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PREFACE

The international conference Trends in Biomedical Engineering, organized by
Faculty of Electrical Engineering of University of Zilina, follows up with the similar
conferences on biomedical problems which were organized by those universities and
faculties in Czech Republic and Slovak Republic which provide the university study
courses in the field of biomedical engineering (BME).

The goals of the conference are the meeting of specialists in BME connected
with the exchange of creative ideas, experience and knowledge in both the university
education and in the scientific research to gain and develop new professional
information.

The book of submitted abstracts includes about 50 abstracts from more than
80 authors and coauthors — university teachers and scientists — from Slovakia, Czech
Republic and from abroad. This material should be at the disposal during the
conference for better review of the presentations because the conference
proceedings of full papers are issued in the electronic CD-ROM form.

We believe that the papers presentations and the discussions about the BME
problems will be not only interesting and informative for the participants but also that
they will contribute to the new professional contacts and cooperation in BME of
specialists of all participating countries.

At the end we would like to wish all of you the pleasant time in Zilina.

On behalf of organizing committee 7&_)/&(' @—%

PREDSLOV

Medzinarodna konferencia Trendy v biomedicinskom inzinierstve,
organizovana Elektrotechnickou fakultou Zilinskej univerzity v Ziline, nadvézuje na
podobné konferencie s biomedicinskou problematikou, ktoré boli v minulosti
organizované tymi univerzitami a fakultami z Ceskej a Slovenskej republiky, ktoré
zabezpeduju univerzitné studium v oblasti biomedicinskeho inzinierstva (BMI).

Cielom konferencie je stretnutie odbornikov v oblasti BMI a vymena tvorivych
mysSlienok, skusenosti a vedomosti ako v oblasti pedagogickej pri vzdelavani
Studentov, tak i v oblasti vedeckovyskumnej pri ziskavani a rozvoji novych odbornych
poznatkov

Subor predloZzenych prac obsahuje takmer 50 abstraktov od viac ako 80
autorov a spoluautorov - pedagégov i vedcov - zo Slovenska, Ciech a zo zahranigia.
Tento subor abstraktov by mal umoznit Gcastnikom konferencie vytvorit si lepsi
prehlad o obsahu prezentéacii, nakolko zbornik kompletnych ¢lankov konferencie je
vydany v elektronickej forme na CD-ROM nosiéi.

Verime, Ze prezentacie prispevkov, ako i diskusia o problémoch BMI, budu
pre ucCastnikov konferencie nielen zaujimavé apoucné, ale ze tiez prispeju
k nadviazaniu odbornych kontaktov a spoluprace odbornikov v oblasti BMI zo
vS8etkych zuc€astnenych krajin.

Na zaver zelame vSetkym uc€astnikom konferencie prijemne stravené chvile
V mene organizacného vyboru konferencie

el 3.0
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SIEMENS Medical Solutions (MED)

Sanitary Equipment

Health service in Slovakia experienced substantial changes in 2004. The
Ministry of Health discontinued allocation of investments from state budget to
medical establishments for sanitary equipment purchases. That mainly bore
changes in form of financing the purchases. Medical establishments have to use
their own financial funds and acquisitions through financial leases became
widespread. Another important fact is Slovakia’s accession to the European
Union and related approximation to EU standards.

Future of health care may consist in improved efficiency of sanitary
equipment purchases, utilisation, interconnection between departments and
availability of necessary information. Siemens Medical products and solutions
optimise working processes at clinics and in surgeries, contributing this way to
improved efficiency in health care. Under the existing cost reduction, quality of
health services and patient care can only be achieved by advanced technologies
and innovative approaches. Simply, through better and faster diagnostics with
less stress for patients.

Sanitary Equipment Division enjoys a long tradition in Slovakia. What

contributes greatly to strengthening their leading position at the market of
sanitary diagnostic and therapeutic appliances is constantly improved quality
and reliability of products and, above all, it is the fact that besides sanitary
equipment, we also sell comprehensive solutions. We supply and install devices,
and, moreover, we provide interconnection between devices, departments and
entire medical establishments, including professional support and personnel
trainings all over Slovakia.
All series of equipment are subject to constant innovation processes. It is proven
by the fact that almost two thirds of all Siemens medical devices are less than
three years old. Another proof is the fact that, globally, employees of the Division
make one invention a day on average.

Besides radiology, multi-slice computer tomography equipment is also used
in cardiology, oncology, and at a number of preventive examinations. Magnetic
resonance devices of Maestro class also rank among top-level equipment. And
mention needs to be made of high quality of ultrasonic, radiodiagnostic and
mammographic equipment and devices used in nuclear medicine.

Key projects of 2004 included complete construction of Magnetic Resonance
establishment equipped with MAGNETOM Avanto device for Dr. Magnet in
Bratislava, complete supply of equipment for Dg s.r.o. in Rimavska Sobota:
CT equipment SOMATOM Emotion, mammographic device MAMMOMAT 1000,
X-ray device MULTIX PRO and ultrasonic equipment SONOLINE G50. Another
major projects included supply of specialised angiographic establishments
equipped with AXIOM Artis dFC and AXIOM Artis dTA devices for Slovak
Institute of Cardiovascular Diseases in Bratislava, digital mammographic
establishment MAMMOMAT 3000 NOVA, OPDIMA for Hospital and Health
Center in Trencin, gamma camera E.CAM Dual Head Variable supplied to
Teaching Hospital in Martin, CT equipment SOMATOM Emotion DUO for
Hospital and Health Center in Dolny Kubin, top-level ultrasonic devices
ACUSON Sequoia C512 + AcuNav supplied to Central-Slovak Institute of
Cardiovascular Diseases in Banska Bystrica and to East-Slovak Institute of
Cardiovascular Diseases in KoSice for the purpose of specialised cardiological
examinations.

www.siemens.sk/med



http://www.siemens.sk/med

SIEMENS Medical Solutions (MED) Medicinska technika

Rok 2004 znamenal pre zdravotnictvo na Slovensku podstatné
zmeny. Ministerstvo zdravotnictva zastavilo pridelovanie investicii zo Statneho
rozpocCtu zdravotnickym zariadeniam na nakup zdravotnickej techniky. To so
sebou prinieslo najma zmeny vo forme financovania nakupov. Zdravotnicke
zariadenia musia vyuzivat vlastné financné prostriedky, rozsiril sa nakup formou
finanéného leasingu. DalSim déleZitym faktom je vstup Slovenska do Eurdpskej
unie a s tym spojené priblizovanie sa jej Standardom.

Buducnost’ zdravotnictva mozno hladat’ v zefektivneni nakupu zdravotnicke;j
techniky, jej vyuzivania, prepajania jednotlivych oddeleni a tym dostupnosti
potrebnych informacii. Produkty a rieSenia Siemens Medical optimalizuju
pracovné procesy na klinikach a v ordinaciach a pomahaju tak dosahovat’ vyssiu
efektivnost v zdravotnictve. Kvalitu zdravotnickej prace i starostlivost’ o pacienta
pri su€asnom znizovani nakladov je mozné dosiahnut len vyuzitim
najmodernejSej technoldgie a inovacnych pristupov. Jednoducho kvalitnejSim a
rychlejSim diagnostikovanim s nizSou zatazou pre pacienta.

Divizia Medicinskej techniky ma na Slovensku dlhodobu tradiciu. K
upevneniu veduceho postavenia na trhu medicinskych diagnostickych a
terapeutickych pristrojov prispievaju najma neustale sa zvySujuca kvalita a
spolahlivost vyrobkov, ale hlavne to, Ze ponukame nielen zdravotnicku techniku,
ale komplexné rieSenia. ZabezpeCujeme nielen dodavku a instalaciu pristrojov,
ale aj ich prepojenie i prepojenie viacerych pracovisk &i celych zdravotnickych
zariadeni, atiez odborny servis a zaSkolenie pracovnikov na celom uzemi
Slovenska.

VSetky rady pristrojov prechadzaju neustale rozsiahlym inovacnym
procesom. Dbkazom toho je aj skutoCnost, Ze takmer dve tretiny vSetkych
medicinskych pristrojov znacky Siemens ma menej ako tri roky. Ale aj fakt, ze
celosvetovo urobia zamestnanci divizie v priemere za jeden defi jeden vynalez.

Viacvrstvoveé CT pristroje (Computer Tomography) maju uplatnenie nielen v
radiolégii, ale aj v kardiolégii, onkoldgii, & pri viacerych preventivnych
vySetreniach. Taktiez pristroje magnetickej rezonancie triedy Maestro patria
medzi SpiCku. A zabudnut nemozZno ani na vysoku uroven ultrazvukovych,
radiodiagnostickych a mamografickych pristrojov, Ci pristrojov vyuzZivanych v
nuklearnej medicine.

Medzi najvyznamnejSie projekty v roku 2004 patrilo kompletné vybudovanie
pracoviska Magnetickej rezonancie so zariadenim MAGNETOM Avanto pre Dr.
Magnet v Bratislave, komplexna dodavka pristrojov pre Dg s.r.o. v Rimavskej
Sobote: CT pristroa  SOMATOM Emotion, Mammografického pristroja
MAMMOMAT 1000, RTG pristroja MULTIX PRO a ultrazvuku SONOLINE G50.
Dalsie vyznamné projekty boli dodavky $pecializovanych angiografickych
pracovisk vybavenych pristrojmi AXIOM Artis dFC a AXIOM Artis dTA pre
Slovensky ustav srdcovo-cievnych choréb v Bratislave, digitalneho
mammografického pracoviska MAMMOMAT 3000 NOVA, OPDIMA pre
Nemocnicu s poliklinikou v Trenc¢ine, dodanie gamakamery E.CAM Dual Head
Variable pre Martinsku fakultn nemocnicu v Martine, CT pristroja SOMATOM
Emotion DUO pre Nemocnicu s poliklinikou Dolny Kubin, dodavky Spi¢kovych
ultrazvukovych zariadeni ACUSON Sequoia C512 + AcuNav na Specializované
kardiologické vySetrenia do Stredoslovenského ustavu srdcovych a cievnych
choréb v Banskej Bystrici a Vychodoslovenského ustavu srdcovo-cievnych
chordb v Kosiciach.

www.siemens.sk/med
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International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

BIOMEDIACAL ENGINEERING AT THE UNIVERSITY OF ZILINA -
INTERDISCIPLINARY CO-OPERATION WITH JESSENIUS MEDICAL FACULTY
OF THE COMENIUS UNIVERSITY IN MARTIN

K. Capova®, 1. Cap”, K. Javorka®, A. Stransky”

% University of Zilina, Faculty of Electrical Engineering, Univerzitnd 1, SK 010 26 Zilina, Slovakia
Y Comenius University, Jessenius Medical Faculty, Zaborského 2, SK 036 45, Martin, Slovakia
E-mail: klara.capova@fel.utc.sk, Phone: +421 41 513 2100, Fax : +421 41 513 1519

Summary The contribution deals with history, present and future of the study field Biomedical Engineering at the Faculty
of Electrical Engineering of the University of Zilina. The goals of the study, profile of the graduate, study curricula and other
special activities connected with this field are mentioned in the contribution. Special attention is devoted to the cooperation
with other institutions both clinical and scientific. The number of students and employment of the graduates are described.

Abstrakt Prispevok pojednava o historii, sGi¢asnosti a budicnosti $tudijného odboru Biomedicinske inZinierstvo na
Elektrotechnickej fakulte Zilinskej univerzity v Ziline. V prispevku sa uvadzaju ciele §tadia, profil absolventa, Studijné plany
a d’alsie odborné aktivity, stvisiace stymto odborom. Pozornost sa venuje spolupraci sinymi inStiticiami klinického

a vedecko-vyskumného zamerania. Uvadza sa aj prehl'ad poctu Studentov a uplatnenia absolventov v praxi.

1. Introduction

The idea to establish the study field Biomedical
Engineering (BME) at the Faculty of Electrical
Engineering of the University of Zilina arose in the
year 1996 during the stay of Prof. Blazek from
RWTH Aachen, Germany at our faculty. FEE ZU
together with RWTH Aachen, TU Graz, Austria, TU
Compiegne, France, NUI Dublin, Ireland and Slovak
partners Jessenius Medical Faculty of Comenius
University in Martin, Medical Faculty of Comenius
University in Bratislava, Slovak Metrological
Institute in Bratislava, Institute of Measurement of
the Slovak Academy of Science in Bratislava and
Hospital with Policlinic in Zilina submitted a
proposal of the TEMPUS project “Applied
Informatics in  Medicine and Biomedical
Engineering”. During the project period 1996 — 99
the project team has developed complete
documentation and material background of the new
study program at the FEE ZU. The first students
started their studies of BME in the autumn of 1999.

Figure 1 — BME team from the year 1998 at the City
Hall of Zilina

The study of BME has an interdisciplinary
character and combines medical fundamentals with
the electrical engineering and information
technologies. The study program is carried out by
the FEE ZU in cooperation with the Jessenius
Medical Faculty in Martin, Medical Faculty in
Bratislava and Hospital with Policlinic in Zilina. The
students get some experience during their excursions
at the Institute of Measurement of the Slovak
Academy of Sciences in Bratislava.

FEE ZU as the former project coordinator and
the present guarantor of the study program continues
in cooperation with the foreign partners, mainly
those of Germany and Ireland.

The first students of BME graduated from our
faculty in the year 2004. After the successful period
of development of the BME and of the
corresponding study program there was established
the Department of Electromagnetic Theory and
Biomedical Engineering at the FEE ZU.

2. Study Program BME

The main aim of the study program of BME is to
educate experts in the field of medical equipment,
medical signal processing, medical informatics and
their practical application. The necessary condition
of the qualified utilization of sophisticated
technologies and procedures is to understand
anatomy and physiology of the human being,
principles of medical procedures as well as medical
informatics and necessary knowledge of economy
and management. The graduates are supposed to
cooperate with medical doctors and therefore they
must understand and utilize correspondent medical
language. Besides the theoretical fundamentals the
students develop their skills by means of their
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practical activities in the clinic and research
institutions.

The mentioned conditions represented the main
ideas of the created curriculum of the new study
program. Originality of our study program consists
in the biomedical orientation from the start of the
first year of study. It serves as an good example for
the foreign partners.

The original study program has been
a continuous five-year master program, in which the
first three years have been devoted to the
development of fundamentals of medicine and
technology and the last two years to the practical
applications built on widely developed fundamental
knowledge. Such system has allowed systematic
building of the ability of students not only to utilize
the medical equipment and technology but mainly to
understand the internal links and fundamental
interconnections. It has been very important for the
adaptability of the graduates to upgrade permanently
their knowledge in the changing state of the
professional field.

After legislative transformation of the university
education in the Slovak Republic, curriculum of the
study program had to be divided into bachelor and
master levels. It has maid new demands on the
composition of the study program. The three-year
bachelor program has been drawn up as the closed
one with more practical orientation for the graduates
to be able to assert them in practice. The two-year
master program is oriented mainly to the
development of the knowledge and skills in the field
of more sophisticated technique and technologies.
We suppose to develop a doctoral study program in
the near future.

The present days students have followed the
five-year program but the new students have been
admitted already for the new bachelor program.

3. Curriculum and Practical Tuition

The new curriculum of the bachelor program is
proposed for the period of 6 semesters. Composition
of the program is in Table 1.

The main aim of the study program consists in the
building of fundaments for the successive
specialized master program based on the science,
mathematics,  electromagnetic  theory,  basic
biomedical subject’s and fundamental skills in
information technology. The students are also
provided with practical knowledge and skills in
methods of measurement, signal processing, image
processing and some practical abilities in
management, psychology and law. The study
program is finished by a bachelor thesis and state
examinations.

Table 1 - Structure of curricula (Bc)

Starting Study course Number
sem. of sem.
Mathematics 3
Chemistry
Informatics

Management and economy
Human anatomy and histology
General physics
Electromagnetic theory
Foreign language

Electronics

Measurement

Biochemistry

Semiconductors

Medical biophysics

Medical biology

Logical circuits

Signal processing

Materials for biomedicine
Wave processes

Physiology and patho-physiology
Project

Ecology

Image processing

Biomedical sensors

LN R R R R NN I N T L
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Management of quality 1*
Psychology of managers 1*
Commercial and labor law 1*
Bachelor thesis 1

*)  facultative subjects
a FEE University of Zilina
b JMF of the Comenius university in Martin

The graduates are prepared to develop their
knowledge in practice, mainly as assistants in
medical laboratories or in commercial firms.
Majority of students are supposed to continue in
their master studies of BME.

Master (engineer) study program is more
specialized in the field of BME theory and
applications, see Table 2. It starts with deepening of
knowledge in theoretical subjects as special topics of
mathematics, physics and informatics. The core of
the program represents subjects of diagnostic and
therapeutic methods, medical instrumentation and
medical informatics. The students are provided with
practical knowledge and skills dealing with the
medical working conditions as medical ethics,
management of health service, psychology, quality
management etc. During the study program the
students undergo practical training in clinic working
places, Figure 1. They have to accomplish a team
project focused on the special practical or theoretical
problems of the study field.

The study program is closed by diploma thesis
and master state examinations.
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Table 2 - Structure of curricula (Ing)

Starting Study course Number
sem. of sem.
1 [Mathematics a 1
1 |Physics a 1
1 [Simulations in biomedicine a 1
1 |Radiation and protection a 1
1 |Electromagnetic compatibility a 1
1 |Algorithms a| I
1 [Theory of graphs a| I*
2 |Diagnostic and therapeutic methods | b 1
2 |Nuclear medicine b 1
2 |Neuron networks a 1
2 |Medical signals processing a 1
2 |Project a 2
3 |[Medical ethics b 1
3 |Medical information systems c 1
3 |Management of health service b 1
3 |Medical instruments d 1
4 |Psychology of managers a| I
4 |Management of quality a| I*
4 |Diploma thesis a 1
*  facultative subjects

FEE University of Zilina

JMF Comenius university Martin
MF Comenius university Bratislava
Hospital with policlinic Zilina

o0 o

The graduates are provided with quite complex
knowledge in biomedical engineering in order to be
able of adaptation on the concrete demands of their
future working places. The obtained deep technical
and biomedical background together with the ability
to communicate with medical doctor by means of
“medical language” give them an opportunity to
carry on qualified work in medical institutions,
medical administration, medical trade companies
institutions of higher education, or to continue in
their doctoral studies.

After the first experience with a five-year
master program, the FEE is going to prepare for
accreditation a doctoral program, which would
prepare future experts for universities and research
institutions.

4. Recent Experience

FEE of the University of Zilina has now six-year
experience with the BME master study. It has
developed corresponding laboratories, library and
necessary cooperation with other institutions as
Medical faculties in Martin and Bratislava, Institute
of Measurement of the Slovak Academy of
Sciences, Hospital with policlinic in Zilina and
foreign university partners. One study group of
about 20 students has been opened every school
year. After six years there has grown the little
community of BME students at the faculty, which

Figure 2 — BME students extra-school activities.

cooperates not only in the study field but also in the
free time activities, Figure 2.

In the academic year 2003/04 the first 9 BME
students successfully graduated from our university.
We can see them together with the state examination
commission in Figure 3. Example of diploma theses:

1. Evaluation of Skin Perfusion by Image Analysis
2. Indicator of Hygroscopic Properties of Skin

3. Identification of Implants Biocompatibility using
Impedance Resistometry

4. Methodology, Instrumentation and Measuring
Errors Evaluation in Bones Mineral Density
Measurements

5. Analysis of ECG in Programming Medium
MATLAB

6. Detection of Epileptic Activity in EEG Records

7. Teaching Phantom for Ultrasound Imaging of
Vessels

8. Investigation of Electromagnetic Field Influences
on Human Organism

9. Interactive Computer Model of Physical,
Biologic and Effective Decay Half-life
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Figure 2 — The first graduates with the state examination commission and the dean of FEE.
Upper row the graduates, lower row fiom left side: Ing. D. Faktorova, PhD., Prof. MUDr. A. Stransky, CSc.,
Doc. Ing. J. Michalik, CSe. (dean of FEE), Prof. Ing. K.Capovd, CSc., Prof. Ing. I. Frollo, DrSc.,

Prof. MUDr. K. Javorka, DrSc., Doc. Ing. M. Hrianka, CSc., Prof. Ing. P. Palcek, CSc.

The present number of students which attend
the BME 5-year study program is given in the
following Table 3.

Table 3 - Number of students in the year 2004/05

1* year 20
2" year 21
3" year 18
4™ year 20
5" year 10

The last 10 students passed their state examinations
in this academic year and they successfully finished
their BME study.

The interest of grammar school students to be
accepted for the BME study increases from year to
year but we do not suppose increasing a number of
fresh students above 50 for the bachelor program
and 25 for the master program.

Working team of BME at the FEE is
developing not only educational activities but also
international research connections. FEE has
agreements with universities, as RWTH Aachen,
NUI Dublin, TU Compiegne, University of Alborg
and TU Helsinki. Eight students of BME have
completed the study stay (1 semester) at these
institutions within the program SOCRATES. Three
members of our BME team were several times at
RWTH Aachen and NUI Dublin for their 1-week
lecture stays.

5. Conclusions

After six-year experience we can say that the study
program BME has got its stable place in the
educational program of FEE of the University of
Zilina. In future we suppose further development of
cooperation with partner institutions in the Slovak
republic and abroad. The study of BME is supposed
to be completed with the doctoral study program
oriented on the biomedical equipment, biomedical
signal processing and information technologies.
Interdisciplinary character of the BME and
possibilities of faculties of the University of Zilina
offer in future to develop another specializations as
telemedicine and radiomedicine.

The successful education in the mentioned field
would be impossible without active support of
cooperating medical institutions. We appreciate
really helpful cooperation with the main partner and
co-guarantee JMF of the Comenius University in
Martin, which assigns a majority of most medical
subjects. Similarly, we shall develop cooperation
with the Hospital with policlinic in Zilina, which is
very important for the practical exercise of BME
students.

According to our international experience,
BME is perspective study field, which will be more
and more important in connection with the intensive
development of modern sophisticated medical
equipment, computer aided medical technologies
and medical management.
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ZRiZENi FAKULTY BIOMEDICINSKEHO INZENYRSTVI CVUT A JEJi ROZVOJ V KLADNE

Peter Kneppo, Miroslava Vrbova

Ceské vysoké uceni v Praze, Fakulta biomedicinského inZenyrstvi, nam. Sitna 3105, 272 01 Kladno 2, Ceskd republika,

http://

V roce 1996 bylo zalozeno na CVUT
Centrum biomedicinského inzenyrstvi, které bylo
vroce 2002 transformovano na vysokoskolsky
ustav proto, aby se toto pracovisté¢ mohlo podilet na
vyuce. Od akademického roku 2003/04 ustav
zajistuje vyuku v akreditovaném bakalaiském
studijnim programu Biomedicinska a Kklinicka
technika. Vyuka studenti byla =zahijena a
uskuteéiiuje se v objektu Kokos v Kladné, tj.
oddélené od vyuky studentd CVUT na prazskych
fakultach. Mésto Kladno vznik nové fakulty vita a
pro jeji potencialni sidlo nabidlo CVUT ptevod
budovy Kokos do vlastnictvi.

