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Aims and Scope

The European Journal for Biomedical Informatics reacts on the
great European need to share the information in the multilingual
and multicultural European area. The journal publishes peer-
reviewed papers in English and other European languages
simultaneously. This opens new possibilities for faster transfer of
scientific-research pieces of knowledge to large international
community of biomedical researchers, physicians, other health
personnel and citizens.

The generally accepted translations of the English version of the
paper to the official European languages and other European
languages.

List of European languages ISO 639-1 code

Albanian sg
Armenian hy
Azerbaijani az
Belarusian be
Bosnian bs
Bulgarian bg
Catalan ca
Croatian hr
Czech cs
Danish da
Dutch nl
English en
Estonian et
Finnish fi
French fr
Georgian ka
German de
Greek el
Hungarian hu
Icelandic is
Irish ga
[talian it
Kazakh kk
Latvian lv
Lithuanian It
Luxembourgish lb
Macedonian mk
Maltese mt
Norwegian no
Polish pl
Portuguese pt
Romanian, Moldavian, Moldovan ro
Romansh rm
Russian ru
Serbian sr
Slovak sk
Slovenian sl
Spanish es =
Swedish sV
Turkish tr
Ukrainian uk
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Instructions to Authors

MANUSCRIPT SUBMISSIONS

European Journal of Biomedical Informatics (EJBI) is an
international, peer-reviewed journal that publishes papers in the
broad field of biomedical informatics. Manuscripts accepted for
the electronic publication in EJBI are original contributions,
reviews, brief reports, special communications, commentaries,
and many other categories of papers. Due to special multilingual
features of EJBI, these types of papers are published in English,
but national language versions can be published simultaneously
(see below).

Manuscripts should be sent electronically to the e-mail address:
manuscripts@ejbi.org. Each manuscript should be submitted in
MS Word, plain-test, HTML, TeX or LaTeX format and
accompanied by image attachments and

+ [dentification Form: the name of the corresponding author with
his contact address, phone number, fax number and e-mail
address.

+ Submission Requirement; the statement that the submitted
paper has not been published in, nor has been submitted to, any
otherjournal.

* Authorship Form: the covering letter signed by corresponding
author, by which the author approves publication of the paper in
the European Journal for Biomedical Informatics on behalf of all
authors.

« Transfer of Copyright: All authors of the manuscript must have
agreed to its publication and are responsible for its content and
must also have agreed that the corresponding author has the
authority to act on their behalf in all matters pertaining to
publication of the manuscript. The corresponding author is
responsible for informing the co-authors of the manuscript status
throughout the submission, review, and publication process.

Submission Requirement, Authorship Form and Transfer of
Copyright should be sent by fax +420 241 712 990 and by the
surface mail to EuroMISE s.r.0., EJBI Editorial Office, Paprskova
330/15, 140 00 Prague 4, Czech Republic simultaneously.

Authors may supply a PDF file of the manuscript additionally.
Submission of the PDF file only is not sufficient.

PUBLISHER

The European Journal of Biomedical Informatics is published by
EuroMISE s.ro., Prague, Czech Republic (tax identification
number: CZ25666011). Papers published in the Internet version
of EJBI may be republished in printed digest of EJBI.

LANGUAGE

All manuscripts should be written in English in an easily readable
style. English version of the manuscript will be peer-reviewed.
However, it is possible to submit another language version of the
same paper additionally. The Internet version of the EJBI makes
available all language versions submitted. It is also possible to
publish the English version of the paper that has been already
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published in the national journal, when the agreement of nationa
| publisher is obtained (copyright agreement). The English version
follows a standard peer-review procedure.

ELECTRONIC FORM OF AMANUSCRIPT

Recommended formats of text files are: .DOC (Word version 6.0,
7.0, 97,2000 or 2003), .RTF (Rich Text Format). The name of the
text file should be identical with the first author's surname, e.g.
NOVAK.DOC. Names of attached images, drawings or tables (i.e.
figures and tables of the manuscript) should be composed of
author's surname and figure or table number, e.g.
NOVAKTAB3.BMP. Manuscripts along with attached files should
be sent by e-mail to address manuscripts@ejbi.org.

ELECTRONIC IMAGE DOCUMENTATION

Figures and tables (bitmaps) should be submitted in BMP, GIF,
TIF, PNG, EPS or JPEG format. JPEG files should have best
compressive rate (10-20) for a good quality. All images (although
included in the manuscript file) must be also submitted as
separate files because the resolution of embedded images is
often insufficient. Scanned images should have the resolution of
at least 600x600dpi. Submissions that do not meet the
Instructions for Authors will be returned.

ABBREVIATIOBS AND NOMENCLATURE

Generally known abbreviations do not need to be explained.
Abbreviations for symbols and expressions for terms should be
spelled and they should be comprehensibly explained in brackets.
Every such abbreviation should be explained only after its first
occurrence inthe text.

Measurements of length, height, weight and volume should be
reported in metric units or their decimal multiples. All
haematological and clinical chemistry measurements should be
reported in the metric system in term of International System of
Units (SI). Chemical substances should be described by their own
systematic name or expression, medicines by general names.
Commercial names of chemicals, medicines or technical
innovations may be used after they have been defined by their
scientific names. Radionuclides (radioisotopes) will be
symbolised by the atomic number.

REVISED MANUSCRIPT SUBMISSION

When revision of a manuscript is requested, authors should return
the revised version of their manuscript as soon as possible. The
prompt action may ensure fast publication if a paper is finally
accepted for publicationin EJBI.

FINALPROOFREADING

The Publisher will send the accepted paper to its author for final
proofreading in the PDF format. The author may then correct
printing errors only. No other changes or additions will be
accepted. Author should send corrected and signed paper back to
the Publisher by fax to +420 241 712 990 or by surface mail to:
EuroMISE s.r.0., EJBI Editorial Office, Paprskova 330/15, 140 00
Prague, Czech Republic.

© 2008 EuroMISE s.r.o.
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ORGANIZATION OF THE MANUSCRIPT

Title page. The first (title) page should contain the title of the
paper, names and workplaces of all authors. Individual
workplaces are necessary to be graphically differentiated
(preferably by numeral as the upperindex).

Abstracts and keywords. At the beginning the author puts an
abstract and keywords. The abstract should be in the extent of
250-300 words. There should be 4 to 7 keywords, according to
author's consideration, preferably from MeSH index.

Main text of the paper. General rules for writing manuscripts
recommend use of simple and declarative sentences; avoid long
sentences, in which meaning may be lost by complicated
construction. All acronyms and abbreviations should be explained
when they first appear in the text. The main text of the paper
should follow the style of selected type of paper.

Acknowledgement. Acknowledgements, if any, should be given
atthe end of the paper, before bibliographic references.

References. References should be cited in the text by their index
number according to the order of appearance in the manuscript.
Each reference should be marked by its index number in square
bracket corresponding to bibliography section. It is possible to
include references to dissertation works and technical reports. Itis
obligatory to include information sufficient to look up referenced
text.
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Examples of references in bibliography section:

[1] Knaup P., Ammenwerth E., Brandner R., Brigl B., Fischer G.,
Garde S., Lang E., PilgramR., Ruderich F., Singer R., Wolff A.
C., Haux R., Kulikowski C.: Towards Clinical Bioinformatics:
Advancing Genomic Medicine with Informatics Methods and
Tools. Methods InfMed 2004; 43, pp. 302-307

[2] Blobel B., Pharow P.: AModel-Driven Approach for the German
Health Telematics Architectural Framework and the Related
Security Infrastructure. In: Connecting Medical Informatics and
Bio-Informatics. Proceedings of MIE2005 (Eds. R.
Engelbrecht, A. Geissbuhler, C. Lovis, G. Mihalas), Vol. 116,
Amsterdam, |OS Press, 2005, pp. 391-396

[3] http:/iwww.infobiomed.org/

Tables and Figures. Authors should use tables only to achieve
concise presentation, or where the information cannot be given
satisfactory in another way. Tables should be numbered
consecutively using Arabic numerals and should be referred to in
the text by numbers. Each table should have an explanatory
caption that should be as concise as possible. Figures should be
clear, easy to read and of a good quality. Styles and fonts should
match those in the main body of the paper. All figures must be
mentioned in the text in consecutive order and should be
numbered with Arabic numerals.

Authors should indicate precisely in the main text where tables

and figures should be inserted, if these elements are given only
separately or atthe end in the original version of the manuscript.

© 2008 EuroMISE s.r.o.
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Editorial: en 91

Editorial - EFMI and active medical informatics journals in Europe

Biomedical informatics is a burgeoning
field, with important applications and
implications  throughout the biomedical
world and healthcare delivery. The
European Journal of Biomedical
Informatics (EJBI) is reacting on the great
European need to share the information in
the multilingual and multicultural European
area.

In the year 2010 the EJBI became an
official journal of the European Federation

EJBI - Volume 6 (2010), Issue 2

for Medical Informatics (EFMI). With these
changes the journal will stress the role of
information technologies and national
journals supporting wide communication in
many European languages.

The role of national and international
medical informatics European journals is
very important. In the first paper of the
second issue of EJBI 2010 the role of EFMI
and European medical informatics journals
is described in details. The other two

papers in this issue focus on robust image
analysis of faces for genetic applications
and on reliability of continous dichotomous
measurements.

Jana Zvarova
Editor-in-Chief

© 2010 EuroMISE s.r.o.
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Task Force of the European Federation of Medical Informatics

Journals: Background, Rationale and Purpose

Izet Masic', Josipa Kern?, Jana Zvarova’, Simon de Lusignan*
'Society fot Medical Informatics of Bosnia and Herzegovina, Sarajevo, Bosnia and Herzegovina,
?Croatian Society for Medical Informatics, Zagreb, Croatia,

*Czech Society for Biomedical Engineering and Medical Informatics, Prague, Czech Republic,

*Division of Community Health Sciences, St George's University of London, UK

Reprinted from: Medical Informatics in a United and Healthy Europe, K.P. Adlassnig et al. (Eds), 10S Press, 2009, 946-950, © 2009

European Federation for Medical Informatics.

Summary

The paper presents an analysis of how
EFMI disseminates new knowledge and of
the active medical informatics journals in
EFMI member countries, which was
carried out as an outcome of the EFMI
Council meeting in London in 2008. The
analysis identifies eight active major
informatics journals and several other
publications. Most are subscription-based
and published at least quarterly. There is a
possibility for the editors to meet regularly
and form a community of practice with the
aim of further improving their effectiveness
in disseminating new knowledge and best
practice in medical informatics. It is
feasible to share expertise and it may be
possible to harmonise several aspects of
preparation and submission of manu-
scripts so that some of the identified
barriers in publishing are reduced.

1.Introduction

The European Federation for Medical
Informatics (EFMI) is a non-profit scientific
and professional organization established
in 1976 that today consists of 31 national
members [1], [2], [3], [4]. All European
countries are entitled to be represented in
EFMI by an appropriate national medical
informatics society. The term ‘medical
informatics' is used to include the whole
spectrum of health informatics and all its
sub-disciplines and allied disciplines. The
Medical Subject Headings (MeSH) defines
medical informatics as [4], [5]: ‘The field of
information science concerned with the
analysis and dissemination of medical data
through the application of computers to
various aspects of health care and
medicine.' This definition was introduced in
1987 asaMeSH term.
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EFMI operates with a minimum of
bureaucratic overhead with each national
society supporting the federation by
sending a representative to participate in
the council. English has been adopted as
the official language, although
simultaneous translation is often provided
for congresses in non-English speaking
countries [6]. EFMI has 16 working groups:
Smart Cards in Health Care ‘CARDS
Social Security and Welfare; Education in
Health Informatics ‘EDU'"; Electronic
Health Records ‘EHR'; Evaluation and
Assessment of Health Information
Systems ‘EVAL'"; Informatics for Disabled
People and Rehabilitation ‘IDR";
Information Planning and Modelling in
Health Care ‘IPAM'; Libre/Free and Open
Source Software ‘LIFOSS'; Case-mix and
Severity of Cases; Medical Informatics in
Transition Countries ‘MICIT"; Medical
Imaging Processing ‘MIP'; Natural
Language Understanding ‘NLU"; Nursing
Informatics in Europe ‘NURSIE"; Human
and Organisational Factors of Medical
Informatics ‘HOFMI'; Primary Care
Informatics ‘PCI'; Safety, Security and
Ethics ‘SSE'; and Traceability ‘TRA'".

To date, EFMI has organized 21 European
congresses of medical informatics,
including the Medical Informatics Europe
(MIE) congresses in Cambridge (1978),
Berlin (1979), Oslo (1988), Glasgow
(1990), Vienna (1991), Jerusalem (1993),
Lisbon (1994), Copenhagen (1996),
Thessaloniki (1997), Ljubliana (1999),
Hannover (2000), Budapest (2002), St.
Malo (2003), Geneva (2005), Maastricht
(2006), Gothenburg (2008) and Sarajevo
(2009). The MIE 2011 conference will be
held in Oslo. Traditionally, MIE
conferences were not held in the year in

which the International Medical Informatics
Association (IMIA) organises its triennial
conference MEDINFO.1 EFMI has also
started a new series of meetings: the
Special Topic Conferences (STCs). The
STC concept has the following
components: a) organization should be
done by a member society possibly in
combination with its annual meeting;
b) EFMI Council meeting should be the
integral part of STC; c) topic of the
conference should be defined by the
organizing member society; d) considering
the topic, the relevant EFMI working
groups should be engaged; e) contribu-
tions should be mostly by invitation;
f) STCs are small 2-day conferences with
100+ participants.

The first conference STC took place in
Bucharest/Romania 2001, then in
Nicosia/Cyprus 2002, Rome/ltaly 2003,
Munich/Germany 2004, Athens/Greece
2005, Timisoara/Romania 20086,
Brijuni/Croatia 2007, London/United
Kingdom 2008, and Antalya/Turkey 2009.
In 2010, the STC will take place in
Rejkjavik/Iceland, and in 2011 in
Ptuj/Slovenia. The proceedings of these
conferences were usually published by
Springer in the series ‘Lecture Notes in
Medical Informatics' and by 10S Press in
the series ‘Studies in HealthTechnologies
and Informatics'. A selection of the best
papers from the MIE conferences were
published in a special volume of the
International Journal of Medical Informa-
tics and will be published in the Methods of
Information in Medicine, while the special
proceedings of STCs is published by 10S
Press as collection of peer reviewed
articles.

© 2010 EuroMISE s.r.o.



]

2. Review of Medical Informatics
Journals in Europe

Medical informatics scientific and research
production in Europe is growing both in
quantityand quality. Promoting high-quality
research is amajor goal of EFMI[1], [4], [6].
EFMI has two highlyr espected official
general journals, the International Journal
of Medical Informatics (former title:
International Journal of Bio-Medical
Computing), currently edited by Charles
Safran and Jan Talmon, and Methods of
Information in Medicine, currently edited
by Reinhold Haux. EFMI also publishes
several sub-speciality official journals
covering the spectrum of medical
informatics sub-disciplines. The time-
honoured method to disseminate high-
quality scientific research is via the
proceedings of the MIE annual
conference. EFMI also plays a major role in
education and in the harmonization of
medical informatics sub-disciplines
through the organization of STCs. Both
MIE and STC proceedings are peer
reviewed and published by I0S Press
(Amsterdam, The Netherlands). Usually,
MIE proceedings are indexed in
Medline/PubMed. Most medical
informatics journals are published in local
languages, but many of them also
incorporate English summaries or contain
combined articles published in domestic
and English language. Altogether, EFMI
provides highly effective means for
worldwide dissemination of medical
informatics research conducted in Europe.
However, in addition to the proceedings,
journal editors have the opportunity to do
more to disseminate knowledge and
increase the understanding of our
discipline.

3. Analysis of Publishing Activities
within EFMI Members

Most of the information about the EFMI can
be found on the official website
(www.efmi.org).

Furthermore, most of national societies
have their own websites providing useful
information about publications and
meetings in EFMI membercountries. Our
analysis is based on the factsgenerated
from EFMI database stored on EFMI
website and collected from national
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representatives of EFMI member
countries.

A search of Medline with the search terms
‘EFMI' and ‘European Federation for
Medical Informatics' returns only 21 papers
- 18 in medical informatics related
journals: Informatics in Primary Care (6),
International Journal of Medical
Informatics (3), Methods of Information in
Medicine (2), Studies in Health
Technologies (6); and 3 in
noninformatics/non-EFMI journals.
Authors of the papers are: Blobel (2), De
Lusignan (6), France (1), Horsch (1),
McKeon (1), Masic (2), Michalas (2),
Naszlady (1), Tallberg (1), Talmon (1),
Trpisovsky (1), van Goor (1), and Zvarova
(1). Medline search using the term ‘IMIA'
was performed (for comparison) and 150
papers were found; the search term ‘AMIA’
resulted in 244 papers found. Most of EFMI
papers are related to the activities of
working groups — PCIl is the most
prominent [5], [6] - and relatively few
initiatives at the level of the federation.
Detailed analysis of EFMI website showed
that only 14 of 31 members have their
official scientific or professional medical
informatics journal or newsletter listed
(Table 1). Medical informatics journals
have their articles published in English with
three published in their national language.
There are three journals published only as
e-journals.

The frequency of ISSN registered
publications varies: one journal is
published biannually, two quarterly, one
every two months, five journals are
published 2-3 times per year, two journals
monthly and one journal nine times per
year. Medical informatics is the principal
subject of all of the journals, but several of
them focus on other sub-disciplines and
allied disciplines. Most of the medical
informatics journals are international
publications, though three are restricted to
national circulation. Two journals are
financed by ministry of health and/or other
public institutions, while others use
subscription as the way of financing.

4. Mission statements of task force
of EFMl journal editors

Editor-in-Chiefs of medical informatics
journals are invited to create a joint mission
statement and set out the objective and

|. Masic et al.: Task Force of the European Federation of Medical Informatics Journals: Background, Rationale and Purpose,
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purpose of all EFMI journals. We believe

that the joint statement will foster the

dissemination of scientific knowledge and

increase our understanding of medical

informatics as a discipline. Additionally, we

intend to produce and issue a core

document stating the fundamental

principles upon which all medical

informatics journals editors should agree.

The common goals will be identified and

agreed on the scope and standard of

papers that should be published in EFMI

medical informatics journals. The reasons

for setting out the statement are:

®To promote editorial excellence by
enforcing the use of standards and
guidelines(International Committee of
Medical Journals. Editors guidelines;
Committee of Publication Ethics; other
relevantdocuments [7]);

®To improve the quality of scientific studies
published in EFMI medical informatics
journals by imposing same standards for
evaluating studies in medical informatics
(quidelines already accepted as official
EFMI document, but there were no
further steps taken to ensure their use);

®To promote scientific publishing
excellence by enforcing standards of
paper formatting (‘camera-ready’
manuscript format; Vancouver
referencing style);

®To improve diffusion of scientific
knowledge through the medical/health
informatics area (recognition and
diffusion of EFMI research, education,
clinical practice guidelines in EU
countries should be promoted);

®To increase collaboration among EFMI
medical informatics journal editors and
schedule regular meetings of the Task
Force;

®To explore the potential for using shared
pool of reviewers, sharing information on
review process and sharing expertise:
technical editorial information,
experiences, initiatives, publishing
resources and tools (such as the open
source Open Journal System or
commercial/publisher solutions);

®To encourage articles not suitable for
medical informatics journals to be
published elsewhere and support the
communication with editors of such
journals;

© 2010 EuroMISE s.r.o.
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Tab. 1. - EFMI member countries medical informatics journals.

EFMI country Journal title Publither Editor-m-Chief IS5N s e SU].jmi" \x:.Eb Language Fie:ld PEET , Financed by
VEAT Per year 53310M SLte reviewed
Austria Artificial In_'e_]ligeme " Elsevier 'ﬂauzf?m_:er '.':Ef." 1989 Q email wves  English L, other internat. subseription
Medicine Adlasmnig 5056
Bosnia E:?'d Acta Informatica Medica A ‘{r-C‘,:'NA\ Lzet Masic 0333- 1993 4 email ves Enelish MI, other mtemat, subscription
HE[’ZEEC'\"['I'[E SE:E]E'\.T} 51':';‘
Bilten HDbiI: I.El.:.]lenn of ZEMI Fristina Fister h_!.‘-’__ ; 12497 2 email wves Croatian MI, other ne membe‘r:].'up m the
. the CEMD 0253 saciety
o 1330- English ministry of science
Medicinska informatika SEMILL Josipa Kem Tj-.;. 1843 2 o = MI national o !
[ roatian publicitr
- Lékaf a Technika EuroMISE Fare]l Roukik 0.3'“1‘ © 1970 4 email  yes Czech M, bjm:mes::.al national public m:nn.ltmnﬁ
_zech 5421 ENELESINE subscription
Bl _temenloeeltn  BNE Jeadeee. 1 0E 2 mnalogm e el oo other
Blﬂn‘.EdlﬂE] -IT{CmetLCE :ltll:-\j Cr.]-IEI.' nierrnatics
Sprineer- 5
Denmark Newsletter Uf:mrsr ves ?311; ];_I' MIL national  public institutions
Verlag Englis
France Informatigue et Sante Urban®&  Patrice Degoulet 2 email ves :-_rewc'-" MI national Bl l:mt'fmcm"
English subseniphion
Biometne, Informatik und Fisch shlic instit: ;
Germany Epidemiclosie in Medizin ‘.l_."c = email wves German MI, other nationa] UG REHEUOnS,
und Biologie Verlag subscniption
Ireland Newsletter
Lorzel [LAMI Ja'.\r:';a.l and The SMILA 3 M, other
Health Screen
In ica Madica 1315- English, ML b e
Slovenia nmr:naufa“ sees SEIS Craj Vidmar o :.. 19403 2 email ves Slovenian, sastabisfics, internat, MI society (SMLA)
Slovenica 2120 othe other naticnzl
5pain I+5 Elsevier 5] I, other
. o pPaper,
Sweden S TJAMI Tomy Creth 0169- 1985 12 email, ves  Enghsh I intermat, subseriptions
Frograms in Biomadicine 2607 online
Ukraine Lhm?;il;:?:d?::i:? i Fadcliffe ﬁ:fi—:[o: }illil 203 23 email yes bg_i:i::;,: MI, other internat, public institution
T ] T 3 1476 i G ROS
. :[.;m:ec [nformatics in Poimary Care  Publizhing u]n,F:11 £ Ai'? 1593 4 B ves  English PH';" L]“-I‘EL] intermnat. PHCL" E i
:\'m;dam Lu:l;ns.:‘. OJ L':I G'I.'l].l.!".E II'ITE!TITEEJCE Eubw‘np:w:‘.:
International Journal of e, Charles Safran, 1386- a6 - paper, - . T, e .
EIMI Medical Informatics e Jan Talmen 5056 el o online T Fhetih il i STt
Methods of Informationin o\ r Reinhold Haux 2020 1062 6 P™T yus  English MI intemat.  subscriptions
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Summary

This paper is devoted to automatic
localization of objects (eyes, mouth) in two-
dimensional (2D) grey scale images of
faces. Motivated by a practical problem in
human genetics, the output of the
localization of objects in the given
database of images is needed for further
tasks in the genetic research. Arobust filter
is applied on the image to ensure
denoising. Templates are used as the main
method. The mouth and both eyes are
localized jointly using the weighted
Pearson product-moment correlation
coefficient or its robust analogy based on
robust regression methods. In the
database with 212 images of faces the
method allows to locate the mouth and
eyes correctly in 100 % of cases. Also the
robust correlation coefficient based on the
least weighted squares regression
localizes the mouth and both eyes in 100 %
of images of the given database.
Robustness aspects of the method are
examined with respect to rotation, noise,
occlusion and asymmetry in the image.
The joint localization of the mouth and both
eyes produces the method invariant to
rotation of any degree. This work is tailor
made for the given images with expected
usage of the methods in genetic
applications.

