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1. Current situation of the Studied Problems

Standards are the basis of interoperability between different
implementations of Electronic Heath Record. Standardizations should work
as bases of architecture that defines method of communication, information
exchange and using of data representation, code books and vocabularies. The
very important standards (in our opinion) for the exchange of information
from medical records are HL7 and HL7 Clinical Document Architecture [1],
[2], [3], [4], [5], ENV 13606 (EN 13606 Association), openEHR [6] and
DICOM [7], code books and vocabularies Classification of Diseases version
10 (ICD-10) [8] defined by the World Health Organization (WHO), the
Systematized Nomenclature of Medicine (SNOMED) [9] and Laboratory
Coding System Logical Observation Identifiers Names and Codes (LOINC)
[10] and the organizations Continua Alliance (www.continuaalliancce.org)
and IHE (http://www.ihe.net/).

Mentioned standards are related to electronic health record (EHR) [11],
[12] and EHR is main part of Hospital Information System (HIS) from
clinical and healthcare point of view. The EHR is individual patient’s
medical record stored in digital format. The EHR can contain several types
of patient data, such as the patient’s demographic information, clinical data
such as vital signs, medical history, immunizations, laboratory and radiology
data, problems and progress notes, accounting and billing records and even
legal documents such as living wills and health powers of attorney [12].

Heterogeneous data are defined as data originating from several different
source stored usually in different formats. In evidence based medicine, the
decision making process nearly always involves dealing with heterogeneous
data. In the knowledge and data engineering area the heterogeneous data are
often represented by data model, which is interchangeable and suggestible
and represents information of each source and makes it possible to combine
such information. Representation used for integration of heterogeneous data
needs to be competent in data description, schemes and contexts. For the
integration purpose different approaches had been used such as object
oriented models [13], ontology [14], [15], statistical model [16] or mediated
data model [17]. In [14] there is a survey of generally recognized the main
heterogeneity integration conflict categories — syntactic, structural and
semantic heterogeneity. Approach to semantic heterogeneity is very
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important for interoperability limitation. The ontology approach offers
solution of this limitation [14]. The role of ontologies, metadata and context
in information systems semantic heterogeneity is introduced in [18].
Overview of main ontology architectures (single ontology approaches,
multiple ontologies, hybrid approaches) and ontology representations can be
found in [15]. Data fusion is one of the most important parts of
heterogeneous data processing. Data fusion is concerned with combining
information from knowledge sources such as sensors to provide a greater
understanding of a given situation. Medical diagnostic is based on
assembling in formations from various sources — person and family
anamneses, basic patient data (age, sex, height, weight, etc), signals
measurement (ECG, blood pressure, respiration recording) and their
analysis, information form imaging systems (ultrasound, CT, MRI) or
results of laboratory analysis - with final diagnosis if available. Often only
one source is used for automatic classification. In paper [19] is described the
fusion of ECG, blood pressure, saturated oxy content and respiratory data for
improving of clinical diagnosis in critical care unit. Many parameters are
derived from original record of physiologic parameters (i.g. heart rate,
respiratory rate, systolic, mean and diastolic pressure) and these parameters
are used as features to data fusion. Paper [20] deals with concept of learning
rules from multisource data from monitoring devices in Cardiac Intensive
Care Units. Multi-class Inductive Logic Programming is used to learn the
rules. In the area of electrophysiology, e.g. in [21], using body surface
potential mapping (BSPM) and MRI-based model for solving of inverse task
[22] is used. But in those two cases relation between sources is a priory
known. The major points uniqueness of medical data are given in four
heading - heterogeneity of medical date, ethical, legal and social issues,
statistical philosophy and special status of medicine [23]. Overview of used
technologies for data mining process model in [24] is introduced and
examples of medical data mining cases with various approaches can be found
in [25], [26], [27], [28]. Overview of data mining task, data, models and
results visualization methods are described in [29].