Dosavadni pomémé rychly rozvoj Ustavu
biomedicinského inZenyrstvi CVUT i vhodné
prostiedi, které pro dal$i rozvoj nabizi mésto
Kladno, byly zasadnimi predpoklady pro zfizeni
fakulty transformaci ustavu. Ve vSeobecném
povédomi CR je fakulta obvyklou vzdélavaci
slozkou vysoké skoly a dal§i rozsifovani vyuky
v kladenskych prostorach piedpoklada akreditaci
dalsich studijnich obort. Rozsifeni
biomedicinskych oborti na CVUT a vznik fakulty je
v souladu s Dlouhodobym zimérem vzd¢lavaci a
védecké, vyzkumné, vyvojové, umélecké a dalsi
tvaréi ¢&innosti CVUT v Praze humanizovat
inzenyrské vzdélavani.

Z  detailntho  rozboru  vyplynulo, Ze
z celospolecenského hlediska je vhodna doba na
provozovani a na zavadéni novych programu a
obori v oblasti biomedicinského inZenyrstvi
(,,prilezitosti). Na druhé strané ,hrozby* jasné
signalizuji ~ zvySujici se konkurenceschopnost
okolnich vysokych $kol. Prizkum trhu prace
potvrdil domnénku, ze cesky region je schopny
umistit pfiblizné stovku absolventii kazdy rok. Za
predpokladu, ze priblizné polovina absolventi
pujde mimo obor resp. do zahranic¢i, to znamena, ze
by vsSechny vysoké Skoly mohly kazdoro¢né
produkovat asi dvé sté absolventll. S piihlédnutim
k ekonomice pedagogického procesu lze udélat
zavér, ze vregionu Ceské republiky mize dobie
fungovat jen jedna fakulta, jejiz absolventi najdou
uplatnéni v oblasti biomedicinského inzenyrstvi a
dalsich ptibuznych obori. Protoze v regionu Ceské
republiky a stfedni Evropy zadna takovato fakulta
v sou¢asné dobé neni, povazovala CVUT zfizeni
fakulty za svou historickou pfilezitost. Promeskani
této piilezitosti by mélo pro CVUT jenom negativni
disledky a to bud’ ve smyslu trvalé ztraty této
oblasti nebo vysokych finan¢nich vydaji na

T, kneppo@fbmi.cvut.cz

znovunabyti postaveni v konkuren¢nim boji
s okolnimi univerzitami. To, ze¢ by mélo CVUT
vCR jednoznané hrat vedouci roli v oblasti
biomedicinského inzenyrstvi, je ziejmé z rozboru
,silnych stranek” CVUT. K tomuto cili by mélo
napomoci i uvédomeéni si ,slabych stranek*
vytvoreni fakulty biomedicinského inZenyrstvi
systémové prispéje k jejich postupnému snizovani.
Dulezité je to, ze zadna ze slabych stranek, neni
takova, aby ohrozila dosazeni vytéeného cile a to je
obsazeni  jediného mista pro fakultu
biomedicinského inzenyrstvi v Ceské republice a
blizkém okoli. Diky Fakult¢ biomedicinského
inzenyrstvi bude mit CVUT vsechny predpoklady
byt distojnym partnerem univerzit s obdobnou
strukturou v mezinarodnim méritku (obrazek v
priloze) resp. sobdobnymi studijnimi programy
biomedicinského inzenyrstvi v zahranici.

Zamérem FBMI je poskytovat
interdisciplinarni ~ vzdélavani ve  vyvazeném
zastoupeni mediciny, biologie, pfirodovédnych,
humanitnich a manazérskych predméti s technikou
a informatikou. Modularni struktura predméti
jednotlivych studijnych oborti umozni v souladu se
zajmem studentd vytvafeni podminek pro
komplexni studium riznych zaméfeni
biomedicinského inZenyrstvi.

VZDELAVACI CINNOST A ROZVOJ STUDIINICH
PROGRAMU

Soucastny studijni obor ,,Biomedicinska
a Kklinicka technika® poskytuje absolventim
zakladni obecny prehled o metodach a pfistrojové
technice, pouzivané ve zdravotnickém provozu
a praktické dovednosti, a navyky s manipulaci
s touto technikou. Po reakreditaci bude orientovan
tak, aby absolventim poskytnul kvalifikaci podle
zakona ¢. 96/2004 Sb. ,,0 podminkach ziskavani
auznavani zpusobilosti k vykonu nelékatskych
zdravotnickych  povolani ak vykonu ¢innosti
souvisejicich s poskytovanim  zdravotni  péce
aozmeén¢ nekterych souvisejicich  zakonu™.
Absolventi jsou schopni vramci zdravotnickych
zafizeni: pracovat se zdravotnickou pfistrojovou
technikou, vcetné asistence pii vySetfovani
zobrazovacimi metodami, ale ipfi ostatnich
vySetfenich, vyzadujicich soucinnost techniky,
kontrolovat a udrzovat pfistrojovou techniku, vést
jeji evidenci a zabezpeCovat Cinnosti souvisejici s
provozem zdravotnické techniky a nemocni¢niho
informaéniho systému, podilet se na vyhodnocovani
ptipadd selhani zdravotnické techniky a na tvorbé
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preventivnich opatieni, obsluhovat software pro
podporu diagnostiky, podilet se na akvizici
zdravotnickych piistroji vcetné vybérovych fizeni,
koncipovani kompletd zdravotnickych technologii a
na technickych instruktazich pracovnikli v oblasti
obsluhy zdravotnické techniky a bezpecnosti prace.
Vzhledem ke schopnosti zapojit se i do védecko-
vyzkumné price, zejména experimentalniho
charakteru, najdou uplatnéni i v rdmci vybranych
ustavit AV CR, ale i u podnikd, firem a spolecnosti,
zabyvajicich se vyvojem, vyrobou, prodejem
aservisem prostiedkl zdravotnické techniky, C¢i
tvorbou programového vybaveni.

FBMI jako soulast Ceského vysokého
ueni  technického v Praze, zabyvajici se
problematikou spojeni biologickych,
zdravotnickych, piirodovédnych, manazerskych,
humanitnich, technickych a informacnich disciplin,
bude rozvijet vyukové aktivity na vSech urovnich
vysokoskolského vzdélavani — bakalarského,
magisterského a doktorského — a to v ramci dvou
bakalafskych (technicky a zdravotnicky
orientovaného), jednoho magisterského a jednoho
doktorského studijniho programu. Na vsech téchto
urovnich budou rozSifovany oblasti zaméfeni
a specializace studia, které budou reprezentovany
studijnimi obory. V bakalaiském studiu to budou
obory zejména suzSi specializaci technicko-
medicinské (diagnostické metody ve zdravotnictvi,

rehabilitacni prostredky, biomedicinska
informatika, biomechatronika), pfipadné biologické
techniky a technologie (diagnosticka

environmentalni technika) a v oblasti zdravotnictvi
to budou obory fyzioterapie a zachranaistvi (ve
spolupraci s Nemocnici Kladno a Iékafskymi
fakultami UK). Ve srovnani se studiem
zabezpeGovanym na jinych fakultich CVUT se
bude jednat o komplexni studium v rovnocenném
zastoupeni mediciny, biologie, pfirodovédnych,
humanitnich a manaZzerskych predmétt s technikou
a informatikou.

Ve studijnim programu ,,Biomedicinska a
klinicka technika® bude pfipravovany bakalafsky
studijni obor ,Diagnosticka technika ve
zdravotnictvi“ zaméfen Gzeji na  pouziti,
v souCasné dob€ nejdominantnéjsi diagnostické
zdravotnické techniky, medicinské zobrazo-vaci
systémy a tato problematika bude doplnéna o oblast
laboratorni diagnostické techniky. I tento obor bude
akreditovan ve smyslu zakona ¢&.96/2004 Sb.
Podobné zaméfeni bude mit dalsi pfipravovany
bakalaisky studijni obor »,Diagnosticka
environmentalni technika“ s rozdilem v oblasti
zkoumani, tj. bude orientovadn na stav zivotniho
prostfedi. Nasledujici bakalaisky studijni obor
»Nemocni¢ni informacéni systémy“ poskytne
studentim zaklady pro aplikaéni dovednosti pfi
spravé databazovych systému, obecné jakychkoliv
informacnich systéml s dirazem na zdravotnické

informaéni systémy a ochranu dat. Dalsi oblasti,
kterou bude tento studijni obor zahrnovat, budou
metody a prostfedky zpracovani a vyhodnoceni dat.
Svym zaméfenim tento studijni obor umozni
absolventlim najit uplatnéni nejen ve zdravotnictvi,
nybrz i ve sféfe manazerské, Ci statni spravy.
Bakalarsky studijni obor  ,,Rehabilita¢ni
prostiedky“ se bude zabyvat vybavenim
a pomtickami pro rehabilitaci a na rozdil od obou
predchazejicich zdravotnicky zamétfenych oboril
bude klast diraz na terapeutické interakce se
zafenim, na systémy prostiedki nahrad a
komplexni aspekty rehabilitace.

Po personalnim posileni fakulty o
specialisty s 1ékafskou kvalifikaci a v soucinnosti
s1. a 3. LF UK a Nemocnici Kladno pfipravime
vramci  studijntho  programu ,,Specializace
v zdravotnictvi“  bakalaisky  studijny  obor
»Fyzioterapie®“, ktery poskytne studentim
poznatky potfebné na 1écbu funkénich poruch
pohybového aparatu, jako napf. blokady kloubd,
svalové spasmy a dalsi, s vyuZitim anatomickych a
fyziologickych poznatki pohybového aparatu.
Hlavnim diagnostickym a zaroven terapeutickym
,hastrojem* krom¢é terapeutovy ruky budou
podpurna  technickd  zafizeni (jako laser,
elektroléCba, magnetoterapie), ktera podpofi
efektivni diagnostiku i 1é¢bu pacientova problému.
Dalsi nové koncipovany bakalaisky studijni obor
»Diplomovany zdravotnicky zachranai“ se bude
zaméfovat na ziskani zakladnich zdravotnich
védomosti a dovednosti spolu s védomostmi o
informacni soustavé zdravotnictvi a zdravotnické
zachranaiské techniky.

Duraz na bakalaiské obory vychazi ze
soutasnych potieb zdravotnického terénu v CR
zjisténych korespondenénim prizkumem v dobé
ptipravy stavajiciho studijniho programu. Tyto
prizkumy bude FBMI opakovat periodicky, pfip.
v navaznosti na zavadéné studijni programy a jejich
obory. Na zéklade poznatkl z literatury podobna
situace je 1 v zahrani¢i.

Driive nez ukon¢i studium studenti prvniho
behu stavajiciho bakalaiského studijniho programu
,Biomedicinska a klinickd technika®“, bude
ptipraven zakladni magistersky studijni program
»Klinické inZenyrstvi“, ktery bude v nasledujicim
obdobi rovnéz dale strukturovan do dil¢ich
studijnich  obort.  Studijni obor ,Klinické
inzenyrstvi“ bude navazovat predev§im na
bakalafské studium ,,Biomedicinska a klinicka
technika“ a poskytne absolventim védomosti a
dovednosti pro tvirci praci v oblasti zdravotnické
pristrojové techniky a informacni soustavy
v zdravotnickém zafizeni.

V soucasnosti predkladame Akreditacni
komisi akreditacni ptihlasku doktorského studijniho
programu ,,Biomedicinské inZenyrstvi - bionika*.
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Piedpokladany vyvoj poctu studenti podle piipravovanych studijnych obort v letech 2004-2010

charakterizuje nasledujici tabulka:

Studijni program 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Bc. Biomedicinska a klinicka technika 142 200 360 410 430 440 450

Bc. Specializace ve zdravotnictvi

80 140 190 190 190

Ing. Klinické inzenyrstvi

40 60 60 60 60

Ph.D. Biomedicinské inzenyrstvi - bionika

10 15 25 25 25 30

Celkem 142

210 | 495 | 635 |705 | 715 | 730

Pro dosazeni vyS$$i ekonomicnosti studia
budou vSechny trovné studia organizovany
modularné. Studijni materialy budou prioritné
pfipravovany ve formé vhodné pro distancni
vzdélavani tak, aby FBMI mohla vytvofit
predpoklady pro doplnéni vzdélani v oboru
biomedicinského  inzenyrstvi u  odbornikil
pracujicich ve zdravotnictvi, ktefi nebudou spliovat
zékladni podminky zdkona ¢. 96/2004 Sb.
,0 nelékarskych  zdravotnickych  povolanich*.
Materialy budou pfipravovany ve spolupraci
s dal$imi podobné€ zaméfenymi vysokoskolskymi
institucemi v CR i v zahraniéi. Studijni materialy
vhodné pro distanéni vzdélavani, resp. jejich
anglickd mutace umozni vstup FBMI na evropsky
trh univerzitniho vzdélani.

Ve spolupraci s fakultami CVUT a
lékarskymi fakultami UK, s Nemocnici v Kladné a
odbornymi spolecnostmi se FBMI bude podilet na
dal§im vzdélavani klinickych technikll, magistrii a
inzenyrd podle zakona ¢. 96/2004 Sb. (zdkon
o nelékarskych  zdravotnickych  povolanich).
Fakulta vytvofi podminky pro doplnéni vzd€lani u
technickych odbornikli i manazeri pracujicich ve
zdravotnictvi, ktefi neabsolvovali specializované
studium v oboru biomedicinské inzenyrstvi a tedy
nespliiuji  zékladni ptedpoklady pro odborné
postgradudlni vzdélavani podle vyse uvedeného
zakona. Podle pozadavki zpraxe (medicinské i
technické) bude FBMI zabezpecovat (ve spolupraci
s ostatnimi slozkami CVUT) odborné kurzy pro
pracovniky takovychto instituci. Dtlezitd tloha
zdravotnické techniky v systému péce o zdravi je
zajimavym prvkem, ktery vyvolava zajem o Ucast
pracovniki FBMI na kurzech univerzity tfetiho
véku. Proto se pracovnici FBMI za¢astni pripravy
apribshu tohoto vzdélavani vramci CVUT,
ptip.ve spolupraci s l1ékatfskymi fakultami UK.

FBMI bude rozvijet spolupraci
s evropskymi univerzitami, odbornymi
spolec¢nostmi a dal$imi institucemi na doporucenich
pro tvorbu studijnich programi v oblasti biomedi-
cinského inzenyrstvi a podminek mezinarodni
akreditace studijnich programt tohoto zaméfeni.

Studijni programy FBMI budou realizovany
postupné bilingualné, v éeské a an-glické verzi.
Skutecnost, Ze vSechny studijni programy FBMI
budou respektovat evropsky kreditni systém,
umozni ¢eskym studentiim pokracovat ve studiu na
kterékoliv evropské univerzité, na druhé strané
vyuka v angli¢tin€ umozni zahrani¢nim studentim
absolvovat studium ¢i jeho ¢&ast na FBMI
Dlouhodobé predpokladame nardst poctu a délky
pobyti studentil v zahraniéi, a vice versa.

Pii ziskavani studentd bude propagacni
aktivita zaméfena primarné na Ceskou republiku
a Slovenskou republiku, sekundarné v souladu se
zamérem na vybudovani celkového postaveni
FBMI jako vudéiho pracovisté v oblasti
biomedicinského inZenyrstvi ve stfedni a
vychodni Evropé bude propagacni aktivita
zaméfena 1 na zem¢  tohoto  regionu.
Predpokladame, ze FBMI bude pribézné
zaméstnavat odborniky (pedagogické i1 védecké
pracovniky) z téchto zemi.

VEDECKO-VYZKUMNA CINNOST

Védecko-vyzkumna prace FBMI  se
zamétuje predevSsim na aplikovany a zakladni
strategicky orientovany vyzkum ve spolupraci
s biologickymi a lékafskymi pracovisti UK, AV CR
a dal$imi institucemi v CR i zahraniéi. Jeji rozvoj i
problémova orientace jsou dany predevsim
grantovou UspéSnosti a dosazitelnymi zdroji
financovani.

Hlavni védecké aktivity v minulém roce
byly feSenim vyzkumného zaméru MSM
210000012 Transdisciplinarni vyzkum v oblasti
biomedicinského inzenyrstvi. Jednalo se pak
zejména o

e Optimalizaci umélé plicni ventilace.

e Rozvoj nové metodiky terapie nadorovych
onemocnéni, zalozené na polymeraci laky
v ohfivané tkani (spoluprace s DKFZ
Heidelberg SRN).

¢ 3D monitorovani teplotnich poli.

o Identifikaci psychosomatickych stavt fidice —
analyzu experimentalnich dat ve spolupraci
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s neurologickou klinikou 3. lékafské fakulty
UK.

¢ Implementaci pfistroji PDA do diagnostickych
systémi ziskal 2. misto v prestizni soutézi
Cena Inovace roku 2004, kterou porada
Asociace inovaéniho podnikani CR).

e Navrhu jednotlivych ¢asti modelu tzv.
Laboratofe pro technickou podporu zdravotné
postizenych.

e Snimani a pfenosu biologickych signali a
modelovani elektroencefalografické aktivity
lidského mozku.

Paralelné¢ probiha feSeni vyzkumnych projektt
podporovanych granty, zejména:

e FBMI je koordinaénim pracovistém feSeni
tifletého  grantového projektu GA CR
102/04/0887 Metody a technické prostredky
pro analyzu nahlé kardiovaskularni smrti koni,
spolupracuje s Veterinarni a farmaceutickou
univerzitou Brno.

e Vramci projektu IGA MZ CR se rozviji
spoluprace s Vyzkumnym ustavem
stomatologickym VFN 1. LF UK v Praze. Jsou
studovany elektrické signaly vznikajicich v
dutiné ustni.

e Pfi feSeni projektu Metody a technické
prostiedky  pro véasnou neinvazivni
diagnostiku bronchogenniho karcinomu
pomoci méreni teplotnich zmén v dychacich
cestach ve spolupraci s Nemocnici na Homolce
se vyviji méfici zafizeni pro monitorovani
teploty v lidskych dychacich cestach.

e Pocitacova podpora 1é¢eni deformit skeletu déti
pomoci ortéz je feSena ve spolupraci
s ambulantnim centrem pro vady pohybového
aparatu, ktery se vénuje léCeni pacientil
s deformitami patete a s vyrobcem
individualnich ortéz. Ve vyzkumu je sledovan
vliv silového pusobeni ortéz na remodelaci
tkani déti béhem ristu, jmenovite vypoctu
stavu napéti tkani koncetin a patefe od silového
pusobeni ortéz a zpusob pocitacové podpory
navrhu tvaru ortézy.

V roce 2004 byla ukoncena rekonstrukce
Casti spolecného pracovisté s 1. LF UK v Praze na
Albertové a byla oteviena Laborator nukledrni
magnetické rezonance. Jednd se o spolené
védecko-vyzkumné  pracovisté CVUT a
Univerzity Karlovy, na kterém byl instalovan
pristroj pro spektroskopii pomoci magnetické
rezonance SISCO85/310. Tento pfistroj byl
Ceskému vysokému uleni technickému v Praze
darovan Némeckym ustavem pro vyzkum rakoviny
(DKFZ) v Heidelbergu bezplatné k uzivani pro
védecko-vyzkumnou &innost pracovniki CVUT,
Karlovy univerzity a DKFZ, k feseni spole¢nych
vyzkumnych projektd. Toto pracovist¢ ma byt

zejména prosttedim pro vychovu doktorandi
z obou zic¢astnénych vysokych skol.

V soucasném obdobi se realizuje
podstatné ¢asti vyzkumného programu v ramci
celoskolského vyzkumného zaméru
MSM6840770012  Transdisciplinarni  vyzkum
v oblasti biomedicinského inZenyrstvi II. ReSeni na
FBMI bylo rozdéleno do nasledujicich tematickych
uloh:

o Modelovani bioelektrickych zdrojit a vazeb
mezi zdroji
e Modelovani vizeni kardiovaskuldrniho systému
o Metody rekonstrukce experimentalnich
fysiologickych dat
o FElektricka impedancni tomografie pro
modelovani parametri struktury prostiedi
Modelovani viivu biologické zpétné vazby na
vybrané fyziologické parametry cloveka
Viiv parametri velkoplosnych obrazovych
senzorii na kvalitu obrazovych dat v lékarstvi
Vyhodnocovani okamzité polohy oci, hlavy a
tela a souvisejicich parametrii v neurologii
Optimalizace umélé plicni ventilace

Jina oblast védecko-vyzkumnych aktivit
akademickych pracovnikti byla zahrnuta do navrhu
vyzkumného zaméru s ndzvem Vyuziti kvantové
radiofyziky v biologii a mediciné. ReSeni tohoto
vyzkumného zaméru je slozeno z aktivit J&tyf
laboratofi:

o Laboratore nukledrni magnetické rezonance,
vénované spolecnym vyzkumnym aktivitam
zejména s 1. lékafskou fakultou Univerzity
Karlovy

e Laborator excimerového laseru, vychazejici ze
spoluprace sFzU AV CR, vénovana
specialnim  technologiim  pro  pfipravu
biokompatibilnich a organickych tenkych
vrstev.

o Laborator molekulove spektroskopie, budovana
na zakladé spoluprace s Universitou
v Gottingen, = zaméfena na  fotofyziku
biologicky aktivnich biomolekul a nativnich i
organickych  fluorescen¢nich  sond  pro
molekularni biologii.

e Laborator pro biooptiku, vénovana studiu
morfologie a optickych vlastnosti tkani.

I kdyz tento vyzkumny zamér zatim neziskal
financovani od MSMT, budou aktivity ve vsech
laboratofi pokracovat, alespont v omezeném rozsahu
tak, aby se studenti mohli v navaznosti na vngjsi
spoluprace fesit roénikové a bakalaiské prace.
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ZAVER 3. Zvysit védecky vykon fakulty prostfednictvim
kvalitativné vyS$siho zapojeni doktorandi do
vyzkumnych projekti. Pro tyto Gcely pfipravit
spole¢né pracovisté biomedicinského
inzenyrstvi CVUT a UK na Albertové a
narodni centrum biomedicinského inzenyrstvi
na Kladné. Ziskat finan¢ni podporu v ramci EU
pro feSeni vyzkumnych ukolt integrujicich
vyzkumné kapacity v mezindrodnim méfitku i
napii¢ katedrami a tGstavy UK i CVUT.