Keywords: object localization, template
matching, eye or mouth detection, robust
correlation analysis, image denoising

1.Introduction

The primary motivation for this work is the
automatic location of landmarks in images
of human faces motivated by genetic
research. We are working with a database
of images which come from the Institute of
Human Genetics, University of Duisburg-
Essen, Germany (projects BO 1955/2-1
and WU 314/2-1 of the German Research
Council). This database contains 212 grey
value images of the size 192 times 256
pixels, each image corresponding to a
different person. The faces have about the
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same size but are rotated in the plane by
small angles. Our aim is to find a robust
solution with respect to rotation, occlusion,
noise in the image and asymmetry of the
face, while allowing for a clear
interpretation of the method.

Template matching is a tailor made method
for object detection in grey scale images. A
template is a model, a typical form, an ideal
object. It is placed on every possible
position in the image and the similarity is
measured between the template and each
part of the image, namely the grey value of
each pixel of the template is compared with
the grey value of the corresponding pixel of
the image. [1] gives references on
template matching applied to face
detection and face recognition.
Nevertheless standard image analysis
procedures are formed as a cascade of
extremely simple classifiers [2]. On the
other hand ignoring the usual procedures
of dimension reduction and feature
extraction can ensure a clear interpretation
and allows theoretical robustness
considerations [3].

[4] is an example of template matching
applied to the data set of irises of
64 persons with the task to assign a new
iris to the correct person from the training
database. The method maximizes the
mutual information as the similarity
measure between the template and the red
channel of the color image. [5] considers
templates as elements of a tree-structured
hierarchy. More sophisticated algorithms
of image analysis combine ad hoc
methods of mathematics, statistics and
informatics [2] accenting high computa-
tional speed rather than convenient
theoretical properties [3]. Recent papers
on image analysis replace pixels by
features or patches. Patches [6] are
homogeneous areas of pixels and the
patch-based approach analyzes the image
as a set of individual patches. On the other
hand features typically correspond to
edges or objects with heterogeneity or

discontinuity. [7] was the first paper
reducing the dimension by replacing pixel
intensities by a feature set. [8] and [9] are
recent works on human or face detection
by extracting features with the aim to
propose methods possibly robust to
illumination changes, different pose or
facial expressions. [10] studies variance
matrices of features, because variance is
robust toillumination changes.

We work with the database containing
images which are matrices with the size
192*256 pixels. Agrey value in the interval
[0,1] corresponds to each pixel, where low
values are black and large values white.
Images are photographed under the same
conditions, with the person sitting straight
against the camera looking straight at it.
The Institute of Human Genetics tried to
have the images standardized as much as
possible. For example there are noimages
with closed eyes, hair over the face
covering the eyes or other nuisance
effects. Still the faces in the images happen
to be rotated by a small angle. The eyes are
notin a perfectly horizontal position in such
images. The database does not include
images with a three-dimensional rotation
(adifferentpose).

The Institute of Human Genetics is working
on interesting problems in the genetic
research using images of faces [11]. The
ambitions of the research are to classify
automatically genetic syndromes from a
picture of a face; to examine the
connection between the genetic code and
the size and shape of facial features; and
also to visualize a face based only on its
biometric measures [12]. Images of
patients can be classified to one of 10
groups according to a genetic
malformation deforming the face. For
different syndromes the success rate lies
between 75 % and 80 %, which is
considered remarkably successful.

© 2010 EuroMISE s.r.o.
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Locating the landmarks is always the first
step of all such procedures, however not
the primary goal of the study. The
landmarks are prominent parts of the face,
for example the corners of the eyes and the
mouth, the midpoint of the top and the
bottom edges of the lips or significant
points of the nostrils and eyebrows. The
team of genetics researchers uses two
approaches to locate 40 landmarks in each
face. One possibility is the manual
identification, which is carefully and
accurately performed by an anthropologist
trained in this field. As the second
approach the Institute uses an automatic
method, based on the algorithm [13], which
will be now described.

The algorithm starts by manual location of
the set of 40 landmarks in a training set of
83 images of faces. These landmarks are
called fiducial points and they together are
placed on all positions in the image as one
large template retaining fixed distances
between the landmarks. Two-dimensional
Gabor wavelet transformations with
different values of the two-dimensional
scale parameter are applied on all the
trainingimages and also on a new image in
which the landmarks are to be located. The
jets (Gabor wavelet coefficients) in each
landmark of the training image and the jets
in the corresponding pixels of the new
image are compared. We can understand
the jet of each of the training images as a
(multi-dimensional) template. The
correlation coefficient between the vectors
of wavelet coefficients (or only their
magnitudes) is computed and their sum
over all 40 landmarks is used as the
similarity measure between the training
image and the new image. However, such
an approach turns out to be vulnerable to
small rotations of the face.

The aim of our work is to search for the
mouth and eyes in images of faces using
templates. We propose an algorithm for
localizing each of the eyes separately and
also jointly both eyes and the mouth using
templates. We inspect robustness
properties of the described method, for
example the robustness to noise or
rotation of the image. The paper has the
following structure. Chapter 2 describes an
initial denoising of images obtained by
applying a robust filter. Templates are used
as the main method to localize the eyes
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(Chapter 3) and jointly both eyes and the
mouth (Chapter 4). Robustness aspects of
the method are examined and robust
analogies of the correlation coefficient are
inspected in Chapter5.

2.Methods

Our approach begins with image
denoising. We describe an approach for
locating the eyes in the image and then the
joint localization of both eyes and the
mouth. Finally we compare different
methods of robust correlation analysis for
the same task of localizing both eyes and
the mouth jointly. We must admit that we
lose the advantage of feature-based
methods described in Chapter 1, which
allow to work with different sizes of the
images. Nevertheless our approach has a
clear interpretation and we are able to
obtain a rotation-invariant approach. The
results are presented in Chapter 3.

2.1Image denoising

Denoising, filtering or robustification is a
transformation often used to remove noise
from images. We summarize arguments in
favor of image denoising from references
and describe our method based on the
least trimmed squares or least weighted
squares estimators. The motivation for
such procedure is to remove noise from
images while retaining the facial features
well recognizable. Another artefact in our
database of images is the reflection of light
bulbs at different positions in the eyes of
persons. This nuisance effect caused by
the method of photographing at the
Institute of Human Genetics is also
removed by the image denoising. We
describe these very robust estimators for a
linear regression context, because they
are used also later in Chapter 2.4 to define
arobust correlation coefficient.

[14] describes filters (two-dimensional
operators) for denoising and prefers the
trimmed mean and other L-estimators [15]
to the median. [16] proposes an M-
estimator correlation coefficient, gives
theoretical arguments in favor of the
combining the robustness and efficiency
for Gaussian white noise and applies it to
the image analysis of templates. Denoising
is applicable also to molecular genetics
images [17] or alternatively [18] based on
robust statistics.

|

We proceed to the definition of the robust
statistical estimators, which are used for
the image denoising in our work. Let us
consider the linear regression model in the
form

Y =B, +Bx, +..+B,x, +e,i=12..n,
(1)

or in the matrix notation Y=XB+e. The least
weighted squares (LWS) regression
estimator proposed by [19] is one of robust
regression methods with a high breakdown
point. It requires the specification of the
sizes of the non-negative weights w,,
W,,...,w,. However these are assigned to
particular data observations only after a
permutation, which is determined in an
implicit way during the computation of the
estimator. This permutation depends on
residuals u,(b),...,u (b) correspondingtoa
particular value b=(b,,b,,...,b,)'of the
estimator of the vector parameter B, where

w, (b= ¥, b —bx, —..—bx,,i=12..

PETRPY

(2)

I

Typically the weights w,, w,,...,w, are
chosen as a non-increasing sequence.
Denoting arranged squares residuals as

w ). (3)

[E

iy (8) gy (B) < oot
the estimator of B isdefined as

B = argmin i-wz'“é] (B,
iml
A popular choice [20] is to use linearly
decreasing weights w,=1-(-1)/n,i=1,...,n;
another possibility is a two-stage
procedure of [21] for the computation of
adaptive weights, allowing to determine
also the sizes of the weights automatically.

The least weighted squares regression
combines the robustness and efficiency
[21]. A fast approximative algorithm for
computing the LWS can be obtained as
a weighted analogy of [22]. [23] proposed
the least trimmed squares (LTS)
regression, which is a special case of the
LWS regression with weights equal to
1 or 0 only. It must be specified that exactly
h of the data points will have the weight
equalto1.
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We apply these robust estimators in the
context of image denoising. Their
advantage is the high breakdown point [15]
ensuring high resistance against outliers.
Instead of the linear regression, only the
location model is relevant. The least
median of squares (LMS) estimator [23] is
equivalent to the mean of the shortest half
of the data. The LTS estimator
corresponds to the mean of such half of the
data (or a group of some h<n
observations), which has the smallest
variance. The LWS estimator is the
weighted mean of the data with such
permutation of the weights yielding the
smallest weighted variance of the data
[20].

Foreach pixel we take the grey values from
its circular neighborhood and compute the
least median of squares (LMS), least
trimmed squares (LTS) or least weighted
squares (LWS) estimator. The information
about the coordinates is lost. Poor results
are obtained with the median because it
removes contrast and the resulting image
is rather greyish. The performance of the
LTS and LWS estimators is reliable with a
small radius of the circular neighborhood,
however not strongly influenced by the
choice of h for the LTS or by the choice of
weights for the LWS estimator.

Therefore we use the LTS filter on each
image in the database. For each pixel we
consider its four direct neighbors and
compute the LTS estimator with h = 3,
which is computed as the mean of the
shortest triplet obtained from the values
arranged in ascending order. This removal
of possible extreme outliers removes also
the light reflected in eyes to some extent.
To examine the effect of denoising, we
examined the residuals of this
transformations. Large absolute values of
the residuals indicate a larger local effect of
denoising. This effect of the transformation
is remarkably attained at edges in the
image, such as between the hair or shirt
and the background or at the boundary of
the nostrils.

2.2 Locating eyes

We use template matching to search for
the right and left eye in each image
separately. It is popular to use the mean of
eyes as the template for the eye (compare
[24], [25]). Here we construct a set of 6 eye
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templates for the right eye and their
reflections in the axial symmetry are used
for the other eye. The templates are
obtained as the mean of real eyes of the
same size of different persons; one of them
is shown in Figure 1. The templates have
different sizes between 26*28 pixels and
36*30 pixels. The Pearson product-
moment correlation coefficient (further
called simply correlation coefficient) or the
weighted Pearson product-moment
correlation coefficient r, (further called
weighted correlation coefficient) with
suitable weights is used as the similarity
measure between the template and the
image.

Fig. 1. An eye template.

All of the templates contain eyebrows,
which could possibly complicate the
recognition. Nevertheless the area of
eyebrows will be down-weighted by the

weighted correlation coefficient with radial
weights. Figure 1 shows such an eye
template, which yields the best perfor-
mance in locating the right eye; in this case
this template alone was used together with
the weighted correlation coefficient with
radial weights.

We compute the correlation coefficient
between one of the images and the eye
template from Figure 1. The correlation
coefficient is shown in Figure 2, where
black areas have a large value of the
correlation coefficient. These areas
include both eyes and also the mouth or
parts of the hair. It happens for example
that the right eye of a particular person has
a larger correlation with one of the left eye
templates than with any of the right eye
templates. We use this phenomenon in the
algorithm in the following way. All the
twelve templates are placed on every
possible position in the image. We do not
distinguish between left and right
templates. Firstly the area with the largest
correlation coefficient over all templates is
found. That is one candidate eye. Now the
whole image without this candidate eye
and its nearest neighborhood is
considered. Again the area with the largest
correlation with any of the eye templates is
found. Thatis the other candidate eye.

Fig. 2. The correlation coefficient of a given image and the template for the right eye was
computed. Areas of the image with a large correlation coefficient are shown black.

© 2010 EuroMISE s.r.o.
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2.3 Locating eyes and mouth

Tolocalize jointly the mouth and both eyes,
we start with a region which is candidate to
contain the mouth and search for the eyes
in a certain region above the candidate
mouth. We use 6 templates for the right
eye, their reflections in the axial symmetry
and 7 symmetric mouth templates. Each
mouth template is used to find several
areas, which have the weighted correlation
coefficient with any of the mouth templates
above a certain threshold. This can be
differentin differentimages. In any case we
search for at least three such areas, which
are not direct neighbors of each other.
These areas are considered to be
candidate mouths. First we select areas
with the weighted correlation coefficient r,,
above the value of 80 % of the maximal r,,
which was attained in the particularimage.
This boundary can be decreased if
necessary.

Different mouth templates vyield different
candidate mouths. Then the eyes are
search for in such areas, which correspond
to particular candidate mouths. These
areas range from 20 to 55 pixels above
candidate mouths and are considered to
be candidate areas for eyes. We place
each of the 6 eye templates and their
reflections in the axial symmetry on every
possible position in these candidate eyes
and compute the weighted correlation
coefficient between the template and the
corresponding region of the same size. At
the same time the area with the expected
position of the eyes is divided to two parts
along the virtual vertical line (Figure 2),
which bisects the mouth. All eye templates
and also their versions reflected in the axial
symmetry are used in both parts of the
candidate area for eyes. We search for the
area with the largest weighted correlation
coefficient with any of the templates in the
left and right parts separately. This
approach is repeated for several candidate
mouths.

Moreover we use a condition on the mutual
distance of both eyes in the limit between
25 and 42 pixels. These bounds are
obtained empirically and real eyes fulfill the
condition also in images with a slightly
modified size or rotated by a small angle.

For a given candidate mouth we find
acandidate areafor the right and left eye. If
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these do not fuffill the condition on the
distance between eyes, we continue
searching for such area, which has the
largest weighted correlation coefficient
with any eye template among all remaining
areas in the candidate area for eyes. Such
area with the midpoint in the candidate
area is one candidate eye, while the other
candidate eye has the largest weighted
correlation coefficient with any of the
templates and must have the midpoint in
the opposite part of the candidate area.
Again the condition on the eye distance is
checked and if needed these steps are
repeated, until two candidate eyes are
found, which satisfy the condition. This
method distinctively improves the results
forrotated images (Chapter 3).

The basic idea is to add three weighted
correlation coefficients corresponding to
the mouth and both eyes. Let us start with
one of pixels, which is the midpoint with a
large weighted correlation coefficient with
any mouth templates. Let us denote the
largest value among these weighted
correlation coefficients between the area
and any of the templates as r,,. We place
all eye templates on every such possible
position with the midpoint in the left part of
the candidate area for eyes. The eyes are
searched for only in the left part of this area
and let us denote the largest weighted
correlation coefficient over all possible eye
templates by r,,. In a similar manner we
place all eye templates to the right part of
the candidate area and denote the largest
weighted correlation coefficient by r,,.

P

|

Let us consider the coefficient

= F f F s 1 =0 I g = O g = 0

(4)

where 1 denotes an indicator. (4) ignores
negative values of the weighted correlation
coefficient. The largest value of r; is
computed for different candidate mouths.

2.4Robust correlation

We apply arobust version of the correlation
coefficient to the joint localization of both
eyes and the mouth in the images. The
method is based on the robust estimators
for the linear regression context (Chapter
2). Trimming away some pixels
corresponds to the idea that some pixels
areirrelevant and ignoring large portions of
pixels may resemble patch-based
approaches [26].

We compute the LWS-based correlation
coefficient between the image and the
template by transforming the matrices to
vectors, computing the LWS regression of
the image against the template and finally
computing the weighted correlation
coefficient with the weights determined by
the LWS. For the LWS we consider linearly
decreasing weights and the adaptive
weights [21]. The LTS-based correlation
coefficient is defined in an analogous way
and we choose to trim away 20 % of the
pixels (h=0.8n).

Tab. 1. Percentages of correct results for the localization of eyes using
6 templates and the joint localization of mouth and eyes using 7 mouth
templates and 6 eye templates. The weighted Pearson product-moment
correlation coefficient is used with radial weights. The original images were
also modified by making the size smaller by 10 % or by rotating the image by

+10°0r -10°.

Templates QOriginal image | Smaller image | Rotated image
Eves, » 1.00 0.80 0.30
Eves, 1y 1.00 0.97 0.86
Eves and mouth, » 1.00 0.99 1.00
Eves and mouth, #, 1.00 1.0 1.00
Eves and mouth (relaxed), r 1.00 0.99 0.92
Eyes and mouth (relaxed). ry 1.00 099 087

© 2010 EuroMISE s.r.o.
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3.Results

3.1Locating eyes

The set of 6 eye templates (Chapter 2.2)
allows both eyes to be localized correctly in
100 % ofimages of the database, using the
product-moment correlation coefficient as
the similarity measure between the image
and the template. This means that the
output of the localization corresponds to
true eyes in all 100 % of images of the
database. The 100 % correct results are
obtained also with the weighted correlation
coefficient with radial weights defined to be
inversely proportional to the distance of
each pixel from the midpoint of the
template and yield better results in terms of
robustness properties (Chapter4).

Table 1 presents the results of locating
both eyes separately by 6 eye templates
and their mirror reflections. Further it gives
results described later. Results obtained
with r and r, with radial weights are
compared.

3.2 Locating eyes and the mouth

The method (4) for the joint localization of
both eyes and the mouth (Chapter 2.3)
localizes the mouth and both eyes
correctly in 100 % images of our database.
Table 1 presents the results of this method
obtained with r and with radial weights and
also results obtained with a relaxed
version, not using the limit on the distance
of both eyes. These results support the
necessity of such condition. Further Table
1 contains results obtained for images with
a modified size or rotation, which will be
described in Chapter 3.

3.3Robust correlation

We use the database with 212 images and
the 7 mouth templates and 6 eye templates
together with their mirror reflections.
Several of the robust correlation methods
of Chapter 2.4 yield 100 % correct results
in the localization of both eyes and the
mouth jointly. These correct results are
obtained with the LTS-based correlation
coefficient with h = 0.8n, the LWS-based
correlation coefficient with linear weights
and also the LWS-based correlation
coefficient with adaptive weights. Typically
the outliers trimmed by the LTS or down-
weighted by the LWS are located in the
neighborhood of eyes, at the boundary of
the rectangular templates.
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For comparison we consider a robust
correlation coefficient based on trimming
principal variablesu=x+yandv=x-y,
proposed by [27]. This fails in our
application in locating the mouth. The
reason can be explained on the correlation
coefficient between the mouth template
and the mouth. The outliers in the variable
u are namely typically in the lips, while the
outliers in the variable v correspond to the
cheeks. For the correlation coefficient
between the mouth template and the non-
mouth the outliers are typically present in
the cheeks. There is no clear corres-
pondence between the outliers in the
principal variables and the original data,
which does not allow the mouth to be
classified correctly.

To summarize, we apply robust versions of
the correlation coefficient based on robust
regression with a high breakdown point.
These give 100 % correct results in a joint
localization of both eyes and the mouth,
similarly with the weighted correlation
coefficient with radial weights.

3.4Robustness of the methods

Tab. 2. Performance of the weighted Pearson
product-moment correlation coefficient with
radial weights in locating both eyes and the

mouth jointly. Percentages of correct results.

The method is applied on original images,

images rotated by any degree and images
slightly modified by noise, occlusion or
asymmetry as described in Chapter 3.

Images ry with radial weights
Original 1.00
Rotated bv anv degree 1.00
Noise 1.00
Ceclusion 1.00
Asvmmetry of the face 1.00

We present validation steps to verify the
performance of our methods for the joint
localization of the mouth and both eyes.
We verify the method (4) on a validation
set, further we inspect the properties under
rotation by any degree and finally we study
the robustness empirically by modifying
the original images by introducing
additional noise, small occlusion or small
asymmetry; Table 2 summarizes our
modifications of the originalimages.

This method does not use any parameters
learned over the database of images.
Specific properties of this particular
database influence the choice of the
templates and the expected distances
between both eyes and between the mouth
and eyes. Nevertheless we verify the
performance of the method on a validation
set of images. We have photographed 30
randomly selected students at the
University of Duisburg-Essen with a
compact digital camera. Our conditions
were standardized to obtain images of
faces with the same illumination, distance
from the camera, possibly rotated in the
plane by small angles, without facial
expressions. We transformed the color
images from their size 2048*1536 pixels to
grey scale images of size 266*200 pixels
so that the size of the faces corresponds to
the size of the faces in the original
database. We used the method of Chapter
2.3 to localize the mouth and both eyes in
the images. The method gives 100 %
correct results for these images with our
set of 7 mouth templates and 6 eye
templates. Nevertheless we consider our
method sensitive to the size of the images
and therefore we do not verify the methods
on other databases ofimages.

Theoretical properties of template
matching concerning robustness with
respect to rotation, occlusion or
asymmetry are studied by [3]. It follows
immediately that (4) is robust in the same
situations. On the other hand the sample
influence function [28] is not limited and (4)
turns out to be vulnerable to highly
influential weights.

We start by examining the method for the
rotated images, while we retain non-
rotated templates. Localizing the eyes
separately or the mouth alone does not
yield successful results in images rotated
by £ 10° not even are the eyes or mouth
localized correctly in non-rotated images.
Further we compute the joint localization of
both eyes and the mouth for images
rotated up to £ 10°. Using 6 eye templates,
their reflections in the axial symmetry and 7
mouth templates together with radial
weights for all mouth and eye templates,
the mouth and both eyes are correctly
localized in 100 % of the images.

© 2010 EuroMISE s.r.o.
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Nevertheless rotating the image by + 20°
makes the method collapse in about 50 %
oftheimages.

