the experimental results of the different
methodologies for IIF pattern recognition at both the cell and specimen levels..It describes the general trends in
the design of the methods and the key elements shared by the best performing/approaches that account for the
preprocessing, texture modeling, dataset augmentation by rotating, input, patterns, feature encoding, and the
classification architecture. The paper finally concludes by highlighting seme strategies not yet fully explored and
which may potentially be considered positively in the future.

We wish to thank the authors who contributed to this special issue, as well as the reviewers for their useful and
constructive comments. We are also very grateful toithe ‘editor in chief of Pattern Recognition Letters, Prof.
Gabriella Sanniti di Baja, for managing this special issue and for giving us the opportunity for this publication.
We do hope that this executable special issue will stimulate the interest and appreciation of the readers.
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