Strategické cile dalsiho rozvoje Fakulty
biomedicinského inzenyrstvi jsou:

1.V oblasti pedagogické akreditovat dalsi studijni
obory a tak zajistit pfechod a nasledné upevnit
model  tzv. strukturovaného systému
vysokoskolského vzdélavani, tvofeny
bakaldfskym, navazujicim magisterskym a
doktorskym studiem v oblasti biomedicinského

inien}:lfstv,i (spolu Svy branym zdravotnickym 4. Prohloubit spolupraci se statutarnim meéstem
bakaldfskym Smdlﬂ,lym ’prggramem) a v Kladno zhlediska potfeb regionu i budovani
souladu se zakladnimi doku-menty

potiebné infrastruktury fakulty za podpory
strukturalnich fonda EU.

5. 'V oblasti fizeni fakulty zavést principy systému
fizeni kvality a principli finan¢niho fizeni
jakosti dle modelu ISO 9001:2000.

harmonizace evropského vysokého skolstvi -
Boloniskou a Sorbonskou deklaraci. Vyuzit
financi z evropskych strukturalnich fondd pro
prohlubovani kvality vzdélavaciho procesu na
fakulté.

2. Zajistit  kvantitativniho a  kvalitativniho
personalniho rozvoje fakulty vytvofenim

podminek pro objektivni hodnoceni vykonnosti PODEKOVANI
zaméstnancl fakulty zohlediujici predevsim Projekt ztizeni fakulty byl podpofen grantem
kvalitativni  aspekt  jimi  dosahovanych MSMT CR TRP2005/5/2/1/a a MSM6840770012.

vysledkii. Zvyseni poctu docenti a profesort
pti dodrzeni standardd kvality aplikovanych v
Ceské republice i v zahraniéi.

VYBRANE FAKULTY BIOMEDICINSKEHO INZENYRSTVIi VE SVETE
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ORGANIZACGNi STRUKTURA FAKULTY BIOMEDICINSKEHO INZENYRSTVi

Akademicky Dékan Védecka rada
senat FBMI FBMI
Prod&kan . )
pro rozvoj a védecko- vyzkumnou KOleglum a gremium
Cinnost dékana FBMI
Prod&kan . ,
pro pedagogickou ¢innost Dékanat/
a mezinarodni vztahy tajemnik
Katedra Katedra
biomedicinské techniky biomediciny
a biochemie
Katedra Katedra
biomedicinské piirodovédnych oborti
informatiky

Spoleéné pracovisté
biomedicinského inzenyrstvi
CVUT-UK,
Albertov

PROsSTORY FBMI , KLADNO

+ PocitaCové laboratore

* Laborator Iékarské pristrojové techniky
* Laborator Iékarské elektroniky

» Laboratof biosignalt

« Laboratof biosenzort (2006)

+ Laborator biofotoniky

* Laboratof biochemie

« Laboratof zobrazovacich systémi (2006)
* Laboratoi medicinské fyziky (2006)
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HOW CAN EDUCATION IN BME PREPARE FOR LIFELONG LEARNING?

H. Hutten

University of Technology, Institute of Medical Engineering, A-8010 Graz, Austria

Summary Three major requests of the Bologna Declaration are: 1. Higher education in Europe shall be harmonized and
render possible transnational mutual recognition of degrees. 2. At the end of the first cycle (bachelor degree) the graduates
shall have reached a vocational qualification that is relevant for the working market. 3. The education shall provide the
graduates with the capability for lifelong learning. The last request is of special importance for graduates in Biomedical
Engineering (BME) for three reasons: 1. Lifetime of knowledge at present is about 5 years and still decreasing. 2. Knowledge
progress in MBE as an interdisciplinary field reflects knowledge progress in all related mother-disciplines, e.g. engineering
sciences, natural sciences, medicine including all clinical sub-disciplines, and other life-sciences. 3. MBE has become a
multi-disciplinary field by its own with such different sub-disciplines like biomechanics, medical imaging, biomaterials,
biosignal processing, health telematics, cellular engineering, rehabilitation technology, analysis and simulation of physiologi-
cal systems etc. The challenge for education in BME is to provide within the first cycle, i.e. within 3 — 4 years, on the one-
hand side a sufficiently broad and scientifically based education with regard to the different mother-disciplines and on the
other side an adequate level of specialized knowledge in the different sub-disciplines for reaching the working market quali-
fication in addition with other general skills, e.g. the capability for independent lifelong learning. The solution of this difficult
task requires appropriate consideration of controversial aspects and needs approval by the European BME community. This
presentation will not and can not provide a perfect and generally acceptable solution, but will stimulate the discussion and
draw attention to aspects of high relevance.

the respective education. Educational programmes

1. Introduction shall be organized in a modular structure.
Appropriate realization of these general direc-
The Bologna Declaration on Harmonization of tive§ must _be based on proper consideration of the
Higher Education in Europe has been signed by 29 pgrtlcu_lar mtere_sts_ a_nd demands thaF are r_elated
governments in 1999 [1]. Harmonization shall be with _dlfferent d|SC|pI|qes. Open questions will not
realized not later than 2010. Education and educa- be discussed here with the exception of those
tional co-operation have been recognized as para- which are related to Biomedical Engineering
mount for the development of stable, peaceful and (synonym: Medical and Biological Engineering)
democratic societies. Increasing the international and with the special request that the graduates must
competitiveness of the European system of higher be provided with the capability for lifelong learn-
education has been identified as main objective. ing. In that context it is understood that lifelong
The most important measures are comparable de- learning is necessary for maintaining the reached
grees for the educational programmes, a system of qualification for the working market with its
credits, promotion of mobility for students and changing demands or to reach a higher qualifica-
teachers, and the establishment of quality assurance tion either directly in the field of biomedical engi-
procedures. It is worth to mention that the Bologna neering or by adding supplementary qualification
Declaration does not aim for standardization, but in fields outside of biomedical engineering, e.g. in
for harmonization taking into account and respect- economics, management, medicine, physics etc.
ing the diversity of educational systems and pro- The most important problem is to identify the
grammes in the countries that have signed it. working market for graduates in BME, the required
The educational programmes shall be subdi- guallflcatlon, and the developme_:nt of that market
vided in cycles. Whereas in the original Bologna in the near future with the resulting changes in the
Declaration only two cycles had been mentioned, vocatlona}l.qua_llflcatlon. Ever_1 in countries with a
now an additional third cycle is considered. The long tradition in BME education for now about 50
first cycle shall take at minimum three years and years no statistics are _avallable Wlth' relevant data
end with a graduation as bachelor. The reached about the fields in which graduates in BME actu-
qualification must be relevant to the working mar- ally start their professional career, which positions
ket. Another request is that this education provides are reached in that career, which additional qualifi-
the graduates with the possibility for lifelong learn- cations are required to reach leading positions, e.g.
ing. The second cycle shall end with a graduation in companies, and what is the core or minimum
as master. Entrance into the second cycles requires knowledge in BME to become recognized as “ex-
successful completion of the first cycle. The first pert in BME”. It must be considered for this dis-
and the second cycle together shall not take more cussion that BME has developed from a rather
than five years. The third cycle shall end with the narrow discipline, mainly medical electronics, i.e.
PhD graduation. Degrees shall include a diploma the development of SDEt}Ial electronic circuitry for
supplement for more detailed characterization of signal amplifiers and stimulators, and biomechan-

ics, i.e. the development of simple mechanical de-
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vices like infusion pumps and protheses, to a very
large field that ranges from biomaterials to 3D
image processing, from biosensors to intelligent
microsystems. Most of the advanced sub-fields
have been opened only during the last decade and
therefore cannot appropriately be considered on the
basis of “as experience teaches us”.

There is no doubt, however, that despite some
minor national differences in the real situation of
the working market, only about 50% of the BME
graduates actually start their career in BME fields
with most of them, about 60 — 70%, employed in
the industry, about 20% in hospitals, and the rest in
other facilities, e.g. in universities, government,
research institutions, or special institutions like
notified bodies. Until now it is not specified which
of those positions require the qualification of
bachelor or master. For this reason, the identifica-
tion of the general or any specialized qualification
for the working market is difficult.

From a recent workshop about BME education
it came out that potential employers have different
expectations concerning the working market quali-
fication of graduates. Companies with a large spec-
trum of medical devices prefer engineers with a
high qualification in electrical or mechanical engi-
neering or informatics with only limited knowledge
in BME with the argument that the required spe-
cialized BME knowledge best can be acquired
within an experienced team by training on the job.
Companies with a narrow spectrum of medical
devices prefer graduates with a rather high qualifi-
cation in BME, however tailored to the field of
interest of the company because the company can
not offer the possibility of training on the job. This
is similar to the request of hospitals which want to
employ graduates with a tailored education in
clinical engineering, however without strong inter-
est in research and development. All employers,
however, have agreed that they are more interested
in young bachelors than in older masters.

2. Fundamentals of BME education

The most widely accepted definition of Bio-
medical Engineering that is also accepted by the
International Federation for Medical and Biologi-
cal Engineering (IFMBE) and the European Alli-
ance for Medical and Biological Engineering and
Science (EAMBES) states:

“Medical and Biological Engineering inte-
grates physical, mathematical and life sciences
with engineering principles for the study of biol-
ogy, medicine, and health systems and for the ap-
plication of technology to improving health and
quality of life. It creates knowledge from the mo-
lecular to organ systems levels, develops materials,
devices, systems, information approaches, technol-
ogy management, and methods for assessment and
evaluation of technology, for the prevention, diag-
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nosis, and treatment of disease, for health care
delivery, and for patient care and rehabilitation.”

This complicated definition reveals the hetero-
geneity of advanced BME and the difficulty to set
up bachelor and master courses that present the
whole field in the required scientific depth and end
with a qualification that is relevant to the working
market. As a consequence graduates both at the
bachelor level and the master level will have to be
specialists in a limited sub-area, educated and
trained by tailored educational programmes.

It is generally accepted that those courses
should (must) comprise mathematics up to the
level of differential equations, natural sciences
(physics with some biophysics, chemistry with
some biochemistry, biology with some genetics),
medicine (physiology with some functional anat-
omy, pathophysiology, terminology, and clinical
medicine), engineering sciences (e.g. either electri-
cal engineering with electronics, communications
technology, signal processing, and control theory,
or mechanical engineering with applied mechanics,
material science, production methods, and control
theory, or telematics with proper consideration of
its fundamental disciplines). The “real” biomedical
engineering courses should at minimum comprise
topics that represent a tailored selection of modules
about the acquisition of biological-medical data
including special sensor technology, medical elec-
tronics, biosignal processing, medical imaging and
medical image processing, medical informatics
including clinical data systems, biomechanics,
biomaterials, clinical engineering, medical device
safety including standards and quality assurance.
The graduates should have some capabilities in
general skills such as languages (at least one for-
eign language with usual “communication” level),
presentation in oral and written form, team work,
management, economics, usage of libraries and
other sources like the internet, etc. This list has
now to be extended by the request that the gradu-
ates must be provided with the capability for life-
long learning, whatever this may mean. It is also
generally accepted that already in the bachelor
programme some months of the educational pro-
gramme should be devoted to practical work and
training, preferably in an industrial company. This
practical work and training will provide not only
practical experience about engineering R&D per-
formance requirements, but also about the real
working environment, e.g. team work, constraints
with regard to time and economics, and device
production under consideration of quality require-
ments and the competitive situation on the market.

Taking into account all those aspects it is ob-
vious that specialization already at the bachelor or
master level must be focused not only on the real
biomedical courses, but also on all other courses,
possibly with the exception of the general skills. A
student who aims for the qualification in biomate-
rials does not need the same education in mathe-
matics, physics, mechanics, physiology, clinical
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medicine etc. as a student who aims for the qualifi-
cation in biosignal processing. Such a tailoring of
educational programmes may be realized either by
the institution or by the student himself based on
educational programmes that consist of a combina-
tion of mandatory and optional modules.

It must be considered, however, that this tai-
loring of educational programmes is related not
only with a restricted qualification for the working
market if the desired “tailored” job positions are
not available, but also with a limited knowledge
base that can be used for lifelong learning. Al-
though lifelong learning may be one of the most
important skills for “lifelong qualification for the
working market”, it must appropriately be prepared
by the discipline-oriented educational programmes.

3. Models for BME education

The most frequently realized models for BME
education under the control of the Bologna Decla-
ration may be (differences due to the fact that
bachelor programmes may comprise 3, 3 % or 4
years, and master programmes may comprise 1, 1
1/1 or 2 years will not be considered here):

1. A complete BME bachelor programme, i.e. the
graduate is an “expert” in one of the BME sub-
areas.

2. A bachelor programme in another field like
any engineering sub-area, physics, medicine,
etc. with some few BME supplements.

3. A complete BME master programme that re-
quires the successful completion of the BME
bachelor programme in the same sub-area as
access level for the entrance knowledge.

4. A complete BME master programme that re-
quires the successful completion of any BME
bachelor programme as access level.

5. A complete BME master programme that al-
lows access after the successful completion of
any non-BME bachelor programme. It might
be worth further consideration which bachelor
programmes should be excluded, e.g. gradu-
ates from bachelor programmes for philoso-
phy, arts, social sciences. It might also be
worth to consider an extra access semester (i.e.
out of the five-years time budget) to compen-
sate differences in the entrance knowledge for
graduates from such bachelor programmes like
physics and medicine.

6. A master programme in another field like any
engineering sub-area, physics, medicine etc.
with only some few BME supplements.

This situation will become even more compli-
cated if additionally PhD programmes are consid-
ered. It is quite clear that PhD graduates will also
need lifelong learning.

Lifelong learning may be based on different
methodological approaches:
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e The “classroom” approach with the teacher
standing in front of the class as it is now real-
ized in universities: This approach allows the
best systematic organization and structure of
complete educational programmes, however it
will have only minor relevance for training for
lifelong learning considering graduates with
the bachelor as minimum level or as suitable
method for lifelong learning.

e The “seminar” or “conference” approach: Such
seminars are already offered by commercial
companies and some conference organizers as
special training courses. Most conferences,
usually scientific conferences, however require
a high level of entrance knowledge, since the
presentation of the educational information is
systematically not well-organized. Both forms
may be supported by material either in written
form or CD form. They have some potential for
the future.

e The “individual and self-controlled approach”:
The individual optimizes the educational pro-
gramme in accordance with his individual
knowledge demands and deficits. This ap-
proach has the highest potential for lifelong
learning.

Different strategic approaches can be used for
lifelong learning. All of them should aim for inde-
pendence in learning. Only two models which are
extremely different will be discussed here:

e The “straightforward” approach: The knowl-
edge is systematically organized in a straight
forward style from the fundamentals to the re-
quired “high-level” knowledge. In that case the
“virtual teacher” determines the extent and the
depth of the knowledge as well as the sequence
in which it is presented. This approach allows
to supervise individually the progress in learn-
ing, e.g. by checks employing multiple-choice
questions. This approach is more suitable for
lower knowledge levels, e.g. for the bachelor
level. Although it can be used for synchronized
learning as in a classroom, it may preferably be
used for individual and independent learning
[3].

e The “conceptual network” approach [2]: The
knowledge is provided in a network that repre-
sents the knowledge in its different relations.
The learning mode is rather an intuitive explo-
ration of a certain knowledge field. It can be
compared with the surfing in the world-wide
web. The student starts with one central point
of his interest from where he can progress to
different points which are connected by rela-
tions (the “knowledge environment™) in accor-
dance with his interest. This approach is a
higher challenge to the individual activity and
allows optimization of the learning process
with the regard to “knowledge acquisition that
is required for the solution of a given prob-
lem”. The student, however, has no safety that
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he has learned the complete knowledge that is

offered and possibly required for examinations.

Furthermore, the acquired knowledge is not

systematically well organized with the disad-

vantage that it is not directly usable outside of
the given problem and for further extension.

It can be expected that lifelong learning will in
most cases be based on tele-learning, i.e. the pro-
ducer of the knowledge presentation (“teacher™)
and the consumer (“student”) are in some distance.

Different media and technologies are available
to provide programmes for lifelong tele-learning,
e.g. books, CDs, the internet or special intranets.
There is no doubt that the internet technology will
be the most qualified technology for lifelong and
independent learning. The most important advan-
tages for that technology are:

e nearly global access,

o controlled access for authorized individuals,

e simple (i.e. central) knowledge update,

e high data transfer rate,

e interactive operation, e.g. by solving tasks,

e quality assurance by competition, i.e. access to
institution or teacher independent knowledge
presentation.

There are also some disadvantages or risks
which should be taken into account:

e operability restricted to special equipment
(firmware, both hardware and software)

e knowledge manipulation based on monopolies
of knowledge presentation;

e misuse of educational programmes by non-
revealed advertising of commercial products.

4. Conclusions

Lifelong learning based on individual and self-
controlled activity is a fundamental requirement for
individuals who want to continue their professional
career till the higher age. This requires some capa-
bilities which need to be trained already during the
basic education:

e to assess and recognize what are the future
emerging technologies and scientific develop-
ments which will have strong impact or offer
new chances in their field;

e to acquire the skills that are necessary for util-
izing the different technologies and strategies
for tele-learning;

The most important requirement, however, is
to have a solid fundamental knowledge optimized
in extent and depth primarily in the basic engineer-
ing disciplines, the medical sciences, and the core
disciplines of BME and with proper consideration
of the intended field of activity.

Lifelong learning as a strategy and procedure
must be trained already at the university. This train-
ing may be accomplished by changing the tradi-
tional style with students as rather passive consum-
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ers to a style that requires active collaboration by
the students in a manner similar to the tele-learning
style. It must allow lifelong learning to be contin-
ued after graduation without any interruption. Since
graduation in accordance with the Bologna Declara-
tion is outcome oriented, this special capability
must be considered in the accreditation as an essen-
tial outcome criterium.

In the first draft of the EUR-ACE Standards
and Procedures for the Accreditation of Engineer-
ing Programmes both for the first cycle graduate
and the second cycle graduate the Personal Pro-
gramme Outcomes with regard to life long learning
are identified as “Recognize the need for, and have
the ability to engage in independent and lifelong
learning” [4]. This is neither a precise identification
of the outcome nor does is request special proce-
dures for training this ability. From an own experi-
ence with students in the 4" year, who had already
a good experience and training in using the internet
for searching information, it was recognized that
this experience is not sufficient for the systematic
and complete working through a field of complex
knowledge if that knowledge is not well organized.
Since that situation, however, will be the usual
situation with which students are confronted new
abilities must be trained for this task.
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BIOMEDICINSKE INZENYSTVI V KONTEXTU NOVE LEGISLATIVY

J. Cmiral®, L. Lhotska ™
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Y Gerstnerova laborator, katedra kybernetiky, Ceské vysoké uceni technické v Praze, Fakulta elektrotechnicka,
Technickd 2, 166 27 Praha 6, Ceskd republika
E-mail: lhotska@fel.cvut.cz, Phone: +420 224353933, Fax : +420 224311081

Summary The aim of the paper is to inform about the requirements laid on education in the fields of Biomedical
Technology and Biomedical Engineering in the connection with the Law No0.96/2004 Coll. on non-medical health service
occupations and related regulations. The law and related regulations define completely new position of technical personnel in
the health service system. This new legal regulation distinguishes the following categories of technical personnel: another
specialist, health service worker with technical competence (biomedical technician, biomedical engineer), health service
worker with specialized competence (clinical technician, clinical engineer). During the preparation of the law, the basic
philosophical principle was followed, namely that the qualification of health service worker will be required for technical
professions if the technical worker comes into contact with a patient or can through its activity directly influence patient’s
health state. The law distinguishes the following types of education: pre-gradual (bachelor, master), accredited qualification
course specialised education a nd training and lifelong learning.

Abstrakt Cilem pfispévku je seznamit s poZadavky na vzdélavani v oborech Biomedicinska technika a Biomedicinské
inzenyrstvi v souvislosti s pfijatym zakonem 96/2004 Sb. o nelékafskych zdravotnickych povolanich a navazujicimi
vyhlaskami. Zakon a navazujici vyhlasky vymezuji zcela nové postaveni technickych pracovnikii ve zdravotnickém systému.
Tato nova zakonna Uprava rozeznava nasledujici kategorie technickych pracovniki: jiny odborny pracovnik, zdravotnicky
pracovnik s odbornou zpisobilosti (biomedicinsky technik, biomedicinsky inZzenyr), zdravotnicky pracovnik se
specializovanou pusobnosti (klinicky technik, klinicky inzenyr). Pii tvorbé zadkona se vychazelo ze zakladni filozofie, ze
kvalifikace zdravotnického pracovnika u technickych profesi bude vyzadovana, jestlize technicky pracovnik ptichézi do
styku s pacientem nebo muze svoji ¢innosti bezprosttedné ovlivnit jeho zdravotni stav. Zakon rozliSuje nasledujici druhy
vzdélavani: pregradualni (bakalarské, magisterské), akreditovany kvalifikaéni kurz, specializacni pfiprava s atestaci a
celozivotni vzdélavani.

1. Uvod programy resp. obory akreditaci MZ CR ve smyslu
zakona 96/2004 Sb. a navazujicich vyhlasek. Pouze

V letech 2004 a 2005 byly postupné pfijaty absolventi takovychto akreditovanych obort ziskaji

zékon a navazujici vyhlasky a nafizeni vlady, které certifikat ~ zpusobilosti ~ vykondavat  zdravotnicke

vymezuji zcela nové postaveni technickych povolani podle zakona 96/2004 Sb.

pracovnikli ve zdravotnickém systému. Konkrétng Az do vydani zakona 96/2004 Sb. byli techniéti

jde o wvyhlasky: & 394/2004 Sb. (upravuje pracovnici zafazeni do kategorie jinych odbornych

podrobnosti o konani atestatni zkousky, zkousky k pracovnikli ve zdravotnictvi. Tato nova zakonna

vydani osvédeni, Zavéredné zkousky uprava rozeznava nasledujici kategorie technickych

akreditovanych kvalifika¢nich kurzd, aproba&ni pracovniki:

zkousky a zkuSebni tad pro tyto zkousky), &. ¢  jiny odborny pracovnik

470/2004 Sb. (o zdravotni zpisobilosti k vykonu e  zdravotnicky pracovnik s odbornou zpusobilosti

povolani zdravotnického pracovnika a jiného —  biomedicinsky technik,

odborného pracovnika), ¢. 423/2004 Sb. (stanovi —  biomedicinsky inzenyr

kreditni systém pro vydani osvédceni k V}'/konu e zdravotnicky pracovnik se specializovanou

zdravotnického povolani bez odborného dohledu, plisobnosti

definuje vzdélavaci akce, za které lze ziskat kreditni —  klinicky technik

ohodnoceni a pocet kredithi), ¢. 424/2004 Sb. —  klinicky inzenyr

(stanovi ¢innosti zdravotnickych pracovnikt a jinych

pracovniktl), nafizeni vlady ¢. 463/2004 Sb. (stanovi P tvorbé zdkona se vychazelo ze zékladni

obory  specializatniho ~ vzd€lavani a  oznaceni filosofie, ze kvalifikace zdravotnického pracovnika

odbornosti zdravotnickych pracovnikil), vyhlaska ¢. u technickych profesi bude vyzadovana, jestlize

39/2005 Sb. (stanovi minimalni pozadavky na technicky pracovnik pfichazi do styku s pacientem,

vzdeldvaci programy ke zpusobilosti k vykonu nebo mizZe svoji ¢innosti bezprostiedné ovlivnit jeho

zdravotnického povolani). V této souvislosti je nutné zdravotni stav.

zduraznit, ze vedle standardni akreditace studijniho
programu, resp. oboru pregradualniho vzdélavani
Akreditaéni komisi MSMT CR museji mit tyto
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2. Definice pojmu zdkona 96/2004 Sb.