If the face is rotated by any of angles 10,
20, ..., 350 degrees, the sum of three
weighted correlation coefficients is smaller
than in a non-rotated face with horizontal
eyes. A good strategy is to rotate the face
by several different angles and to find the
largest value of (4) for each rotation. In this
way we localize the mouth and both eyes
correctly independently on the initial
rotation of the given image. To be specific,
we rotated each images by angles 0, 10,
20, ..., 180, ..., 350 degrees. The largest
value of r,* in each of the 212 images is
obtained exactly for such position, when
the eyes are in a horizontal position. That
leads to the correct localization of the
mouth and both eyes in 100 % of the
images. The 100 % correct results for
images rotated by any degree are obtained
also for the LWS-based correlation
coefficient with linearly decreasing weights
and with the adaptive weights.

The method for localizing the mouth and
both eyes contains a double protection
against a possible rotation of the face.
Firstly the templates are robust to a
rotation up to x 10° Secondly the
coefficient r,+ attains the largest value
exactly for a non-rotated face. Therefore
the correct rotation of the face is
automatically detected in each face with an
arbitrary rotation up to + 180° degrees.
Table 1 presents results obtained with r
and r, with radial weights for images
rotated by £ 10° orreduced in size by 10 %.

Finally we inspect robustness properties to
other non-standard situations. Pixel-
independent noise with Gaussian
distribution with zero expectation does not
harm the results with variance up to
0 =(0.11)°. The mouth and both eyes are
correctly localized also in images rotated
by any angle (Figure 3) and spoiled by the
noise with zero expectation and variance
o’upt00.01.

We occluded the mouth in every image by
a small plaster to examine the local
sensitivity of the method. Grey values in a
rectangle of size 3*5 pixels are set to 1.
Every mouthin the database is modified in
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Fig. 3. Localization of the mouth and both eyes. For a particular candidate
mouth the eyes are searched for in a relevant candidate area.

this way placing the plaster always on the
same position to the bottom right corner of
the mouth, below the midpoint of the mouth
by 7 to 9 rows and on the right from the
midpoint by 16 to 20 columns. An example
of such occluded mouth is shown in Figure
5. The mouth and both eyes are localized in
100 % of images with such occluded
mouths.

To study the effect of asymmetry of the
mouth, we increase grey values in the right
half of every mouth by a constant, say ¢.
There is no monotone relationship
between the value of ¢ and the value of the
separation.

The joint search for the mouth and both
eyes gives 100 % correct results with € up
to 0.15, which is already quite a severe
alteration of the original mouth. Here equal
and radial weights fail for locating the
mouth itself by 7 symmetric mouth
templates.

To summarize, the joint localization of
mouth and eyes with 7 mouth templates
and 6 eye templates has robust properties
with respect to small rotation, occlusion
and non-symmetry of the image. Robust
modifications of the correlation coefficient
are applied to the same problem in the next
chapter.

Fig. 4. The rotated image additionally modified by noise.

© 2010 EuroMISE s.r.o.
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Fig. 5. Mouth modified by a small occlusion (white plaster).

4, Discussion and conclusions

We have proposed a method for the joint
localization of the mouth and both eyes in
images of faces. The methods are tailor
made for the given images of faces with
expected usage of the methods in genetic
applications. Templates are conceptually
simple and clearly interpretable. The
method is robust with respect to noise in
the images, occlusion or asymmetry of the
faces. The results are correct for any initial
rotation of the face. The disadvantage of
our approach for a general usage is the
sensitivity to the size of the images.

Our attempt to apply robust correlation
measures to the same task of localizing
objects in the image yields promising
results and we can recommend robust
analogies of the correlation coefficient
based on the least trimmed squares and
least weighted squares regression for
practical usage. Nevertheless the
computation of these estimators is very
tedious also with approximative
algorithms.

The initial denoising was motivated by the
necessity to obtain a method robust to
noise in the images; its effect may be
however small, especially when robust
correlation measures with a high
breakdown point are used to measure the
similarity between the image and the
template. While theoretical robustness
properties of the robust methods remain
for future research, the methods described
in this paper can be recommended for
practical usage in genetic [17], [18] or
anthropologic research [3].

In contrary to standard approaches we
examined correlation analysis methods for
locating objects in raw images, without a

EJBI - Volume 6 (2010), Issue 1

prior reduction of dimension and feature
extraction. Standard approaches use the
normalized position or invariant
descriptors in order to remove or diminish
the effect of rotation or even the change of
scale of the images. Nevertheless we
contradict a popular belief that statistical
methods cannot handle the task of
analyzing raw images. Promising results
are obtained with the weighted Pearson
product-moment correlation coefficient
and also robust versions of the Pearson
product-moment correlation coefficient.
There remains an open problem of
computing optimal weights for the
weighted correlation coefficient. These
should increase the discrimination
between those parts of the image
corresponding to the template and those
which do not. Such problem must be
solved again in a robust way, not allowing
to obtain highly influential weights by
regularizing the problem by introducing a
certain upper bound for the optimal
weights. An interesting task would be to
compare standard classification methods
of multivariate statistical analysis and their
performance in locating landmarks in the
given database of images.
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Summary

Reliability of measurement is a measure of
its reproducibility under replicate
conditions. The classical concept of
reliability assumes that measurement Y'is
composed out of true value T and error
term ¢, two independent random variables,
Y =T + ¢ . Reliability of measurement is
defined as the ratio of the variance of the
true scores to the variance of the observed
scores. However, this concept is not
applicable in models for dichotomous
measurements which do not consider error
terms and are instead defined via
conditional probabilities. In this paper we
examine a more general definition of
reliability proposed in [1], which is based
on decomposition of variance in mixed
effects model. Proposed definition covers
the classical definition of reliability and it s,
moreover, appropriate for dichotomous
measurements, too. Newly, for the
proposed definition assumptions are
derived, under which the reliability of
composite measurement can be predicted
by reliability of single measurement
(Spearman-Brown formula) and
approximate validity of Spearman-Brown
formula is shown for the Rasch model.
Finally, as a modification of the classical
estimate of reliability based on Cronbach’s
alpha, we examine its counterpart logistic
alpha introduced in [2], which appears to
be more appropriate for composite
dichotomous measurements in some
cases. Simulations show that the new
estimate does not tend to underestimate
reliability as often as the Cronbach’s alpha
does. The new estimate is used in binary
data of computerized process of
myocardial perfusion diagnosis from
cardiac single proton emission computed
tomography (SPECT).

Keywords: reliability, binary data, logistic

regression, Cronbach alpha, Rasch
model, myocardial perfusion diagnosis
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1. Introduction and statistical
background

Reliability of measurement is a measure of
its reproducibility under replicate
conditions. In medical practice, the
reliability of measurement remains an
important topic engendering much
discussion. For continuous measure-
ments, reliability analysis and equivalence
test for agreement were lately studied by
Yi, Wang and He [3]. A nonparametric,
probabilistic estimate of reliability used on
cognitive tests in Alzheimer's disease was
examined by van Belle and Arnold [4]. IRT
model-based reliability estimates, which
are appropriate for dichotomous or ordinal
outcomes, were used in Teresi et. al [9)].

Reproducibility studies for binary
outcomes are typically analysed using
kappa statistics, which was motivated by
its relation to the intraclass correlation
coefficient [6], [7]. In this paper we take
quite a different approach — we discuss the
decomposition of variance in mixed effects
model settings, as appeared in [8] and
propose a new definition of reliability, which
covers the classical testing situation and is
moreover suitable also for binary data. We
also discuss a new estimate of reliability.
For better understanding of parallel with
classical test theory, a summary of the
basic principles of the classical test theory
(CTT)is givenin this section.

1.1 Reliability of measurement

within CTT

In the classical test theory [9], itis assumed
that the measurement Y is composed out
of the true value T and the error term ¢,
independent continuous random variables

Y =T +e¢,
T ~ (p,04), 07 > 0,

e~ (0,0%), % > 0.

(1)

The reliability of measurement is defined
as a ratio of variance of the true score and
variance of the observed score

var (1) o

reli(Y) = var (V) =

gl UL
or+o

(2)

Alternatively, reliability can be defined as a
squared correlation between the
measured value and the measurement

232
7(Cf';-)z - :1'(—'1‘1(‘7:].

or +0°)or
©)

Also, reliability can be expressed as a
correlation between repeated measure-
ments Y, Y, that is between two
independent and equally accurate
measurements of the same true value T

corr (Y, T) = corr (T +¢,T) = 0

Yi=T+¢,j=12,
€1. €3 ~ (0. ¢%) independent

cort (V7,Ye) = corr (T4 61, T+ e2) =

= % = reli(Y) (4)

T

Correlation between two independent (not
necessary equally accurate) measure-
ments of the same true value can be
expressed as

Vlide, g =100
€1~ (0,07), €2 ~ (0,73) independent

corr (Y1, Y2) =corr (1" + 61,17 + ) =

it = /7eli(¥;)\/reli(Y2)

RN
®)

1.2 Reliability of sum of repeated
measurements
Having J repeated measurements of T

Y, =T+e¢;, e~ (0,0%iid, j=1,.....J,
(6)
variability of their sum Y, =3 v; is

© 2010 EuroMISE s.r.o.



P. Martinkova, et al.: Reliability of Composite Dichotomous Measurements, en 103-109

I

var (Y,) = var (Z(I + q)) = J%0F + Jo?,
(7)

hence reliability p,of sum Y, orof average
Yo - %K
can be expressed by means of reliability of

single measurement p, (Spearman-Brown
formula, see[10], [11]).

s var(JT) JioZ B
Bl = var (Ye) Jrog + Jo? -

_ Ip1 _

T =-Dpm+1 P (8)

Reliability of sum of J repeated measure-
ments can also be expressed in a more
practical way

wli(Ys) = var(JT)  J J—1 J%%
T var(Y,) T J—1 J var(Y,)
_d JZO'%- + Jo? — Jo? — .]a%

T J-1 var (Y,)

J var (Z YJ) 2, var (Y;)

J-1 var (ZJ YJ)

_ J Z:}_:j,z'k"zk:
J=1 XY,k
)

where g, = cov(Y,Y,). In equation (9), we
got so called Cronbach's alpha (see [12])
which may be estimated by using sample
covariances instead of their population
counterparts

J ZZ);&.’; Sik
]*1 szh ‘iﬂ‘ ’

a =

kde sji, =

I
) N e N
t=1

(10)

For dichotomous data, estimate (10)
coincides with Kuder-Richardson formula
20 (see[13]).

As shown above in (9), Cronbach's alphais
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equivalent to reliability of sum of repeated
measurements of the same true value T.
Nevertheless, it is also widely used as an
estimator of reliability of composite
measurements.

1.3 Reliability of composite
measurements

Often, the measurement cannot be
repeated independently to produce exactly
the same true value T. In psychometrics,
the tests are composed of J items where
each of concentrates on a slightly different
aspect of measured quantity T, each
subject is described by the sum of J item
scores Yo =2V,

In medical practice, the health profe-
ssionals are often faced with the same
quantitative measurements reported by
different raters, or from the same rater
measured using different tools, and the
measured property is often described by
the average of the measurements

Vo= Y;/J
For j-th measurement, we suppose that
Vi —Ty+e, ¢~ (009),
N IR (1)

where (€,,...,.£,) are mutually independent
and also independent of (T,,...,T)
Reliability of composite measurement

Y, = Zj Y;
is
i _ var (T-)
reli(Ys) var (T,) + var (€,)

(12)

As demonstrated by Novick and Lewis in
[14], Cronbach's alpha is generally a lower
bound of reliability of composite
measurement

a <reli(Y,) = ps. (13)

Novick and Lewis showed that equality
holds only for essentially T-equivalent
items, that is in case, where for a random
variable Tand real numbers 3, such that

b Bi =0,
with probability = 1 holds

I

This is equivalent to simultaneously
holding

var (Tj) = 0%, Vj (15)
corr (T3, Tx) =1, Vj, k. (16)

Condition (1.3) is needed to have equal
item reliabilities in model (11). For
Spearman-Brown formula to hold, also
condition (16) is needed.

When items of composite measurement
are not essentially T-equivalent, besides
the fact, that Spearman-Brown formula
does not hold, from (13) we might also
expect that estimate of reliability based on
Cronbach's alpha will underestimate the
true reliability. Some estimations of this
discrepancy between reliability of
composite measurement and Cronbach's
alpha on population level can be found in
[15].

1.4 Cronbach's alpha as estimator of
reliability of composite measurements

Let us now suppose measurements Y,
j = 1,..,J on subjects i = 1,...,/
Assumptlons of essential T-equivalence

lead to 2-way mixed effects ANOVAmodel.

Yij — 15+ B35 + €,

> B =0,
b

where B, is the item parameter (item
difficulty, expert's level, etc.). When we add
assumptions of normality

T; ~ N(u,03), ej ~N(0,07),

and consider sum of squares
decomposition

SSr =Y (Vij — Yeu)? = SS4 + SS5 + SSp,

the mean squares MS, and MS; have the
following expectations

© 2010 EuroMISE s.r.o.
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E‘u[‘h—EZZ =Y =

i=1 j=1

! oS
EMSp=EY M (¥, V. F,i1V.57/

a=1 j=1

A= D= 1) = o (19)

Hence, Cronbach's alpha (9) can be
expressed as

EMS, —EMSg (20)

o= EMS,

and the estimate (10) can be rewritten as

- MS.-MSg | MSg . 1
T TMs, T T MSs, T Fy
(21)

where F, is the statistic used for submodel
testing with no subject effect in the full
model (17). The same statistic is used also
for testing the submodel in 2-way ANOVA
fixed effects model [16].

From (21) we can conclude that high
values of & indicate that the composite
measurement can distinguish between the
subjects well. Hence, we may expect
higher values of & when the subjects'
variability is high.

2. New developments for
dichotomous measurements

When measurements Y takes only the
values 0 or 1, the classical model
described in part 1.1 is not appropriate
anymore, since Y cannot be expressed as
a sum of two independent random
variables. Instead, the model should be
defined through conditional mean values
E(Y|T) Let us suppose a more general
model

Yij ~ f(-T3), T, ~ iid,

(Yi;|T3), (Yip |T,
(22)
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One of such models is the Rasch model
(see[17]):

. p exp(T; + ;)
B (Vi T = «(T., 5;) = m

T, ~ N(p, 07, 23)

In the framework of Item Response Theory
(IRT) the Rasch model (23) and its
generalizations are widely studied [18],
especially in connection with parameter
estimation. The concept of reliability is
extended from a single index to a function
of the true value T called the fest
information function [19]. Besides, itis also
possible to obtain an index for a test as a
whole which is directly analogous to
Cronbach's alpha: As an analogy to
decomposing an observed score into true
score and an error in classical test theory,
we consider a decomposition of an IRT
person estimate into a true location and
error

T=T+e (24)
The reliability in IRT is defined as

var (1) var (T) —Avar(s)_
var (T)

(25)

For its estimation, first, the estimates of
subjects' true locations and their standard
errors (SE) are computed by standard
estimation procedures. Then, the sample
variance of these estimates is computed to
estimate var(T ) The mean squared
subject standard error estimate provides
an estimate of the variance of the error
var(€). The resulting estimate is typically
very close to Cronbach's alpha [20].

In this paper, we consider a different
definition of reliability for model (22), one
that is a more straightforward genera-
lization of classical reliability. We give
formula for reliability in the Rasch model
and assumptions for Spearman-Brown
formula to hold in model (22). We also
intfroduce a new estimate of reliability
appropriate for composite dichotomous
measurements and we compare it to the
Cronbach's alpha in simulations and in
practical example.

2.1 Proposed definition of reliability
The total observed variance var(Y;) can be
decomposed by the means of conditional
variance and conditional mean value as

var (Yyy) = E (var (Y |T3)) + var (E (Y, |T3)).

(26)

where the first term is the intraclass
variance, that is the part of the variance,
which is not due to the variability of T and
the second term is the interclass variance,
the part of total variance which is due to the
variability of T; [8].

To follow the definition of reliability from the
classical test theory, we might defineitas a
ratio of the variance due to variability of the
measured property T to the total observed
variability, thatis

_ var (E (Y1)
var (E(Y|T)) + E (var (Y|T))"

(27)
Since for the classical model holds
EY|T)=E(T+ E)|T) =

definition (27) coincides with the classical
definition (2).

For composite measurements, the
reliability of j-th item can be defined as

and the reliability of composite
measurement Y, can be defined as

arEVaL) ()

reli(Yie) = var (Yie)

For the Rasch model (23), we derived in [1]
that reliability of composite measurement
is

J o
o wEE) | S D
EUSk= e L g T
; 2((‘,, D;Dy) 4 EB,
(30)
© 2010 EuroMISE s.r.o.
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where

oT+8i oT+5r

Cijp = Er

These integrals cannot be evaluated
explicitly, nevertheless they can be
evaluated numerically. Hence, for a given
testing situation (that is for distribution of
subjects' true values T number of items J
and their levels B, j=1,...,J,) the true value
of reliability can be computed (see Table 1).

2.2 Spearman-Brown formula
Preliminary let's find assumptions for
having equal item reliabilities T, forall j. As
we have already mentioned, reliability can
also be expressed as a correlation of two
independent measurements of the same
property T (see formula (4)), that is by the
(i-th subject) intraclass correlation

pijjr = cort (Yi;Yi50).

Within model (22), the relationship
between P, and T, 7, for j # " is following
(for proof, see [21]):

Pijjr = \/Tij\/Tij cort [E (Yi;[13),
E (Vi |T)] < 7T
(31)
The equalityin (31) holds for all j #j " if for all
%)
corr [E (Y |T3). E (Yip | )] = 1,
(32)

that is, in the case when for all i, j with
probability equal to one, for some
constants k, > 0 and n, and some
functions A(T) the conditional means can
be expressed as

E(Y;|T:) = kij N(T) +mi5] . (33)
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Moreover, assumption (33) can be
required with additional constraint

Sl
since A, and n, can be multiplied by
appropriate constants.

Formula (31) and assumption (33) may be
extended to the following theorem (for
proof, see [21]), which revises the theorem
of Commenges and Jacgmin (see [8]):

Theorem Suppose that Y, for i =1,...,/,
Jj=1..4J,J =2 3 obey the model (22).
Moreover, with probability equal to one let
for all i, j hold the assumption (33). Then
the following propositions are equivalent:
P1 p, =p, doesnotdependon j,j* forany
J#

P2 1,= 1,does notdependon j forany, .
P3 The model belongs to a class specified
(with probability equal to one) by:

var (Yy;|T3) = k2 [02(Th) + vi;(T1)]

(34)

where E [;;(T:)] = 0, and vy(T2) > —o?(T)).

P4 pi = Ti.

Hence, when assumptions (33) and (34)
hold, the item reliabilities equal T, for all j.
Let us now look at reliability of composite
measurements under these two
assumptions and under mentioned
constraint

J c
SR =

The reliability of (every) single item may be
written as

var B (Yi;[13)]

BT = BV, IT)] + Bvar (Y, 1T,)]

_ var [A: (T3)] _ _
var [N (13)] + Ela7 (13)]

=P

and by Theorem it coincides with the
correlation of two independent
measurements of the same property Y;, Y,
i # . The reliability of the composite
measurementis

|

_ var [B (Y;17)]
" var [E(Y;|Ty)] + E [var (V3| T3)]

var [0 BV, [1)]

var [$2, E(Yy[T)] + X2, Elvar (%5 |T)]

var {1 k(T + i)}

var {0, kalM(To) + migl } + Sy K3E[02(T:) + iy (T)]

<7 = i
(L;:1 i.:gj) var (A (T3))
=ik

= : i
(Z ”) var [A;(15)] + mB o7 (17)]

The expression (35) coincides with
Spearman-Brown formula if k; = 1 for all J.
We may conclude that the assumptions
(15)(16) of essential T-equivalence for
classical model correspond in model (22)
with assumption that with probability equal
to one, the conditional mean and variance
of Y, may be writtenas

E (Y3|T3) = Ai(T3) + 44, (36)
var (Y |T3) = of (1) + (L), (37)

where n, are given constants,
E [yi;(T)] = 0,

and V(1) > —a(T5).

As showed in [21], the Rasch model (23)
does not follow assumption (36) nor (37).
Nevertheless, Table 1 and Table 2 give us
an impression that the Spearman-Brown
formula (8) does hold at least
approximately.

In Table 1, the values of reliability were
calculated from formula (30) for different
testing situations (number of items J item
levels equidistant on <-0.1, 0.1> subject
levels T; ~ N(0,0%)).

To evaluate the integrals, function
integrate in software R (see [22]) was
used.

© 2010 EuroMISE s.r.o.
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The maximum absolute error reached in
integrations was less than 0.000025. In
Table 2, we setJ=11 and used the second
line of Table 1 together with the Spearman-
Brown formula (8) to get approximate
values of reliabilities for J =3, 20,50 and
100.

As we may see, the numerical values in
Tables 1 and 2 are very similar. As an
explanation we give an approximation of
Spearman-Brown formula for the Rasch
model. Letus assume b;small,

Zj bj =0,

and apply the first-order Taylor series
approximation (to function of one or two
variables)

oT+b; 2T
B; = E (1 + eT+05)2 ~E (1+eT)2 +
eT(1—eT) eT(1—eT)
b= b E ————,
T OE (L+eT)3 B +bE (1+eT)3”
T+b; T
el Thi e
b; = E1+CT+”J’ %ElJrcT i
el el
bE— e =D+ b0E————,
toE T T =Pt gy
T oT-Hb:
Cy = E T4 T+ 1 £ T [~
2T el
=~ m+(bj+bz,)hm -

2T

=C+ (bj +b)E ———.
+(3+ t) (1+6T)3

Then, the reliability of the composite
measurement in the Rasch model is
approximately

J2(C — D?)

Ri~ me—oyrim
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Tab. 1. Reliability in the Rasch model for different number of items.

Number Variability of subjects o2
of items 0.01 0.1 0.2 0.5 0.9 2.5 10
J=3 0.00008 0.00741 0.02881 0.15047 0.34335 0.73121 0.94152
J=11 0.00028 0.02667 0.09814 0.39386 0.65731 0.90890 0.98335
J=20 0.00050 0.04747 0.16519 0.54160 0.77717 0.94775 0.99077
J=50 0.00125 0.11078 0.33098 0.74709 0.89711 0.97843  0.99629
J=100 0.00249  0.19947 0.49735 0.85524 0.94577 0.98910 0.99814
Tab. 2. Spearman-Brown formula used for J=11.
Number Variability of subjects o2
of items 0.01 0.1 0.2 0.5 0.9 2.5 10
SB R; 0.00008 0.00742 0.02882 0.15054 0.34345 0.73125 0.94153
SB Rs 0.00050 0.04746 0.16518 0.54159 0.77716 0.94775 0.99077
SB Rs 0.00125 0.11077 0.33095 0.74707 0.89710 0.97843 0.99629
SB Rigo 0.00249 0.19944 0.49731 0.85522 0.94576 0.98910 0.99814

While the reliability of single measurement
is

C - D2

R~ —mm—,
e DD

which together gives an approximate
validity of the Spearman-Brown formula in
the Rasch model.