2. Aims of the Doctoral Thesis

The motivation of this thesis is to find the design and use of appropriate
approaches to interoperability in medicine both for the purpose of
communication and for knowledge representation, and not only for data, but
also for their relationships and the treatment processes, for both categorical
data and signals. Integration of the signal in the data model has been never
solved in conjunction with draft of semantic description of signals (their
behavior), and integration with other inputs of common information systems.
This task is becoming increasingly important with the development of new
technology and services. Crucial area in this regard is the telemedicine and
monitoring of the health status of a patient in home environment. Also
hospital departments require increasingly clinical data integration, mainly for
the purpose of clinical research. This thesis has as the main aim the design
of model, in accordance with the requirements of procedural and
semantic interoperability in healthcare, in signals field linked events.
This model is linked to existing solutions in fields of nomenclatures and
standards in health care. To the best of our knowledge, we do not know
about existence of such model/architecture._Its main part is the multi-layer
model that contains part of events (acts), part of signals and part of
evaluation representing background knowledge.

The main aim of the thesis is proposal of an integrated data model,
which allows description of all obtained data and analysis of data with
minimal loss of semantic information. This approach should allow for a
clearer linkage of technology (automatic) data processing and medical
domains.

The thesis aims to develop description of the conditions and procedures
that lead to the expansion of awareness and usability of collected data in a
wider range. These procedures are demonstrated in two cases study from
clinical and experimental part of medicine. Specific aims of this thesis are
the following:

1. To propose an ontology model for heterogeneous data (clinical
information and signal) with emphasis on the representation of the
signal.



=  The ontology model defines relationships of classes in context
of real word where the representation is formed by relation has
or is. The model defines how there are formally linked subjects
and observations within the architecture.

2. To propose a multi-layer data model for heterogeneous data
(clinical information and signal) with emphasis on the
representation of the signal.

=  Besides the ontological model we define function structure of data
model into three layers which represent single level of processing
data from row form to complex description of signal. The
complex description of signal represents the middle-level of
knowledge.

3. To define this model in specific clinical area, specifically in the
obstetrics area.

=  The first area of our efforts is clinical documentation. The reason
for more complexity of record is given by ever-increasing demand
for the possibility of processing data retrospectively. For such a
process we need also raw data, such as origin signals.

4. To define this model in specific area of medical experiments, in
particular electrophysiological and coronary experiments.

=  The experimental area is very useful for evaluation of proposed
model because allows to use whole design.

3. Working Methods, Thesis Structure

This chapter briefly introduced structure and content individual chapters.
In Chapter 3 is stated the theoretical background from area of
interoperability, standards and information technologies in medicine, design
of systems and the state of the art in this area. The last two part of Chapter 3.
present short description of UML and XML format. The Chapter 4 deals with
storage, representation and analysis of heterogeneous data. This is important
part for next work. Chapter 5 states the first case study in obstetrics area.
Chapter 6 deals with extension of standards to next level of data and



information — creation of multi-layer data model. This chapter contains main
part of thesis. Chapter 7 contains the second case study for extension
approach of data collection in medical experiments. Applications in this
chapter are designed and implemented with accordance of multi-layer data
model. Chapter 8 contains summary of our thesis, main contribution and
achievements. Chapter 9 contains discussion and conclusion of this thesis.

4. Results

We have presented a proposed ontology and data model, which allow
semantic description of a signal. This is the main achievement of the thesis.
It is necessary to stress that the ontology and model can be used for any type
of measured signal independent on its morphology, temporal and frequency
characteristics and the signal (or its parts) can be linked to events occurring
during the signal measurement. The signal can be structured by segmentation
to parts and individual points, which allows its representation in symbolic
form with direct link to events, which occurred during signal measurement.
Symbolic representation allows to create a link between machine processing
and knowledge of expert, because information is defined in context of both
signal and related events and moreover it is readable and understandable both
for a computer and a human.

We proposed a model (ontology) (see Figure 1), which is based on a case
study describing the clinical setting — in gynecologic-obstetrics department —
that defines representation and structure of clinical events. In this case we
performed an analysis of obstetrics area and defined a domain model
(ontology). We validated the model in the application of electronic labor
book, which has been designed for practical application, and is deployed at
the University Hospital, Brno. Our proposal focuses on the clinical part of
the process and is designed mainly for the acquisition of medical
information. In this case, the necessary information is the information about
the newborn and his/her eventual hospitalization and treatment. Relationship
of delivery and neonatology is important primarily due to the need to provide
information for subsequent dispensary of the child,, especially if that is
related to complications during labor.
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Figure 1 Ontology of Delivery

Further, we have defined an extended version of the model, which
allows semantic description of a signal (type is not important) and its direct
connection with clinical events.