Tento zakon upravuje

a) podminky ziskdvani zpusobilosti k vykonu
zdravotnického povolani a k vykonu cinnosti
souvisejicich s poskytovanim zdravotni péce,

b) celozivotni vzdélavani zdravotnickych
pracovniki a vzdélavani jinych odbornych
pracovniku,

¢) podminky uznavani zpusobilosti k vykonu
zdravotnického povolani pro statni piislusniky
Clenskych stath Evropské unie, kteti ziskali
odbornou zpusobilost k vykonu zdravotnického
povolani v jiném &lenském staté nez v Ceské
republice, a podminky uznavani zplsobilosti k
vykonu zdravotnického povolani a cinnosti
souvisejicich s poskytovanim zdravotni péce
pro statni pfislusSniky mimo clenské staty
Evropské unie a pro absolventy akreditovanych
zdravotnickych studijnich programi v Ceské
republice v jiném jazyce nez Ceském.

Zakon se nevztahuje na podminky ziskdvani a

uznavani odborné zpusobilosti a specializované

zpusobilosti k vykonu zdravotnického povolani
lékate, zubniho 1ékafe a farmaceuta, které stanovi
zvlastni pravni piedpis.

Pro ucely tohoto zakona se rozumi

a) zdravotnickym povolianim souhrn ¢innosti pfi
poskytovani zdravotni péce podle tohoto
zakona,

b) zdravotnickym pracovnikem fyzicka osoba,
kterd vykonava zdravotnické povolani podle
tohoto zakona,

¢) jinym odbornym pracovnikem fyzicka osoba
provadéjici ¢innosti, které nejsou poskytovanim
zdravotni péce, ale s poskytovanim této péce
pfimo souviseji,

d) akreditovanym magisterskym nebo
bakalafskym studijnim oborem studijni obor
v ramci prislusného studijniho programu, ktery
byl akreditovin  Ministerstvem  Skolstvi,
mladeze a télovychovy podle zvlastniho
pravniho piedpisu,

e) akreditovanym zdravotnickym magisterskym
nebo bakalaiskym studijnim oborem studijni
obor podle pismene d), kterému bylo udéleno
souhlasné stanovisko Ministerstva zdravotnictvi
(dale jen "ministerstvo") ke zpisobilosti
absolventll vykonavat zdravotnické povolani
podle zvlastniho pravniho predpisu,

f) absolvovanim stfedni zdravotnické Skoly
ziskani uplného stiedniho odborného vzdélani v
ptislusném oboru, ktery ziskal souhlasné
stanovisko ministerstva,

g) absolvovanim vyssi zdravotnické skoly ziskani
vy$$iho odborného vzdélani v ptislusném oboru,
ktery ziskal souhlasné stanovisko ministerstva,

h) indikaci povéfeni k vykonu ¢innosti na zakladé
pokynu, ordinace, objednavky nebo 1ékaiského
predpisu,
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i) pacientem fyzickd osoba, které se poskytuje
zdravotni péce.

Za vykon povolani bez pfimého vedeni nebo
odborného dohledu (dale jen "vykon povolani bez
odborného dohledu") se povazuje vykon ¢innosti, ke
kterym je zdravotnicky pracovnik zpusobily na
zakladé indikace Iékafe, zubniho lékafe nebo
farmaceuta a které provadi bez ohledu na pfitomnost
nebo dosazitelnost rady a pomoci lékare, zubniho
lékate nebo farmaceuta; tento zdkon a provadéci
pravni ptedpis stanovi ¢innosti, které zdravotnicky
pracovnik muze vykonavat i bez indikace lékate,
zubniho lékafe nebo farmaceuta. Soucasti vykonu
povolani bez odborného dohledu je téz kontrolni
¢innost podle zvlastniho pravniho piedpisu.

Za vykon povolani pod odbornym dohledem
se povazuje vykon Cinnosti, ke kterym je
zdravotnicky  pracovnik nebo jiny odborny
pracovnik zpusobily nebo ke kterym zpusobilost
ziskava, pii dosazitelnosti rady a pomoci
zdravotnického pracovnika zpisobilého k vykonu
téchto ¢innosti bez odborného dohledu a v rozsahu,
ktery tento zdravotnicky pracovnik uréi.

Za vykon povolani pod pfimym vedenim se
povazuje vykon ¢innosti, ke kterym je zdravotnicky
pracovnik nebo jiny odborny pracovnik zpusobily
nebo ke kterym zpiasobilost ziskava, pfi stalé
pfitomnosti a podle pokyni zdravotnického
pracovnika zpusobilého k vykonu téchto Einnosti
bez odborného dohledu a v rozsahu, ktery tento
zdravotnicky pracovnik urci.

3. Ziskavani zpusobilosti
zdravotnického pracovnika

Biomedicinsky technik je zdravotnicky
pracovnik  zptsobily k vykonu zdravotnického
povolani bez odborného dohledu po ziskani odborné
zpusobilosti. Odbornd zpusobilost k vykonu
povolani biomedicinského technika se ziskava
absolvovanim
a) akreditovaného zdravotnického bakalaiského

studijniho oboru pro piipravu biomedicinskych

techniki, nebo
b) akreditovan¢ho bakalaiského studia v oborech
elektrotechnického zamétfeni nebo nejméné

ttiletého studia na vysSich odbornych skolach v

oborech  elektrotechnického  zaméfeni a

akreditovaného kvalifikacniho kurzu

biomedicinska technika.
Za vykon povolani biomedicinského technika se
povazuje ¢innost v ramci diagnostické a 1é¢ebné
péce v oboru biomedicinské techniky ve spolupraci s
biomedicinskym inzenyrem nebo lékarem.
Cinnosti, které mize vykonavat, definuji §3 a §19
vyhlasky 424/2004 Sb. a jsou rozdéleny na ¢innosti:
e které vykonava bez odborného dohledu a bez
indikace,
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e které vykonadvd pod odbornym dohledem
klinického inzenyra nebo klinického technika na
zakladé indikace,

e na kterych se podili pod pfimym vedenim
klinického inzenyra nebo klinického technika.

§4 az §40 definuji ¢innosti jednotlivych profesi, jako

napf. vSeobecna sestra, radiologicky asistent,

biomedicinsky technik, biomedicinsky inZenyr.

Znéni §3:

(1) Zdravotnicky pracovnik uvedeny v § 4 az 20 bez

odborného dohledu a bez indikace v rozsahu své

odborné zpusobilosti

a) poskytuje zdravotni péci v souladu s pravnimi

ptredpisy a standardy,

b) dba na dodrzovani hygienicko-
epidemiologického rezimu v souladu se
zvlastnimi pravnimi ptedpisy,

¢) vede zdravotnickou dokumentaci a dalsi

dokumentaci vyplyvajici ze zvlaStnich pravnich
predpisli, pracuje s informacnim systémem
zdravotnického zafizeni,

d) poskytuje pacientovi informace v souladu se
svou odbornou zpusobilosti, pfipadné pokyny
l1ékare,

e) podili se na praktickém vyucovani ve studijnich
oborech k ziskédni zpusobilosti k vykonu
zdravotnického  povolani  uskute¢hovanych
sttednimi  Skolami a vys§imi odbornymi
Skolami, v akreditovanych zdravotnickych
studijnich programech k ziskani zpusobilosti k
vykonu zdravotnického povolani
uskute¢iovanych vysokymi $kolami v Ceské
republice a ve vzdélavacich programech
akreditovanych kvalifika¢nich kurzi,

f) podili se na pfiprave standardu.
(2) Zdravotnicky pracovnik uvedeny v § 21 az 26 do
doby ziskani specializované zpusobilosti nebo
prokazani vykonu praxe podle zvlastniho pravniho
pfedpisu v rozsahu své odborné zpusobilosti
vykonava cCinnosti uvedené v odstavei 1 pod
odbornym dohledem zdravotnického pracovnika
zpusobilého k vykonu povolani bez odborného
dohledu v piislusném oboru.

(3) Zdravotnicky pracovnik uvedeny v § 27 az 40 po

ziskani odborné zpisobilosti pod odbornym

dohledem zdravotnického pracovnika zptsobilého k

vykonu povolani bez odborného dohledu v rozsahu

své odborné zpusobilosti

a) poskytuje zdravotni péci v souladu s pravnimi
predpisy a standardy,

b) pracuje se zdravotnickou dokumentaci a s
informacnim systémem zdravotnického
zatizeni.

(4) Pokud zdravotnicky pracovnik vykonava ¢innosti

zvlasteé dulezité z hlediska radia¢ni ochrany, musi

splilovat zvlaStni pozadavky stanovené zvlastnim
pravnim predpisem.
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4. Vykon ¢innosti

(1) Biomedicinsky technik vykonava cinnosti
podle § 3 odst. 1 a dale bez odborného dohledu a bez
indikace pracuje se zdravotnickymi pfistroji, pokud
nemuze svoji ¢innosti pfimo ovlivnit zdravotni stav
pacientt. Pfitom zejména
a) kontroluje a opravuje zdravotnické piistroje a
vede jejich vykaznictvi, organizuje a koordinuje
technické sluzby souvisejici s provozem
zdravotnické techniky,
provadi technické instruktaze pracovnikd v
oblasti obsluhy zdravotnickych pfistroji a
bezpecnosti prace,

c) zajistuje prejimani, kontrolu a uloZeni
zdravotnickych prostfedkt a pradla, manipulaci

s nimi, jejich dezinfekci a sterilizaci a jejich

dostatecnou zasobu.

(2) Biomedicinsky technik pod odbornym
dohledem klinického inZenyra nebo klinického
technika se specializovanou zpusobilosti v oboru na
zakladé indikace lékafe a v souladu s diagndzou
stanovenou Iékafem pracuje se zdravotnickymi
pfistroji, pokud mlze svoji ¢innosti pfimo ovlivnit
jejich zdravotni stav. Pfitom zejména

b)

a) kalibruje  kritické  bloky  zdravotnickych
pfistroju,

b) zajistuje technickou asistenci pri
elektrofyziologickych vySettenich,
impulzoterapii srdce a pii  vySetfenich
zobrazovacimi metodami,

c¢) modifikuje  diagnosticky  software  pro
interpretaci elektroencefalogramu,

elektrokardiogramu a dal$i konzultatni a
expertni diagnostické systémy.

(3) Biomedicinsky technik se podili pod
pfimym vedenim klinického inzenyra nebo
klinického technika se specializovanou zptsobilosti
v oboru na

a) vybéru zdravotnickych pfistroji, zejména
hodnoti  jejich vlastnosti ve vztahu k
poskytované zdravotni péci,

b) koncipovani komplet zdravotnickych

technologii,

c) obsluze zdravotnickych piistroji pro mimotélni
obéh,

d) hodnoceni a klinickych
zdravotnickych  pfistroji  podle
pravniho pfedpisu.

(4) Biomedicinsky technik nevykonava ¢innosti
souvisejici s obsluhou téch casti radiologickych
zafizeni, které jsou zdrojem ionizujicitho zafeni, a
¢innosti vyhrazené osobdm se zvlaStni odbornou
zpusobilosti podle zvlastnich pravnich predpist.

Biomedicinsky inZenyr je zdravotnicky
pracovnik  zpusobily k vykonu zdravotnického
povolani bez odborného dohledu po ziskani odborné
a specializované zpusobilosti. Odborna zpusobilost k
vykonu povolani biomedicinského inzenyra se
ziskava absolvovanim

zkouskach
zvlastniho
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a) akreditovaného zdravotnického magisterského
studijniho oboru pro pfipravu biomedicinskych
inzenyru, nebo

b) akreditovaného magisterského studijniho oboru
elektrotechnického zaméfeni a akreditovaného
kvalifika¢niho kurzu biomedicinské
inzenyrstvi.

Cinnosti, které miize vykonavat, jsou definovany
v §3 a v §25 vyhlasky ¢&. 424/2004 Sb., a jsou
rozdéleny na ¢innosti:

1. které vykonava bez indikace,

2. které vykonava na zéklad¢ indikace.

(1) Biomedicinsky inzenyr vykonava cinnosti
podle § 3 odst. 2 a dale pod odbornym dohledem
klinického inzenyra se specializovanou zpusobilosti
v oboru a bez indikace 1ékafe v souladu s diagn6ézou
stanovenou lékafem pracuje se zdravotnickymi
pfistroji, pokud svoji ¢innosti nemiize ptimo ovlivnit
zdravotni stav pacientl. Pfitom zejména
a) zabezpeCuje udrzbu, technicky stav, opravy

aservis  zdravotnickych  pfistroji  podle
zvlastniho pravniho ptedpisu,
b) organizuje a koordinuje externi technické

sluzby souvisejici s provozem zdravotnickych
pfistroju,

c) vybira zdravotnické piistroje z hlediska jejich
vlastnosti ve vztahu k poskytované zdravotni

péci,
d) kalibruje  kritické  bloky zdravotnickych
pfistroj, modifikuje zakladni programové

nastaveni téchto pfistroji podle konkrétnich
potieb pracovisté nebo pacientd,

e) provadi technické instruktaze pracovnikd a v
ptipadé potieby odborny dohled v oblasti
obsluhy zdravotnickych pfistroji a bezpecnosti
prace,

f) podili se na vyvoji a zhotoveni zdravotnickych
pfistroju nebo jejich doplnkd, ptipadné je sam
zhotovuje,

g) podili se na klinickém hodnoceni a klinickych
zkouskach a jejich statistickém hodnoceni podle
zvlastnich pravnich predpist,
vyhodnocuje piipady selhani a nezadouci
ptihody zdravotnickych pfistrojti, véetné jejich
evidence a dokumentace podle zvlastniho
pravniho piedpisu a zajist'uje jejich prevenci.
(2) Biomedicinsky  inzenyr pracuje  pod
odbornym  dohledem klinického inzenyra se
specializovanou zpusobilosti v oboru na zakladé
indikace 1ékafe a v souladu s diagnézou stanovenou
lékafem se zdravotnickymi pfistroji i v téch
ptipadech, kde svoji ¢innosti mlze piimo ovlivnit
zdravotni stav pacientl. Pfitom zejména

a) obsluhuje zdravotnické pfistroje pro mimotélni
obéh krve,

h)

b) zajistuje technickou asistenci pri
elektrofyziologickych vySettenich,
impulzoterapii srdce a pfi  vySetfenich

zobrazovacimi metodami,
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c¢) modifikuje, pfipadn¢ vytvari diagnosticky
software pro interpretaci elektroencefalogramu,

elektrokardiogramu a dal§i konzultaéni a

expertni diagnostické systémy,

d) modifikuje, pfipadné vytvaii
zdravotnické informacni systémy.

(3) Biomedicinsky inzenyr nevykonava ¢innosti
souvisejici s obsluhou téch casti radiologickych
zafizeni, které jsou zdrojem ionizujiciho zafeni, a
¢innosti vyhrazené osobam se zvlastni odbornou
zpusobilosti podle zvlastnich pravnich ptedpist.

Do doby ziskani specializované zpisobilosti
biomedicinsky inZenyr pracuje ve zdravotnickém
zatizeni pod odbornym dohledem pracovnika
zpusobilého k vykonu povolani bez odborného
dohledu, z toho prvnich 6 mésicl pod jeho pfimym
vedenim.

Za vykon povolani biomedicinského inZenyra se
povazuje ¢innost v ramci diagnostické a 1éCebné
péce ve spolupraci s Iékarem.

Zde je nutno zduraznit, Ze u biomedicinského
technika se predpoklada takova pregradudlni
piiprava, ze nckteré Cinnosti muze rovnou po

software pro

absolvovani  vykondvat  bez  dozoru. U
biomedicinského  inzenyra se  piedpoklada
pregradudlni pfiprava podstatné vice teoreticky
zaméfend, takze samostatnou C¢innost muze
vykonavat az po specializacni pfipravé (obdobné
jako lékafi).

Vykonem  povolani jiného odborného

pracovnika se rozumi provadéni Cinnosti, které

pfimo souviseji s poskytovanim zdravotni péce.

Cinnosti, které jsou soudasti vykonu zdravotni pé&e,

vykonava jiny odborny pracovnik pouze pod

odbornym dohledem nebo pifimym vedenim v

rozsahu stanoveném provadécim pravnim predpisem

a jako zaméstnanec zdravotnického zafizeni.

Odborna zpusobilost k vykonu povolani jiného

odborného pracovnika technické profese se ziskava

absolvovanim:

e akreditovaného  magisterského  studijniho
programu uskuteciiovaného vysokou Skolou ve
studijnim oboru elektrotechnického zaméieni,

e akreditovaného bakalarského studijniho
programu uskutec¢iiované¢ho vysokou skolou ve
studijnim oboru elektrotechnického zaméteni,

e vys§i odborné Skoly ve studijnim oboru
elektrotechnického zamérenti,

e stiedni odborné Skoly ve studijnim oboru
elektrotechnického zaméreni.

Jiny odborny pracovnik ziska odbornou zpusobilost

k vykonu zdravotnického povolani absolvovanim

specializacniho vzdélavani nebo akreditovaného

kvalifikaéniho kursu. Cinnosti, které miZe
vykonavat jiny odborny pracovnik, jsou definovany

v §41 a v §46 vyhlasky ¢. 424/2004 Sb.
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5. Ziskavani specializované zpusobilosti

Cinnosti  klinického technika se specia-
lizovanou zpisobilosti jsou definovany v §102
vyhlasky ¢. 424/2004 Sb.:

(1) Klinicky technik uvedeny v § 103 az 108 po
ziskani  specializované zptsobilosti  vykonava
¢innosti podle § 19 a ve spolupraci s klinickym
inzenyrem organizuje a metodicky fidi Cinnost
zdravotnickych i jinych odbornych pracovniki v
oboru své specializace pfi poskytovani diagnostické
a lécebné péce pii pouziti zdravotnickych pfistroju.
Pfitom zejména bez odborného dohledu a bez
indikace
a) instruuje ¢leny tymu v oblasti své specializace,
b) hodnoti kvalitu  poskytované péce, tj.

provadénych Cinnosti, prostiedi i dokumentace,
c¢) podili se na vyzkumu, zejména identifikuje

¢innosti vyzadujici zménu v postupu, provadi
vyzkum zaméfeny na odhaleni pfi¢in nedostatkt

v poskytované péci, vytvaii podminky pro

aplikaci vysledkd vyzkumu do klinické praxe na

vlastnim pracovisti i v ramci oboru,

d) zavadi nové metody do bézného provozu,

e) spolupracuje na technickych otazkach pfi
ziskavani (akvizici) klinickych informacnich
systému,

f) podili se na tvorbé preventivnich opatieni
vychazejicich z vyhodnocovani ptipadd selhani
zdravotnickych pfistrojd,

g) pripravuje standardy specializovanych postupt
v rozsahu své zpusobilosti,

h) vede specializacni vzdélavani v oboru své
specializace.

(2) Klinicky  technik nevykonava cinnosti
souvisejici s obsluhou téch casti radiologickych
zafizeni, které jsou zdrojem ionizujiciho zafeni, a
¢innosti vyhrazené osobam se zvlastni odbornou
zpusobilosti podle zvlastnich pravnich predpist.

§ 103 az 108 rozlisuji nasledujici kategorie
klinickych technikii: klinicky technik pro analyzu a
zpracovani  biosignalt, klinicky technik pro
diagnostické zdravotnické pfistroje, klinicky technik
pro laboratorni zdravotnické pfistroje, klinicky
technik pro diagnostické zobrazovaci zdravotnické
ptistroje, klinicky technik pro terapeutické
zdravotnické pristroje, klinicky technik-perfuziolog.

Cinnosti  klinického inZenyra se specia-
lizovanou zpisobilosti jsou definovany v §132:

(1) Klinicky inzenyr uvedeny v § 133 az 138 po
ziskani specializované zputsobilosti bez odborného
dohledu vykonava cCinnosti podle § 35 v oboru své
specializace a organizuje, metodicky fidi a dohlizi v
oboru své specializace na ¢innost zdravotnickych i
jinych odbornych pracovnikli pii poskytovani
diagnostické a lééebné péfe s  vyuzitim
zdravotnickych pfistrojii. Pfitom vykonava ¢innosti
podle § 102 a dale zejména
a) identifikuje Cinnosti vyzadujici zménu v

postupu, provadi vyzkum zaméteny na odhaleni
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pricin nedostatkd v oboru specializace, provadi

vyzkum, vyvoj a zhotoveni zdravotnickych

pfistroju nebo jejich dopliku,

b) vytvaii podminky pro aplikaci vysledka
vyzkumu do klinické praxe na vlastnim
pracovisti i v ramci oboru, podili se na
klinickém hodnoceni a klinickych zkouskach
podle zvlastniho pravniho piedpisu'?,

c) vede specializaéni vzdélavani v oboru své
specializace,

d) vypracovava  standardy specializovanych
postuptl v rozsahu své zpusobilosti.

(2) Klinicky  inzenyr nevykonava cinnosti
souvisejici s obsluhou téch casti radiologickych
zatizeni, které jsou zdrojem ionizujiciho zafeni, a
¢innosti vyhrazené osobam se zvlastni odbornou
zpusobilosti podle zvlastnich pravnich ptredpist.

§ 133 az 138 rozliSuji nasledujici kategorie
klinickych inzenyra: klinicky inZenyr pro analyzu a
zpracovani  biosignal, klinicky inZenyr pro
diagnostické zdravotnické pfistroje, klinicky inzenyr
pro laboratorni zdravotnické pfistroje, klinicky
inzenyr pro diagnostické zobrazovaci zdravotnické
pristroje, klinicky inZenyr pro terapeutické
zdravotnické piistroje, klinicky inzenyr -perfuziolog.