2.3 Estimate of reliability logistic alpha
F, statistic in estimate based on
Cronbach's alpha (21) is best suited for
normally distributed data. For dichotomous
data we might think of replacing F, by
analogous statistic from logistic
regression. In the fixed effects model of
logistic regression, the appropriate statistic
is the difference of deviances in the
submodel and in the model
X=D(B) - D(A+ B). This statistic has under
the null hypothesis asymptotically (for /
fixed and approaching infinity) the X’
distribution with x° degrees of freedom.
Hence, the proposed estimate of reliability
for composite dichotomous measure-
ments, logistic alpha 2], [1]is:
I —

Glog =1 — —.

XZ

(38)

In the following section we compare the
new estimate /ogistic alpha to the classical
estimate based on Cronbach's alpha.

3. Simulation example

This simulation is dedicated to the
following example: | = 20 patients
answered to J=20 yes/no items of quality
of life survey. The item levels B, were
supposed to be equidistanton<-0.1,0.1>,
patients' true values of QOL were assumed
to be normally distributed with mean u =0
and variance o2 (55 values of o2 were
chosen from interval <0.01, 10> to get 55
values of reliability approximately
uniformly distributed oninterval ).

For each combination of /, Jand the true
reliability was enumerated by formula (30)
and 500 data sets generated: Set of /
patients'life quality levelsT, was generated
from N(0,o;). QOL survey answers Y,
were generated from the Rasch model (23)
andestimates ¢, andg,, were computed
fromthe data.

From obtained 500 estimates &, and
500 estimates ¢, the bias and mean
squared error (MSE) were computed and
plotted outin Figure 1and 2.

© 2010 EuroMISE s.r.o.
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Other testing situations (number of items
J=11and / = 30 and number of patients
I =30 and 50) were studied, too. We
observed smaller bias and MSE in
G, particularly for true reliability <0.75.
Inferior results of the logistic alpha were
obtained for reliability close to and for high
number of patients in proportion to the
number of items. The latter might be a
consequence of the fact, that while statistic
X used in (38) is appropriate for fixed
effects model of logistic regression, in (23)
we expect a mixed effects model. Achance
of improvement lies in replacing statistic X*
by even more appropriate one.

4. Analysis of cardiac data

The dataset SPECT heart data [23]
describes diagnosing of cardiac Single
Proton Emission Computed Tomography
(SPECT) images. Each of the patients is
classified into two categories: normal and
abnormal. The database of 267 SPECT
image sets (patients) was processed to
extract features that summarize the
original SPECT images. As a result, 22
binary feature patterns (22 partial
diagnoses based on SPECT) were created
for each patient [24]. We were interested in
internal consistency of the 22 partial
diagnoses based on SPECT. Reached
estimates of reliability were: Cronbach
alpha &, = 0.839 and logistic alpha
,, = 0.827. In this case, both estimates
are quite similar and show on high internal
consistency of partial diagnoses.

5.Conclusion and discussion

In this paper, the basic principles from
classical test theory (CTT) were
summarized and used for a new definition
of reliability and new estimate of reliability
appropriate for composite dichotomous
measurements. For classical testing
situation the proposed definition of relibility
was shown to coincide with definition of
reliability in CTT. Assumptions for
Spearman-Brown formula were given for
model (22) which is more general than
classical model (1). The proposed
definition and estimate of reliability were
applied in the Rasch model, for which the
Spearman-Brown formula was shown to
hold only approximately.

EJBI - Volume 6 (2010), Issue 2

20 items, 20 patients

0.00 0.05 0.10
|

bias
|

-0.10

-0.20

¢ Cronbach's alpha
* |ogistic alpha

on

0.6 0.8 1.0

reliability

Fig. 1: Estimated Bias and its confidence interval for classical and logistic
estimator of reliability

20 items, 20 patients

= O Cronbach’s alpha
o # |ogistic alpha
N e
o
— [ ]
=]
E el o o
g ° 0% °
E E e % b (o] © e =]
c o * o
2 ol . O° C .
E - DD... 0
g - o 2™ o
ees®  Pop 0
[
- o SR )
[T *.lﬂ
e \ T T T
0.0 0.2 0.4 0.6 0.8 1.0
reliability

Fig. 2: Estimated MSE for classical and logistic estimator of reliability

The proposed estimate logistic alpha was
shown to possess better properties
(smaller bias and MSE), in particular for
true reliability <0.75 and the number of
items exceeding the number of patients.
The chances of improvement of the new
estimate for true reliability close to and for
higher number of patients were discussed.
Estimation of reliability on binary data was
demonstrated on cardiac data. Work
presented in this paper could lead to more
precise estimation of reliability for binary
data, which could contribute to many fields
of biomedical research.
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Predmluva

Biomedicinska informatika je rychle se
rozvijejici obor, s dllezitymi aplikacemi
a dopady na cely biomedicinsky svét
a poskytovani zdravotnické péce.
European Journal for Biomedical
Informatics (EJBI) reaguje na velkou
evropskou potiebu sdilet informace
v mnohojazyéné a multikulturni Evropé.

V roce 2010 se EJBI stalo oficialnim

Casopisem Evropské federace pro
medicinskou informatiku (EFMI). Témito

EJBI - Volume 6 (2010), Issue 2

zménami &asopis zdlrazni roli
informaénich technologii a narodnich
Casopisli a podpofi Sirokou komunikaci
v mnoha evropskych jazycich.

Role narodnich a mezinarodnich
evropskych c¢asopisi medicinské
informatiky je velice dllezita. V prvnim
¢lanku druhého ¢isla EJBI 2010 je detailné
popsana role EFMI a evropskych ¢asopist
medicinské informatiky. Druhé dva Clanky
tohoto Cisla se zaméfuji na robustni

Prfedmluva: cs 91

analyzu obrazu oblieje pro genetické
aplikace a na spolehlivost sloZenych
dichotomiich méfeni.

Jana Zvéarova
vedouci redaktorka
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Souhrn

Pfispévek prezentuje analyzu toho, jak
EFMI Sifi nové znalosti a analyzu aktivnich
¢asopisi medicinské informatiky
v Clenskych zemich EFMI. Tato analyza
byla vysledkem jednani Rady EFMI
v Londyné v roce 2008. Analyza
identifikuje osm hlavnich aktivnich
informatickych ¢asopist a nékolik dalSich
publikaci. VétSina z nich je zaloZena na
pfedplatném a vychazeji alespori jednou
za Ctvrt roku. Existuje moznost, aby se
editofi pravidelné schazeli a vytvorili
praktickou spole¢nost s cilem dale
ZlepSovat jejich ucinnost v Sifeni novych
znalosti a osvédéenych postupll v oblasti
medicinské informatiky. Je mozné sdilet
odborné znalosti a bylo by mozné sladit
nékolik aspektl pfiprav a podavani
rukopisu a tim by byly snizeny nékteré ze
zjisténych prekazek v publikovani.

1.Uvod

Evropska federace pro medicinskou
informatiku (EFMI) je neziskova védecka a
profesionalni organizace, zalozena v roce
1976, kterou v soucasné dobé tvofi 31
narodnich ¢lent [1-4]. VSechny evropské
staty jsou opravnény byt v EFMI
zastoupeny pfislusnou nérodni spoleé-
nosti medicinské informatiky. Termin
Lmedicinské informatika“ zahrnuje celé
spektrum zdravotnické informatiky a
vSechny jeji podobory a pfibuzné obory.
Medical Subject Headings (MeSH)
definuje medicinskou informatiku jako [4],
[5]: ,Oblast informatiky zabyvajici se
analyzou a $ifenim medicinskych dat pfes
pocitacové aplikace aZ po rizné aspekty
zdravotnictvi a mediciny”. Tato definice
byla zavedena v roce 1987 jako MeSH
termin.
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EFMI pracuje s minimalni byrokratickou
reZii, kazda narodni spoleénost podporuje
federaci tim, ze vySle svého zastupce, aby
se zapojil do Rady. AngliCtina byla pfijata
jako oficidlni jazyk, i kdyz pro kongresy
v neanglicky mluvicich zemich je Casto
poskytovan i simultanni pfeklad [6]. EFMI
mé 16 pracovnich skupin: ,Pamétové karty
ve zdravotnictvi ,CARDS*; Socialni
zabezpeceni a blahobyt; Vzdélavani ve
zdravotnické informatice ,EDU";
Elektronické zdravotni zéznamy ,EHRY
Evaluace a hodnoceni zdravotnickych
informacnich systému ,EVAL®; Informatika
pro postizené osoby a rehabilitaci ,IDR*;
Planovani a modelovani informaci ve
zdravotnictvi ,IPAM® Volné dostupny
software ,LIFOSS*; Smés pfipadi a
vaznost pfipadud; Medicinska informatika
v tranzitivnich statech ,MICIT*; Zpracovani
medicinskych obrazd ,MIP*; Porozuméni
pfirozenému jazyku ,NLU";
OSetfovatelska informatika v Evropé
,NURSIE"; Lidské a organizacni faktory
medicinské informatiky ,HOFMI*;
Informatika primarni péée ,PCI%;
Bezpeénost, zabezpeleni a etika ,SSE* a
Zpétna zjistitelnost , TRA®.

K dneSnimu dni zorganizovala EFMI
21 evropskych kongresd medicinské
informatiky, v&etné kongresi Medical
Informatics Europe (MIE) v Cambridgi
(1978), Berliné (1979), Oslu (1988),
Glasgow (1990), Vidni (1991), Jeruzalémé
(1993), Lisabonu (1994), Kodani (1996),
Thessaloniki (1997), Ljubljani (1999),
Honnoveru (2000), Budapesti (2002), St.
Malo (2003), Zenevé (2005), Maastrichtu
(2006), Goteborgu (2008) a Sarajevu
(2009). Konference MIE 2011 se uskuteéni
v Oslu. Tradiéné nebyly konference MIE
organizovany v roce, kdy Mezinarodni
asociace medicinské informatiky (IMIA)

organizuje své konference MEDINFO,
které jsou poradany jednou za tfi roky [1].
EFMI také zapoc€ala novou fadu setkani:
Konference se specialnim tématem (STC).
Koncept STC ma nésledujici prvky:
a) organizaci by méla byt povéfena
Clenskd spole¢nost, eventualné
v kombinaci se svou vyroéni schuzi;
b) nedilnou ¢asti STC by mélo byt setkani
Rady EFMI; c) téma konference by mélo
byt definovano organizujici ¢lenskou
spolecnosti; d) v souvislosti s ttmatem by
mély byt zapojeny relevantni pracovni
skupiny EFMI; e) pfispévky by mély byt
hlavné zvané; STC jsou malé, dvoudenni
konference se 100+ u€astniky.

Prvni konference STC se uskutecnila
vroce 2001 v Bukure$ti/Rumunsku, potom
v roce 2002 v Nikosii/Kypru, v roce 2003
v Rimé&/Italii, v roce 2004
v Mnichové/Némecku, v roce 2005
v Aténach/Recku, v roce 2006
v Teme$varu/Rumunsku, v roce 2007
v Brijuni/Chorvatsku, v roce 2008
Londyné/Velké Britanii a v roce 2009
v Antalyi/Turecku. V roce 2010 se STC
uskutecni v Rejkjaviku/lslandu a v roce
2011 v Ptuji/Slovinsku. Sbornik téchto
konferenci byl vétSinou publikovan
nakladatelstvim Springer v sérii ,Lecture
Notes in Medical Informatics”
a nakladatelstvim 10S Press v sérii
yotudies in Health Technologies and
Informatics®. Viybér nejlepSich pfispévkl z
konferenci MIE byl publikovan ve
specialnim vydani Casopisu International
Journal of Medical Informatics a bude
publikovan v Casopise Methods of
Information in Medicine, zatimco specialni
sbornik konference STC je publikovan
nakladatelstvim 10S Press jako sbirka
recenzovanych ¢lanka.

<
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2. Piehled ¢asopist zamérenych na
medicinskou informatiku v Evropé
Védecka a vyzkumna produkce v oblasti
medicinské informatiky v Evropé narUsta
jak v kvantité, tak i v kvalité. Podporovat
vysoce kvalitni vyzkum je hlavnim cilem
EFMI [1], [4], [6]. EFMI ma dva vysoce
respektované oficialni Casopisy,
Intnernational Journal of Medical
Informatics (byvaly nazev International
Journal of Bio-Medical Computing), jehoZ
souCasnymi editory jsou Charles Safran a
Jan Talmon a Methods of Information in
Medicine se souCasnym editorem
Reinholdem Hauxem. EFMI také vydava
nékolik specializovanych oficialnich
Casopisl, které pokryvaji spektrum
podobord medicinské informatiky.
Starobylou metodou jak Sifit vysoce
kvalitni védecky vyzkum je pomoci
sborniku z kazdoroéni konference MIE.
EFMI také hraje ddlezZitou roli ve
vzdélavani a v harmonizaci podobor(
medicinské informatiky organizovanim
konferenci STC. Jak sborniky z MIE, tak i
z STC jsou recenzované a vydavané
nakladatelstvim 10S Press (Amsterodam,
Nizozemi). Sborniky z MIE jsou vétSinou
zafazeny v Medline/PubMed. VétSina
¢asopist medicinské informatiky je
vydavana v narodnich jazycich, ale hodné
z nich obsahuje anglické souhrny nebo
obsahuji kombinované €lanky, které jsou
publikovany v narodnim a anglickém
jazyce. EFMI v podstaté poskytuje vysoce
efektivni prostfedky pro Sifeni vyzkumu
z oblasti medicinské informatiky, ktery je
provadén v Evropé, po celém svété.
Kromé sbornikl maji editofi Casopisu
moznost udélat vic pro diseminaci znalosti
azvySeni povédomi o naSem oboru.

3. Analyza publikacni aktivity

v ramci ¢lent EFMI

VétSinu informaci o EFMI Ize najit na
oficidlnich webovych strankach
(www.efmi.org). Navic, vétSina narodnich
spole¢nosti ma své vlastni webové
stranky, které poskytuji uzite¢né informace
o publikacich a setkani v ¢lenskych statech
EFMI. NaSe analyza je zaloZena na
faktech, generovanych z databaze EFMI,
ktera je ulozena na webovych strankach
EFMI a ktera byla posbirana od narodnich
predstavitell €lenskych stati EFMI.
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KdyZ do Medline zaddme hledany termin
,EFMI“ a ,European Federation for
Biomedical Informatics®, objevi se pouze
21 ¢lank( 18 v Easopisech vztahujicich se
k medicinské informatice: Informatics in
Primary Care (6), International Journal of
Medical Informatics (3), Methods of
Information in Medicine (2), Studies in
Health Technologies (6) a 3
v neinformatickych/ne EFMI Casopisech.
Autory téchto ¢lanku jsou: Blobel (2), de
Lusignan (6), France (1), Horsch (1),
McKeon (1), Masic (2), Mihalas (2),
Naszlady (1), Tallberg (1), Talmon (1),
TrpiSovsky (1), van Goor (1) a Zvarova (1).
(Pro srovnani) bylo provedeno hledani
terminu ,IMIA* v Medline a bylo
nalezeno150 C¢lank(; pfi vyhledavani
terminu ,AMIA® bylo nalezeno 244 ¢lanku.
VétSina EFMI clankd se vztahuje
k aktivittm pracovnich skupin nejvice
vy¢niva PCI [5], [6] a relativné malo
iniciativ je na urovni federace. Detailni
analyza webovych stranek EFMI ukazala,
Ze pouze 14 z 31 ¢lend ma vyjmenované
své oficialni védecké nebo profesni
Casopisy medicinske informatiky nebo
bulletiny (Tab. 1). Casopisy medicinské
informatiky maji své ¢lanky publikovany
v anglictiné a ffi jsou publikovany
v narodnim jazyce. Existuji tfi ¢asopisy,
které jsou publikovany pouze jako
elektronicke.

Frekvence publikaci s ISSN se méni: jeden
Casopis je vydavan jednou za dva roky, dva
jsou Ctvrtletni, jeden je vydavan jednou za
dva mésice, pét Casopisu vychazi 2-3krat
za rok, dva Casopisy jednou za mésic a
jeden Casopis devétkrat za rok.
Medicinska informatika je Ustfednim
tématem vSech téchto Casopisl, ale
nékteré z nich se zaméfuji i na jiné
podobory a pfibuzné discipliny. VétSina
z CGasopisli medicinské informatiky jsou
mezinarodni publikace, i kdyZ jsou
omezeny na narodni uvadéni do obéhu.
Dva c¢asopisy jsou financovany
ministerstvem zdravotnictvi a/nebo jinymi
vefejnymi institucemi, zatimco ostatni jako
zpusob financovani vyuzivaji pfedplatné.

4. Vyhlaseni mise pracovni skupiny
editort EFMI ¢asopis

Vedouci redaktofi Casopis medicinské
informatiky jsou vyzyvani, aby vytvorili
spole¢né vyhlaSeni mise a zamysleli se na
cilem a Ucelem vSech EFMI Casopis(.

. Masic et al.; Pracovni skupina zaméfena na ¢asopisy Evropské federace pro medicinskou informatiku: pozadi, odivodnéni

a ucel, cs 92-94

Véfime, Ze spoleéné vyhladeni podpofi
diseminaci védeckych znalosti a zvySi
povédomi o medicinské informatice jako
védnim oboru. Navic, médme v planu
publikovat a uvefejnit dokument, ktery
bude vyjadfovat zakladni principy, na
kterych by se méli editofi Casopisl
medicinské informatiky domluvit. Budou
identifikovany spole¢né cile a bude
odsouhlasen ramec a standard ¢lanka,
které by mély byt publikovany v EFMI
¢asopisech medicinské informatiky.
Dlvody k ustanoveni vyhlaseni jsou
nasleduijici:

®PovySeni vydavatelské dokonalosti
prosazovanim pouziti standardd
a doporuéenych postupl (doporuéeni
Editord mezinarodni komise
medicinskych c¢asopisu; Komise
publikaéni etiky; dalSi relevantni
dokumenty [7]);

oZvySeni kvality védeckych studii
publikovanych v ¢asopisech medicinské
informatiky zavedenim stejnych
standardl pro hodnotici studie
v medicinské informatice (doporuceni jiz
byla pfijata jako oficialni dokument EFMI,
ale zatim nebyly provedeny zadné dalSi
kroky k zajisténi jejich pouzivani);
ePovySeni védecké vydavatelské
dokonalosti prosazovanim standardl
ohledné forméatu C&lénku (pfispévek ve
forméatu ,camera-ready; Vancouversky
referencni styl);

®Zlep3eni Sifeni védeckych znalosti skrz
oblasti medicinské/zdravotnické
informatiky (mélo by byt propagovano
pochopeni a S8ifeni EFMI vyzkumu,
vyuky, doporuCeni klinické praxe
vzemich EU);

eZvySeni spoluprace mezi editory
¢asopist medicinské informatiky
a naplanovani pravidelnych setkani
pracovni skupiny;

®Prozkoumani potencidlu vyuZziti
sdilenych recenzent, sdileni informaci o
recenznim procesu a sdileni odbornych
znalosti; technickych redak¢nich
informaci, zkuSenosti, iniciativ,
publikagnich zdroji a nastroju (jako
otevieny zdroj Open Journal System
nebo komer¢ni/nakladatelska feSeni);
®Povzbuzeni ¢lanku, které nejsou vhodné
pro Casopisy medicinské informatiky, aby
byly publikovany nékde jinde
a podporovat komunikaci s editory téchto
Casopisu;
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Tab. 1. - EFMI member countries medical informatics journals.

Vedouei

Podat vydini Podini Wabové

EFNI stat Mazev Easopisu Vydavatel I55M Rek zalofeni Eonn A Jazyk Oblast Recanze Finanpevani
redaktor zarok prispdviu stranky
Artificial Klaus-Peter
Rakouske Intelligencein Elsevier Adlassnig 1386-5056 1989 9 email ano anglictina M, dalsi mezinarodni  piedplatné
Bosna a Acta Informatica AVICENA,
Herzegovina | Medica Sarajevo lzet Masic 0353-8109 1593 4 email ano anglictina ML, dalsi mezinarodni predplatré
Bilten HDMI €lenstvive
Chorvatske (bulletin CsM1) S| Kristina Fister 1330-0253 1992 2 emiail ano chorvatstina | MI, dal3i ne spoleénosti
Medicinska anglictina/cho Ministerstvo védy,
infarmatika losipa Kern 1330-1799 1993 2 rvatitina inl| nérodni inzerce
Ceskd MI, vefejné instituce,
republika Lekar a Technika SBMILI Karel Roubik 0301-2451 1970 4 email ano cestina hiomedicinské narodni predplatré
European Journal angliftina, Biomedicinska
for Biomedical EuroMISE JanaZvarova | 1801-5603 2005 2 - ano dalsi informatika mezinarodni jiné
danstina/angli wveFejné instituce,
Dansko Newsletter Springer-Verlag - ano ttina I narodni piedplatré
Infarmatique et Patrice francouzitina/ verejné instituce,
Francie Sante Urban & Degoulat 2 emiail ano anglictina [0l narodni predplatrié
Biometrie,
Infarmatik und wefejné instituce,
Mémecko Epidemiclogiein Fisher verlag email ano néméina MI, dalsi narodni piedplatré
Irsko Mews|etter
ILAMI jourmal and
lzrael The Health Screen SMIA 2 ML, dalsi
anglictina,
Infarmatica Medica slovinstina, MI, biostatistika, mezindrodni,  spoleénost MI
Slovinsko slovenica SEIS Gaj Vidmar 1318-2129 1993 2 email ano dalsi dalsi narodni ISMIA)
Spanslska 15 Elsevier - & I, dal$i
Computer Methods papirové/em
Svédsko and Programs in UANI Torny Groth 0169-2607 1985 12 ailfonline  ano anglictina it mezinarodni predplatré
Climical Informatics Olegvu ukrajinstina,
Ukrajina and Telemedicine Radcliffe Mayorow 1812-7231 2003 2-3 email ano anglictina MI, dal&i mezinarodni vefejna instituce
Infarmaticsin Simon de papirové,onl PHC, klinicka PHCG BCS,
Velka Briténie |Primary Care Publishing Lusignan 1476-0320 1993 4 ine ano anglittina informatika mezinarodni  piedplatné
International Charles
Journal of Medical Safran, Jan papirowé/on
EFMII Infarmatics Elsevier Talman 1386-5056 1961 12 line ano anglictina Ml mezinarodni piedplatré
Methods of papirovéfon
Infarmation in Schattauer Reinhold Haux 0026-1270 1962 & line ano anglictina I mezinarodni  pfedplatré
, . . " .
ePoskytovani spolecné fedi, kdyz se  [31 Zvarova J.: Symposium on Biomedical Kontakt
o ) oy . Informaticsand Biomedical Statistics Izet Masic
ObJ,evV' F?mblemat'k,y Sp°|ecn.eholzajmllj a Education". Methods oflnformation in ;
zvyseni spoluprace mezi narodnimi Medicine. 2006:45(3):281-2. Medical Faculty
spoleénostmi a organy EFMI; [4] Zvarova J.. Biomedical Informatics University of Sarajevo
ePovySeni evropskych iniciativ Research andEducation in the EuroMISE Cekalusa 90/4
v podnécovani publikaéni &innosti Center. IMIAYearbook of Medical 71000 Sarajevo

aprvotfidniho vyzkumu.
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Robustni analyza obrazu obli¢eje pro genetické aplikace

Jan Kalina'

' Centre of Biomedical Informatics, Institute of Computer Science AS CR, Prague, Czech Republic

Souhrn

Tento clanek se zabyva automatickou
lokalizaci objektd (o€i, ust) ve
dvourozmérnych (2D) cernobilych
obrazech obli¢eji. Je motivovan
praktickym problémem v genetice ¢lovéka
a vystup lokalizace objektd v dané
databazi obrazi je zapotiebi pro feSeni
dalSich uloh v genetickém vyzkumu.
V &lanku se aplikuje robustni filtr na obrazy
s cilem odstranit Sum. Hlavni metodou jsou
Sablony. Usta a ob& o&i se lokalizuji
soucasné za pouziti vazeného
Pearsonova korelacniho koeficientu nebo
jeho robustni analogie zaloZzené na
robustnich regresnich metodach.
V databazi s 212 obrazy obli¢eju tato
metoda spravné nalezne Usta a oéi ve
100 % pripadd. Také robustni korelacni
koeficient zaloZzeny na regresni metodé
nejmensich vazenych ¢tvercl lokalizuje
Usta a o¢i ve 100 % obrazl uvazované
databaze. Clanek studuje robustni aspekty
této metody vzhledem k otoceni, Sumu,
okluzi a asymetrii v obraze. SouCasna
lokalizace Ust i obou o€i je invariantni v(ci
libovolnému oto€eni obliceje. Tato studie
vyuziva specialni viastnosti danych obraz(
obli¢eju vzhledem k ofekavanému pouZiti
v genetickych aplikacich.