Events are defined as observation, measurement or finding some facts
about the focused subject. We can consider as an event, for example,
statement of diagnosis, medication, intervention, measurement or
observation. In the case of the measurement, the event may be measured
signals and/or the results of laboratory test, which is carried out on the basis
of samples. On the other hand the observation is based on subjective
evaluation from a person (expert). An event can be connected with certain
vocabulary (codebook, nomenclature, other ontology).

Signals are the foundation of modern medical diagnostics. With the
discovery of ECG biomedical signal provides a basis of diagnostics. A set of
invasive and noninvasive tests is very wide and number of signals that can be
obtained during the examination can be large. The standards do not include
form for decomposition of signal (in general) into semantic description.

In terms of standards for communication and information exchange the
most common approach is to attach signals by reference. There are a number
of formats for storing signals and a many of them have a complex form



header (e.g. format MFER contains complete information about the type of
signal, the sampling frequency, sensitivity and size of data block in header).
This information is essential for subsequent processing, but it does not allow
semantic transmission. The problem is the variability of signals and the fact
that more complex description in the header means more complex parser for
the information retrieval. The signal contains a number of characteristic
points and intervals, which may be important for subsequent evaluation of
the signal. The identification of these intervals is the goal of most analyses.
However, these intervals do not have to be given only by the nature of the
signal. These intervals are typically associated with the physiological
processes of the body. Events that affect the subject are addition to the
characteristic interval. Of course these two definitions of intervals of the
signal may overlap. For example, beginning and end of ventricular
fibrillation can be determined directly from the signal. However, it can also
be defined by saving events of beginning and end of ventricular fibrillation
in the independent system with precise time synchronization. Thus defined
points and complexes can be then represented using a semantic
interoperability tools. In the next section we describe the design process,
which defines storage of the signal with all the information and the
transformation that converts the signal into a structured form.

Signal description is transformation of information to knowledge. This
transformation represent the intermediate layer of knowledge that in created
based on data because the signal description is connected with rules
evaluation. In other word, this middle layer is between expert knowledge and
signal description for computer processing and the content are rules assigned
to symbolic signal description. Our knowledge is not only in a one layer, but
in two layers - diagnosis and description of measurement. The model
(ontology) generalizes the structure by dividing into three parts
(characteristic points, interval, and complex), which allow to reach the same
results as a firmly defined structure. This construct also allows mutual
interaction with clinical events and serves as a basis for feature
representation. The given rules are formed for each signal type separately.
Sets of rules are therefore dependent on whether the processed signal is
electrocardiogram (ECG), intracardiac signal, continuous recording of blood
pressure, electroencephalogram (EEG), etc. Rules should be hence
categorized according to the usability and information should be maintained,



in which signal domain rules can be used. The rules for the description of
ECG and description of EEG will be different, not only in parameters, but
also in the domain, in which the description is carried out (for ECG rather the
time domain, for EEG rather the frequency domain). It is obvious that there
should be defined a possibility of working with uncertainty as in the top layer
(diagnosis) as well as in the bottom layer (description) of knowledge. Form
of uncertainty is limited by our knowledge representation (in our case it is
the uncertainty when working with rules, such as weights, measures, trust,
and distrust). The ontology is shown in Figure 2 and class model is shown in
Figure 3. Part that defines leads and signals is called Lead layer. Part of
preprocessing, processing, analysis, and complexes of characteristic points is
called Analyze layer. Part that contains conditions, rules and evaluation is
called Evaluation layer. Block of events is called Event layer. Lead layer and
Analyze layer are connected simply via leads definition and their
preprocessing, which is already defined in the Analyze layer. Furthermore,
type of signals in Lead layer is connected to conditions in Evaluation layer.
Definition of leads is linked to the block Evaluation in Evaluation layer,
which allows direct evaluation of the actual signal. The last link from
Definition layer is to the Event layer. This relationship defines the ability to
assign an event to the whole signal. Analyze layer is connected to the
Evaluation layer over blocks Characteristic points and Complex definition.
This relationship is fundamental to the evaluation of the signal. Complexes
are also connected to Events as an extension of the event itself. Evaluation is
further connected to the block of derived signals.