Specialista v organizaci a Fizeni zdravotnictvi
po ziskdni specializované  zpisobilosti  bez
odborného dohledu vykonava ¢innosti koncepéniho
charakteru souvisejici s fizenim a organizaci
zdravotni péce. Pfitom se zejména podili na
a) tvorbé¢ cill, strategie a politiky organizace, na

fizeni a organizaci zdravotnického zafizeni,

b) fteseni systémovych otdzek poskytovani
zdravotni péce, tvorbé a realizaci zdravotni
politiky a ndvaznosti zdravotni a socialni péce,

¢) tvorbé a aplikaci koncepce svého oboru v praxi,

d) analyze a interpretaci statistickych udaja
tykajicich se poskytovani zdravotni péce a
zdravotniho stavu obyvatel a planuje budouci
pottebu zdravotnickych sluzeb,

e) =zavadéni systému hodnoceni kvality a
bezpe€nosti  zdravotni pée a  jejiho
kontinualniho zvySovani,

f) personalni Ccinnosti a organizaci dalSiho

vzdé¢lavani,

g) zajiStovani plnéni pravnich predpisi a
standardu tykajicich se ¢innosti zdravotnickych
zafizeni.

6. Pozadavky na studijni programy

Minimalni pozadavky na studijni programy

k ziskani odborné zpusobilosti k vykonu

nelékarského zdravotnického povolani stanovi

vyhlaska ¢. 39/2005 Sb., ktera byla vytvofena MZ

CR vdohodé sMSMT CR. Tato vyhlagka

zapracovava  prislusné  predpisy  Evropskych

spoleCenstvi a upravuje minimalni pozadavky na
studijni programy, jejichz studiem se ziskava
odbornd  zpisobilost k vykonu nelékarského
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zdravotnického povolani. Tyto minimalni pozadavky
jsou seznamem teoretickych a praktickych oblasti
nezbytnych pro vykon regulované ¢innosti.

Odborna zpusobilost k vykonu nelékaiského
zdravotnického povolani se ziskava absolvovanim
akreditovaného studijniho programu, akreditovaného
vzdélavaciho programu, vzdelavaciho programu
kursu nebo specializaéniho programu. Vedle
teoretické a praktické vyuky v pfislusném oboru
museji byt vyu€ovany predméty, ve kterych studenti
ziskaji znalosti a dovednosti v etice zdravotnického
povolani v oboru, v administrativnich ¢innostech ve
zdravotnictvi, v organizaci a fizeni zdravotni péce,
v zakladech podpory a ochrany vefejného zdravi,
vprvni pomoci a zajiStovani zdravotni péce
v mimofadnych a krizovych situacich, v pravnich
souvislostech poskytovani zdravotni péce.

§19 podrobné definuje pozadavky na studium
Vv programu vedoucim k ziskani odborné
zpusobilosti k vykonu povolani biomedicinského
technika. Teoretickd vyuka poskytuje znalosti
lékaiskych zakladt, v technickych oborech a
souvisejicich oborech (management zdravotnické
techniky, technické pravni predpisy). Nedilnou
soucasti vyuky je praktické vyucovani, vcetné
odborné praxe ve zdravotnickych zafizenich.

§26 podrobné definuje pozadavky na studium
Vv programu vedoucim k ziskani odborné
zpusobilosti k vykonu povolani biomedicinského
inZenyra. Teoretickd vyuka poskytuje znalosti
lékarskych zakladt, v technickych oborech a
souvisejicich oborech (management zdravotnické
techniky, technické pravni predpisy). Tato vyuka
predpokladd piredchozi elektrotechnické vzdélani,
tedy znalost matematiky, fyziky, teoretické
elektrotechniky, elektroniky, elektrického méfeni,
teorie elektromagnetického pole a programovani.
Nedilnou soucasti vyuky je praktické vyucovani,
vcetné odborné praxe ve zdravotnickych zafizenich.

7. Zavér

Schvaleni zakona 96/2004 Sb.a vSech
navazujicich vyhlasek a nafizeni vlady ma celou
fadu disledkt jednak pro pregradudlni studium, tak i
pro postgradualni a celozivotni vzdélavani.
Biomedicin§ti technici a inzenyfi, ktefi budou
pracovat v rezortu zdravotnictvi, budou zaclenéni do
podobného  syst¢ému  dalsiho  vzd€lavani a
doskolovani pro ziskani specializované zptisobilosti,
v jakém jsou dnes Skoleni 1ékafi.

Pfi tvorbé ucebnich planti v pregradudlnim
vzdélavani je nutné fidit se pozadavky jak
Ministerstva kolstvi, mladeze a télovychovy CR,
tak 1 pozadavky vyplyvajicimi ze zakona 96/2004
Sb. a zejména vyhlasky ¢. 39/2005 Sb., ktera stanovi
minimalni poZadavky na vzdélavaci programy ke
zpusobilosti k vykonu zdravotnického povolani.
Kursy v postgradualnim a celozivotnim vzdélavani
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se fidi jiz pouze zakonem 96/2004 Sb. a pfislusnymi
vyhlaskami MZ CR.

Podékovani

Autofi se podileli na piipravé nékterych vyse
uvedenych pravnich dokumentt. Tato prace shrnuje
zkuSenosti ziskané pii vyuce a vyzkumu v oblasti
biomedicinského inzenyrstvi. Prace L. Lhotské je
podporovana vyzkumnym zamérem ¢. MSM
68407712 “Transdisciplindrni vyzkum v oblasti
biomedicinského inzenyrstvi I117.
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Summary The aim of the paper is to inform about European activities focused on harmonization of education in the field of
biomedical engineering. The main activity is realization of the BIOMEDEA project (Biomedical Engineering Preparing for the
European Higher Education Area), whose task is to help universities prepare and possibly modify educational programs in
biomedical engieering in such a way that they correspond not only to present, but also to future requirements of practice. The
ultimate goal is establishing Europe-wide consensus on guidelines for the harmonisation of high quality biomedical engineering

programmes, their accreditation and certification.

Abstrakt Cilem pfispévku je seznamit s evropskymi aktivitami sméfujicimi k harmonizaci vzdélavani v oblasti biomedicinského
inzenyrstvi. Hlavni aktivitou je realizace projektu BIOMEDEA (Biomedical Engineering Preparing for the European Higher
Education Area), ktery ma za tikol pomoci univerzitam pfipravit a ptipadné modifikovat vzdélavaci programy v biomedicinském
inzenyrstvi tak, aby odpovidaly nejen dne$nim, ale i budoucim potfebdm praxe. Kone¢nym cilem je dosazeni celoevropského
konsensu na doporu€enich pro harmonizaci vysoce kvalitnich programti biomedicinského inzenyrstvi, jejich akreditaci a

certifikaci.

1. Uvod

Cilem projektu BIOMEDEA  (Biomedical
Engineering Preparing for the European Higher
Education Area), iniciovanym profesorem Joachimem
Nagelem a EAMBES (European Alliance for Medical
and Biological Engineering and Sciences), je
harmonizace vzdélavani v oblasti biomedicinského
inzenyrstvi (BMI) v Evropé€. Ma pomoci univerzitdim
ptipravit a pfipadné modifikovat vzdélavaci programy
v biomedicinském inzenyrstvi tak, aby odpovidaly
nejen dnes$nim, ale i budoucim potiebam praxe.

Moderni zdravotni péce zavisi na pruznych
multidisciplinarnich  tymech, ve kterych hraji
biomedicinsti inzenyfi dilezitou roli. Ale na rozdil od
tradi¢nich akademickych disciplin, kde se shodny
nazor o nezbytném obsahu vysokoskolskych
vzdélavacich programii a pozadované kvalifikaci
pracovniki mohl vytvaret po nekolik desetileti, nemél
obor biomedicinského inzenyrstvi jako mladd a
bouflivé se rozvijejici disciplina dosud takovou
moznost. Boloniska deklarace odstartovala iniciativu
biomedicinské komunity, jejimz zamérem je uvést do
zivota  ,European  Higher  Education  Area“
prostiednictvim harmonizace vzdélavacich programi.
Pritom jsou také specifikovany minimalni kvalifikacni
pozadavky a definovana kritéria pro efektivni fizeni
kvality pregradualniho i celozivotniho vzdélavani.

Cilem projektu je podporovat tuto iniciativu
prostiednictvim organizovani semindii pro vSechny
partnery  zabyvajici se vzd€lavanim v oblasti
biomedicinského  inZzenyrstvi. Zamérem  téchto
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pracovnich seminafi je vytvofit navrh a nasledné dojit
ke shodé na evropskych doporuéenich pro harmonizaci
vysoce kvalitnich vzdélavacich programl v oblasti
biomedicinského inzenyrstvi, jejich akreditaci a pro
certifikaci, pro kontinudlni vzdé€lavani pracovnika
pracujicich v systémech zdravotni péce. Dodrzovani
téchto doporuceni zajisti mobilitu ve vzdélavani a
zamegstnani a také potfebnou bezpecnost pro pacienty.
Cilovymi skupinami pro rozsifovani vysledki projektu
budou evropské univerzity, akreditatni komise,
poskytovatelé zdravotni péce, studenti, ENQA (the
European Association for Quality Assurance in Higher
Education) a také politici.

Vramci IFMBE (International Federation for
Medical and Biological Engineering) byl vytvofen ad
hoc vybor pro evropské aktivity. Ten se ujal tkolu
vytvofit kritéria pro Cisté a interdisciplinarni programy
biomedicinského inZenyrstvi v novém evropském
ramci  harmonizovanych vzdélavacich programu
vjednom a dvou cyklech. Aby bylo mozné uznat
akreditaci na mezinarodni urovni, vychazi z
ambicioznich, ale Siroce akceptovanych kritérii.
Vytvotena doporuceni IFMBE poskytuje svym
evropskym  ¢lenskym  narodnim  spoleénostem,
evropskym univerzitim a dal§im vzdélavacim
institucim, které nabizeji programy BMI. Tato
doporuceni predstavuji jednotny navod pro uvedeni
ucebnich plant do souladu s potfebnou mezinarodni
harmonizaci vys$siho vzdélavani, pro zajisténi a dalsi
zkvalitnéni evropského vzdélavani v BMI, pro
moznost srovnani evropské kvalifikace a stupné
vzdélani v BMI. Maji také prispét k mobilité ve
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vzdélavani, praktické vyuce a zaméstnani. Zadmérem
téchto doporuceni je pfispét k harmonizaci vzdélavani
v BMI v Evropé, a tak umoznit srovnani rozlicnych
existujicich programl. Déle zamétuji pozornost
instituci vy$siho vzdélavani a vladnich vzde€lavacich
autorit na podstatny obsah vzdélavani BMI a tak
podporuji evropskou konkurenceschopnost v této
dynamické discipliné.

2. Potieba kvalifikovanych odborniki

V nékolika uplynulych desetiletich se medicina a
zdravotni péce vyvinuly do vysoce specializovaného
technologického odvétvi. Nabizi nezmérné moznosti
pro prevenci, diagnostiku a 1écbu nemoci. Tento vyvoj
je umoznén diky prilomu v genetice a molekularni
biologii, podporovaném novymi inZenyrskymi
realizacemi tfidimenzionalniho (lekatského)
zobrazovani s vysokym  rozliSenim, novymi
(bio)materidly a biomechanikou, minimaln¢ invazivni
chirurgii svyuzitim robotd, umélymi organy,
automatizaci laboratornitho vyzkumu, bioinformatice,
informac¢nich a komunikacnich technologiich a mnoha
dalsich  biomedicinskych inZenyrskych inovaci.
Moderni zdravotni péce jiz neni doménou samotnych
lékatt. Zavisi na vSestrannych multidisciplinarnich
tymech, ve kterych biomedicin$ti inZenyfi hraji
dilezitou roli.

Medicinské a biologické inzenyrstvi a védy
(Medical and Biological Engineering and Sciences -
MBES) jsou také hlavnim zdrojem primyslové
diverzifikace s velkym potencialem byt katalyzatorem,
zesilujicim vytvareni novych pramyslovych smért a
vznik mnoha novych firem, které se v celé Evropé
vyvijeji relativné pomalu.

ProtoZe pokracujici vyvoj technologickych aspektii
lékatské praxe je vice méné dan, potfebuji nemocnice
vice specializovaného personalu, tj. klinickych
inzenyrd pro celou fadu cinnosti, napf. pro vybér
velkych zatizeni (napf. 1ékaiské zobrazovaci systémy),
pro zacviceni klinického persondlu pracujiciho
s informacénimi a dalSimi pocitacovymi systémy (napf.
na jednotce intenzivni péce, pii klasifikaci 1ékatskych
zdznami) a dalSimi slozitymi technologickymi
zatizenimi, pro Fizeni slozitych systémi a udrzbu.

Jako dusledek vyvoje v prumyslu a systémech
zdravotni péce rapidn€ vzristd potieba takovych
vzdélavacich systému, které budou poskytovat
potiebné lidské zdroje a zajisti kvalitu vzdélavani a
zaSkoleni na takové Urovni, ktera splni pozadavky
zaméstnavateld, vCetné narokti na bezpecnost pacienta
v procesu poskytovani zdravotni péce. Je nutné
vytvorit zékladni rdmec pro akreditaci programu
MBES, certifikaci biomedicinskych/klinickych
inzenyri a pokracujici vzdé€lavani (celozivotni
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vzdélavani) jako tfi dulezitych aspektd zajisténi
kvality. Zatimco na jedné strané existuji prisné
predpisy pro lékarské fyziky pracujici
v radiologickych oddélenich, na druhé strané¢ ve
veétsiné zemi kazdy, kdo se prohlasi za klinického
inzenyra, muze pracovat ve stejné bezpecnostné
citlivém prostiedi bez jakékoliv nutnosti prokazat
jakoukoliv specifickou kvalifikaci.

Evropska  harmonizace  programti  vys§iho
vzdélavani, prerekvizita mobility studentll a uciteld, je
dalezitym politickym cilem EU. Protoze MBES je
mlada disciplina, kterd se rozviji tak rychle, ze dnes
neni zadna evropska univerzita schopna sama pokryt
vSechny oblasti MBES, je pro studenty dulezité, aby si
mohli vybrat specializaci v MBES podle svého vybéru
bez ohledu na to, odkud pfichazeji.

Na rozdil od tradi¢nich akademickych disciplin,
kde se béhem mnoha desetileti doslo ke shod¢ o
nutném obsahu programl vysSiho vzdélavani a
pozadované kvalifikaci profesionali, MBES jako
rychle se rozvijejici disciplina dosud tuto moznost
neméla. V soucasnosti vice nez 200 univerzit,
polytechnik, akademii a dalSich instituci v Evropé
nabizi vzd€lavaci programy v MBES na vSech
akademickych urovnich. Ty jsou ale na mezinarodni
urovni velmi malo koordinovany z hlediska obsahu a
pozadovanych vystupnich kvalifikaci. Az donedavna
nebyla k dispozici uplnd informace o tom, které
instituce nabizeji tyto programy a jaké programy to
jsou. Proto neni piekvapenim, Ze boloniska iniciativa
nastartovala aktivity v ramci komunity MBES, které

podporuji evropskou oblast vyssiho vzdélavani
voboru i tim, ze prozkoumavaji problematiku
harmonizace vzdé€lavacich programt, specifikuji

pritom pozadované minimalni kvalifikace a vytvareji
kritéria pro efektivni fizeni kvality.

3. Projekt BIOMEDEA

Aktivity IFMBE, jejich evropskych clenskych
spolecnosti a velkého poctu evropskych univerzit,
které se zabyvaji oblasti MBES, k nimz se pfipojila
aliance EAMBES, zacaly vroce 1999. V roce 2003
byla zalozena aliance evropskych narodnich a
transnarodnich spole¢nosti z iniciativy IFMBE. Ta se
angazuje v projektech, jejichz cilem je vytvoreni
vyCerpavajici studie stavu vzdélavani a vyzkumu
v MBES v Evropé, mapujici komunitu MBES,
vyvijejici doporuéeni pro harmonizované vzdélavani a
Skoleni v MBES, a vytvarejici kritéria pro akreditaci
programi MBES v Evropé.

BIOMEDEA s podporou  vsech experttl,
spolecnosti a instituci, kter¢é byly hnaci silou
dosavadnich aktivit, ma za cil sjednotit a koordinovat
tato pfipravna usili, vyuzivajici dostupné synergie pro
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ptineseni riznych iniciativ k tspésnému vystupu, tudiz
pfipravit vytvofeni evropského prostoru vyssiho
vzdélavani v oblasti 1ékafského a biologického
inzenyrstvi a veéd tak, aby zvysledku profitovaly
univerzity, studenti a vneposledni ftadé cela
spole¢nost.

Cilem projektu je pfipravit a v mezich moznosti
prostfednictvim partnerd vytvofit evropsky prostor
vys$siho vzdélavani se zlepSenym zajisténim kvality, tj.
akreditace vzdélavacich programi a certifikace
klinickych inzenyrt, tudiz zajistujici transnarodni
mobilitu  ve vzdélavani, Skoleni (kursech) a
zaméstnani. Zajisténi kvality vzdélavani a skoleni
v MBES je také pfimo spojené s otazkami kvality
zdravotni péce. Zaméstnavateli je tak poskytnuta jista
zéaruka, ze zaméstnanec ma potiebné vzdélani, skoleni,
zéacvik a odpovidajici zkuSenost. Podobné i uzivateli
sluzby, tedy pacientovi, je tak poskytnuta jista zaruka,
ze ti, ktefi poskytuji sluzbu, pracuji efektivné a jsou
kompetentni.

Cilem projektu BIOMEDEA je dosaZeni
celoevropského konsensu na doporucenich pro
harmonizaci vysoce kvalitnich programtt MBES, jejich
akreditaci a pro certifikaci ¢i dokonce registraci a
pokracujici  vzdélavani profesionald  pracujicich
v systémech  zdravotni  péCe,  prostiednictvim
organizace tii seminaif, na kterych budou takova
doporuceni vytvafena a nakonec schvalena po peclivé
ptipravé, vychazejici ze vstupl vsech relevantnich
partner. Dodrzovani téchto doporuceni zajisti
mobilitu  ve vzdélavani a zaméstnavani, lepsi
konkurenceschopnost v evropském biomedicinském
primyslu, stejn¢ jako potfebnou bezpecnost pacientt,
a tudiz pfispeje ke zdravi a dobrému stavu obyvatel
Evropy. Cilovymi skupinami pro diseminaci vysledkl
budou evropské univerzity, tvurci politickych
rozhodnuti, ENQA, akreditacni organy, studenti a
poskytovatelé zdravotni péce.

Transnarodni mobilita ve vzd€lavani, Skoleni,
zacvik a zaméstnani je nezbytnym cilem Evropské
unie. Takové mobility je vSak tézké dosahnout,
protoze existuji rizné narodni praktiky ve vzdélavani,
Skoleni (kursech) a zaméstnani a uznavani vystupl a
akreditace.

Pro zvyseni vyhod akreditace biomedicinskych
inzenyri je zakladni, Ze jsou nastaveny struktury
umoziujici komparabilitu, kompatibilitu a vzajemné
uznavani stupnd vzdélani v BMI. Museji byt
vytvorena schémata pro narodni hodnoceni kvality a
akreditace tam, kde dosud neexistuji, a museji byt
harmonizovana, tj. museji splnit takova kritéria, ktera
vytvoii evropskd komunita BMI na nadnarodnim
zakladé a ktera budou vSemi odsouhlasena.

I kdyz je akreditace v BMI extrémné dulezita a
pfimo se vztahuje k otdzkam kvality zdravotni péce, je
definovani  mezinarodn¢  pfijatelnych  kritérii,
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minimalnich pozadavki a kompetenci znaéné¢
naro¢nym tkolem. Obtize vyplyvaji z velké diverzity
Castecné nekompatibilnich vzdélavacich systéma, ale
také zvyjimeCnosti mladé, vysoce dynamické
discipliny biomedicinského inzenyrstvi, kterd nabizi
celé spektrum riznych kvalifikaci a sméru,
vztahujicich se k riznym inzenyrskym specializacim, a
ktera jako cast takzvanych véd o zivé pfirodé zasahuje
daleko do sousednich oborl, jako jsou medicina,
biologie a biochemie. K problému se jest¢ pridava
fakt, ze existuje mnoha zavedenych akademickych
programt v ramci klasickych inzenyrskych disciplin
nabizejicich specializaci v BMI na riznych trovnich
kvalifikace nebo kompetence.

Harmonizovana evropska akreditace umozni
diverzitu programl biomedicinského inZenyrstvi a
zajisti kvalitu a transparentnost vzdélavani. Akreditace
zaloZzena na obecné piijimanych kritériich zajisti
dodrzeni vytvofenych minimalnich pozadavkd vsemi
programy bez ohledu na vzdélavaci systém a
organizaci instituce vyssiho vzdélavani. Akreditace
podpofi rozvoj a neustalé zlepSovani vzdélavani
v biomedicinském inZenyrstvi.

Cilem harmonizované evropské akreditace je
garantovat vzdelavaci standardy, které zajisti
ekvivalenci vyuCovani a uceni se, pfi¢emz ale zaroven
se uchovaji specialni profily jednotlivych instituci.
Proto museji byt akreditacni kritéria dostatecné
specificka, aby garantovala minimalni pozadavky na
kompetence, ale museji poskytnout potiebnou
flexibilitu, aby se zachoval rozliSujici charakter
individualnich programu.

4. Cile a koncepty doporuc¢eni IFMBE

Tato doporuceni specifikuji kritéria pro akreditaci,
véetné kvalifikacnich programi, stupni vzdeélani,
minimalnich pozadavkt zhlediska kompetenci,
organizacnich pozadavkd, akademickych pracovnikl a
kvality vyuky, administrativy, zdroji a vybaveni, a
dopady téchto kritérii na akredita¢ni proces, zvlasté na
zaClenéné evaluacni procedury. Doporuceni byla
vytvofena ad-hoc vyborem IFMBE pro evropské
aktivity ve spoluprdci s evropskymi univerzitami,
polytechnikami a zéstupci biomedicinského prumyslu
a poskytovatell zdravotni péce.

Principy evaluace programit BMI obsahuji
specificky poZzadavek, a sice ze ¢lenové auditorského
tymu jsou jmenovani po konzultaci se spole¢nostmi
BMI, aby se zajistilo, Ze osoby zodpovédné za
akreditaci jsou seznameny s kritérii a principy, jsou
presvédéeny o opodstatnénosti, a jsou schopny vzit
v tvahu vSechny specifické aspekty vzdélavani v BMI.

Kritéria se pouzivaji na Cisté programy BMI a na
vSechny interdisciplinarni programy, ve kterych je
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podil komponent BMI v uéebnich planech vétsi nebo

pfinegjmensim stejné velky jako podil ostatnich

disciplin v planech. IFMBE doporucuje, aby jadro

BMI ve vsech programech bylo modelovano v souladu

s témito kritérii.