Klicova slova: lokalizace objektl,
Sablony, detekce o¢i a ust, robustni
korelaéni analyza, redukce Sumu

1.Uvod

Hlavnim cilem této prace je automaticka
lokalizace orientaénich bod(i v obrazech
obli¢eju motivovana vyzkumem v genetice
Clovéka. Pracujeme s databazi obrazd,
které pochazeji z Ustavu genetiky ¢lovéka
na Univerzit¢ Duisburg-Essen v SRN
(projekty BO 1955/2-1 a WU 314/2-1
Némecké akademie véd DFG). Tato
databaze obsahuje 212 cernobilych
obraz( velikosti 192*256 pixel(, kde kazdy
obraz obsahuje pravé jeden obli¢ej. Kazdy
obraz zobrazuije jinou osobu. Obli¢eje maji
zhruba stejnou velikost, zatimco vykazuiji
drobné otoceni ve frontalni roving. Nasim
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cilem je nalézt robustni feSeni vici rotaci,
okluzi, Sumu v obraze a asymetrii oblieje,
které bude mit z&roven jasnou interpretaci.

Sablony jsou vhodnou metodou pro
detekci objektdl v ernobilych obrazech.
Sablona vystihuje modelovy, typicky nebo
idedlni tvar uvaZovaného objektu. PolozZi
se na libovolnou moznou pozici v obraze,
pfi¢emz se méfi podobnost mezi §ablonou
a odpovidajici Casti obrazu tak, ze se
porovnd intenzita Sedi v kazdém pixelu
Sablony s intenzitou Sedi odpovidajiciho
pixelu v obrazu. [1] udava vycet referenci
s aplikacemi $ablon do detekce oblicejl a
rozpoznavani obli¢eju. Bézné metody
analyzy obrazu se ovSem konstruuji jako
kaskady takovych jednoduchych
klasifikatord [2]. Naproti tomu jasna
interpretace a studium robustnich
vlastnosti [3] je mozné spi$ tehdy, pokud
ignorujeme obvyklé postupy pro redukci
dimenze a extrakci pfiznakd.

[4] aplikuje Sablony na datovy soubor
obraz{ o€nich duhovek 64 osob s tlohou
pfifadit novou duhovku spravné osobé
z trénovaci databaze. Tato metoda
maximalizuje vzajemnou (Shannonovu)
informaci jakozto miru podobnosti mezi
Sablonou a éervenym kanalem barevného
obrazu. [5] uvazuje Sablony jen jako prvky
hierarchické struktury stromového typu.
kombinuji metody matematiky, statistiky a
informatiky s ddrazem na vysokou
vypocetni rychlost spiSe nez vyhodné
teoretické vlastnosti [3]. V posledni dobé
se stalo v analyze obrazu zvykem
nahrazovat pixely bud zaplatami (patches)
nebo pfiznaky (features). Zaplatami [6] se
rozumi homogenni oblasti pixeld, pficemz
pfistup zaloZeny na zaplatach analyzuje
cely obraz jako mnozinu jednotlivych
zaplat. Naproti tomu pfiznaky typicky
odpovidaji hranam ¢i objektim
s heterogenitou nebo nespojitosti. [7] byl
prvnim Clankem, ktery vyuZil redukci
dimenze nahrazenim intenzit jednotlivych
pixeld sadou pfiznakd. [8] a [9] jsou novéjsi

prace o detekci ¢lovéka nebo oblieje za
pomoci extrakce pfiznakl, ktera je
zaroven robustni ke zménam osvétleni,
pdzy nebo vyrazu v oblieji. [10] studuje
varian€ni matice pfiznaku, protoze
variabilita je obecné robustni ke zménam
osvétleni.

Pracujeme s databazi ¢ernobilych obraz(,
v nichz kazdému pixelu odpovida intenzita
Sedi z intervalu [0,1]. Malé hodnoty jsou
¢erné a velké hodnoty bilé. Obrazy jsou
vyfotografovany za standardizovanych
podminek tak, Ze osoba sedi rovné ¢elem
proti fotoaparatu a diva se pfimo do néj.
Ustav genetiky ¢&lovéka usiloval
0 maximalni standardizaci danych obrazt
a z toho divodu opakované fotografoval
osoby tak, aby vyslednd databaze
neobsahovala obliCeje se zavfenyma
o€ima, vlasy pfekryvajici obli¢ej i dalsi
ruSivé efekty. Pfesto jsou nékteré obliceje
oto¢ené ve frontélni roviné o maly uhel tak,
Ze oCi neleZi pfesné vodorovné. Nicméné
databdze neobsahuje obrazy
s trojrozmérnou rotaci.

Ustav genetiky &lovéka pracuje na
zajimavych problémech v genetickém
vyzkumu s vyuzitim obrazd obliceju [11].
Ambici tohoto vyzkumu je automaticka
klasifikace genetickych syndrom(
z obrazu obli¢eje; dale studium souvislosti
mezi genetickym kodem a velikosti
i tvarem obliCejovych Casti; a konetné
vizualizace obli¢eje jen z hodnot
biometrickych veli¢in [12]. Obrazy
pacientd mohou byt klasifikovany do jedné
z 10 skupin podle genetické deformace,
ktera se projevuje v dysmorfii obli¢eje. Pro
rizné syndromy se UspéSnost této
automatické klasifikace pohybuje mezi
75 % a 80 %, coZ se povazuje za pomérné
spolehlivy vysledek. Lokalizace
orientacnich bodl v obliCeji je v kazdém
pfipadé prvnim krokem vSech téchto
studii, i kdyZ neni sama o sobé jejich
primarnim cilem.

© 2010 EuroMISE s.r.o.



J. Kalina: Robustni analyza obrazu obliCeje pro genetické aplikace, cs 95-102

Orienta¢nimi body jsou prominentni Casti
obli¢eje, napfiklad koutky oéi & ust,
prostfedek horniho nebo spodniho okraje
rtl nebo vyznaéné body v nosnich dirkach
a oboci. Genetici pouZivaji dvé metody pro
nalezeni 40 orientaCnich bod0 v kazdém
obli¢eji. Jednou moznosti je manualni
identifikace, kterou peélivé a pfesné
provadi zkuSeny antropolog. Jako druhou
moznost Ustav pouziva automatickou
metodu zaloZzenou na algoritmu [13],
kterou nyni popiseme.

Algoritmus zacina manualni lokalizaci
sady 40 orientanich bodl v trénovaci
databazi 83 obrazl obli¢eju. Sada téchto
orientacnich bodu je jako celek polozena
na vSechny mozné pozice v obraze jako
jedna velkd Sablona s pevnymi vzdale-
nostmi mezi jednotlivymi orientacnimi
body. Pak se provede dvourozmérna
Gaborova waveletova transformace
s rdznymi hodnotami dvourozmérného
parametru pro méfitko na vSechny obrazy
trénovaci databaze a také na novy obraz,
v némZ se maji lokalizovat orientacni bodly.
Porovnaji se waveletové koeficienty
v kazdém orientacnich bodé trénovaciho
obrazu s waveletovymi koeficienty
v odpovidajicich pixelech nového obrazu.
Pfitom mlzeme chapat tyto sady
Gaborovych waveletovych koeficientu
jako mnohorozmérné Sablony. Nakonec se
spocita korelacni koeficient mezi vektory
waveletovych koeficientu a tyto se sectou
pfes vSech 40 orientanich bodd. Tato
suma je pak mirou podobnosti mezi
trénovacim a novym obrazem. Nicméné se
ukazuje, Ze tento postup je pfili$ citlivy vici
malym otoCenim obliCeje.

Cilem na8i prace je hledat usta a odi
v obrazech obli¢eji za pomoci Sablon.
Navrhujeme zde algoritmus pro lokalizaci
kaZdého oka zvlast a také soucasné obou
o€i i ust za pomoci Sablon. Studujeme
robustni vlastnosti popsanych metod,
napfiklad vaci Sumu Ci otoCeni obrazu.
Clanek popisuje poCatecni redukci Sumu
v obrazu za pomoci robustniho filtru.
Hlavni metodou jsou Sablony pouZité na
lokalizaci o€i a na souCasnou lokalizaci
obou odi i Ust. Diraz klademe na robustni
aspekty téchto metod a robustni analogie
korelaéniho koeficientu.
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2. Metody

Nejprve provedeme redukci Ci odstranéni
Sumu z obraz(. Pak popiSeme metodu pro
lokalizaci o¢i v obrazech a nasledné
souCasnou lokalizaci obou o&i a ust.
Nakonec porovname rizné metody
robustni korelacni analyzy pro tutéz Ulohu
soucasné lokalizace obou oéi a ust. Je
tfeba pfipustit, Ze pfi praci s originalnimi
obrazy se ztraci vyhoda postupd
zaloZzenych na pfiznacich (kapitola 1),
které umozfuji pracovat s rGznymi
velikostmi obraz(. N&$ pfistup je vSak
invariantni vici rotaci a navic ma i jasnou
interpretaci. Vysledky jsou shrnuty
v kapitole 3.

2.1VyhlazeniSumu

Redukce €i vyhlazeni Sumu, filtr nebo
robustifikace jsou synonyma pro
transformaci ¢asto pouzivanou pro
potlaceni vlivu Sumu v obrazech. Shrneme
zde argumenty ve prospéch pouzivani
takové transformace a popiSeme postup
zalozeny na regresnich odhadech
metodou nejmensich usekanych &tvercl
nebo nejmensich vazenych ¢tvercu.
Dulezité je, aby i pfi potlaeni Sumu
v obraze byly stale dobfe rozeznatelné
jednotlivé obliGejové ¢asti. Pritom pfi
vyhlazeni Sumu je tfeba odstranit jeden
artefakt v nasi databazi obrazd, kterym je
odraz svétla na rGznych mistech v o€ich.
Tento ruSivy efekt byl zplsoben pfi
fotografovani na Ustavu genetiky ¢lovéka.
PopiSeme nyni vysoce robustni odhady
v linearnim regresnim modelu, které
zaroveh pouzijeme v kapitole 2.4 pro
definici robustniho korela¢niho
koeficientu.

[14] popisuje filtry (dvourozmérné
operatory) pro vyhlazeni Sumu a dava
pfednost useknutému prdméru a jinym L-
odhadim [15] pfed medianem. [16]
definuje M-korelacni koeficient zalozeny
na teorii M-odhadl, ktery kombinuje
robustnost a eficienci pro Gaussovsky bily
Sum, a aplikuje ho do analyzy obrazu za
pomoci Sablon. Vyhlazeni Sumu ma své
aplikace i v obrazech v molekularni
genetice [17] &i alternativné [18] za pomoci
robustnich statistickych metod.

Definujme nyni robustni odhady, které
pouzijeme na vyhlazeni Sumu v obrazech
naSi databaze. Uvazujme lineérni regresni
model ve tvaru

|

Y =B, +Bx, +..+B,x, +e,i=12..n,

(1)

ktery mizeme piepsat v maticovém
znaceni jako Y=XB+e. Regresni odhad
metodou nejmenSich vazenych Ctvercl
(least weighted squares, LWS) [19] je
jednou z robustnich regresnich metod
s vysokym bodem selhéni. Vyzaduje
specifikaci velikosti nezapornych vah w,,
W,,...,w,. Tyto vahy jsou ov3em pfifazeny
jednotlivym pozorovanim az po provedeni
permutace, ktera se urci teprve implicitné v
prubéhu vypoétu tohoto odhadu. Tato
permutace zavisi na hodnotach rezidui
u,(b),...,u(b), které pfisludi konkrétni
hodnoté b=(b,b,,....b,)" odhadu vektoru
regresnich parametrdi 8, kde
w, (b= ¥, b —bx, - —bx,,i=1,2

-

(2)

I

Typicky se voli vahy w,, w,,...,w, jako
nerostouci posloupnost. Pokud oznacime
usporadané hodnoty druhych mocnin
rezidui pomoci

ty (0) S.3p ) 5 ..< gy (B), (3)

pak je odhad B metodou LWS definovan
jako

B = argmin i Wi“é] If.)]
iml
Oblibenou volbou vah jsou linearné
klesajici vahy [20] w,=1-(i-1)/n, i = 1,...,m;
jinou moZnost pfedstavuje dvoukrokova
procedura [21] pro vypoCet adaptivnich
vah, ktera umoZiuje automaticky urcit také
velikosti vah.

Nejmensi vazené cCtverce kombinuji
robustnost s eficienci [21]. Rychly pfiblizny
algoritmus pro vypocet LWS se ziské jako
vazena analogie algoritmu [22]. [23]
studuje metodu nejmenSich usekanych
Ctverch (least trimmed squares, LTS),
ktera je specialnim pfipadem LWS regrese
s vahami rovnymi pouze 1 nebo 0. Pfitom
se musi ur€it poCet pozorovani h, které
dostanou vahurovnou 1.
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Pouzijeme tyto robustni odhady v kontextu
vyhlazeni obrazu. Jejich vyhodou je
vysoky bod selhani [15], ktery zajisti
velkou odolnost vaéi odlehlym pozoro-
vanim. Na misto linedrniho regresniho
modelu zde staCi uvazovat jen model
s parametrem polohy. Odhad metodou
nejmensiho medianu ¢tverct (least
median of squares, LMS) [23] je
ekvivalentni priméru nejkratSi poloviny
dat. Obdobné LTS odhad odpovida
priméru takové poloviny dat (nebo
skupiny néjakych h<n pozororovani), ktera
ma nejmensi rozptyl. LWS odhad pak je
vazenym prumérem dat s takovou
permutaci vah, ktera vede k nejmenSimu
vazenému rozptylu dat [20].

Uvazujeme kruhové okoli kazdého pixelu
a spocitame odhad metodou LMS, LTS
nebo LWS z intenzit Sedi jednotlivych
pixell. Pfitom se ztraci informace
0 soufadnicich kazdého pixelu. Median
vede jen ke slabym vysledkdm, protoze
odstrafiuje kontrast a poskytuje ponékud
naSedly vysledny obraz. Vykon metod LTS
a LWS je mnohem pfesvédcCivéjsi,
obzvlast kdyz zvolime maly polomér pro
kruhové okoli kazdého pixelu. Vysledek
neni pfili§ ovlivnén volbou h pro LTS
metodu nebo volbou vah pro LWS metodu.

Zvolili jsme LTS filtr a pouzijeme jej na
kazdy obraz v na$i databazi. Uvazujeme
4 pfimé sousedy kazdého pixelu
a spocitdme LTS odhad s hodnotou h=3,
ktera se spoCita jako primér nejkratsi
trojice ziskané z uvazovanych 5 hodnot
uspofadanych od nejmen$i po nejvétsi.
Takto se odstrani nejen mozné odlehlé
hodnoty, ale také svétlo odrazené v ogich.
Dale jsme zkoumali rezidua této
transformace s cilem zjistit jeji efekt.
Hodnoty rezidui velké v absolutni hodnoté
ukazuji na velky lokalni efekt tohoto
vyhlazeni. Velky efekt je napadné
pfitomen na hraniénich oblastech v obraze
jako na okraji vlasi ¢i mezi vlasy
a obleenim, mezi vlasy a pozadim nebo
na hranicinosnich direk.

2.2 Lokalizace o€i

Za pomoci Sablon budeme hledat
v kazdém obraze zvlast levé a pravé oko.
Oblibenou volbou $ablony je pramér [24],
125], a proto zde pouzijeme primér o€i jako
Sablonu pro lokalizaci oéi. Zkonstruovali
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jsme sadu 6 o¢nich Sablon pro pravé oko
a jejich preklopeni v osové symetrii pro
levé oko. Sablony jsme ziskali jako prumér
skuteCnych stejné velkych oi rliznych
osob; jednu z nich ukazuje Obrazek 1.
Sablony maji rizné velikosti mezi 26*28
pixell a 36*30 pixelll. Pearsonuv korelaéni
koeficient r nebo vazeny Pearsondv
korelaéni koeficient r, s vhodnymi vahami
pouzileme jako miru podobnosti mezi
Sablonou a obrazem.

VSechny Sablony obsahuji obodi, které by
pfipadné mohlo zkomplikovat lokalizaci
oci. Problém vSak vyfeSime tak, ze oblasti
oboCi pfifadime menSi vahy pro vazeny
korelaCni koeficient. Obrazek 1 ukazuje
Sablonu pro oko, ktera dava nejlepsi
vysledky pfi lokalizaci pravého oka;

v tomto pfipadé jsme pouZili jedinou
Sablonu spolu s vazenym Kkorelaénim
koeficientem s radialnimi vahami.

Spocitejme nyni korelacni koeficient mezi
jednim obrazem z databdze a ocni
Sablonou z Obrazku 1. Hodnoty
korela¢niho koeficientu ukazuje Obrazek
2, v némz c¢emé oblasti maji velkou
hodnotu korelacniho koeficientu. Tyto
oblasti obsahuji obé oéi a také Usta ¢i East
vlasl. Zajimavé je, ze pravé oko dané
osoby ma vétsi korelaéni koeficient
s jednou Sablonou pro levé oko nez
s kteroukoli Sablonou pro pravé oko.
V' algoritmu vyuzijeme tento jev
nasledujicim zplsobem. PoloZime vSech
12 $ablon na libovolnou moznou pozici
v obrazu a nerozliSujeme mezi Sablonami
pro levé a pravé oko. Nejprve najdeme
oblast s nejvéts§im korelacnim koe-
ficientem pfes v8echny Sablony. To je
jedna kandidatni oblast, ktera muze
obsahovat oko; fikejme ji kandidatni oko.
Dale uvazujme cely obraz s vyjimkou
tohoto kandidatniho oka a jeho nejblizSiho
okoli. V takovém obraze najdeme znovu
oblast s nejvétSim korelaénim koefi-
cientem s libovolnou oéni $ablonou. Ta
bude druhym kandidatnim okem.

Obr. 2. Korelacni koeficient mezi danym obrazem a $ablonou pro pravé oko. Oblasti
v obrazu s velkou hodnotou korelaéniho koeficientu jsou zobrazeny éerné.
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2.3 Lokalizace o€i

Zde si klademe za cil lokalizovat souCasné
Usta a ob& oCi. Najdéme tedy nejprve
kandidatni usta za pomoci $ablon
a hledejme oci v urcité oblasti nad
kandidatnimi usty. Pouzivdme 6 $ablon pro
pravé oko, jejich preklopeni v osové
symetrii a 7 symetrickych Sablon pro Usta.
Kazdou ze Sablon pro usta nechame najit
nékolik oblasti, které maji vazeny
korelacni koeficient s libovolnou Sablonou
pro Usta vétSi nez uréitou hodnotu. Ta
muze byt rzna v riznych obrazech. Vzdy
vSak hleddme alespon tfi rizné oblasti,
které nejsou svymi pfimymi sousedy. Tyto
oblasti povazujeme za kandidatni Usta.
Nejprve najdeme oblasti s vazenym
korelaénim koeficientem r, pfesahujicim
hodnotu 80 % maximalini hodnoty r,, které
je dosazeno v daném obraze. Tato mez se
muze pfipadné snizit, aby se podafilo najit
alespon troje kandidatni Usta.

Rudzné Sablony pro usta vedou k rGznym
kandidatnim dstim. Pak hledame odi
v takovych oblastech, které odpovidaji
jednotlivym kandidatnim Gstim. Tyto
oblasti se nachazeji od 20 do 55 pixel(i nad
kandidatnimi usty a povazujeme je za
kandidatni oblasti pro oc€i. Umistime
kazdou ze 6 Sablon pro o€i a jeji pfeklopeni
v 0sové symetrii na libovolnou moznou
pozici v této kandidatni oblasti pro o€i
a spoCitdme vazeny korelaéni koeficient
mezi $ablonou a odpovidajici stejné
velkou oblasti. Zaroven rozdélime
kandidatni oblast pro o€i na dvé ¢asti podél
myslené svislé ¢ary (Obrazek 2), ktera
rozdéluje usta napul. VSechny Sablony pro
oCi a také jejich preklopeni v osové symetrii
jsou dale pouzity v obou Castech
kandidatni oblasti pro oéi. Hledame oblast
s nejvéts§im vazenym korelanim
koeficientem s libovolnou $ablonou zvIast
v levé a pravé Casti. Tento postup se
opakuje pro nékolik kandidatnich ust.

Navic pouzivdme podminku na vzajemnou
vzdéalenost obou ofi s mezemi mezi 25
a 42 pixely. Tyto meze jsme ziskali
empiricky tak, aby je skute€né ofi
splfiovaly dokonce v obrazech s mimé
odliSnou velikosti nebo mensi rotaci
obliceje.