There has been performed mapping of our proposed ontology to the
concept of HL7 aECG model [30] (Figure 4) and ECG ontology [31] (Figure
5), which has proved the possibility of using our proposed model to
representation of specific type of data.
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We have used the proposed model for representation of structure of
participants, events, measured parameters and signals at a specific medical
experiment in the area of extracorporeal circulation and electrophysiology.
The experiment ontology is based on ontology of multilayer model. This
case study has proved the importance of more general model of the signal
and related events because these experiments generate large volumes of
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interrelated data and signals that have to be adequately represented for future
evaluation of the experiments. Important subclass, which is added to the
experimental ontology is Scenario. It is a subclass specific branches and
phases of the experiment. The part of ontology with events of experiment is
shown in Figure 6 and the part of ontology with signal is shown in.Figure 7
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We present an illustrative example of a simple inferring for the
assignment of the characteristic points to parts of a signal and thus to define
these parts as complexes and intervals with their mutual relations, where by
assigning characteristic points to structures of signal defined complexes and
intervals are assigned. The Figure 8 shows the relationship of signal
characteristic points, complexes and intervals in the ontological graph.
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Figure 8 Ontology graph of relations among signal, its structures,
charcteristic points and complexe and intervals

5. Discussion and Conclusion

The main aim of the thesis was to design an architecture, in accordance with
the requirements of procedural and semantic interoperability in healthcare, in
signal field linked events. This architecture is linked to existing solutions in
the fields of nomenclatures and standards in health care. Its main part is the
multi-layer model that contains part of events (acts), part of signals and part
of evaluation that representing background knowledge. To achieve this aim,
we divided it into several particulars aims in Chapter 2.

1. propose ontology model for heterogencous data (clinical
information and signal) with emphasis on the representation of the
signal.

The proposed ontology is formal representation of our model. We
define the knowledge about single part of documentation with
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request to semantic interoperability. The main part of our work in
ontology is design of relation between event and signal part and
evaluation of the signal part (interval, complex). We compare our
proposed ontology with HL7 aECG conceptual model and ECG
reference ontology.

propose multi-layer data model for heterogeneous data containing
common clinical data, events and signals together; design the
signal part of model with support of semantic interoperability

The core of the thesis is design of multi-layer model that is
described in Chapter 6. We have specified the main distribution of
data types and define the structure for their representing. Thus, we
have obtained architecture, which allows defining general concept
of signal leads with all necessary information, decomposition of
this signal into important complexes using of defining of
characteristic points and derivation of new signals. This signal
domain is connected to the background knowledge, representing by
compilation of signal type addicted rules. Our model defines two
levels of knowledge which allow assessment of signal itself and
also parts of the signal and overall evaluation of the state. And our
model allows also linking to other information. Moreover, it is
important to realize how documentation is valuable in the case that
it is taken into consideration that data can be extracted also
retrospectively. For such a procedure it is often necessary to have
not only aggregated data but also the original data (signal).

in the obstetrics area specify the important part of domain model
for description clinical process - main areas of clinical information
— in our model

We have developed a system in Obstetrics area that allows to
record clinical data from labour. At this process we specify the
important part of Obstetrics domain model, thereby we have tested
model of basic areas of clinical information. For the classic
description - in terms of electronic medical records - it is very
important to define its content in structured form. In Chapter 5, we
present led such a proposal, and then we ask led a question how to

13



extend this record on the signals (see next paragraph). We
examined the possibility of adding information from measured
signals during delivery. We have arrived at the simple concept of
adding the package classes that represent such information. It is
clear that simply attaching the data signal with a reference is still
more unsatisfactory, in terms of increasing requirements on stored
data. It is necessary to define a model that allows representation of
large quantities of data (which signals represent) in a clear
description, relative to the context of the entire documentation.

define and develop this model in specific area of medical
experiments

We have defined and implemented the multi-layer model in The
Experimental laboratory of Electrophysiology. Applications were
implemented for recording of designed events, integrating of
measured signals and parameters, their visualization, interfaces for
processing and analyzing. Proposed model is at least as important
for the medical experiment as for clinical practice, perhaps more.
Experimental environment is the best opportunity for testing the
model, because it supposes using the whole spectrum of measured
and stored data. Therefore our conclusions are demonstrated on
medical experiments.

Bibliography

(1]

R. Dolin, L. Alschuler, F. Behlen, P. Biron, S. Boyer, D. Essin, L.
Harding, T. Lincoln, J. Mattison, W. Rishek, R. Sokolowski, J.
Spinosa and J. Williams, "HL7 Document Patient Record
Architecture: An XML Document Architecture Based on Shared
Information Model," 1999.