Prezentovana kritéria maji pfimy vztah ke studiu
v jednom a dvou cyklech, formulovanych v Boloiiské
deklaraci, zejména bakaldiské a magisterské
programy, ale lze je pouzit i pro vétSinu ,,dlouhych
programu‘ (pétiletych).

Kritéria by méla byt definovana tak, aby vytvoftila
zéklad pro jednotnou akreditaci v celé Evropé. Na
druhé strané by mély byt zachovany specifické profily
programii na jednotlivych univerzitach. Proto
doporucena kritéria obsahuji mandatorni a volitelné
kompetence.  Specifikovany  objem  volitelnych
kompetenci je mandatorni. S adekvatnim
zdivodnénim mohou byt nahrazeny vybrané
kompetence ekvivalentnimi kvalifikacnimi elementy.

Tato doporuceni jsou v podstaté omezena na ty
otazky, které jsou specificky spojené s BMI. Obecné
otazky, které jsou stejné¢ relevantni pro vSechny
programy ve veédach, inzenyrstvi a technologii, jsou
zahrnuty jen do t¢ miry, do jaké maji specidlni
dalezitost pro BMI.

IFMBE oslovuje svymi doporuc¢enimi:

e vSechny vladni autority zodpovédné za vyssi

vzdélavani a akreditace, na evropské i narodni

arovni;

akreditacni komise vSech evropskych zemi;

Evropskou sit pro zajisténi kvality (ENQA);

asociaci evropskych univerzit;

konfederace evropskych rektorskych konferenci;

e vSechny evropské clenské spolecnosti IFMBE a
jeji divize;

e vSechny profesni a odborné spolecnosti zabyvajici
se oblasti BMI a klinického inzenyrstvi;

e FEuropean Federation of National Engineering
Associations (FEANI);

e primysl, nemocnice a systémy zdravotni péce,
které jsou zodpovédné za zaméstnavani
biomedicinskych inzenyra.

Doporuceni jsou aplikovana na tfi rizné typy
programii:

e Typ 1: Programy BMI s obecnym modulem BMI
pfinejmensim 65% a integrovanou mensi Casti
s aplika¢né specifickou volbou v BMI.

e Typ 2: Programy BMI s obecnym modulem BMI
pfinejmensim 50% a veétsi Casti s aplikacné
specifickou volbou (ne nutné BMI, takové jako
management  lékaiské  techniky,  klinické
inzenyrstvi, 1ékarska informatika, 1¢karska fyzika,
mikrosystémové technologie, apod.), nebo se
silnou orientaci na jednu z aplikac¢nich voleb v
BMI.

24

e Typ 3: Interdisciplindrni programy s modulem
BMI, ktery je vyvazen sne-BMI specializacemi
(kombinace  jako  kybernetika a  BMI
v biokybernetickém programu, elektrotechnika
nebo strojni inZenyrstvi plus BMI, biofyzika,
apod.).

e Typ 4. BMI je pouze
v magisterském programu.

e Typ 5: Skoleni (kursy, zacvik).

e Typ 6: Kontinudlni vzdélavani
iniciativa celozivotniho vzdélavani)
Typy 4-6 nejsou v tomto piispévku diskutovany.

druhy  pfedmét

(evropska

5. Cile vzdélavani a minimalni poZadavky

Obecnym cilem vzdélavani v oblasti BMI
v programech majicich jeden nebo dva cykly na
neuniverzitnich vysokych Skolach a polytechnikach je
aplikacné orientované studium. Pro univerzitni
programy je obecnym cilem védecky zalozené studium
orientované na teoretické zaklady oboru. Navic museji
studenti ziskat:
e obecné znalosti a navyky (kreativni mysSleni,

schopnosti pro interdisciplinarni praci,
management  technologii, = manazerské a
ekonomické schopnosti, fizeni kvality) a

e socialni znalosti (schopnost tymové prace,

profesionalni etika, kulturni, socialni, ekonomické

a politické dopady technologie).

Bakalaisky program musi poskytnout Siroké
spektrum odbornych znalosti a zdklady potfebné pro
prislusné¢ profese. Absolventi museji byt schopni
pouzivat védecké wvysledky a koncepty feSeni
problému v praktickych aplikacich. Dale by vzdélani
v bakalafském programu mélo absolventim umoznit
Uspé$né pokracovat v magisterském studiu (i na jiné
univerzité, i v jiné zemi).

Magistersky  program, jako navazujici na
bakalarsky, musi vést k ziskani hlubsich odbornych
znalosti. Cilem je, aby absolventi uméli pouzivat
veédecké metody a jejich vysledky byli schopni pouzit
pfi feseni obtiznych a komplexnich problémt BMI jak
v praktickych aplikacich, tak ve vyzkumu.

Podékovani

Prace je podporovana vyzkumnym zamérem C.
MSM 6840770012 “Transdisciplindrni vyzkum v
oblasti biomedicinského inzenyrstvi I1”.
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Summary The new bachelor branch Biomedical technologies combines technical and socio-healthcare study branches into
a new study branch accredited in year 2003 and now proceeding at the Faculty of Electrical Engineering and Computer
Science of the VSB - Technical University of Ostrava. The humanity lessons are taught and guaranteed by the Medico—Social
faculty of the University of Ostrava and the technical lessons by the VSB- Technical University of Ostrava. This paper
presents several aspects concerning both the creation of the biomedical technologies study program as the combination of the
technical and health courses and also the legislative views that introduce new requirements in this process that have to be
respected in the students interests.

Abstrakt Novy bakalatsky studijni obor je akreditovan na VSB — TU Ostrava a na vyuce se rovnym dilem podili také
Zdravotné socialni fakulta Ostravské univerzity. Navrhovany studijni program ma mezioborovy charakter a bude zajistovan
kvalifikovanymi vyucujicimi obou univerzit. Vyuka pfedméti humanitnich, které se na fakult¢ ani technické université
nevyucuji je zajisténa katedrami Zdravotné socialni fakulty Ostravské university. Navrhovany studijni program ma tedy do
zna¢né miry mezioborovy charakter a bude zajistovan kvalifikovanymi vyucujicimi obou univerzit. Tento ¢lanek presentuje
nékolik aspektl, které se zamefuji na vytvoreni studijniho oboru biomedicinské technika jako na kombinaci technickych a
zdravotnickych pozadavkil a soucasné zahrnuje legislativni pohled, ktery vytvaii nové pozadavky na tento proces vzdélavani,
a soucasné je zminén prospéch a respektovani zajmt student.

1. Introduction 2. Conception of study

Biomedical engineering, clinical engineering The bachelor program “Biomedical
and medical informatics represent interdisciplinary technologies” combines both technical courses and
branches which are very progressive and socio-health and medical courses. The classes are
acknowledged and which intervene into many taught at the Faculty of Electrical Engineering and
spheres. The mentioned branches apply various Computer Science and at the Medico—Social Faculty
technical principles and skills in biology and of the University of Ostrava respectively. Thus, the
medicine: from proposals, construction and branch has an inter-disciplinary character and
implementation, to the servicing of medical qualified teachers from both universities have
technology. Up until now, biomedical engineering become involved in its realization.
has been taught at the Department of Measurement The graduates will be specialists in installing,
and Control within the master program as one of its operating, monitoring and innovating medical
majors called, “Measurement and Control in technique and advancements in medical institutions
Biomedicine”. Changes both concerning the overall and may work in a direct contact with patients. They
higher education system in Czech Republic and will be sufficiently educated in anatomy,
resulting from the entry of Czech republic into the physiology, pathology and other health and social
EU influenced the formation of a new type of disciplines. However, they must not work as a nurse.
biomedical study field. They also will be able to assist in selected areas of

The new bachelor study branch “Biomedical medical research and to use related information
technologies” has been proposed and accredited at technology to this purpose.

the Faculty of Electrical Engineering and Computer
Science. From a technical point of view, the branch
is very close to the field of “Measurement and
Control” and that is why the department of
measurement and control guarantee this study
branch. The previous experience gained by the
training of the mentioned master program made a
very good groundwork for administration of the
bachelor program. However, the cooperation of
lecturers from other faculty departments, which are
specialists in particular topics is expected and
required.

3. Conception of interdisciplinary study

The preparation of the bachelor interdisciplinary
program Biomedical Technologies (BMT) began
already in year 2002 along with the transformational
and developmental project of the Ministry of
Education for youth and physical education of the
Czech Rep (CZ). Groundwork for accreditation was
prepared for this project and in year 2003 this branch
was accredited by an accreditation committee of the
Ministry of Education CZ as another study branch of
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the educational program Electrical Engineering,
Telecommunications and Computers. At that time a
law had not yet been passed that had to do with the
existence and influence of non-medical staff in the
public health work force because the government
was waiting for further changes in legislation
resulting from the Czech Republic’s entrance into
the EU. This law was therefore passed a year later as
number 96/2004 of the Statute Book on non-medical
staff in healthcare.

This law defines, for the first time, the term
lifelong learning in healthcare and exchanged
activities, which are perceived as lifelong education.
This law also modified the process of obtaining
certification to work without a supervisor, which
until then supervision was a requirement for this
field of work. Detailed conditions are specified in
the edict 423,424/2004 of the Statue-Book under the
government number of 463/2004 of the Statue-Book,
which applies to the sector of specialized education
and selected employees with specialized professions.
These edicts are part of the administered law
regulation, which defines an altogether new standing
of technical staff in the healthcare system. It has
been shown that because of an increasing amount of
sophisticated health diagnostic, laboratory and
therapeutic machines, there is an increasing need for
qualified technical staff without skilled supervision.
These edicts have a strong impact on branches such
as Biomedical Technologies and Biomedical
Engineering, which are explicitly discussed and
cited in relation with standard professions like
“Biomedical Technician“ or “Biomedical Engineer*
in which the graduates will find employment.

Another edict, number 39/2005 of the Statue-
Book, follows and extends the edict in accordance
with EU edicts and makes minimal alterations to
both theoretical and practical classes which gives the
program professional qualification with which to
operate and create non-medical healthcare
professionals.

The edicts require the following criteria in order
to acquire qualifications as a Biomedical
Technician:

e The obtainment of the Biomedical Technician
title is possible after studying in the accredited
(by Ministry of Healthcare!) bachelor program
in the standard time of a minimum of three
years.

e From this, practical classes must make up at
least 600 semester hours in the case that they
are taken as part of daily study program as
opposed to long distance studies.

e  The program must provide knowledge and skills
according to the edict number 424/2004 of the
Statue-Book that gives the requirements for

healthcare workers and other specialized
workers.
e The program must include basic general

theoretical and practical classes:
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a) The theoretical education must provide the

following knowledge:

— Basic knowledge in anatomy, physiology and
pathology for programs that supply basic
services for the performance of technical health
care.

— In technical programs; knowledge in signal and
image processing (introduction to the theory of
signal processing, analysis and interpretation of
biosignals and biomedical sensors), in
equipment health care instruments (knowledge
in basic electrical circuits, diagnostic,
therapeutic, laboratory and complex healthcare
equipment and visual systems in clinics), in
informatics and cybernetics (basic knowledge in
statistics, support of computer diagnostics,
telemedicine, information systems in health
care, introduction to the theory of simulation
and modeling ), in electro technical subjects
(knowledge in math, physics, theoretical
electrotechnics, electronics, electrical
measurements and programming).

— Technical law and norms that apply to
healthcare, in management of health care
technology and the basics of scientific

methodology in scientific research.

b) The practical classes must provide the following

skills and knowledge:

— In classes that take place in school laboratories
and in healthcare centers.

— A minimum of 50 hours of practical classes
must take place in healthcare workplaces that
use diagnostic healthcare equipment.

— A minimum of 30 hours of practical classes
must take place in healthcare workplaces that
use therapeutic healthcare equipment.

— A minimum of 20 hours of practical classes
must take place in healthcare workplaces that
use laboratory healthcare equipment.

To show how in year 2003 accreditation for the
BMT program corresponds with the required edict
number 39/2005 of the Statue-Book, we will show
some statistic information from this program.

4. Statistical data about BMT

Classes, both theoretical and practical, are
taught by two universities; by the Faculty of
Electrical Engineering and Computer Science at
VSB-TU Ostrava and by the Medico-Socio Faculty
at the University of Ostrava. The faculty of
Electrical Engineering and Computer Science,
makes up 54,3% of total hours and provides
technical and language classes with the exception of
Latin. Among the required classes are Math I and I,
Physics, Optical Electronics, Biophysics, Electrical
Circuits, Signal Analysis, Basic Computer Skills,
Measurement and Processing of Data, Information
Systems in Healthcare, Sensors in Biomedicine,
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Electronic  Instruments  technique, Electronic
Instruments Measurement and Monitoring and
Control Systems. Another class that is required that
belongs to two semester practical classes is the
Healthcare Electronic Equipment class that consists
of basic and specialized healthcare technique,
including its clinical application according to
individual medical fields. The Electrical Engineering
and Computer Science department offers optional
courses in Biocybernetics and Biotelemetry.

The Medico-Socio faculty provides required
classes in healthcare such as First Aid, Basics of
Anatomy, Physiology, Pathology, Psychology,
Chemistry and Biology, Work Hygiene and
Epidemiology, Microbiology and Immunology. Also
included in the required courses are Ethics in
Healthcare, Management and Operations in
Healthcare, Healthcare Law, Marketing in
Healthcare, Public Healthcare, Security, and Latin
and Specialized Terminology. Other required classes
are courses focused on practical therapeutic and
diagnostic technique. In this area are included
classes such as Clinical Propedeutics, Technique in
Diagnostic Sickness in Internal and Surgery Sectors,
Healing Technique in Radiotherapy and Nuclear
Medicine in Healthcare Equipment. Furthermore, the
Medico-Socio faculty offers optional courses such as
Audiometry, Rehabilitation Methods and Technique,
Equipment Technique and Compensation Aids for
the Handicapped, Examining Methods and
Equipment Technique in Optometry, Civilization
Diseases and Physical Body Workload Risks.

A very important part of the program is the
related specialized workplace classes taken place at
healthcare clinics that make up 120 hours, which
over qualifies the norms according to the edict
number 39/2005 of the Statue-Book. In their first
year, students complete 14 daily practical classes in
the area of Technique in Diagnostics of Disease and
in the second year, they complete similar practical
courses in Technique in Theraphy of Disease. Thus
the Socio-Medico department classes of the
University of Ostrava make up 45,7% of the total
program.

Statistics that are more detailed (number of
credits and hours taught) in relation to the healthcare
and technical courses of the BMT program are
shown in the following table, Table 1.

Table 1. Table of skills in subject representation
according year, Hours also in percent

Type of  Electrical Health Others specialized

subject  (Technical) (Humanity) subjects

Year Hours  Lecture/ Hours  Lecture/ Hours  Lecture/
exercises exercises exercises

1 476 252/224 294 168/126 70 42/28

2 448 252/196 196 140/56 56 42/14

3 209 77/132 242 110/132 44 44/0

Total 1133 581/552 732 418/314 170 128/42

Percent 48,8 24/23,8 31,5 18/13,5 72 5,4/1,8

(%]
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Here are 22 (35,5%) electro-technical classes
and 26 (42%) healthcare classes, language classes
are 3 (5%) and the rest of the classes from both
departments are 11 (17,5%). From the semester hour
point of view, technical classes make up 1133 hours
(48,8%) and healthcare classes make up 732 hours
(31,5%). Language classes make up 126 hours
(5,5%) and other classes make up 170 hours (7,2%).
The remaining classes, professional practice at the
clinical workplace, make up 120 hours (7%). This
statistic is calculated from all the classes offered, in
practice the overall number of credits is smaller
because students choose a limited number of
optional credits so that they will complete the
requirement of 180 optional credits during the
program.

The Biomedical Technologies inter-disciplinary
program was commenced in the school year of
2004/2005.  Entrance exams were successfully
accomplished by 48 students, 39 students registered
and 36 students began studying. After the first
semester 32 students continued study; of that, 23
men and 9 women. Only after the 31st of September
will we know how many students will continue
studying the program. Around 59 students are
applying into the first year of the next school year
and there are 45 places open according to the present
capacity of the school including consideration of
realistic capacities of practical classes. In this area
the Faculty Hospital of Ostrava-Poruba is providing
excellent groundwork and support for the program.

5. Profile and enforce of graduate

The graduates will be specialists in installing,
operating, monitoring and innovating medical
technique and advancements in medical institutions
and may work with in direct contact with patients.
They will be sufficiently educated in anatomy,
physiology, pathology and other health and social
disciplines. However, they must not work as a nurse.
They also will be able to assist in selected areas of
medical research and to use related information
technology to this purpose.

Currently, graduates can find employment most
often as assistances in clinical healthcare, in
equipment security and in operating healthcare
equipment. They can also find employment in firms
that work with healthcare equipment and technique,
in healthcare management and administrative
functions such as technical operations, in the
instalment and operation of modern healthcare
documentation and also currently, in developmental
research in healthcare equipment.

In order to obtain a certificate to practice in the
profession without skilled supervision, the Ministry
of Health needs to accredit the program. The
structure and contents of the new bachelor study
field Biomedical Technologies conforms to
legislative requirements and all graduates of these
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biomedical professions are ready to practice in the
profession in accordance with newly accepted
legislative requirements.

(D)
BIOMEDICINSKA TECHNIKA

Fig. 1. Logo of the new bachelor study branch
“Biomedicine technology”.

6. Quality management
FEEC

system on

The Biomedicine Technical program was
established in agreement with the goals of the
Faculty of Electrical Engineering and Computer
Science in terms of quality in operations. The faculty
is a holder of the ISO 9001 certificate, as the 1st
academic institute in Czech Republic. The
administrative system of the faculty is first and
foremost oriented toward the needs of the customer.
Our main customer in this context is not only the
student but also the state and present and future
employers. In the case that programs are of a similar
nature to Biomedical Technologies or Biomedical
Engineering, the legislative activities of the state
clearly declare the interest of the state and also the
interest of a large portion of employers. Here
therefore are also created conditions in the interest
of the student, conditions that will enable the
graduate to find work and lifelong employment and
also further opportunity for education and
specialization in the given field. This program
appeals to new group of students, students that are
interested in both specialized technical fields and
healthcare, which represents a strong motivation
challenge on the side of the student. In the same
area, the challenge is on the side of both faculties: to
prepare and realize a new prospective branch of
study through cooperation so that this new branch
will be realized and become more and more
prospective while using technology in healthcare.

Fig. 2. Logos of Management system used on FEECS

7. Summary and perspective

This new bachelor branch was successfully
accredited in year 2003. The education in this branch
started in the winter semester of the academic year
2004/2005. In the year 2004 the Czech Republic
passed a law, number 96/2004 of the Statute Book,
about non-medical sanitary professions. Detailed
conditions and requirements for obtaining the
certificate for practice of profession without skilled
supervision was subsequently modified in the
regulation number 423/2004 and 39/2005 of the
Statute Book and in the decree number 463/2004 of
the Statute Book. These legislative changes have a
strong impact on Dbranches like biomedical
technology, respectively, biomedical engineering.

Although the instruction of this interdisciplinary
program is new and there do not exist curriculums
and past experiences with graduates in such a
branch, the cooperation between universities is very
close and all evaluations, both from the students and
from the teachers of the first year will lead to
changes and alterations in the curriculum so that the
quality of the branch will continue to grow.

After the completion of the bachelor program,
the graduates have an opportunity to continue their
studies in the master program that is taught at VSB -
Technical University of Ostrava at the Faculty of
Electrical Engineering and Computer Science in the
area of “Measurement and Control of Technology in
Biomedicine”. After the completion of the master
program, a doctoral program is offered in Technical
Cybernetics.
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Anotacia Analyza vysledkov trojro¢nej vyucby predmetu Informaéné systémy v medicine v letnom semestri 4. ro¢nika
$tudijného odboru Biomedicinske inZinierstvo na EFZU podporuje profesionalny nazor pedagdgov v multidisciplinarnom
zlozeni. Didakticky spravne zvolena $truktira obsahovej naplne predmetu umoziuje dynamické interaktivne vstupy novych
vedeckych poznatkov. Prieskum medzi $tudentmi podporuje vyuzitie progresivnych didaktickych foriem a prostriedkov
vyucby, akymi su problémovo postavena (100%) a projektova vyucba (100%) s podporou informacénych a komunika¢nych

technologii (IKT.)

Summary Analysis of results of the three-years teaching of the subject ,,Information systems in medicine* in the summer
semester of the 4™ year of the study branch Biomedical engineering on the Faculty of Electrical Engineering of University of
Zilina supports the professional opinion of teachers from many branches. The didactically correct structure of the subject
content enables dynamic interactive inputs of new scientific knowledge. The monitoring among students supports the use of
progressive didactic forms and ways of teaching such as problem-based (100%) and teaching in projects (100%) with support

of information and communication technologies (ICT).

Uvod

Globalna intenzifikacia zdravotnickych sluzieb
je uzko spojend nielen so zvySovanim narokov na
rozvoj materidlovych, fyzikalnych, informacénych
a komunikacénych technologii, ale oi. aj s narokmi

na zvySenie urovne informacnej gramotnosti
pouzivatelov  zradov  absolventov  verejnych
vysokych ~ 8kdl  technického  a humanitného

zamerania. Uvedené fakty si v neposlednom rade
vyzadujii otvarat netradicné smery Studia aj na
Slovensku. Na rozhrani storo¢i sa otvoril takyto
odbor na Zilinskej univerzite. Je to odbor
biomedicinske inZinierstvo (BMI). Od
akademického roku 2002/2003 autori v idedlnom
zlozeni multidisciplindrneho  pracovného timu
inzinier, lekar, prirodovedec participuji na jeho
curricule vzdelavania vyucbou predmetu
»lnformacné systémy v medicine”, ato v letnom
semestri 4. ro¢. BMI v rozsahu 52 vyucbovych
hodin (26/26).