Pro konkrétni kandidatni Usta najdeme
kandidatni oblast pro pravé a levé oko.
Jestlize nespliuji podminku na vzdalenost
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mezi o¢ima, pokraCujeme v hledani takové
oblasti, ktera ma nejvétsi vazeny korelacni
koeficient s libovolnou oéni Sablonou mezi
vSemi zbyvajicimi oblastmi v kandidatni
oblasti pro oéi. Takova oblast se stfedem
v kandidatni oblasti pro o¢i je jednim
kandidatnim okem, zatimco druhé
kandidatni oko ma nejvétsi vazeny
korelacni koeficient s libovolnou Sablonou
a musi mit zaroven sv(j stfed v opacné
¢asti kandidatni oblasti. Znovu zkontro-
luieme podminku na vzdalenost o€i a je-li
tfeba, opakujeme tyto kroky, aZ najdeme
dvé kandidatni o€i, které spliuji danou
podminku na vzdalenost. Tato metody
vyrazné zlepSuje vysledky pro otocené
obli¢eje (kapitola 3.4).

Zakladni myslenkou je se€ist tfi hodnoty
vazeného korelaéniho koeficientu
odpovidajici ustim a obéma ocim.
Zatnéme s jednou z téch oblasti, které
maji velkou hodnotu vazeného kore-
laéniho koeficientu s libovolnou Sablonou
pro usta. Oznaéme nejvétsi hodnotu mezi
témito hodnotami vazeného korelacniho
koeficientu mezi Sablonou a oblasti obrazu
se stfedem v daném pixelu jako r,,.
Umistime vSechny oc€ni Sablony na
vSechny mozné pozice do kandidatni
oblasti pro o€i tak, aby stfed byl vzdy v jeji
levé Casti. Hledame oko jen v této levé
¢asti a oznaCime nejvétsi hodnotu
vazeného korelaniho koeficientu pres
vSechny o¢ni Sablony jako r,,. Podobnym
zpUsobem umistime vSechny ocni Sablony
do pravé Casti kandidatni oblasti a
oznaCime nejvétsi vazeny korelacni
koeficient pomocir,.

P

UvaZujme koeficient
= (gt P F ) ey 2O L Py 2O (g > 0,

(4)

kde 1 oznacuje indikator. (4) ignoruje
zaporné hodnoty vazeného korelacniho
koeficientu. Nejvét§i hodnotu r,
spocteme pro rlizna kandidatni Usta.

2.4 Robustni korelace

"Pouzijeme robustni verzi korelacniho
koeficientu pro spolecnou lokalizaci obou
oCi a ust v obrazech. Uvazujeme
koeficienty zalozené na robustni
odhadech v linearnim regresnim modelu.
Odstranéni nékterych pixelt odpovida
mySlence, ze nékteré pixely jsou
redundantni a ignorovani velkych oblasti
pixeld m0ze proto pfipominat postupy
zalozené na zaplatach [26].

Vypocet provedeme tak, Ze nejprve
pfevedeme Sablonu a pfislusnou stejné
velkou ¢ast obrazu na vektory, spoCitame
LWS regresi, v niz obraz vysvétlujeme jako
odezvu S$ablony, pak uvazujeme vahy
urené LWS metodou a spocitdme vazeny
korelaéni koeficient mezi obrazem
a Sablonou s témito vahami. Uvazujeme
linedrné klesajici vahy nebo adaptivni
vahy [21]. Korelaéni koeficient zaloZeny na
LTS se definuje obdobné. Zde jsme zvolili,
Ze pozadujeme odfiznout 20 % pixelQ
(h = 0.8n), které budeme povazovat za
odlehlé hodnoty.

Tab. 1. Procenta spravnych vysledkd pfi lokalizaci o¢i za pomoci 6 $ablon a pfi spole¢né
lokalizaci ust a o¢i za pomoci 7 $ablon pro Usta a 6 Sablon pro oci. VdZeny Pearson(v korelacni
koeficient je pouZit s radialnimi vahami. Originalni obrazy jsme modifikovali zménou velikosti o
10 % nebo otocenim obrazu o +10° nebo -10°.

Sablony Originalni obraz | ZmenSeny obraz | Otoceny obraz
Oci, r 1.00 0.80 0.50
Odi, 5, 1.00 0.97 0.86
Oci a usta, r 1.00 0.99 1.00
Oci a Gsta, 7, 1.00 1.00 1.00
Oc¢i a usta (relaxovana metoda), 1.00 0.99 0.92
O¢i a tsta (relaxovana metoda), 7, 1.00 0.99 0.87
© 2010 EuroMISE s.r.o.
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3. Vysledky

3.1 Lokalizace o€i

Sada 6 Sablon pro oéi (kapitola 2.2)
lokalizuje obé oCi spravné ve 100 % obrazl
uvazované databaze za pouziti
Pearsonova korelaéniho koeficientu
jakozto miry podobnosti mezi obrazem a
Sablonou. To znamena, ze vysledek
lokalizace odpovida skute€nym o¢im ve
v8ech danych obrazech. Spravné vysledky
ve 100 % pfipadi se ziskaji také
s vazenym Kkorelacnim koeficientem
s radialnimi vahami, které se definuji jako
nepfimo Umérné vzdalenosti kazdého
pixelu od stfedu Sablony. Tyto vahy
zaroven zajisti lepSi vysledky z hlediska
robustnich viastnosti (kapitola 4).

Tabulka 1 shrnuje vysledky lokalizace
obou o€i zvI&$t za pomoci 6 Sablon a jejich
pfeklopeni v osové symetrii. Dale dava
vysledky pro dalSi situace popsané
pozdéji, u nichZ porovnava vystup ziskany
s korelanim koeficientem r a jeho
vazenou obdobour, sradialnimivahami.

3.2 Lokalizace o€ia ust

Metoda (4) pro spole¢nou lokalizaci obou
oci a Ust (kapitola 2.3) spravné lokalizuje
usta a obé o¢i ve 100 % obrazli nasi
databaze. Tabulka 1 prezentuje vysledky
této metody ziskané pomoci r a r,
s radidlnimi vahami a také vysledky
ziskané relaxovanou verzi téZze metody,
kterd nepouzivd pravidlo omezujici
vzdalenost obou oéi. Z vysledkd plyne
dulezitost takového pravidla. Dale Tabulka
1 obsahuje vysledky ziskané pro obrazy
s modifikovanou velikosti nebo rotaci,
které budou popsany v kapitole 3.4.

3.3 Robustni korelace

Pracujeme s databazi s 212 obrazy a 7
Sablonami pro Usta a 6 Sablonami pro o€i
spolu s jejich pfeklopenimi v osové
symetrii. Nékolik robustnich korelacnich
metod z kapitoly 2.4 dava  vysledky
soucasné lokalizace obou oi a ust
spravné ve 100 % pfipadd. Tyto vysledky
jsme ziskali pomoci korela¢niho
koeficientu zaloZzeného na LTS s volbou
h=0.8n, dale s korelaénim koeficientem
zalozenym na LWS s linearné klesajicimi
vahami a také s adaptivnimi vahami.
Typicky se odlehlé hodnoty odfiznuté
metodou LTS nachézeji v okoli o€i, pfi
okraji obdélnikové Sablony. Také korelaéni
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koeficient zalozeny na LWS pfifazuje malé
hodnoty vah témto pixelim pfi okraji
Sablony.

Pro srovnani uvazujme také robusni
korelacni koeficient zalozeny na useknuti
tzv. hlavnich proménnych u= x + y and
v=x - y, které navrhuje [27]. Tyto selhavaji
v nasi aplikaci pfi lokalizaci Ust. Ddvod
vysvétlime na korelacnim koeficientu mezi
usty a Sablonou pro Usta. Odlehlé hodnoty
v proménné u se totiZ typicky nachazeji ve
rtech, zatimco odlehlé hodnoty
v proménné v odpovidaji tvafim. Naproti
tomu pfi vypoCtu korelaéniho koeficientu
mezi neusty a Sablonou pro usta se odlehla
pozorovani typicky nachézeji ve tvafich.
Neni jednoznacny vztah mezi odlehlymi
hodnotami v hlavnich proménnych
a v plvodnich datech, coz neumozfiuje
spravnou klasifikaci ust.

Shriime, Ze jsme aplikovali rizné robustni
verze korelacniho koeficientu véetné téch,
které jsou zaloZzeny na robustni regresi
s vysokym bodem selhani. Tyto davaji
vysledky spravné ve 100 % pfipadd pfi
soucasné lokalizaci obou o€i a Ust, stejné
tak jako vazeny korelacni koeficient
s radialnimi vahami.

Tab. 2. Procenta spravnych vysledki ziskané
s vaZenym Pearsonovym korelacnim
koeficientem s radialnimi vahami pfi lokalizaci
obou oc€i a ust soucasné. Metoda se aplikuje
na originalni obrazy stejné jako na obrazy
otoc¢ené o libovolny dhel a obrazy drobné
modifikované Sumem, okluzi ¢i asymetrii.

Obrazy 7, , radialni vahy
Originalni 1.00
Otoceni o libovolny thel 1.00
Sum 1.00
Okluze 1.00
Asymetrie obliceje 1.00

3.4Robustnost popsané metody

V této kapitole popiSeme validacni kroky,
které ovéfi chovani naSi metody na
souCasnou lokalizaci ust a obou o€i.
Ovéfime metodu (4) na validaéni databazi
a prozkoumame jeji vlastnosti na obrazech
otoéenych o libovolny Uhel a konecné
prostudujeme robustnost na numerické

studii tak, Ze modifikujeme originaini
obrazy dodate¢né pfidanym Sumem,
malou okluzi nebo asymetrii. Tabulka 2
shrnuje modifikace originalnich obraz(,
které jsme provedli.

Tato metoda se neuci zadné parametry
pfes databazi obrazli, na kterou se
pouziva. Specifické vlastnosti nasi
konkrétni databdze ovlivni jen vybér
Sablony a také ocCekavané vzdalenosti
mezi obéma ofima a dale mezi Usty
a oCima. Pfesto ovéfime chovani nasi
metody na validacni databazi obraz(.
Vyfotografovali jsme 30 nahodné
vybranych studentd na Univerzité
Duisburg-Essen kompaktnim digitalnim
fotoaparatem. Standardizovali jsme
podminky, abychom ziskali fotografie se
stejny osvétlenim a vzdalenosti obliCeje od
fotoaparatu. Nékteré vyfotografované
obliceje jsou mirné otocené ve frontalni
roviné. ObliCeje maji vzdy neutralni vyraz
ve tvafi. Transformovali jsme barevné
fotografie z plvodni velikosti 2048*1536
pixeld na Cernobilé obrazy velikosti
266*200 pixeld. Pak velikost obliceje
odpovida velikosti obli¢eju v pavodni
databazi. Pouzili jsme metodu z kapitoly
2.3 nalokalizaci ust a obou o€i v obrazech.
Tato metoda dava spradvné vysledky ve
100 % pfipadu za pouZiti 7 Sablon pro Usta
a 6 Sablon pro oci. Nicméné povaZujeme
tuto metodu za pfilis citlivou vGci velikosti
obrazu, a proto ji neovéfujeme na dalsi
databazich obrazu.

Teoretické vlastnosti Sablon a jejich
robustnost k rotaci, okluzi ¢i asymetrii jsou
studovany v ¢lanku [3], z néjz vyplyva, ze
koeficient (4) méa robustni viastnosti ve
stejnych situacich. Naproti tomu vybérova
influen¢ni funkce [28] neni omezena a tedy
hodnota (4) je pfili§ citliva vici velkym
(influenénim) vaham.

VySetfime nyni nadi metodu pro otoCené
obrazy, na néz aplikuieme neotoCené
Sablony. Lokalizace kazdého oka zvIast
nebo samotnych Ust nedava Uspésné
vysledky v obrazech oto€enych o + 10°.
Dale se vénujme soucasné lokalizaci obou
oCiaustvobrazechotocenych o+ 10°
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Za pouziti 6 Sablon pro odi, jejich
pfeklopeni v osové symetrii a 7 Sablon pro
Usta spolu s radialnimi vahami pro vSechny
Sablony pro Usta i pro oi nalezneme Usta
a obé oci spravné ve 100 % obrazl nasi
databaze. Nicméné otogeni obrazli o + 20°
uz zpUsobi, ze naSe metoda selhava asi
v50 % obrazd.

Pokud otoCime obli¢ej o libovolny uhel
s velikosti 10, 20, ..., 350 stupnid, je soucet
tfi vazenych korelacnich koeficientl mensi
nez v neotoeném obliCeji s ofima ve
vodorovné poloze. Dobrou strategii je
otoCit obli¢ej o nékolik riznych uhld a najit
nejvétsi hodnotu koeficientu (4) pro kazdé
otogeni. Timto zplsobem lokalizujeme
Usta a obé ofi sprdvné nezavisle na
pocatecnim otoeni daného obrazu.
Konkrétné jsme otoCili kazdy obraz o Uhly
svelikosti 0, 10, 20, ..., 180, ..., 350 stuprd.
Nejvétsi hodnota r,* v kazdém
z 212 obrazli se ziska pravé v takové
poloze, kdy jsou oci ve vodorovné poloze.
To vede ke spravné lokalizaci Ust a obou
oci ve 100 % obraz(. Tyto 100 % spravné
vysledky pro obrazy otoCené o libovolny
Uhel jsme ziskali také s korelacnim
koeficientem zalozenym na LWS s linearné
klesajicimi vahamia s adaptivnimi vahami.

Metoda pro lokalizaci ust a obou o€i je
vybavena dvojitou ochranou proti
pfipadnému otoCeni obliCeje. Za prvé jsou
Sablony robustni viéi oto¢eni o Uhel az do
velikosti + 10°. A za druhé koeficient r,*
nabyva své nejvétsi hodnoty pravé pro
neotoeny obli¢ej. Proto se spravné
otoCeni obliCeje nalezne v kazdém obliceji
s libovolnym oto¢enim az do + 180°
stupnd. Tabulka 1 shrnuje vysledky
ziskané pomocir ar, sradialnimi vahami
v obrazech otofenych o + 10° nebo
zmen$enych 010 %.

Konecné vySetfujeme robustni vlastnosti
vzhledem k dalSim nestandardnim
situacim. Sum s normalnim rozdélenim
s nulovou stfedni hodnotou pfidany do
obrazu nezavisle jednotlivym pixelim
neposkodi spravné vysledky, pokud jeho
rozptyl nepfekroCi hodnotu o = (0.11)".
Usta a obé oCi se spravné lokalizuji také
v obrazech otoCenych o libovolny Uhel
(Obrazek 3) a v obrazech, do nichz jsme
dodate¢né pfidali Sum s nulovou stfedni
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Obr. 3. Lokalize Ust a obou o¢i. Pro konkrétni kanidatni Usta se hledaji
obé oéi ve vyznacené relevantni kandidatni oblasti.

hodnotou a rozptylem a* nepfekra¢ujicim
0.01.

Okluzi rozumime zakryti Casti obrazu
jinym obrazem nebo jinou abnormalitou.
Provedli jsme studii, pfi niz jsme usta
v kazdém obrazu zakryli malou néplasti
(Obrazek 5), abychom vySetfili lokalni
citlivost na$8i metody. Intenzity S$edi
v obdélniku velikosti 3*5 pixeld jsme
nastavili na hodnotu 1. Kazda Usta
v databazi modifikujeme timto zpisobem
tak, ze umistime naplast vzdy na stejnou
pozici do pravého dolniho rohu Ust, kde je
umistén se vzdalenosti od 7 do 9 pixelu
pod stfedem Ust a se vzdalenosti od 16 do

20 pixell napravo od stfedu Ust. Prikladem
jsou pravé takto modifikovana usta
v Obrazku 5. Ve 100 % obrazl s takto
modifikovanymi Usty jsme Usta a obé ofi
lokalizovali spravné.

Dal3i studie se vénuije vlivu asymetrie Ust.
Intenzity Sedi v pravé poloviné kazdych ust
jsme navysili o konstantu, kterou oznaéme
€. Spole¢na lokalizace Ust a obou oéi dava
100 % spravné vysledky s hodnotou ¢ az
do 0.15, coz jiz pfedstavuje docela
zavazné zkresleni originalnich ust. Zde
selhdvéd korelacni koeficient i vézeny
korelaéni koeficient s radialnimi vahami pfi
lokalizaci samotnych Ust za pomoci
7 symetrickych Sablon pro usta.

Obr. 4. Obrazek oto¢eného obliceje dodatecné doplnény Sumem.
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Obr. 5. Usta modifikované okluzi malého rozméru (bilé prekryti
originélniho obrazu).

Ovéfili jsme tedy, Ze soucasna lokalizace
ust a ofi se 7 Sablonami pro usta a
6 Sablonami pro o¢i ma pozadované
robustni vlastnosti vzhledem k malé rotaci,
okluzi a asymetrii obrazu.

4. Diskuse a zavéry

Navrhli jsme metodu pro sou¢asnou
lokalizaci ust a obou o€i v obrazech
obli¢eju. NaSe postupy jsou usité na miru
pro danou databazi obli¢eju s ocekavanym
pouzitim v genetickych aplikacich.
Sablony jsou koncepéné jednoduché
a snadno interpretovatelné. Nade metoda
je robustni k Sumu v obrazech, drobné
okluzi ¢&i asymetrii obliCejd. Spravné
vysledky jsme ziskali pro libovolné
pocateCni otodeni obli¢eje. Nevyhodou
naSeho postupu pro vSeobecné pouZiti
ovéem je citlivostk velikosti obrazu.

Nas§ pokus aplikovat rGzné verze
robustniho korelaéniho koeficientu na
problém lokalizace objektl v obraze vedl
ke slibnym vysledkim a mlzeme proto
doporudit robustni korelacni koeficient
zalozeny na metodé nejmenSich
usekanych &tvercl (LTS) nebo nejmensich
vazenych &tverci (LWS) pro praktické
pouziti. Nicméné je vypocet téchto
statistickych odhad velmi zdlouhavy, a to
dokonce i pfi pouziti rychlych pfibliznych
algoritma.

Pocateéni vyhlazeni Sumu bylo moti-
vovano potiebou ziskat metodu robustni
vu¢i Sumu v obrazech. Efekt takového
vyhlazeni m(ze byt pomérné maly,
obzvlast pokud pouzivame robustni miry
korelace s vysokym bodem selhanim jako
miry podobnosti mezi obrazem
a Sablonou. Zatimco teoretické robustni
vlastnosti zlstavaji ukolem pro budouci
vyzkum, metody popsané v tomto ¢lanku
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Ize doporuéit pro praktické pouZiti také
v molekularni genetice [17], [18] nebo
v antropologickém vyzkumu [3].

Na rozdil od standardnich postupu jsme
pracovali s korelaéni analyzou pfi
lokalizaci objektd v originalnich (surovych)
obrazech, aniz bychom pouZili obvyklou
redukci dimenze a extrakci pfiznakd.
Standardni postupy pouzivaji normalizo-
vané pozice nebo invariantni deskriptory
pro odstranéni nebo potlaceni efektu
otoCeni obrazu nebo efektu zmény
velikosti obrazu. | tak tento ¢lanek vyvraci
popularni nazor, ze statistické metody
nezvladnou Ukol zpracovat originalni
obrazy. Slibné vysledky jsme ziskali
s vazenym Pearsonovym korelacnim
koeficientem a také s robustnimi verzemi
Pearsonova korelacniho koeficientu. Jako
otevieny problém zde zustava vypocet
optimélnich vah pro vazeny korelacni
koeficient, které by zvysily diskriminaci
mezi témi ¢astmi obrazu, které odpovidaji
Sablong, a témi, které ji neodpovidaji.
Takovy problém je tfeba FeSit opét
robustnim zpisobem. Abychom neziskali
vysoce influenéni vahy, je tfeba
regularizovat danou ulohu tak, ze se
zavede urcita horni mez na optimalni vahy.
Zajimavou ulohou by také bylo srovnani
standardnich klasifikaCnich metod
mnohorozmérné statistické analyzy
a jejich chovani pfi lokalizaci orienta¢nich
bodU v dané databazi obraz(.
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Souhrn

Spolehlivost, neboli reliabilita méfeni je
mirou jeho opakovatelnosti za stejnych
podminek. Klasicky koncept reliability
pfedpoklada, Ze se méfeni Y sklada ze
skuteéné hodnoty méfené vlastnosti T a
chybové slozky €, dvou nezavislych
nahodnych veli€in, Y = T + €. Spolehlivost
méfeni je pak definovana jako podil
rozptylu skute¢ného skéru a rozptylu
meéfeni. Tento koncept nicméné neni
pouzitelny v modelech pro dichotomni
méfeni, ve kterych nefiguruji chybové
slozky, le¢ jsou definovany pomoci
podminénych pravdépodobnosti. V tomto
¢lanku zkoumame obecnéjSi definici
spolehlivosti navrzenou v [1], ktera je
zaloZena na rozkladu rozptylu v modelu se
smiSenymi efekty. Navrzend definice
splyva v klasické testové situaci s definici
klasickou, a navic je pouZitelna také pro
modely dichotomnich méfeni. Nové jsou
pro navrzenou definici odvozeny
pfedpoklady, za jejichZ platnosti mize byt
spolehlivost slozeného mérfeni vyjadiena
pomoci spolehlivosti jediného méfeni (tzv.
Spearmanova-Brownova formule) a je
ukézéna pfiblizna platnost Spearmanovy-
Brownovy formule pro Raschiv model. Na
zaver zkoumame tzv. logistické alfa - novy
odhad spolehlivosti navrzeny v [2] coby
modifikace klasického odhadu spole-
hlivosti zaloZeném na Cronbachovu alfa.
Simulace ukazuji, ze novy odhad
nepodhodnocuje skuteénou spolehlivost
tak casto, jako Cronbachovo alfa.
Logistické alfa se tak pro nékteré pripady
jevi byt vhodnéjSim odhadem spole-
hlivosti. Novy odhad je pouZit na binarni
data ziskana automatizovanym procesem
diagnostiky prokrveni myokardu
zaloZzenym na snimcich emisni protonové
tomografie (SPECT).

Klicova slova: spolehlivost méfeni,
binarni data, logisticka regrese,
Cronbachovo alfa, Raschlv model, emisni
protonova tomografie (SPECT)
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1. Uvod a klasické pojeti
spolehlivosti

Spolehlivost méfeni popisuje, do jaké miry
bude vysledek stejny, zachovame-li stejné
podminky méfeni. V medicinské praxi
spolehlivost méfeni stale zustava
dulezitym tématem, které vzbuzuje mnoho
diskuzi. Pro spojita méfeni byla
spolehlivost studovana autory Yi, Wang a
He. V jejich praci [3] byl také navrzen test
ekvivalence dvou méfeni. Nepara-
metricky, pravdépodobnostni odhad
spolehlivosti pouzity na kognitivni testy pro
pacienty s Alzheimerovou chorobou byl
studovan autory van Bellem a Arnoldovou
[4]. Odhady reliability zalozené na IRT
modelech, které jsou vhodné pro
dichotomni nebo ordinalni veli¢iny, byly
pouZity v praci Teresiové akol. [5].