R. Dolin, L. Alschuler, C. Beebe, P. Biron, S. Boyer, D. Essin, E.
Kimber, T. Lincoln and J. Mattison, "The HL7 Clinical Document
Architecture," Journal of the American Medical Informatics
Association, vol. 8, no. 6, pp. 552-569, 2001.

14



(3]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

R. Dolin, L. Alschuler, S. Boyer, C. Beebe, F. Behlen, P. Biron and A.
Shabo, "The HL7 Clinical Document Architecture, Release 2. Journal
of the American Medical Informatics Association," Journal of the
American Medical Informatics Association, vol. 13, no. 1, pp. 552-
559, 2006.

D. Lopez and B. Blobel, "Architectural Approaches for HL7-based
Health Information Systems Implementation," Methods Inf Med, vol.
2, pp. 196-204, 2010.

T. Benson, Principles of Health Interoperability HL7 ans SNOMED,
London: Sprineger-Verlag, 2010.

A. O. openEHR Architecture, 2007. [Online]. Available:
http://www.openehr.org/releases/1.0.1/architecture/overview.pdf.
[Accessed 19 07 2012].

DICOM, "Digital Imaging and Communication in Medicine," 2003.
[Online]. Available: http://medical.nema.org/. [Accessed 23 01 2013].

I. C. 0. D. ICD, 2012. [Online]. Available:
http://www.who.int/classifications/icd/en/. [Accessed 23 01 2013].

IHTSDO, "SNOMED CT," 1998. [Online]. Available:
http://www.ihtsdo.org/snomed-ct/. [Accessed 23 01 2013].

C. McDonald, S. Huff, J. Suico, G. Hill, D. Leavelle, R. Aller, A.
Forrey, K. Mercer, G. DeMoor, J. Hoo, J. Hook, W. Williams, J. Case
and P. Maloney, "LOINC, a Universal Standard for Identifying
Laboratory Observations: A 5-Year Update," Clinical Chemistry, vol.
49, p. 624-633,2003.

B. Blobel, Analysis, Design and Implementation of Secure and
Interopeable Distributed Heath Infomration System, Amsterdam: 10S
Press, 2002.

V. Hristidis, Information Discovery on Electronic Health Records,
Chapman and Hall, CRC, 2010.

A. Levy, A. Rajaraman and J. Ordille, "Querying Heterogeneous
Information Sources Using ource Descriptions," in Proceedings of
22th International Conference on Very Large Data Bases, Mumbai,
1996.

M. Gagnon, "Ontology-Based Integration of Data Sources," in /0th
International Conference on Information Fusion, Quebec, 2007.

H. Wache, T. Vogele, U. Visser, H. Struckenschmidt, G. Schuster, H.
Neumann and S. Hiibner, "Ontology-based Integration of Information
— A Survey of Existing Approaches 108-117," Proccedings of IJCAI-
01 Workshop: Ontologies and Ingormation Sharing, pp. 108-117,
2001.

15



[22]

[23]

[24]

[25]

[26]

(28]

M. Dactu, F. Melgani, A. Piardi and Serpico S., "Multisource Data
Classification With Dependence Trees," IEEE Transaction on
Geoscience and Remote Sensing, vol. 40, no. 3, 2002.

C. Chirathamjaree, "A Data Model for Heterogeneous Data Sources,"
in [EEFE International Conference on e-Business Engineering, Xi'an,
2008.

V. Kashyap and A. Sheth, "Semantic Heterogeneity in Global
Information Systems: The Role of Metadata, Context and Ontologies,"
ACM SIGMOD Record, vol. 28, no. 1, pp. 5-12, 1996.

N. Kannathal N., U. Acharya, E. Ng, S. Krishnan, L. Min and S.
Laxminarayan, "Cardiac health diagnosis using data fusion of
cardiovascular and haemodynamic signals. Computer methods and
programs in biomedicine, Elsevier," Computer methods and programs
in biomedicine, Elsevier, vol. 88, pp. 87-96, 2006.

E. Fromont, R. Quiniou and M. Cordier, Learning Rules from
Multisource Data for Cardiac Monitoring, Berlin Heidelberg:
Springer-Verlag, 2005.