Urcujucim faktorom obsahovej naplne predmetu
st: aktualizacia pozadovanych IKT v rezorte
zdravotnictva ~a  porovnatelnost s rovnako
zameranymi vyucbovymi bdzami na Slovensku
iv zahrani¢i. Predmet Informaéné systémy v
medicine tvori sucast’ curricula viacerych §tudijnych
odborov v rozlicnych variantoch. Na Strojnickej
fakulte TU v KoSiciach v ramci Studijného programu
biomedicinske inzinierstvo je informatika sucastou
predmetu Biomedicinske inzinierstvo 1. Na Fakulte
elektrotechniky a komunika¢nych technolégii VUT
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vBrne je v2. rofniku magisterského Studia
volitelny ~ odborovy  predmet  Zdravotnicke
informaéné systémy. Zaobera sa aplikaciami
medicinskych informaénych systémov (MIS) v
zdravotnickych ~ zariadeniach s hierarchiou
a Struktirou  MIS/NIS  (analdgia nemocni¢nych
informaénych systémov) a prostriedkami ochrany
dat. Na CVUT v Prahe v 1. roéniku bakalarskeho
Studijného programu Biomedicinska a klinicka
technika je zaradeny predmet Technické prostriedky
pocitacov a pocitacovych sieti a v 2.ro¢niku Internet
a zdravotnicka informatika. Podobne je to i na
Univerzite v Gente. V odbore Biomedical and
Clinical Engineering sa predmety Hospital
Management a Medical Informatics vyuéujua v 2.
ro¢niku magisterského Stadia programu Biomedical
Technology. Na II. Fakulte systémového inZinierstva
Polytechnickej  univerzity v Milane v odbore
Biomedicinske inzinierstvo sa taktiez vyucuji
predmety podobného zamerania. V Aachene avo
Viedni vstcasnosti moézu vramci mobility
a vyuzivania kreditového systému ECTS Studenti
aabsolventi BMI EF ZU vyuzivat prakticku staz
a postgradualne  $tadium. Spoloénym znakom
vyucby predmetov zameranych na Stadium IKT je
taka  didakticka  StruktGra, aby umoznovala
dynamické interaktivne vstupy novych vedeckych
poznatkov.  Obsahovi  napli  diskutovaného
predmetu tvoria tri problémové okruhy:

- Vseobecné charakteristiky Struktury funkcnosti
a nedostatkov v zmysle zdrojov vzniku poriich
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informacnych systéemov v jednotlivych typoch
zdravotnickych zariadeni na Slovensku
a v zahranici, ich porovndvanie a smery vyvoja.
- Zaklady projektovania lokalnych zdravotnickych
informacénych systémov s vyuzitim
databazovych zdrojov a tvorba archivov.
- Varianty nemocni¢nych informacnych systémov

z hladiska ich systémovej homogenity v SR

v porovnani s EU.

ZabezpeCenie vyucby vyzaduje prepracovani
technicki dokumentaciu aj v elektronickej forme.
Vytvéraju sa tym idealne podmienky pre mobilnych
Studentov ako zdroj pre samostudium, ucast’ na
rieSeni a tvorbe teleprojektov a v neposlednom rade
na vyuzivani e-learningovej formy §tadia [1,2]. E-
learningové technoldgie umoznuji nielen ulahcenie
pristupu  Studentov  k Studijnym  pramenom
v ktoromkol'vek ¢ase dia, ale najmd moznost’
individualneho vyberu urovne naroénosti odborného
textu primerane k svojim vedomostiam [1,3,4].

Material a metodika

V priebehu troch akademickych rokov vzrastol
realny pocet Studentov z pdvodnych 8 v akad. r.
2002/2003 na dne$nych 19, a tym sa zvysila aj
naro¢nost na  vyber  didaktickych  foriem
a prostriedkov  vyucby. Zabezpe€enie Studijnych
pramenov v elektronickej podobe umoznilo klasick
prezenéni  vyucbu skombinovat s problémovo
orientovanou a projektovou formou vyucby (tab.1)
[5,6].

Samostatny, tvorivy pristup Studentov k $tudiu
tak podporujii dva druhy semestralnych projektov,
z ktorych jeden je zamerany na elektronicku
prezentaciu odbornej tematiky z oblasti lekarskej
pristrojovej techniky a fyzikalnych metodik.

Na webovej stranke http://bmisk.wz.cz/ su
uverejnené prezentacie Studentov BMI, vytvorené
vramci prace na prvom projekte  (napr.
fonendoskop, magnetickd rezonancia, srdcové
arytmie, biofotonika, gastroenterologia, glaukomova
ambulancia, detské zachranné vozidla, ARO,
kardiostimulator, obrazova diagnostika,
stomatologickd ambulancia, PET, pouzitie titdnu
v medicine, katetrizacia srdca). Druhy, zaverecny

University of Zilina

projekt tvori sucast’ hodnotenia Studenta na sktiske.
Obsahuje konkrétne navrhy topologie lokalnej siete
v ucitel'om zadefinovanych podmienkach
zdravotnickych zariadeni, organizaciu distribtcie dat
a navrh koncepcie nemocni¢ného informac¢ného
systtmu NIS. Uvadzame priklady nametov
spracovanych  rieSitel'skymi  timami:  Navrh
pocitacovej siete pre zdravotnicke zariadenie.
Studenti podrobne rozpracovali jednotlivé kapitoly,
ako napr. nemocni¢ny informacny systém - klinicka
a zdravotnicka starostlivost’, finan¢né a ekonomické
useky, manazment, charakteristika zdravotnickeho
zariadenia, navrh pocitacovej siete - popis lokalnej
siete, vyhody pouzitia servera, topologia lokalnych
sieti, prvky lokalnych sieti — prenosové prostriedky
pre LAN, aktivne prvky, sietova karta, rozdelenie
sieti podla typu, Struktirovana kabelaz, pouzity
hardvér acena, technické vybavenie pocitacov,
technické poziadavky na server, sietovy softvér,
otazky bezpecnosti, metddy ochrany dat - priame
zabezpeCenie pripojenia na internet, vyhody
anedostatky  firewallu, zabezpeCenie servera,
zabezpeCenie pri prihlasovani do siete, ochrana
komunikacnych portov.

Dalsim rieSenym projektom bola Topolégia
siete  vybraného  zdravotnickeho  zariadenia
(poliklinika - Bratislavska, Zilina). Projekt
obsahoval teoretické informacie o pocitacovych
sietach, rozdelenie sieti, analyzu planov nemocnice,
schémy, navrh siete, hardvérové Ccasti, finanénu
analyzu lokalnej siete, navrh zostavy pre jednotlivé
ambulancie, Specifikaciu servera, navrh softvéru pre
jednotlivé poéitace.

Z profesionalneho hladiska nas zaujimalo, aka
je ucinnost Styroch overovanych didaktickych
pristupov  (klasicky, problémovo orientovany,
projektovy, diStancny). Predpokladali sme, Zze
Studenti uprednostnia nové formy vyucby, ktoré sa
pouzivaji uz nickol’ko desatro¢i najmid v USA. Na
overenic naSich predpokladov sme pouzili
anonymny dotaznik s moznostou vol'nych odpovedi.
Dotaznik sme zadali Studentom dvakrat, ato prvy
raz v priebehu semestra a druhykrat po ukonceni
vyucby. Ciel'om bolo ziskat’ spétnu vizbu zistenim,
do akej miery st Studenti pripraveni individudlne si
rozsirovat’ okruh poznatkov vyuzitim didaktickych
foriem diStanéného vzdeldvania aakd vahu

Tab.1 Prehl'ad Gcasti §tudentov BMI na rieSeni semestralnych projektov

Akademicky Pocty Samostatne Spolocne rieSené | Pocet spolurieSitel’ov
rok Studentov rieSené semestralne spolo¢ného projektu
semestralne projekty
projekty
2002/2003 8 4 2 2
2003/2004 7 2 1 5
2004/2005 19 0 3 6
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prisudzujii, vzhladom na ocakdvany rozsah
nadobudnutych vedomosti, odlisnym formam
pristupu kich osvojeniu si. Ako tieto vysledky
koreluju s nasimi odbornymi zamermi v stlade
s aplikaciou postulatov teérie vyucovania v praxi?

Vysledky
Porovnavali sme vysledky ziskané od
respondentov [n = 18], ktorych priemerné

ohodnotenie na skuske v akad. r. 2004/2005 1,44 (B
— velmi dobry) z anonymnej ankety zadanej pocas
semestra (A) a jeho ukoncenia (B).

Vysledky A:

e Distan¢ntl formu vyucby by v budicnosti z
18 studentov podporilo 9. Piati Studenti
naopak by podporili prezenéni formu
vyucby, 4 Studenti boli toho nazoru, ze
jedna i druhé forma je vhodna.

e Pri vyucbe by Studenti privitali viac
informacii zameranych na ich budtcu prax,
viac  uCebnej literatiry  a odbornych
materialov, konkrétnejsie rieSenie
problémov tykajucich sa architektury a
topologie sieti LAN.

e Podporujii nazor venovat menej ¢asu praci
s internetom. Uvitali by preinstalovanie
operatného  systtmu v pocitacoch
laboratoria na fakulte.

Vysledky ankety B (obr.1,2):

e  Prezencna vyucba — Studenti zdoraznovali
jej vyhody spocivajlice v priamej
komunikécii s vyucujucim, okamzita
moznost doplnenia informécii v pripade
neporozumenia prednaSanej latky. Osobny
kontakt s vyucujucim pokladaju za viac
motivujuci. Je mozna operativna moznost
konzultacia k semestralnym projektom.

e DiStanénu formu vyucby  — povazuji
Studenti najcastejSie ako Studium menej
ohrani¢ené sylabami predmetu, ocenuju
moznost samostatnejSicho pristupu k stadiu
a uprednostnenie zaujmovych tém uZz pocas
stdia. EfektivnejSie sa vyuzije volny cas
ajeho planovanie na Stidium. Tato forma
poskytuje vacSiu flexibilitu a raciondlne
vyuzitie ¢asu pri praci na semestralnych

projektoch.
e Spracovanie semestralnych projektov ako
vysledok problémovo postavene;j

projektovej vyucby aich obhajobu v ramci

skasky hodnotili vSetci 18-ti  Studenti
pozitivne. Tému projektu 1 spdsob
spracovania  pokladali za  zaujimavé,

zorientovali sa pri vyhl'adavani odbornych
informacii na internete. Nadobudli nové
zruCnosti nielen na prezentdciu svojich
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vysledkov, ale i z hladiska pripravy na
vypracovanie diplomovych prac.

Porovnatelna

Prezenc¢na

DiStan¢na

Obr.1:  Uprednostnenie jednotlivych foriem Studia

Studentmi (n=18)
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Obr.2: Miera samostatnosti riesSenia semestralnych
projektov v spojitosti s distancnou formou Studia

Zaver

Trojro¢na osobna skusenost’ s pripravou
odbornikov v akomkol'vek odbore vo vyucbe
podpornych predmetov je pomerne kratka doba na
vytvorenie  definitivnych zaverov o vhodnosti
niektorého zuvedenych didaktickych pristupov,
pripadne ich optimalnej kombinacie s cielom
motivovat’ Studentov tak, aby oni sami citili potrebu
ziskat’" ¢o najviac vedomosti, znalosti a zru¢nosti.
Vysledky prieskumu, vysledky skasok inazory
vyucujucich sa jednoznacne zhoduju v tom, ze treba
presadzovat’ progresivne metédy vyucby, akymi su
problémovo  postavena  projektova  vyucba
s podporou IKT. Rozvija tvorivost, samostatnost’
a cielavedomost’ §tudentov schopnych pracovat
v time. To im umozni zorientovat' sa v naroénej
konkurencii na trhu prace s absolventmi inych
vysokych §kol doma i v zahranici.
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Summary The paper deals with an analysis of relationship between heart rate described by a sequence of cardiac interbeat
intervals and mechanical activity of heart represented by a sequence of systolic forces. Both the quantities were determined
from seismocardiograms recorded from healthy subjects under two different experimental conditions. The method of the
linear feedback baroreflex approach originally developed in [1], [2] and [3] was applied for the analysis. Different character
of obtained results in comparison to those described in [1], [2] or [3], is explained by differences between frequency
properties of the recorded sequences of the systolic forces and values of systolic blood pressure.

Abstrakt Clanek popisuje metodu analyzy vztahti mezi veli¢éinami popisujicimi Fizeni srdeéni &innosti (reprezentované
posloupnosti intervaltt mezi jednotlivymi srdeénimi stahy) a mechanickou odezvou srdce charakterizovanou posloupnosti
hodnot systolickych sil generovanych srdcem v jednotlivych srdeCnich cyklech. Obé posloupnosti byly uréeny ze
seismokardiografického signalu zaznamenaného ze zdravych osob za dvou riznych experimentalnich podminek. Pro vypocty
byla pouzita metodika linedrni zpétnovazebni analyzy baroreflexu, piivodné¢ vyvinutd a popsana v [1], [2] a [3]. Odlisny
charakter ziskanych vysledk je vysvétlovan rozdily mezi frekvencnimi vlastnostmi zaznamenanych posloupnosti
systolickych sil a hodnot systolickych tlakti v jednotlivych srde¢nich cyklech.

1. Introduction cardiovascular system (CVS) at local level, and/or in
neural system at global level.

Quality of cardiovascular function and control is In [1], [2] and [3], we designed and described
usually evaluated by means of so called baroreflex an alternative approach for explaining the
sensitivity defined in various ways, but most often as relationship between electrical control of heart
a ratio of Fourier transforms of sequences of RR (represepted by a sequence of RR.intervals) and the
intervals R(o) and systolic blood pressures P(w). If mechqmcal response of the card10vascu1ar. system
it is the case, the baroreflex sensitivity equation is (described by the sequence of the systolic blood

pressure values) by means of linear feedback model

R(0) of the cardiovascular system control (Fig.1). In the

BRS(w) =—— (1) block diagram, the block Fy in direct branch
P(0) represents properties of the cardiovascular system

and the block F, properties of its neural control.
Typical shapes of transfer function modules for
patients with normal findings are shown in Fig. 2,
where the system F transmits the signal components
typically rather at lower frequencies and in turn
maximum of a normal function | Fp(o) | usually lies

It is either evaluated for the whole frequency range
from 0 Hz to about 0.5 Hz, its part, or at the
particular frequency (e.g. 0.1 Hz). The eq. (1)
represents frequency characteristic of a linear open
loop system with information about the blood
pressure at its input and values of RR interval at
output. In fact, the cardiovascular control system

contains complicated feed backs that are realised in Eo il ]
£
Eoz2f 1
z4(t) z5(t) z
S ) ) ) ]
blood 0 0.1 0.2 0.3 0.4 0.5
pressure 80 fiHz]
Fs(®) e}
pit) T 60}
£ 40
S
=20}
£ . . . ;
Fy{e) % 01 0.2 0.3 0.4 0.5
flHz]
Fig.1. Block diagram of the linear feedback model of Fig.2. Modules of the typical transfer functions F¢(«) and
cardiovascular control mechanisms Fo(@) (normal person)
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Fig.3. Example of seismocardiographic signal with
reference points (minimum and maximum value) in every
heart cycle

in interval between 0.1 and 0.3 Hz.

Unfortunately, continuous measurement of
blood pressure curve sometimes predetermines
conditions of an examination and can limit the
character of measuring. That is why the approach
was rather modified to use information provided by
a seismocardiogram.

2. Methods

Seismocardiogram (SCG) (e.g. [4], [5], Fig.3
and 4) is a record of cardiac vibrations as they affect
the entire body. It provides a convenient and
relatively reliable measure of left ventricular systolic
and diastolic performance both at rest and
immediately after exercise. It is shown that the
seismocardiogram contains clearly defined points
associated with the cardiac cycle that are correlated
to various phenomena as the mitral valve closure,
aortic valve opening, onset of rapid ejection, aortic
valve closure, mitral valve opening that can be
recognized in simultaneously recorded M-mode and
Doppler echocardiograms. In the absence of heart
disease, the seismocardiogram recorded at a rest
state remains stable over a period of at least three
months. There is a recognizable normal
seismocardiogram that is altered by chronic left
ventricular  dysfunction, including myocardial
infarction and dilated cardiomyopathy. The
seismocardiogram can be wused to measure
instantaneous heart rate and systolic force developed
by heart ventricles. The interbeat intervals are
determined as time between two successive J waves
in the seismocardiographic signals and the beat
systolic force is proportional to wvalue usually
calculated as [5]

Force jquant. bevelsh
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Fig.4. Seismocardiographic signal of one cardiac cycle
with characteristic waves
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Fig.5. Results of the rubber ring experiment - a) time
sequences of the interbeat intervals (RR) and systolic
forces (SK), the vertical line separates the rest and active

F, = Appyy +A§IJ +Apx 2)

where Apy; is a difference between values of the
signal at the top of H wave and minimum of I wave,
Apy 1s a difference between extremes of I and J
waves, and finally, Apk is a difference between
extremes of J and K waves.

The pilot study data were measured from 4
healthy males, age from 27 to 35 years, under two
different experimental set-ups. First, seismocardio-
gram was recorded in sitting rest position for about 3
minutes. Then an intensive grasp at rubber rings in
both hands for 10 seconds followed. Final phase of
the experiment was again a rest of about 3 minutes.
Second experiment started with a 3 minutes long rest
followed by sinking both hands of the examined
person into cold water (cca 8 °C) for about 1.5
minute. The experiment ended by rest of about 3
minutes as in the previous case.

Sequences of interbeat intervals and values of
systolic forces were determined from the recorded
seismocardiograms (Fig.5 and Fig.6). The values of
the parameters were linearly interpolated, regularly
resampled by a sampling frequency of 4 Hz and
module frequency responses of the subsystems Fj
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Fig.6 Results of cold water experiment - a) time
sequences of the interbeat intervals (RR) and systolic
forces (SK), the vertical line separates the rest and active

and F, were computed according to the following
formulas [1], [2]

_ Fy (o)
F, (0) = R, (@) 3)
F, (0) = R, (@) -Ry (@) 4)

Fy(@)-F(0)

where Ry(w) and Fy(w) are Fourier transforms of
sequences of the interbeat intervals and systolic
forces measured at rest (about 2 minutes) and Ry(w)
and F,(w) are transforms of the sequences measured
during and after the external stimulation. Frequency
transforms of both measured sequences have been
estimated by the unconditioned least square
parametric method [6] that despite some of its short-
comings proved to be the most robust method
relatively independent on content of various
disturbing phenomena influencing the patient
examinations. Meaning of both the subsystems stays
the same as in case when values the systolic blood

35

pressure were used, that is F describes properties of
the cardiovascular system and F, more or less
properties of its control by central nervous system.

3. Results and Discussion

Typical signals recorded during the described
experiments are displayed in Fig.5a and Fig.6a. It
can be seen that both the maneuvers evoked
relatively well visible response of heart rate. The
systolic force response was usually not so well
recognizable as that of heart rate.

The computed frequency characteristics of both
the partial systems F; and F, (Fig.1) are presented in
Fig.5b and Fig.6b. Typically, the system F in the
direct branch of the model transmits better frequency
components from the higher half of the frequency
band. The cut-off frequencies differ for the different
examined persons, from 0.25 Hz to about 0.4 Hz.
However, it can be said that the cut-off frequencies
were approximately the same for each person
examined under both the experimental conditions.
On the contrary, the subsystem Fy in the feedback
transmits better components of lower frequencies. It
seems that the cut-off frequency of the Fy low pass
filter is approximately the same as that of the high
pass system F,. Again, it is valid that the cut-off
frequency can differ for examined persons but it is
equivalent for each person and both the experimental
conditions.

If the described shapes of the frequency
responses are compared with the results of our
previous feedback baroreflex analysis published in
[1], [2] and [3] (see also Fig.2) we can find
important discrepancies. While the frequency
response of the F system in [1], [2] or [3] more
amplifies lower frequency components for healthy
subjects, the character of this frequency response
described here is quite reverse. This fact cannot
result from rather plain response of systolic force to
the stimuli, because the characteristics of the system
F; are calculated from sequences recorded during
rest phase of the experiments. Further, because the
sequence of interbeat intervals is used in both the
cases we can presume that the different shape of the
response Fy(w) depends on a spectrum of the systolic
force signal which should contain accentuated
higher frequency components than the signal derived
from values of systolic blood pressure. The question
is if these higher frequency components follow from
the physiology of heart activity or if they are a
consequence of some additional parasitic process
running in heart or body or if it is caused by errors in
measuring. This question cannot be probably
answered now, yet.

Another problem is in a different shape of the
Fy(®). In [1] Fy(®) for healthy people was described
as a frequency response of pass band system with
the pass band from about 0.1 to 0.4 Hz. It means that
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in comparison with results published before there is
rather small difference between amplitudes of very
low frequency components of systolic forces at rest
and after the stimulation. If it is true, than it would
be necessary to look for another experimental
arrangement under which a response to the change
of the examined person state would have differed
from the rest signal at very low frequencies much
more than under the condition described here.

4. Conclusions

The method of the linear feed back baroreflex
analysis was applied for analysis of electro-
mechanical response of heart. The difference
between obtained and expected shapes of the
frequency responses of both the subsystems F; and
Fy, used in the model can be explained by different
properties of the systolic force signal both at rest and
after the external stimulation.
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EXPLANATION OF SOME FEATURES OF THE CARDIOVASCULAR CONTROL
IN HORSES
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Summary Shortening of RR intervals is often associated with prolonging QT intervals in dynamic studies of the cardiovas-
cular activity in horses. Causes of the relationship have not been explained neither in veterinary nor human medicine yet. Our
simulation experiments explain that the heart ventricle activity is controlled by at least two phenomena. One of them is stimu-
lating and the other inhibiting. The identified values of the model parameters denote that the control effects are supposed to
be both nervous and humoral.

Abstrakt V EKG zdznamech koni snimanych v dynamickych experimentech bylo zjidténo, Ze pti zkracovani intervali RR
dochazi v mnoha piipadech k sou¢asnému prodlouzeni intervalti QT. Pfi¢iny tohoto jevu nebyly dosud vysvétleny ani veteri-
narni, ani humanni medicinou. Z nami provedenych simulaénich experimentt vyplyva, ze komorova aktivita srdce je fizena
alespon dvéma vlivy, z nichz jeden komorovou aktivitu stimuluje, druhy potlacuje. Hodnoty parametri naseho modelu na-
znacily, ze tyto vlivy mohou byt jak nervového, tak hormonalniho ptivodu.

1. Introduction

Past studies on controlling the myocardium S BR
based on the cardiovascular system anatomy show
that there are two mechanisms (stimulating and
inhibiting) controlling performance of heart in or- SYM | QT
ganism. The task of our project was to describe i

mathematically the sympathetic (stimulating) and . o .
vagal (inhibiting) activities in a vegetative part of Fig. 1. Principle structure of the cardiovascular system

nervous system. Direct measurement of electro- control

chemical activity of both branches would be very

complicated considering practical reasons (invasive Based on knowledge of the sequences of RR and
measurement; difficulties in connecting the measur- QT intervals we designed a model of a myocardium
ing electrodes to the nervous fibres outside of labo- control that could help to explain the causes of con-
ratory environment etc.). Therefore, we decided to trol mechanisms of the heart performance [4].

use data from indirect measurements through the

activity of organs, which are controlled by the vege- 2. Experimentaj

tative nervous system.