Ve studiich zkoumajicich opakovatelnost
dichotomnich méfeni jsou data obvykle
analyzovana s pouZitim kappa statistik,
které Dbyly motivovany vztahem ke
koeficientu vnitrotfidni korelace [6], [7].
V této praci rozebirame jiny pfistup ke
spolehlivosti: inspirovani Clankem [8]
navrhujeme novou definici spolehlivosti
zalozZenou na rozkladu rozptyll v modelu
se smiSenymi efekty. Nova definice
pokryva klasickou testovou situaci a je
navic vhodna i pro modely dichotomnich
méfeni. Studujeme také novy odhad
spolehlivosti. Pro lep8i pochopeni
souvislosti s klasickou testovou teorii
pfedkladame v této C&asti souhrn
zakladnich principu klasické testové teorie
(CTT), zniznaSe tvahy vychazi.

1.1 Spolehlivost méfeni v ramci CTT
V klasické testové teorii [9] se
predpoklada, ze méfeni Y se sklada ze
skute¢né hodnoty méfené vlastnosti T a
chybové slozky ¢, dvou nezavislych
nahodnych veli¢in
Y =T +¢,
T ~ (u,0%), 05 > 0, (1)

e~ (0,0%), a* > 0.

Spolehlivost méfeni je definovand jako
podil rozptylu skute€ného skéru a rozptylu
naméfenych hodnot

var (1) o

eli(Y) = s = =,
Ge) var(Y) o%+ o2 m

Alternativné muZe byt spolehlivost
definovéna jako Ctverec korelace
naméfené hodnoty a skute¢ného skoru

corr*(Y,T) = corr*(T +¢,T) = fﬁ%(i;t’f);Jﬂ%

= reli(Y).

(3)

Spolehlivost mUze byt také vyjadiena jako
korelace dvou opakovanych méfeni Y,, Y,
tedy dvou nezdvislych, stejné presnych
méfenitéZe vlastnosti T
Y;=1+¢,j=12, (4)

a2
orr (Y1, Ya) = corr (T + €1, T + €2) = —5—+— = reli(Y).
corr (Y1, Ya) = corr (T + €1, T + €2) e reli(Y)

Korelace mezi dvéma nezavislymi (ne
nutné stejné pfesnymi) méfenimi téze
vlastnosti T mlize byt vyjadfenajako

Yj=T+e;, =12
e1 ~ (0,07), e2 ~ (0,03) nezavislé

corr (Y1,Y2) = corr (T + ¢1, T + €2) =

2
ay - -
= — — +/reli( Y] reli(Ys
VAT ANE e
(5)

1.2 Spolehlivost sou¢tu opakovanych
méfeni

Mame-li J opakovanych méfeni vlastnosti
T

Y, =T+e¢;, e~ (0,0%iid, j=1,.....J,
(6)

variabilita jejich souCtu v, = v; je
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var (Y,) = var (Z(I + q)) = J%0F + Jo?,
7
(7)

tudiz spolehlivost souctu p, nebo priméru
Y. m0zeme vyjadfit pomoci spolehlivosti
(kazdého) jednoho méfeni p, (tzv.
Spearmanova-Brownova formule, viz [10],

[1)).

s var(JT) JioZ B
Bl = var (Ye) Jrog + Jo? -

_ Ip1 _

T =-hm+1 P (8)

Spolehlivost sou¢tu J opakovanych
méfeni miuze byt také vyjadfena pomoci
kovarianci

oir = cov (Y, Yi)
jako

var (JT')

ke = var(Y,) N

J -1 Jiok
J—1 J var(Y,)

_d JZO'%- + Jo? — Jo? — .]a%
T J-1 var (Y,)

J var (ZJ YJ) — 2 var (Y5)

J-1 var (ZJ YJ)

_ J Z:}_:j,z'k"zk:
J=1 XY,k
)

Ve vyjadreni (9), jsme se dopracovalik tzv.
Cronbachovu alfa (viz [12]), které Ize
snadno odhadnout, nahradime-li
populacni kovariance jejich vybérovymi
protéjsky

&= J ZZ_;# Sik
J =1 3305k S5k

1
kde sji, = T—1

1
t=

1

(10)

Pro dichotomni data odhad (10) splyva
s Kuderovou-Richardsonovou formuli 20
(viz[13]).
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(Yij — Yai) (Y — Yair) .

Jak bylo vy$e ukazano v (9), Cronbachovo
alfa je ekvivalentni spolehlivosti souctu
opakovanych méfeni téze vlastnosti T.
Casto je nicméné& pouzivano pro
odhadovani spolehlivosti sloZenych
méfeni, vizdale.

1.3 Spolehlivost slozenych méreni
Casto nastavaji situace, kdy méfeni
nemohou byt zopakovana zcela nezavisle
a méfit tak zcela stejnou vlastnost T.
Napfiklad v psychometrii jsou testy
slozené z J poloZek, z nichz kazda se
soustfedi na nepatrné jiny aspekt méfené
vlastnosti Kazdy subjekt je pak popséan
souctem J polozkovych skorl v, = v; .
V medicinské praxi se zase lékafi setkavaji
s méfenimi od rGznych hodnotitelli nebo
od téhoZ hodnotitele, ktery pouziva rizné
nastroje k méfeni. Méfena vlastnost je pak
¢asto popisovana pomoci prdméru
takovych méfeni v, =3 v;/J.

Pro j-té méfeni pfedpokladame, Ze

Vi=Ti+e, €~ (0,05,
F—1,....J
(1)

kde (€,,...,€,) jsou vzajemné nazdvislé a
také nezavislé na (T.,,...,T)). Spolehlivost
sloZzeného méreni pakje

var (T,)

reli(Ye) = var (Ty) + var (es)

(12)

Jak bylo ukézano Novickem a Lewisem
v praci [14], Cronbachovo alfa je obecné
dolni mezi spolehlivosti slozeného méfeni

a <reli(Y,) = ps. (13)

Novick a Lewis déle uk&zali, Ze rovnost
nastava pravé v pfipadé tzv. esencialné
T-ekvivalentnich poloZek, tedy v pfipadé,
kdy pro nahodnou veli€inu T a néjaka
realna Cisla B, takova, ze >4, =0, plati,
Ze s pravdépodobnosti=1

To je ekvivalentni pozadavku, aby
soucasné platily podminky

var (Tj) = 0%, Vj (15)
corr (T3, Tx) =1, Vj, k. (16)

Podminka shody rozptyld (15) je
zapotfebi, abychom dosahli shodnych
spolehlivosti jednotlivych méfeni v modelu
(11). Aby platila Spearmanova-Brownova
formule, je pak také zapotfebi podminka
jednickovych korelaénich koeficientd (16).

Nejsou-li polozky sloZzeného méfeni
esencialné T-ekvivalentni, vedle skute¢-
nosti, ze neplati Spearmanova-Brownova
formule, mGzeme také diky vztahu (13)
oCekavat, ze odhad zaloZeny na
Cronbachovu alfa bude podhodnocovat
skuteénou spolehlivost slozeného méfeni.
Odhady neshody mezi spolehlivosti
a Cronbachovym alfa na popula¢ni Grovni
jizbyly studovany v praci[15].

1.4 Cronbachovo alfa jako odhad
spolehlivosti slozeného méeni
Predpokladejme, ze mame méfeni Y,
j = 1,...J na subjektech Pfedpoklad
esencialni T-ekvivalence vede ke
smiSenému modelu analyzy rozptylu

dvojného tfidéni.

Yij — 15+ B35 + €,

kde B, je parametr méfeni (obtiznost
polozky, Uroven daného hodnotitele, atd.).
Pfidame-li pozadavky na normalitu

T; ~ N(u,03), ej ~N(0,07),

avezmeme-liv potaz rozklad souctu
881 = Y (Yij — Yae)? = S54 + 595 + 55z,

Ctverct pak primérné &tverce MS, a MS,
maji nasledujici stfedni hodnoty:
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I J
EMSs=EY > (Vi - Ya)?/(I - 1) = Jof + 0%,

i=1 j=1

(18)

1 S
EMSp=EY 3 (v — Vi —Fuy + Vo)?/

i=1 j=1

ST = DT = 1)) = o™ (19)

Tudiz mudzeme Cronbachovo alfa (9)
vyjadfitjako
 EMS,-EMSg (20)
B EMS4

aodhad (10) m0ze byt pfepsan jako

o MSs—MSg =~ MSgp _ L
- MSa - MS4 — Fr’
(21)

kde F; je statistika b&Zné pouzivana pro
testovani podmodelu bez efektu jedince
v plném modelu (17). Stejna statistika se
pouziva také pro testovani podmodelu
v modelu analyzy rozptylu dvojného tfidéni
s pevnymi efekty [16].

Ze vztahu (21) muizeme odvodit, Ze
d nabyva hodnot blizkych jednitce
v pfipadé, Ze slozené méfeni dobfe
rozliSuje mezi jedinci. Tudiz mizeme také
oCekavat, Ze v pripadé vétsi variability

mezi jedinci bude také & dosahovat
vy$§ich hodnot.

2. Pavodni vysledky pro
dichotomni méfeni

V pfipadé, kdy méfeni Y nabyvaji pouze
hodnoty 0 nebo 1, neni klasicky model
popsany v Casti 1.1 vyhovujici, nebot Y
nelze vyjadfit jako soucet dvou
nezavislych nahodnych veli€in. Model
v takovém pfipadé definujeme spise
pomoci podminénych stfednich hodnot
E(Y|T). Predpokladejme proto obecngjsi
model

Yij ~ f( ), T~ iid,
(Y3 |T3), (Yiy |T3) nozdvislé pro j # j

(22)
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Jednim z takovych modeld je také
Raschdv model (viz[17]):

v exp(Ti + 55
B (Yi|1) = n(1i.B3) = 7~ +e>£p('T1 _,_J;r_)s
xp(Ti + 3

Ty~ NG 03, @)

V rédmci tzv. Item Response Theory (IRT)
jsou pravé Raschiiv model (23) a mnoha
jeho dalSi zobecnéni obsahle studovana
[18], a to zvlasté v souvislosti
s problematikou odhadu parametru
modelu. Koncept spolehlivosti je v ramci
IRT roz3ifen z jediného indexu na funkci
skute¢ného skoru T kterd se zde nazyva
testové informacni funkce [19]. Nicméné je
zde také mozné obdrZet index pro test jako
celek, ktery je pfimou analogii
Cronbachova alfa: jako analogie
k rozloZzeni pozorovaného méfeni na
pravou a chybovou slozku v klasické
testové teorii, zde uvazujeme rozklad
odhadu skute¢ného skéru na skuteény
skéra chybovou slozku

T=T+e (24)
Spolehlivost v IRT je pak definovana jako

var (1) var (T) —Avar(s)_
var (T)

(25)

Pro odhadovani této IRT spolehlivosti se
nejprve odhadnou Urovné skutecnych
skort jednotlivych subjektd a pomoci
standardnich procedur jsou také spocitany
jejich stfedni chyby (SE). Poté je spoéten
vybérovy rozptyl téchto odhadu pro odhad
rozptylu var (T ). Odhadnuta stfedni chyba
je zakladem pro odhad rozptylu chyby
var(€). Vysledny odhad byva velice blizky
Cronbachovu alfa[20].

V tomto &lanku uvazujeme novou definici
spolehlivosti pro model (22). Jedna se
o pfimocarejSi zobecnéni klasické definice
spolehlivosti nez je (25). Uvadime také
vzorec pro spolehlivost v Raschové
modelu a predpoklady pro platnost
Spearmanovy-Brownovy formule
v modelu (22). Diskutujeme novy odhad
spolehlivosti, vhodny pro sloZend

dichotomni méfeni a porovnavame jej
s Cronbachovym alfa v simulacich
av praktickém pfikladé.

2.1 Navrhovanadefinice spolehlivosti
Rozptyl méfeni Y, fidiciho se modelem
(22) muze byt rozloZzen pomoci
podminéného rozptylu a podminéné
stfedni hodnoty na sloZky

var (Y;;) = E (var (Y;;|13)) + var (E (Y3;|13)).
(26)

Prvni ¢&len je vnitrotfidni rozptyl, tedy ta
¢ast rozptylu, ktera nesouvisi s variabilitou
skuteéného skoéru T. Druhy Clen je rozptyl
mezitfidni, tedy ta Cast rozptylu, ktera
odpovida variabilité skute¢ného skoru T,
[8].

S odkazem na klasickou definici
spolehlivosti mGzeme nyni definovat
spolehlivost jako podil rozptylu
odpovidajiciho variabilité skutecného
skéru k celkovému rozptylu naméfenych
hodnot, tedy jako

_ var (E (Y1)
var (Y) var (E(Y|T)) + E (var (Y|T))"

(27)
Jelikoz pro klasicky model plati
EY|T)=E(T+E)T) =T,

definice (27) v tomto pfipadé splyva
s klasickou definici spolehlivosti (2).

Pro slozend méfeni definujeme
spolehlivost j-té poloZky jako

var (E (Y |T3)) _

lell(-Y;i) = var (Y ) Tij
ij

(28)
a spolehlivost sloZzeného méfeni Y, miize
byt definovana jako

wr(E(Vall) (9

reli(Yie) = var (Yie)
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V préci [1] jsme odvodili, Ze spolehlivost
sloZzeného méfeni v Raschovu modelu
(23) Ize vyjadfitjako

J

J
> 2 (Ci— DDy

ar (E (Y |T -
reli(Y,) = ‘Hfar((y.\} ) _ i -
S S(Ci - DD+ Y B
j=1li=1 i=1
(30)
kdeintegraly
el t58;

(1 + 6T+3j)2 !

T8,
D, =Ep————
i T 11 eT+8;7

e'T—F_Bj €T+5t

1+ eT+8i 1+ eTH+B

Cy = Er

neumime vyjadfit explicitné, le¢ mohou byt
vyCisleny numerickymi metodami. Pro
danou testovou situaci (pro rozdéleni
skutecnych drovni subjektd T, pocet
poloZek J a jejich drovni B, j=1,...,J,) tak
umime vycislit skute¢nou hodnotu
spolehlivosti (viz Tabulka 1).

2.2 Spearmanova-Brownovaformule
Pokusme se nejprve najit podminky, za
kterych si budou spolehlivosti jednotlivych
méfeni T,rovny pro vechnaj. Jak jsmejiz
dfive zminili, spolehlivost mizeme vyjadfit
jako korelaci dvou nezavislych méfeni téze
vlastnosti T (viz vztah (4)), tedy pomoci
vnitrotfidni korelace (nalezici i-tému
subjektu) p;j; = corr (Vi;Yi0).

V préci [21] jsme ukdzali, Ze v ramci

modelu (22) je vztah mezip;. a T, T, proj#j’
nasledujici:

Pijjr = /Tig/Tigr corr [E (V| T),

E (Vi |T)] < VTajv/Tig,
(31)

Rovnost ve vztahu (31) plati pro vSechna
j#j jestlize provéechna j#;’

EJBI - Volume 6 (2010), Issue 2

corr [B (Yyg|13), B (Yip |T)] = 1, (32)

coz je pravé tehdy, kdyz pro vSechna i, j
s jedni¢kovou pravdépodobnosti pro
néjakeé konstanty k; >0 an; apro néjaké
funkce A(T) mohou byt podminéné stfedni
hodnoty vyjadieny jako

E(Yy|T3) = kij [N(T3) +nig) . (33)

Navic mOzeme k podmince (33)
poZadovat spInéni dodate¢né podminky

J c
SR =

jelikoz A, a n, Ize vzdy vynasobit vhodnymi
konstantami.

Formule (31) a pfedpoklad (33) mohou byt
rozSifeny do nésledujiciho tvrzeni (pro
dukaz viz [21]), které reviduje tvrzeni
autord Commengese a Jacgminové (viz

[8]):

Tvrzeni Predpokladejme, Ze se Y, fidi pro
i=1..,j=1,..4J J =3 modelem (22).
Navic necht s jedni¢kovou pravdépo-
dobnosti plati pro vSechna /,j podminka
(33). Pak jsou néasledujici tfi tvrzeni
ekvivalentni:

P1 p;=p, nezavisina j,j* prozadnéj#j’.
P2 1,= 71, nezavisina jprozadné;".

P3 Model nalezi do tfidy modelu
specifikované (s pravdépodobnosti rovnou
jedné) vztahem:

var (Vi |T;) = ki [07 (T) + i3 (Th)]

D i k% =, (34)
kde E[i;(T)]=0, a 5(5) > —ci(1).

Navic tato tfi tvrzeni implikuiji, ze
P4 pi=Ti.

Odtud plyne, ze plati-li podminky (33) a

(34), pak jsou spolehlivosti vSech

jednotlivych méfeni j rovny 1. Podivejme

se nyni na spolehlivost slozeného méfeni

za platnosti téchto dvou podminek a za

platnosti zminéné dodatecné podminky
¥ ah—i

Jj=1"ij

|

Spolehlivost (kazdého) jednoho méfeni
mU0zeme vyjadfitjako

Ry =y = var [E (¥(13)]
L A [E(Y:;|T0)] + E [var (Yi;]13)]

_ var | A (T3)]
var [\i(T3)] + E[o7 (T)]

=Ti=p

a ta dle Tvrzeni splyva s korelaci mezi
dvéma mefenimi téze vlastnosti Y, Y,

J # J. Spolehlivost slozeného méfeni Ize
pak vyjadfitjako

B var [E (Y;|13)]
~ var [E(Yi|T:)] + E [var (Y;|T3)]

var [Z;;l E(Y;; \l,)]

var [, B (Y1) + 27, B e (V7))

var {1 k(T + i)}

var {0, kalM(To) + migl } + Sy K3E[02(T:) + iy (T)]

4
E,L| i.:gj) var A (T3)]

(EJ k)zr CE 3
i kig ) var[X (L] - mE[a7(13)]

(35)

Viyraz (35) splyva se Spearmanovou-
Brownovou formuli v pfipadé, kdy k;= 1 pro
vSechna j. Dospivame tedy k zavéru, Ze
podminky esencialni T-ekvivalence
(15)(16) pro klasicky model koresponduiji
v modelu (22) s podminkou, ze
s pravdépodobnosti rovnou jedné mohou
byt podminéné stfedni hodnoty
a podminéné rozptyly méfeni Y, vyjadfeny
jako

B [ T0— 5 e (36)

var (Y;;|Ti) = 07 (T:) + 1i5(T2), (37)
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kde n, jsou dané konstanty, & [v;(1:)] = 0,
a v (1) > —o?(Ty).

Pojdme nyni prozkoumat platnost
Spearmanovy-Brownovy formule
v Raschovu modelu. Jak bylo ukazéano
v [21], Raschiv model (23) nesplfiuje
podminku (36) ani podminku (37). Zkusme
nicméné Spearmanovu-Brownovu formuli
pouzit. V Tabulce 1 jsou spocteny hodnoty
spolehlivosti v Raschovu modelu dle
vzorce (30) pro rlzné testové situace
(poCet polozek J, Urovné poloZek
rozlozené ekvidistantné na intervalu
<-0.1, 0.1> urovné jednotlivych subjektl
T. se fidi normalnim rozdélenim s nulovou
stfedni hodnotou a rozptylem o?).
Integraly byly pocitany pomoci funkce
integrate v prostredi R (viz[22]), maximalni
absolutni chyba dosazena pfi integrovani
byla mensi nez 0.000025 . V Tabulce 2
jsme jako pevny vzali poéet polozek J= 11
a pouzili jsme druhy fadek Tabulky 1 spolu
se Spearmanovou-Brownovou formuli (8)
k vypoctu pfibliznych hodnot spolehlivosti
pro poéty polozek J =3, 20,50 a 100.

Jak m0Zeme vidét, hodnoty v Tabulkach 1
a 2 jsou velmi podobné a zda se, ze tedy
Spearmanova-Brownova formule (8) pro
Raschiv model plati alesporl pfiblizné.
Pfibliznou platnost Spearmanovy-
Brownovy formule mizeme prokézat
s pouzitim Taylorova rozvoje:
Predpokladejme mald b, takova, ze

Zj bj =0,

a pouzijme Taylortv rozvoj prvniho stupné
(nafunkci jedné resp. dvou proménnych)

= " T+ . o
i= (L+elth)2 ~ " (IT+el) +

eT(1—eT) _
(1 +€T):§

eT(1—eT)

b;E —_—
+ by L+er)

B+ bE

T+b; &

[
B
l+eT+

1+ eT+h

D; = E

T T

c €
e =D+bE e,
Tray Tty
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Tab. 1. Spolehlivost v Raschovu modelu pro rizné pocty poloZek.

Pocet Rozptyl tirovné subjektii o2
polozek 0.01 0.1 0.2 0.5 0.9 2.5 10
J=3 0.00008  0.00741  0.02881 0.15047 0.34335 0.73121  0.94152
J=11 0.00028  0.02667 0.09814 0.39386 0.65731 0.90890  0.98335
J=20 0.00050  0.04747  0.16519  0.54160 0.77717  0.94775  0.99077
J=50 0.00125 0.11078 0.33098 0.74709 0.89711  0.97843  0.99629
J=100 0.00249  0.19947 0.49735 0.85524 0.94577 0.98910 0.99814
Tab. 2. Spearmanova-Brownova formule pouZita pro J=11.
Pocet Rozptyl drovné subjektii o2
poloZek 0.01 0.1 0.2 0.5 0.9 2.5 10
SB R, 0.00008 0.00742 0.02882 0.15054 0.34345 0.73125 0.94153
SB Ry 0.00050 0.04746 0.16518 0.54159 0.77716 0.94775 0.99077
SB Rso 0.00125 0.11077 0.33095 0.74707 0.89710 0.97843 0.99629
SB Ry 0.00249 0.19944 0.49731 0.85522 0.94576 0.98910 0.99814
- 2.3 Logistické alfa odhad spolehlivosti
e «H)j E,’T+h¢ . > . , v ,
Cp = o — sIozenychdlchotomnlchmertvanl'
1+etth 14 T+ F, statistka v odhadu zalozeném na
Cronbachovu alfa (21) nejlépe vyhovuje v
pfipadé norméalné rozdélenych dat. Pro
02T 2T dichgtqmni data byphom moljlil zkusit
L+ cT) + (b; + b)) E A eTp — lzamgn|t’ F; analogickou StatIS’[IkOU’ z
ogistické regrese. V modelu s pevnymi
efekty logistické regrese je takovou
vhodnou statistikou rozdil devianci
e podmodelu a modelu X° = D(B) - D(A + B)
=C + (b; +"’t)h'm- Tato statistka ma za nulové hypotézy

Pak tedy spolehlivost slozeného méfeni
v Raschovu modelu Ize pfiblizné vyjadfit
jako
_ JC-D?)
Raw J2(C-D%)+JB

Zatimco spolehlivost jednotlivych méfeni
je pfiblizné _
By i S

C—-D*+RB’

coz dohromady dava pfibliznou platnost
Spearmanovy-Brownovy formule
v Raschovu modelu.

asymptoticky (pro / pevné a J jdouci do
nekonecna) X’ rozdéleni s (I - 1) stupni
volnosti. Navrzena analogie odhadu
spolehlivosti, vhodna pro slozena
dichotomni méfeni, tzv. logistické alfa [2],
[1]matedytvar:

. I-1
alog =1- ? (38)
V' nasledujici ¢asti pomoci simulaci
porovname novy odhad spolehlivosti,
logistické alfa, s klasickym odhadem
zalozenym na Cronbachovu alfa.