T. Buzug, D. Holz, J. Bongartz, M. Kohl-Bareis, U. Hartmann and S.
Weber, "Modelling and Imaging Electrophysiology and Contraction of
the Heart," in Advances in Medical Engineering, vol. 114, Berlin,
Springer Berlin Heidelberg, 2007, pp. 3-16.

A. Shadidi, P. Savard and R. Naderu, "Forward and Inverse problems
of Electrocardiography: Modeling and Recovery of Epicardial
Potentials in Humans," IEEE Transaction on Biomed. Eng, vol. 41, pp.
249-256, 1994.

K. Cios and G. Moore, "Uniqueness of medical data minig," Artificial
Intelligence in Medicine, vol. 26, no. 1, pp. 1-24, 2002.

K. Cios and L. Kurgan, "Trends in Data Mining and Knowledge
Discovery," Advanced Information and Knowledge Processing, pp. 1-
26, 2005.

K. Cios, Medical Data Mining and Knowledge Discovery, Heidelberg:
Springer-Verlag Heidelberg, 2001.

T. Ichimura, S. Oeda, M. Suka, A. Hara, K. Yoshida and K. Mackin,
"Knowledge Discovery and Data Mining in Medicine," Advanced
Techniques in Knowledge Discovery and Data Mining, 2005.

R. Abraham, J. Simha and S. Iyengar, "Medical datamining with new
algorithm for Feature Selection and Naive Bayesian Clasifier," in /CIT
'07 Proceedings of 10th International Conference on Information
Technology, Orissa, 2007.

M. Saraee, Z. Ehghaghi, H. Meamarzadeh and B. Zibanezhad,

16



[29]

[30]

(31]

"Applying Data Mining In Medical Data. With focus on mortality
related to accident in children," Proceedings of the 12th IEEE
International Multitopic Conference, pp. 160-164, 2008.

U. Fayyad, G. Grinstein and A. Wierse, Information visualization in
Data Mining and Knowledge Discovery, Academic Press, Morgan
Kaufmann Publishers, 2002.

B. D. Brown and F. Badilini, “HL7 aECG Implementation Guide,”
2005. [Online]. Available: http://www.amps-
llc.com/website/documents/UsefulDocs/aECG_ImplementationGuide
.pdf. [Accessed 12 08 2012].

B. Gongalves, G. Guizzardi and J. Pereira Filho, “Using an ECG
reference ontology for semantic interoperability of ECG data.,”
Journal of Biomedical Informatics, vol. 44, pp. 126-136, 2011.

List of Candidate’s Work Relating to the Doctoral Thesis

In impacted journals

Bélohlavek, J. - Ml¢ek, M. - Huptych, M. Svoboda T., Havranek S.,
Ost'adal P., Boucek T., Kovarnik T., Mlejnsky F., Mrazek V.,
Bélohlavek M., Aschermann M., Linhart M. and Kittnar O.. Coronary
versus carotid blood flow and coronary perfusion pressure in a pig
model of prolonged cardiac arrest treated by different modes of
venoarterial ECMO and intraaortic balloon counterpulsation. Critical
Care. 2012, Volume 16, Issue 2, ISSN: 1364-8535. Available online
on http://ccforum.com/content/16/2/R50. (IF: 4.61; 15 %)

Spilka, J. - Chudacgek, V. - Jankd, P. - Koucky, M. - Lhotska, L. -
Huptych, M. - et al. Using nonlinear features for fetal heart rate
classification. Biomedical Signal Processing and Control. 2012, vol.
4,no. 7, p. 350-357. (IF:1.00; 5 %)

Chudacek, V. - Spilka, J. - Jankt, P. - Koucky, M. - Lhotska, L. -
Huptych, M. Automatic evaluation of intrapartum fetal heart rate

recordings. A4 Comprehensive analysis of useful features:

17


http://ccforum.com/content/16/2/R50

Physiological Measurement. 2011, Volume 32, Number 8, p. 1347-
1360 (IF: 1.677; 5 %)

In international conference proceedings

Huptych, M. - Chudacek, V. - Jankd, P. - Lhotska, L.: An Application
for Obstetrics and Neonatology: Electronic Labor Book. In IFMBE
Proceedings. World Congress on Medical Physics and Biomedical
Engineering [CD-ROM]. Heidelberg: Springer, 2012, vol. 39, p.
1257-1259. (60 %)

Lhotska, L. - Havlik, J. - Klima, M. - BurSa, M. - Huptych, M. - et al.:
Assistive Technologies: Project-Based Education. [In [FMBE
Proceedings. World Congress on Medical Physics and Biomedical
Engineering [CD-ROM]. Heidelberg: Springer, 2012, vol. 39, p.
1687-1690. (5 %)

Lhotska, L. - Huptych, M. - Bursa, M.: Interoperability in Integrated
Biomedical Systems. In Global Telemedicine and eHealth Update.
Knowledge Resources. Grimbergen: International Society for
Telemedicine and eHealth (ISfTeH), 2012, p. 269-273. (15 %)

Zach, L. - Chudécek, V. - Huptych, M. - Spilka, J. - BurSa, M. - et al.:
CTG Annotator; Novel Tool for Better Insight into Expert-
obstetrician Decision Making Processes. In IFMBE Proceedings:
World Congress on Medical Physics and Biomedical Engineering
[CD-ROM]. Heidelberg: Springer, 2012, vol. 39, p. 1280-1282.
(15 %)

Djordjevi¢, V. - Gerla, V. - Huptych, M. - Lhotska, L. - Krajca, V.:
The Development of Modules for the Support of Education in the
Field of Biomedical Engineering. /n 21st EAEEIE Annual Conference
[CD-ROM]. Kaunas: Kauno technologijos universitetas, 2010, p. 47-
50. (20 %)

18



Huptych, M. - Lhotska, L.: Software tool for cardiology data
processing. In Proceedings of Biosignal 2010: Analysis of Biomedical
Signals and Images [CD-ROM]. Brno: Brno University of
Technology, 2010. (90 %)

Chudacek, V. - Spilka, J. - Huptych, M. - Lhotska, L.: Automatic
Classification of Intrapartal Fetal Heart Rate Recordings - can it
compete with experts?. In Information Technology in Bio-and
Medical Informatics. Berlin: Springer, 2010. (10 %)

Djordjevié, V. - Gerla, V. - Huptych, M. - Lhotska, L. - Kraj¢a, V.:
Multimedia Support in the Field of Interdisciplinary Education. In
20th EAEEIE Annual Confernce Innovation in Education for
Electrical and Information Engineering [CD-ROM]. Valencia:
Universidad Politécnica de Valencia, 2009. (20 %)

Huptych, M. - Lhotska, L.: ECG Beat Classification Using Feature
Extraction from Wavelet Packets of R Wave Window. In World
Congress on Medical Physics and Biomedical Engineering,
September 7 - 12, 2009, Munich, Germany [CD-ROM]. Berlin:
Springer Science+Business Media , 2009. (90 %)

Chudacek, V. - Huptych, M. - Koucky, M. - Bauer, L. - Spilka, J. - et
al.: Fetal Heart Rate Data Pre-Processing and Annotation. In
Proceedings of 9th Intrenational Conference on Information
Technology and Applications in Biomedicine [CD-ROM].
Piscataway: IEEE, 2009. (20 %)

Huptych, M. - Chudacek, V. - Georgoulas, G. - Lhotska, L. - Stylios,
C.: SVM Classification of Holter ECG Beats Using Wavelet Features.
In Advaced Topics in Scattering and Biomedical Engineering.
Singapore: World Scientific, 2008, p. 281-288. (70 %)

Huptych, M. - Lhotsk4, L.: Proposal of Feature Extraction from
Wavelet Packets Decomposition of QRS Complex for Normal and
Ventricular ECG Beats Classification. In IFMBE Proceedings [CD-

19



ROM]. Berlin:  Springer, 2008, p. 402-405. (90 %)

Huptych, M. - Lhotska, L.: Using Wavelet Transform for Feature
Extraction from ECG Beat. In Analysis of Biomedical Signals and
Images; Biosignal 2008 proceedings [CD-ROM]. Brno: VUTIUM
Press, 2008. (90 %)

Chudacek, V. - Petrik, M. - Huptych, M. - Lhotska, L.: Fuzzy Rule
Based Decision Tree Classification of ECG Holter Beats. In Advaced
Topics in Scattering and Biomedical Engineering. Singapore: World
Scientific, 2008, p. 242-253. (15 %)

Klima, M. - Lhotska, L. - Chudacek, V. - Huptych, M. - Husak, M.:
Assistive Technologies: New Challenges for Education. In IFMBE
Proceedings [CD-ROM]. Berlin: Springer, 2008, p. 2730-2733.
(15 %)