3. Simulacni priklad

Tato simulace odpovida nésledujicimu
pfikladu z Iékarské praxe: | = 20 pacientl
zodpovidalo na polozek dotazniku kvality
Zivota.
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Na kaZdou poloZku bylo moZné odpovédét
pouze ano & ne. Urovné jednotlivych
polozek B, byly rozdéleny ekvidistantné na
intervalu <-0.1, 0.1> Urovné skute¢nych
skor( kvality zivota jednotlivych pacientu
se fidily normalnim rozdélenim se stfedni
hodnotou i = 0 a rozptylem o? (55 hodnot
rozptyli  bylo vybrano z intervalu
<0.01, 10> tak, aby odpovidajicich 55
hodnot spolehlivosti slozeného méfeni v
Raschovu modelu danych vztahem (30)
bylo pfiblizné rovnomérné rozdéleno na
intervalu (0,1) ).

Pro kazdou kombinaci /, J a o? byla
pomoci formule (30) spocitana hodnota
skute¢né spolehlivosti slozeného méfeni a
bylo generovano 500 skupin dat:
Z normélniho rozdéleni  N(0, a2) bylo
generovano | drovni T, kvality Zivota
pacientd. Nasledné byly vygenerovany
ano/ne odpovédi na dotaznik kvality
Zivota z Raschova modelu (23). Dale byly
na zakladé dat spoéteny odhady G a

qog'

Ze ziskanych 500 odhad( &, a 500
odhadd &, bylo spocitano vychyleni
spolu s jeho konfidenénim intervalem a
dale stfedni Ctvercova chyba, ty pak byly
vykresleny do Obrazku 1a2.

Byly zkoumany také dal$i testové situace
(poCet poozek J=11a 50 pocet pacient
I = 30 a 50). Pozorovali jsme mensi
odhadnuté vychyleni a MSE pro logistické
alfa ,, obzvlasté pro hodnoty skutecné
spolehlivosti < 0,75. Ponékud horsi
vysledky logistického alfa byly ziskany pro
spolehlivost blizkou 1 a pro vysoky pocet
pacientd v porovnani s poctem polozek.
Toto muze byt dusledkem skutecnosti, ze
zatimco statistika X° pouZitd v (38) je
vhodna pro model logistické regrese
s pevnymi efekty, v (23) predpokladame
model se smiSenymi efekty. Sance na
Zlepeni odhadu by tedy mohla plynout
z nahrazeni statistiky X’ jinou, vhodngjsi
statistikou.

4. Analyza kardiologickych dat

Datovy soubor SPECT heart data [23]
popisuje diagnostikovani pratoku
myokardu na zakladé snimki protonové
emisni tomografie (SPECT). Kazdy
z 267 pacientt byl klasifikovan do jedné ze
dvou kategorii: norméalni a abnormalni. Na
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Obr. 1. Odhadnuté vychyleni pro klasicky a logisticky odhad spolehlivosti.

20 polozek, 20 pacient(

N © Cronbachovo alfa
o * |ogistické alfa
LR ]
o
o
g o®
5 R e o ©
‘g e 00,0
2 . =l
¢ o Ce g e ) o
— — (] o] e]
2 o - O
5 b e ® ° ° e
2 OOC" 2 Q
v 8 Ca
g N Ll oo e 02 o]
ete® oo e
oo
- v Sfam )
g e X
e T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
reliabilita

Obr. 2. Odhadnuté MSE pro kla

zakladé snimk( protonové emisni
tomografie bylo automatizované
vygenerovano 22 binarnich proménnych
(22 dil¢ich diagnéz zalozenych na SPECT

snimcich). Pro detailn&jSi popis procesu
viz[24].

Nas zajimala vnitfni konzistence
zminénych 22 dil¢ich diagn6z zaloZenych
na SPECT. Dosazené odhady v tomto
pfipadé byly: Cronbachovo alfa
G, = 0.839 alogistické alfa §,, = 0.827.
V tomto pfipadé daly oba odhady velmi
podobné hodnoty a ukazuji na pomérné
vysokou vnitfni konzistenci dil€ich
diagnoz.

sicky a logisticky odhad spolehlivosti.

5.Zaveéry adiskuze

V tomto ¢lanku jsme shrnuli zakladni
principy klasické testové teorie (CTT) a
pouzili jsme je pro objasnéni motivace pro
nami navrzenou novou, obecngjsi definici
spolehlivosti a nového odhadu
spolehlivosti, vhodného pro slozena
dichotomni méfeni. Ukazali jsme, Ze
navrzena definice v klasické testové
situaci splyva s definici spolehlivosti
zavedenou v CTT. Odvodili jsme podminky
pro platnost Spearmanovy-Brownovy
formule v modelu (22), ktery je obecnéjsi
nez klasicky model (1).
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Navrzena definice spolehlivosti byla
aplikovana na Raschlv model. Pro ten
bylo ukazano, ze v ném Spearmanova-
Brownova formule neplati zcela, ale plati
alespon pfiblizné. O navrzeném odhadu
spolehlivosti slozenych dichotomnich
méfeni, tzv. logistickém alfa, bylo na
zakladé simulaci ukazano, Ze v jistych
pfipadech dava lepsi vysledky (niZ&i
odhadnuté vychyleni a MSE), obzvlasté
pro spolehlivost < 0,75 a pro pocet polozek
pfevySujici pocet subjektd. Byly
diskutovany moznosti vylepSeni odhadu
spolehlivosti také pro spolehlivost blizkou
a pro vy$Si pocet subjektu. Odhad
spolehlivosti  slozenych dichotomnich
méfeni byl demonstrovan na datech
zkardiologie.

Prace prezentovana v tomto Clanku by
mohla vést ke zpfesnéni odhadovani
spolehlivosti slozenych dichotomnich
méfeni a prispét tak k mnoha oborim
biomedicinského vyzkumu.
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Sazetak

Clanak analizira nagin na koji EFMI $iri
nova znanja kao i postojece
medicinskoinformaticke ¢asopise
u zemljama ¢lanicama EFMI-a u skladu sa
zaklju¢kom sa sastanka EFMI-evog vijeca
u Londonu 2008.godine. Identificirano je
osam glavnih medicinskoinformatickih
Casopisa i nekoliko drugih publikacija.
Veéina njih se zasniva na pretplati i izlazi
barem kvartalno. Realna je moguénost da
urednici ustanove praksu redovitog
sastajanja sa svrhom podizanja
ucinkovitosti u Sirenju novih znanja i dobre
prakse u medicinskoj informatici. Mogu¢a
je i razmjena struénih znanja
i harmonizacija u pripremanju i slanju
rukopisa kako bi se Sto viSe reducirale
barijere pri objavljivanju radova.

Kljuéne rijeci: EFMI, misija, akcijski tim za
podizanje ucinkovitosti medicinsko-
informatickih asopisa

1.Uvod

Europska federacija za medicinsku
informatika (EFMI), neprofitna
znanstvena i struna organizacija
ustanovljena 1976. godine danas ima 32
zemlje Clanice (1-4). Sve europske zemlje
imaju pravo da u EFMI-u u€lane svoja
medicinskoinformaticka drustva. Termin
“medicinska informatika” ukljuuje cijeli
spektar zdravstvene informatike i svih
njezinih potpodruéja. MeSH (engl. Medical
Subject Headings) definira medicinsku
informatiku kao “podrucje informacijskih
znanosti koje se bavi analizom i
diseminacijom medicinskih podataka
primjenjujuci racunala u raznim aspektima
zdravstvene zastite i medicine” (4,5). Ova
je definicija uvedena 1987. godine kao
pojam u MeSH-u, rjeniku medunarodno
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usvojenih medicinskih pojmova.

EFMI pruza minimalnu administrativnu
potporu nacionalnim drutvima na nacin
da predstavnici svih drustava sudjeluju u
funkcioniranju EFMI-evog vije¢a. Sluzbeni
jezik je engleski, premda se katkada u
zemljama u kojima engleski nije sluzbeni
jezik osigurava simultano prevodenje (6).
EFMI ima 16 radnih grupa: Pametne
kartice u zdravstvu ,CARDS; Drustvena
sigurnost i socijalna skrb; Edukacija u
medicinskoj informatici ,EDU*; Elektroni¢ki
zdravstveni zapis ,EHR®, Evaluacija
zdravstvenih informacijskih sustava
,EVAL": Informatika za invalidne osobe i
rehabilitaciju ,IDR“; Planiranje i
modeliranje informacija u zdravstvu
JPAM*; Besplatni i otvoreni izvorni
programski kod ,LIFOSS*; MijeSoviti i
ozbiljni slu€ajevi; Medicinska informatika u
tranzicijskim zemljama ,MCIT*, Obrada
medicinskih slika ,MIP*, Razumijevanje
prirodnih jezika ,NLU“ Informatika u
sestrinstvu u Europi ,NURSIE®; Ljudski i
organizacijski Cimbenici u medicinskoj
informatici ,HOFMI*; Informatika u
primarnoj zdravstvenoj zastiti ,PCI*;
Sigurnost, zastita i etika ,SSE"; Sljedivost
~TRA".

EFMI je dosad organizirao 21 europski
kongres medicinske informatike pod
nazivom Medical Informatics Europe
(MIE): Cambridge (1978), Berlin (1979),
Oslo (1988), Glasgow (1990), Be¢ (1991),
Jerusalem (1993), Lisabon (1994),
Copenhagen (1996), Thessaloniki (1997),
Ljubljana (1999), Hannover (2000),
Budimpesta (2002), St. Malo (2003),
Zeneva (2005), Maastricht (2006),
Gothenburg (2008). MIE 2009 odrZat Ce se
u Sarajevu a MIE 2011 u Oslu.
Tradicionalno, kongresi MIE se ne

odrzavaju u godinama u kojima
Medunarodna asocijacija za medicinsku
informatika organizira svoje trienalne
konferencije MEDINFO (1). Nedavno je
EFMI zapoceo s organizacijom nove serije
sastanaka, tzv. konferencije s posebnim
temama (engl. Special Topic Conference,
STC). Koncept STC-a Cine sljedece
komponente: a) organizacija se povjerava
jednoj zemlji €lanici koja STC potencijalno
veze uz svoj nacionalni skup; b) Sastanak
Vije¢a EFMI-a je sastavni dio STC-a; ¢)
temu konferencije izabire drustvo
organizator; d) u skladu s temom angazira
se odgovaraju¢a EFMI-eva radna grupa;
e) uglavnom sudjeluju pozvana
predavanja; f) STC su male dvodnevne
konferencije sa stotinjak sudionika.

Prva konferencija tipa STC odrzala se
u BukureStu/Rumunjska 2001. godine.
Sljedeée su odrZzane redom:
Nicosia/Cipar 2002, Rim/ltalija 2003,
Muenchen/Njemacka 2004, Atena/Grcka
2005, TemiSvar/Rumunjska 2006,
Brijuni/Hrvatska 2007 and London/Velika
Britanija 2008. 2009. godine STC
organizira Antalya/Turska, 2010.
Rejkjavik/Island a 2011. STC ¢e se
organizirati u Ptuju/Slovenija. Zbornike
radova s konferencija obi¢no publicira
Springer u seriji 'Lecture Notes in Medical
Informatics'i 10S Press u seriji ‘Studies in
Health Technologies and Informatics'.
Izbor najboljih radova s kongresa MIE
objavljuju se u posebnom broju ¢asopisa
International Journal of Medical
Informatics i Methods of Information in
Medicine, dok radove s STC-a objavljuje
IOS Press kao kolekciju recenziranih
Clanaka.
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2. Pregled medicinskonformatickih
¢asopisa u Europi
Medicinskoinformati¢ka znanstvena
i istrazivacka produkcija u Europi raste
i kvantitativno i u kvaliteti. Promovirajuci
visoko-kvalitetna istraZivanja kao svoj
glavni cilj EFMI ima dva visoko
respektirana sluzbena c¢asopisa:
International Journal of Medical
Informatics (prijasnji naziv: International
Journal of Bio-Medical Computing),
s glavnim urednicima  Charlesom
Safranom i Janom Talmonom, te Methods
of Information in Medicine, u kome je glavni
urednik Reinhold Haux. EFMI objavljuje
i viSe specijaliziranih Casopisa koji
pokrivaju cijeli spektar medicinsko-
informatickih potpodru¢ja.  Uobicajeni
nacin diseminacije visoko kvalitetnih
istrazivanja odvija se putem zbornika
radova prikazanih na MIE. EFMI ima i
znac€ajnu ulogu u edukaciji u harmonizaciji
medicinskoinformatickih potpodrudja kroz
organizaciju konferencija tipa STC. Oba
zbornika radova, s MIE i STC, su
recenzirana i objavljuje ih 10S Press
(Amsterdam, Nizozemska). Uobicajeno,
zbornici s MIE-a se indeksiraju u
bibliografskoj bazi podataka Medline/
PubMed. Mnogi medicinskoinformaticki
Casopisi se objavljuju na lokalnim jezicima,
a mnogi od njih ukljuCuju saZzetke na
engleskom jeziku ili pak sadrZe ¢lanke i na
lokalnom i na engleskom jeziku. Sve u
svemu, EFMI ima ucinkovit nadin za
diseminaciju medicinskoinformati¢kih
istraZivanja koja se provode diliem Europe.
Medutim, uz zbornike radova urednici
Casopisa imaju priliku da ucine vise u
Sirenju znanja i boljem razumijevanju nase
discipline.

3. Analiza izdavackih aktivnosti
unutar ¢lanica EFMI-a

Vecinu nuznih informacije o EFMI-u moze
se naci na njegovim sluzbenim mreznim
stranicama (www.efmi.org). Vecina
nacionalnih drustava ima svoje mrezne
stranice koje osiguravaju korisne
informacije o publikacijama i sastancima u
svojim zemljama. Na8a se analiza zasniva
na Cinjenicama objavljenim na EFMI-evim
mreznim stranicama pri ¢emu su te
Cinjenice prikupliene od zemalja ¢lanica.
PretraZivanjem Medlinea pomocu
pojmova ,EFMI“ i ,European Federation
for Medical Informatics” dobiva se samo 21
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Clanak 18 u medicinskoinformati¢kim
Casopisima: Informatics in Primary Care
(6), International Journal of Medical
Informatics (3), Methods of Information in
Medicine (2), Studies in Health
Technologies (6) i 3 u ostalim Casopisima.
Autori ¢lanaka su: Blobel (2), De Lusignan
(6), France (1), Horsch (1), McKeon (1),
Masic (2), Michalas (2), Naszlady (1),
Tallberg (1), Talmon (1), Trpisovsky (1),
van Goor (1), and Zvarova (1).
Pretrazivanje uz pojam “IMIA” (radi
usporedbe) daje 150 ¢lanaka. Pojam
‘AMIA” rezultira s 244 Clanka.

Vecina ¢lanaka nadenih s kljuénom rijecju
LEFMI* odnose se na aktivnosti radnih
grupa PCl je najaktivnija (5,6) a relativno
je malo inicijativa na razini federacije.
Detaljnija analiza EFMI-evih mreznih
stranica pokazuje da samo 14 od 31
Clanice ima sluzbene znanstvene i stru¢ne
medicinskoinformaticke Casopise ili biltene
(Tablica 1). Medicinskoinformaticki
Casopisi publiciraju radove na engleskom
jeziku a tri Casopisa objavljuju radove na
nacionalnim jezicima. Samo su tri
casopisa koja izlaze isklju¢ivo u
elektronickom obliku. Ucestalost
publikacija registriranih s ISSN-om varira:
jedan se publicira bienalno, dva kvartaino,
jedan svaka dva mjeseca, pet Casopisa
izlazi 1-3 puta godidnje, dva mjesecno i
jedan izlazi 9 puta godi$nje. Glavna tema
svih Casopisa je medicinska informatika,
no neki od njih se usredotoluju na
informati¢ka potpodruéja. VecCina
medicinskoinformati¢kih ¢asopisa su
medunarodne publikacije a tri su
ograniéena na nacionalnu razinu. Dva
Casopisa financira ministarstvo zdravstva
ifili druga javna ustanova dok se ostali
financiraju preko pretplate.

4. Deklaracija urednika o svrsi

i zadacima EFMI-evih ¢asopisa

Glavni urednici medicinskoinformatickih
Casopisa se pozivaju da zajednicki kreiraju
izjavu o svrsi i zadacima EFMI-evih
Casopisa. Vjeruemo da ¢e zajednicka
izjava potaknuti Sirenje znanja i poveéati
razumijevanje medicinske informatike.
Dodatno, namjera nam je proizvesti
osnovni dokument s fundamentalnim
principima s kojima se slazu svi urednici
medicinskoinformati¢kih Casopisa. Treba
definirati zajednicki cilj i usuglasiti opseg i
norme Clanaka koji ¢e se objavljivati u
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medicinskoinformati¢kim &asopisima.
Razlozizatosu:

®Promocija uredniCke izvrsnosti
osnazivanjem i uporabom norma i
smjernica (Smjernice  Medunarodnog
odbora urednika medicinkoinformatickih
Casopisa; Odbor za etiku publiciranja;
drugi relevantni dokumenti (7);
®PoboljSati kvalitetu znanstvenih studija
objavljenih u EFMI-evim medicinsko-
informati¢kim Casopisima postavljajuci
jednake norme za evaluacijske
medicinskoinformati¢ke studije
(sluzbene EFMI-eve smjernice su vec¢
prihvacene ali nema daljnjih koraka koji
bi osigurali njihovu uporabu);
®Promovirati izvrsnost znanstvenog
publiciranja jaCanjem normi o obliku
¢lanaka (format rukopisa u obliku
,camera-ready*; citiranje Vancouverskim
stilom);

®PoboljSati Sirenje znanstvenih spoznaja
u medicinskoinformatickom podrucju
(prepoznavanje i Sirenje EFMI-evih
istrazivanja, edukacija, smjernice za
klinicku praksu treba promovirati
uzemljama EU);

®(jacati suradnju urednika EFMI-evih
medicinskoinformatiCkih Casopisa
idogovarati regularne sastanke grupe
®|straziti potencijale razmjenjujuci
repozitorij recenzenata, informacije
0 procesu recenziranja: tehnicke
uredniCke informacije, iskustva,
inicijative, izdavacke resurse i alate ( kao
§to je sustav otvorenih Casopisa ili
komercijalnih urednickih rieSenja);
eUpucivati Clanke koji ne odgovaraju
odredenom medicinskoinformati¢kom
Casopisu da ih se objavi u drugima te
odrzavati komunikaciju s urednicima tih
Casopisa;

®Zajednicki se ogladavati kada je rijeC
0 zajednickim interesima i poboljSati
suradnju izmedu nacionalnih drustava i
EFMI-evihtijela;

ePromovirati europske inicijative
stimulirajuéi publikacije i visokokvalitetna
istrazivanja.
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Tab. 1. - EFMI member countries medical informatics journals.

Frekwencija

Zemilja tlanica u Easopis ladavaé Glavni urednik Imt”?lna izlaZenja i N..acln" Mre:lne Jezik Plodruqe (i Recenzija Financiranje
EFMI godina e distribucije stranice ifili drugo)
{godiinje)
Artifical
Intelligence in Klaus-Peter 1989 IS5N
Austrija Medicine Elsevier Adlassnig 1386-5056 9 email da engleski Ml i drugo medunarodna | pretplata
Bosna i Acta Informatica |AVICENA, 1993 155N
Hercegowina Medica Sarajevo lzet Masic 0353-8109 4 email da engleski Ml i drugo medunarodna | pretplata
Kristina 1992 155N
Hrvatska Bilten HDMI C5MI Fister 1330-0253 2 email da hrvatski M1 i drugo Drudtvo za MI
Ministarstvo
Znanosti,
Medicinska 1992 I1S5N engleskif obrazovanje i
informatika Josipa Kern  1330-1799 biannually email da hrvatski M1 nacionalna spora
M javne
1970 155N biomedicinsk institucije/pr
Cetka Lekaf a Technika |SEMILI Karel Roubik 0301-5491 4 email da Cekki o infinjerstvo nacionalna etplata
European lournal
for Biomedical 2005 155N engleski+
Informatics EuroMISE Jana Zvarova 1201-5603 2 da drugi EMI medunarodna  drugo
danskife javne
Danska newsletter DSMI - email da ngleski 1l nadonalna institucije
javne
Informatique et |Springer- Patrice francuski institucije/pr
Francuska Sante Verlag Degoulet 2 email da Jengleski MI nacionalna etplata
Biometrie,
Informatik und
Epidemiclogie in |Urban & javne
Medizin und Fischer institucije/pr
Njemacka Biologie Yerlag - da njemacdki MI i drugo nadonalna etplata
Irsia Mewsletter 2 da
ILAMI journal and
lzrael The Health Screen N 2-3 email Ml i drugo
Informatica 1993 ISSN enpgleskif Ml medunarodna/
Slovenija Medica Slovenica [SIMIA Gaj Vidmar  1312-2129 B da slovenski statistika nacionalna Drutvo za MI
§paninlska 1+5 SEIS - 12 da MI i drugo
Computer
Methods and 1985 IS5N papirfemail
Svedska Programs in Elsevier Torny Groth  0169-2607 2-3 Jfonline da engleski MI medunarodna  pretplata
Clinical Olegfu 2003 155N ukrajinsk javne
Ukrajina Infarmatics and UAMI Mayarov 1812-7231 4 email da i/englesk MIi drugo medunarodna | institucije
Informati ka u
Infarmatics in Radcliffe Simon de 1993 IS5N papir + P7Z i klinicka PHCG
Welika Britanija Primary Care Publishing Lusignan 14760320 12 online da engleski informatika medunarodna BOS/pretplata
International Charles
Journal of Medical Safran, Jan 1961 ISSN papirfonlin
EFII Informatics Elsewier Talmen 1356-5056 B e da engleski (Ml medunaredna pretplata
lMethods of
Informationin Reinhaold 1962 IS5N papirfonlin
Medicine Schattauer Haux 0026-1270 B & da enpleski (Ml medunarodna  pretplata
Zahvala

Autori zahvaljuju na potpori Janu Talmonu
sa SveuciliSta u Maastrichtu, Care and
Public Health Research Institute, The
Netherlands.
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