Huptych, M. - Bur§a, M. - Lhotska, L.: A Software Tool for ECG
Signals Analysis and Body Surface Potential Mapping. In
International Special Topics Conference on Information Technology
in Biomedicine [CD-ROM]. Piscataway: IEEE, 2006. (80 %)

Huptych, M. - Lhotska, L.: A Software Tool for Analysis of ECG
Signals and Body Surface Potential Mapping. In Analysis of
Biomedical Signals and Images - Proceedings of Biosignal 2006.
Brno: VUTIUM Press, 2006, p. 181-183. (90 %)

Huptych, M. - Lhotska, L.: A Software Tool for Processing and
Visualization of ECG. In Proceedings of the 5th European
Symposium on Biomedical Engineering [CD-ROM]. Vienna:
International Federation for Medical & Biological Engineering, 2006.
(90 %)

Chudacek, V. - Huptych, M. - Lhotska, L.: Selection of Important
Features for Decision Making on Body Surface Potential Mapping

20



Data. In Proceedings of the 5th European Symposium on Biomedical
Engineering [CD-ROM]. Vienna: International Federation for
Medical & Biological Engineering, 2006. (45 %)

e  Chudacek, V. - Huptych, M. - Novék, D. - Lhotska, L.: Automatic QT
Interval Measurement Using Rule-Based Gradient Method. In
Computers in Cardiology 2006 [CD-ROM]. Piscataway: IEEE, 2006.
(35 %)

e  Chudacek, V. - Lhotska, L. - Huptych, M.: Feature Selection in Body
Surface Potential Mapping. In International Special Topics
Conference on Information Technology in Biomedicine [CD-ROM].
Piscataway: IEEE, 2006. (50 %)

In book chapters

e Lhotska, L. - Chudacek, V. - Huptych, M.: ECG Processing. In Data
Mining and Medical Knowledge Management: Cases and
Applications. Hershey: IGI Publishing, 2009, p. 137-160. ISBN 978-
1-60566-218-3. (33 %)

Resume

With rapid development of IT and mobile technologies and their use in
the medical field, it is necessary to guarantee the communication and
representation of data in a much clearer form than ever before. Today, there
are a number of standards that define syntactic form and structure of
communication and representation as well as a number of classifications and
dictionaries in a hierarchical arrangement, or even as an ontology, defining
the content of a wide range of data communication and information
exchange. In many aspects, these approaches allow semantic representation
of data, however in the domain of signals and their integration with other
data such representation is not yet resolved. In this thesis we present a

proposed solution to representation of the signal on a higher level with the
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definitions of signal integration with other data from the medical record. We
have created an ontology and architecture of multi-layer data model that
allows the definition of complex signal, with indication of characteristic
(important) points and complexes and with link to clinical events and
background knowledge base. The proposed model has been applied to and

verified in clinical practice in obstetrics, and in medical experimental area.

Shrnuti

Se strmym rozvojem IT a mobilnich technologii a jejich vyuzivani v
oblasti zdravotnictvi, je zapotfebi zaru¢it komunikaci a reprezentaci dat v
mnohem jasnéj$i form¢ nez kdy predtim. Dnes jiz sice existuje fada
standardd, které definuji jak syntaktickou formu a strukturu komunikace a
reprezentace tak také fada Ciselnikt a slovnikd, v hierarchickém usporadani
nebo dokonce jako ontologie, pro definici cel¢ tfady udaji obsahu
komunikace a vymény informaci. V mnoha ohledech umoziuji tyto piistupy
plnou reprezentaci, avSak v oblasti signald a jejich propojeni s ostatnimi
udaji tato reprezentace dofeSena neni. V této praci predkladame navrh feseni
pro reprezentaci signdlu na vy$si Urovni s definicemi jejich propojeni s
ostatnimi udaji ze zdravotnického zaznamu. Vytvofili jsme architekturu
vicevrstvého datového modelu, ktery umozituje komplexni definici signalu,
s oznaCenim charakteristickych a dulezitych bodii a komplext s propojenim
na bazi doménovych znalosti a propojeny s udalostmi. Navrzeny model je
prezentovan v oblasti klinické praxe, v oblasti porodnictvi, a v Iékaiské

experimentalni oblasti.
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