The anatomy of equine heart shows that open Block diagram of the model structure is depicted
ends of vegetative nerves have a great density close in Fig. 1. As follows from our previous studies [1],
to the sine node which is the basic source of electri- [4] we used the formula
cal impulses in heart muscle and determines a heart
rate. Thus sine node also determines the length of RR(t) = RRy,, — kguNg(£) + kpp N o (2) (1)

RR intervals in ECG. RR intervals can serve as an
indirect indicator of common sympathetic and para-
sympathetic activity. In our work we assumed mutu-
ally independent activities of both branches. Two
independent controlling mechanisms are fully de-
scribed by two signals, therefore, we have to define
another nervous activity indicator. There are open
nervous ends of both vegetative branches in equine
heart ventricles. That is why a suitable solution for
defining another nervous activity indicator was OT(0) =0T, —ksoNs(t—759) + )
choosing a sequence of QT intervals (time of spread- +hpoNp(t—Tpp)

ing the electrical excitation through tissue of myo-
cardium ventricles).

for generating sequences of RR intervals. RRg,y
is a basic heart period of sine node and Ng and Np
represent sympathetic and parasympathetic activity
levels. ksg, kpr are multiplicative parameters that
express levels of influence of each neural branch
upon the duration of RR intervals. Similarly,

describes an equation generating QT intervals
where 750 and 7pp are delays in sympathetic and
parasympathetic neural branches in heart ventricles
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and kg, kpp are multiplicative parameters, similar to
those in the eq. (1). Op is a basic length of QT in-
terval at neural ventricular blockade. Both the delays
are connected with the finite velocity of nervous
stimulation spreading.

0L | L . ) L
-04-02 0 02 04 06 08 1

Ni —»

Fig. 2.: Sympathetic and/or parasympathetic sensitivities,
N, Np

The aim of extending the described model was to
find the internal structure of the subsystems SYM
and PSYM (see Fig. 1) and their mutual relationship.
The models for simulating static and dynamic prop-
erties of both the types of nerves fibres have struc-
tures depicted in Fig. 3, as published in [2] and [3].
First of all, it was necessary to describe sensitivity of
the fibres on their stimulation represented by input
signal Ng. In our model, we have used bottom-
limited piecewise linear function (Fig. 2)

4y, Ny +by, if Ny >80 3)
NS,P _J%spVETYsp E as ,
0 otherwise

where indexes “S” and/or “P” represent sympa-
thetic and parasympathetic branch, agp is the sensi-
tivity coefficient. Inertia of the nerves is modelled
by the first-order low-pass filter described by the
frequency response

Fljo) = —eon

4
T jo+1 @

where w represents a frequency, Ty is a time con-
stant of the filter, zy is a unit delay and £ is a gain of
filter. The inertia is associated with the limited delay
in response of the cells to their excitation. Finally,
the “time-delay” block t represents a final velocity
of spreading of the excitation along nervous threads
and/or heart tissue.

sensitivity low-pass filter  transport delay

Fig. 3. Basic structure of nervous fibres' model

—
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Input signal Ny represents response of the neural
feedback to impulse stimulation. It is described as

A{sin(z;r(t —t)- ’2’) + 1},

ift, <t<t,+T )

N, =
0, otherwise,

where T is a duration of the input impulse and #;
represents its lag after some reference starting point.

0.3

Fig. 4. Input signal Ng

Fig. 5 shows a structure of the nervous heart con-
trol. It is based on the hypothesis that QT intervals
are not controlled by the nervous activity only, but
we can identify an indirect dependency of QT inter-
vals on heart rate and its variability.

parasympathetic
—l—b PSYMr L
—= PSYM l RR
PSYMo
Ng
—
—l—b SYMr
> SYM l QT
SYMo —I—.
sympathetic

Fig. 5. Detail structure of nervous control

3. Results

The simulation results have been compared to 4
most representative sets of experimental data. The
criterion for choosing records was noiseless signal
with considerable changes in the sequences of RR
and QT intervals as responses to impulse stimula-
tion. The aim of the work is to define properties of
controlling subsystems, we have identified some of
the model parametres as time constants of the filters
(T, sepr Trrpy Tsop Trop and/or Tsgs, Tpps T sos 1 PQs),
time delays (zsg, 7pgy and/or sp, 7pgs) and gain
factors (ksgp kpgp and/or ksg,, kpos). We used Mat-
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lab® Optimization Toolbox as an optimization tool.
A root mean square error between simulated and real
experimental data has been used for an optimization
and its minimum was searched by the gradient
method. The identification results for two different
types of records are summarized in Table 1:

a) direct dependency QT on RR intervals — short-
ening of the RR intervals is followed by the
shortening of QT intervals (Figure 6a)
relationship between RR and QT that is not
explained yet — shortening of the RR causes al-
most immediate prolonging of the sequences of
QT intervals (Figure 6b).

b)

Table 1: Summary of optimized parameters for two
different relationships between sequences of RR and
QT intervals

record 1 record 2
(velvet - s el 1 - 2002-04-24) (nikita - s el - 2002-04-24)
TSRZZSS TSR:4S
Trr=25s Trr=4s
TSQ:19S TSQ:185
TPQ:17S TPQ:185
TSOZISS T50:4S
TPOZZOS Tp0:1.2$
kSQZ*S.l k30:*4.2
kpo=—4.6 kpo=—4.6
S —_—
——-simulation
—experimental

0.5
0.6

0.55

0.5

QTls]—

0.45

0.4 300

Fig. 9. Bi-phase sequences of QT intervals (hedal)

4. Conclusions

Having identified model parameters by means of
computer simulations we are able to explain funda-
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mental causes of various behaviour of the QT inter-
vals. We recognised almost linear dependency with
positive slope constant between optimum parameters
of 75, 7pg, and Tsg, Tpp,. It is due to the fact that the
developed model uses linear subsystems only (the
non-linear functions Ny = Ng(Ng) and NP = NP(NE)
are used in their linear parts only) and the input
signal NE is used for both sympathetic and para-
sympathetic branch.

We have proved experimentally that the simple
shape of the QT interval sequences with one local
extreme is generated by the model using very similar
values of 7g9, 7pp and Tsg, Tpp in both the neural
branches. If the supposition about the similarity of
the above mentioned parameters is not valid then the
signals NS, NP are mutually shifted in time. The
mutual shift will cause a change of the QT sequence
shape. In the case, one local extreme is substituted
by biphasic waveform with local maximum and
minimum (Fig. 9).

Dependency of parameters kpp, kso can be ap-
proximated well by a linear relationship with a nega-
tive slope constant (see the x-y projection of the
optimum path in Fig. 7 and Fig. 8)

kSQ = a~kPQ + b, (6)
where the estimated values of coefficients a =—-2
and b=-13.5 are roughly valid for all analysed
records. If we suppose the simplified -criteria
750 = tpp and Tsy = Tp, then the breaking point be-
tween the direct (Fig. 6a) and inverse (Fig. 6b) de-
pendency of QT on RR intervals is set for
kso = kpp =—4.5. Then for kgy > kpp we observe the
direct and for kgp <kpo the inverse dependency of
QT on RR intervals.
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POUZITI METODY ICA PRI STANOVENI VYZNAMNYCH ZNAKU
V SIGNALECH KARDIOVASKULARNIHO SYSTEMU KONI

IDENTIFICATION OF SIGNIFICANT FEATURES IN SIGNALS OF EQUINE
CARDIOVASCULAR SYSTEM USING ICA

M.Kohut™, J. Hol¢ik?, J. Hanak®, R. Kabes®
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Abstrakt Clanek popisuje vyuziti metody analyzy nezavislych komponent (ICA) pro feSeni problematiky néhlé
kardiovaskularni smrti koni pii operacich. Uvodni kapitola seznamuje &tenafe s danou problematikou a charakterizuje
soucasny stav. Druhd ¢ast je vénovana popisu vlastni metody pouzité k feSeni a vstupnich dat. Treti a ¢tvrtd ¢ast demonstruje
ziskané vysledky véetné grafti a shrnuje ziskané poznatky. Bylo zji§téno, Ze ne vSechny slozky obsazené ve vstupnich datech
jsou podstatné pro dostatecné vyjadreni sledovanych procesi - nejcastéjsim pripadem (6 zaznami z 10) byla situace, kdy pro

dostatené presny popis stacily pouze dvé nezavislé komponenty.

Summary The paper deals with application of the Independent Component Analysis (ICA) for looking for causes of the
sudden cardiovascular death in horses during surgery. The first chapter describes the solved problem and state of art. Next
part describes the ICA method and its properties and an input data format. In the third and fourth parts results of the analysis
are presented. It was found that not all the three important components contained in the input data must be also part of the
output data set. The most frequent case (6 records of 10) is that only two components were sufficient for description of input

data.

1. Uvod

I pres veskery pokrok v oblasti veterinarni
anesteziologie zustava umrtnost koni, kterd je

v piimé souvislosti s celkovou anestézii, stale
vysoka. Podle nejrozsahlejsi a nejkomplexnéjsi

studie s ucasti 6255 koni [Johnston GM et al., 1995]
je Cetnost nahlych a neocekavanych umrti 0,9% a ve
39% pfipadid téchto umrti bylo pfic¢inou selhani
kardiovaskularniho systému.

Dosavadni vyzkumy na tuzemskych (Klinika
chorob koni VFUB) i zahrani¢nich pracovistich
ukazuji, Ze monitorovani béznych vitalnich
parametri. pomoci elektrokardiografie, pulzni
oxymetrie, pifimého meéfeni krevniho tlaku, analyzy
koncentrace plyni v dychacim systému ¢i stavu
acidobazické rovnovahy nemusi vzdy odhalit blizici
se selhani kardiovaskuldrniho systému pfi anestézii.
Nicméné klinické zkuSenosti ukazuji, Ze existuje
souvislost mezi stavem a chovem, resp. tréninkem
koni a néchylnosti k ndhlé smrti (paradoxné je
zaznamenavana veét§i umrtnost u dobfe trénovanych
koni). Abychom tuto hypotézu ovéfili (pfip.
vyvratili), je potfeba se mimo jiné zabyvat analyzou
méfenych signall, které primarné charakterizuji
dynamiku vyvoje hodnot veli¢in popisujicich stav
koné¢ pfi anestézii.

Urcitym nedostatkem dosavadnich vyzkumi v
dané oblasti je skutecnost, ze az dosud vytvorené
modely na nasem pracovisti jsou vysledkem analyzy
dat, ktera charakterizuji ¢innost kardiovaskularniho
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systému koni pouze v bdélém stavu (at’ v klidu nebo
po podrazdéni elektrickym impulsem). Zminény
pristup nelze aplikovat béhem anestézie, protoze
neexistuje moznost cilené¢ ovlivilovat cinnost a
reakce kardiovaskularniho systému nezavisle na
probihajici operaci. Proto je nutné vyuzit postupt,
které umozni kontinualni vyhodnoceni pribéhu
jednotlivych veli¢in, piip. jejich vazeb. Jelikoz
realnd data ziskana monitorovani vitalnich funkci
obsahuji vyjma uzite¢nych informaci i parazitni a
redundantni, je moznosti, jak odstranit méné
uzitecné slozky a zvyraznit, resp. poodhalit ty vice
informativni a tim zjednodusSit zavislost dil¢ich
procest, metoda rozkladu na nezévislé komponenty
(ICA).

2. Pouzité metody

Pro feSeni problému mame v soucasnosti
k dispozici signaly popisujici ¢innost
kardiorespiracniho systému 10 koni pii anestézii
(primarné, EKG, tlakové kiivky, respiracni kiivky,
saturace O,,), které byly ziskany pii monitorovani
zivotnich funkei koni v pritbéhu operacnich zakrokti
na Klinice chorob koni VFUB systémem Datex-
Ohmeda S/5™. Dané signaly postihuji slozku Fizeni
¢innosti  kardiovaskularniho  systému, elektro-
mechanickou ¢innost srdce i ¢innost dychaciho
systtmu a predpokladame tedy, Ze obsahuji
informace, které mohou objasnit pfi¢inu ndhlé smrti.


mailto:kohut@ubmi.cvut.cz

International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Detalkrce .

parametru
Manitaravand Trendy
Sigl’“lél‘_y' » parametru

ICA

Hypotézy Zjednodusena
p%gip nahlé - zavislost o —
smrki kani H procesu
o g2

karmponent

Obr.1. Blokové schéma reseni projektu (Block diagram of

the solved task).

Analyza nezavislych komponent (ICA) [1][2] je
statisticka metoda, ktera je pouzivana predevsim pfi
vybéru piiznakid popisujicich analyzovana data, ptip.
pti hledani skrytych zdrojt dat.

Metoda ICA je definovana vztahem

s = Wx, (1)
kde x = [xi, Xz, ..., xm]T je n-rozmérny vektor
zkoumanych dat a s = [s, s;, ... , sm]T je obraz
vektoru x. Transformacni matice W = [w, W, ...
,Wn]" pfedstavuje linearni transformaci zkoumanych
dat x na vektor s. Cilem ICA je tedy nalézt
koeficienty transformacni matice W tak, aby
vypoctené nezavislé komponenty byly statisticky
nezavislé. Tyto nezavislé komponenty predstavuji
ony zdroje signald, které jsou skryté v mnoziné
zkoumanych dat x. Poradi a polarita nezavislych
komponent nemusi odpovidat pofadi a polarité
skute¢nych zdroja.

Vzajemna statistickd nezavislost je pro nahodné
veli¢iny sy, Sy, ... ,Sm definovana vztahem

P(858,500058,) = pi(8)-py(s,)...p,(5,) (2
kde p(si, Sz, ... ,Sm) je sdruzend funkce rozlozeni
hustoty pravdépodobnosti a pi(s;)) je margindlni
funkce rozlozeni hustoty pravdépodobnosti nahodné
veli¢iny s;.

Posouzeni vyznamnosti jednotlivych
nezavislych komponent provadime na zakladé
odchylky Ay zpétn¢ rekonstruovanych priabéha
veli¢in od puvodnich originalnich dat pfi odstranéni
posuzované  komponenty.  Rekonstrukce  je
provadéna prostfednictvim inverzni matice W™'. P
pouziti  vSech nezavislych komponent pro
rekonstrukci bude odchylka nulova a s odstranénim
komponent, které jsou vyznamné tato odchylka
poroste.

Déle pro kontrolu provadime také vizualni
porovnani rekonstruovanych prabehti s originalnimi.
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Odchylku Ay jsme vyjadfili pomoci vztahu

#1000, k=1,2...m. (3)

kde x; jsou prvky matice zkoumanych dat X, xij*
jsou prvky rekonstruované matice X, m je podet
monitorovanych veli¢in, n je pocet vzorki a kje
posuzovand nezavisla komponenta.

Nalezeni nezavislych komponent je provadéno
prostfednictvim  programu  ICALAB,  volné
dostupného z [3]. Program nabizi pro vypocet vice
algoritmtl, v naSem pfipadé¢ byl pouzit algoritmus
SOBI [4]. Tento byl zvolen na zaklad¢ predchozich
experimentll s daty, u kterych byly skryté zdroje
pfedem znamy.

3. Vysledky

Délka monitorovanych signalti odpovida délce
probihajici operace, fadove se jedna o hodiny. Tyto
signaly obsahuji neodstranitelné artefakty a tak pro
analyzu byly pro ovéfeni analyzy vybirany
minimalné¢ 15 minutové konzistentni intervaly.
Signaly jsou navzorkovany s maximalnim vyuzitim
kapacity monitorovaciho systému s ohledem na
jejich charakter, tzn. EKG signal 300Hz, signal
tlakové kiivky 100Hz, ostatni signaly 25Hz.

Z jednotlivych monitorovanych signald byly
ziskany trendy 7 parametri:

- interval mezi hodnotou systolického tlaku a
vlnou R, v grafech oznaceni x1;

- diastolicky tlak (nejnizsi hodnota tlakové
kiivky predchazejici systolickému tlaku), v grafech
oznaceni x2;

- srde¢ni frekvence stanovena z pribéhu EKG
(na zaklad¢ intervalu mezi sousednimi vlnami R), v
grafech oznaceni x3;

- srde¢ni frekvence stanovena z tlakové kiivky
(na zéklad¢ intervalu mezi sousednimi systolami), v
grafech oznaceni x4;

- stfedni tlak (stfedni hodnota tlaku mezi dvémi
systolami), v grafech oznaceni x5;

- minimalni tlak (nejnizsi hodnota tlaku mezi
dvémi systolami), v grafech oznaceni x6;

- systolicky tlak (nejvyssi hodnota tlaku v jedné
srde¢ni period¢), v grafech oznaceni x7.

Vzhledem ke skuteCnosti, ze jednotky vsech
parametrii nejsou ekvivalentni, bylo potfeba prabéhy
hodnot parametra pied pouZzitim vlastni metody ICA
normalizovat.

Zvolili jsme 2 zplisoby:

a) normalizace vzhledem ke smérodatné
odchylce v jednotlivych pribézich (pro porovnani s
vysledky metody analyzy hlavnich komponent —
PCA[5]);
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b) normalizace vzhledem k maximalni hodnot¢
v jednotlivych prubézich.

Kone¢né¢ u vSech pribéhi byla odstranéna
stejnosmérna slozka.

Rozlozenim na nezavislé komponenty jsme

zjistili, Zze zplGsoby normalizace neovliviuji
vysledky z hlediska kvalitativniho, ale spise
kvantitativniho.

Nasledujici obrazky (obr.2 - 7) demonstruji
n¢které charakteristické pripady.
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Obr.2. Pacient A — prubéhy vstupnich parametrickych
signali normalizované viici maximalni hodnoté s nulovou
stejnosmérnou slozkou

(Patient A — input signals normalized to maximum value
and with zero mean value).

* ok

Obr.3. Pacient A
nezavislych komponent
(Patient A — computed independent components).

— priubéhy hodnot vypoctenych

Vypoctenim odchylky pro charakteristické
pripady podle vztahu (3) jsme ziskali idaje uvedené
vtab.l a tab.2, které kvantifikuji vyznamnost
jednotlivych nezavislych komponent (obr.3, resp.
obr.7) pti zpétné rekonstrukci monitorovanych dat.
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Tab. 1. Pacient A — odchylky rekonstruovanych
prabéht od vstupnich dat (Patient A - deviations of
the reconstruct-ed signals from input data).

Aq 3,6124
A 1,0891
As 0,9865
A 0,8773
As 0,4356
Ag 0,4434
A, 0,4830

D) a0 1000 1200
n

Obr.4. Pacient A — rekonstruované priitbéhy parametrii
s vyuzitim prvnich trech nezavislych komponent — sl, s2,
s3

(Patient A —signals reconstructed from three independent
components —s1, s2, 53 ).
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Obr.5. Pacient B — pribéhy vstupnich parametrickych
signali normalizované viici maximalni hodnoté s nulovou
stejnosmérnou slozkou.

(Patient B — input signals normalized to maximum value
and with zero mean value)
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Obr.6. Pacient B — pribéhy hodnot
nezavislych komponent
(Patient A — computed independent components).

vypoctenych

Tab. 2. Pacient B — odchylky rekonstruovanych
prabéht od vstupnich dat (Patient B - deviations of
the reconstruct-ed signals from input data).

A 51260
A, 29207
Ay 06268
Ay 06035
As 06107
A 04550
A, 00604

w6 o

LA S SO SN SUPPLY Lo.s i S S

Obr.7. Pacient B — rekonstruované priubéhy parametrii
s vyuzitim prvnich dvou nezavislych komponent (s, s2)
(Patient A — reconstructed signals from two independent
components —s1, s2).
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4. Diskuse

Ziskan¢é vysledky lze z obecnégjSiho hlediska
kategorizovat do dvou, resp. tii skupin (tfeti vSak
obsahovala pouze jednoho pacienta).

Pacient A je zastupcem kategorie jedincl, u
kterych jsou vyznamné tfi nezavislé komponenty
(skryté zdroje). To vyplyva jednak ztab.l a také
z obr.4, kde rekonstruované prubéhy pomérné dobie
charakterizuji originalni data (obr.2).

Konkrétné v uvedeném piikladu je mozné si
vSimnout v pribézich originalnich parametrt (obr.2)
jistych fenomént. Jedna se o pomérné linearni
pokles, resp. nartist hodnot s Casem u parametri
krevniho tlaku (x2, x5, x6, x7) a srde¢ni frekvence
(x3, x4), resp. parametru zpozdéni systoly za vinou
R (x1). Tento jev vystihuje (obr.3) prvni nezavisla
komponenta (s1). Jak bylo uvedeno, polarita
komponent nemusi vzdy odpovidat polarité
originalnich signali. Dal$im rysem je vyrazné
rozkmitani hodnot u parametrti srde¢ni frekvence,
které je vystizeno druhou nezavislou komponentou
(s2). Ttetim jevem je existence zvinéni ve dvou
mistech priibéhu parametr krevniho tlaku, které je
optimaln¢  charakterizovano tfeti  nezavislou
komponentou (s3).

Zminéné tii skryté zdroje jsou tedy odpovédné
za prub&hy vSech parametrli (srdecni frekvence,
krevnich tlakii a parametru zpozdéni systoly za
vlnou R). Lze pozorovat existenci jistych fidicich
mechanismi v pozadi téchto tii fyziologickych
veligin. Cisté z hlediska hodnoty odchylky se mohou
jevit vyznamné i dal$i komponenty (u pacienta A se
jedna konkrétné o komponentu s4), ty vSak ovliviuji
zejména rozptyl rekonstruovanych parametrt,
nikoliv v§ak morfologii prab¢hu.

U jedinct dal$i kategorie (napf. pacient B) se
ukazuje vyznamnost pouze dvou komponent, ktera
je vidét z hodnot v tab.2 a z vizualniho porovnani
originalnich pribéhit (obr.5) a rekonstruovanych
(obr.7).

Z originalnich prubéhti (obr.5) 1ze pozorovat (az
na polaritu) obdobny pribéh parametrii krevniho
tlaku a zpozdéni systoly za vlnou R. Tento znak
vystihuje pii zpétné rekonstrukci prvni nezavisla
komponenta (obr.6). Vyvoj parametri srdecni
frekvence pri pozornéj$im prohlédnuti
charakterizuje predevsim druhd  nezavisla
komponenta navzdory skutecnosti, Ze se jeji priibéh
jevi podobny komponent¢ prvni.

Zde je tedy zaznamenana existence pouze dvou
fidicich mechanismii zminénych fyziologickych
veli¢in. Stejné jako u predchozi kategorie také zde
dalsi komponenty pfispivaji pouze k rozptylu
rekonstruovanych prabeht.

Treti kategorie je zastoupena pouze jednim
pacientem a je -charakteristickd pouze jednou
vyznamnou nezavislou komponentou, kterd stoji
v pozadi fizeni krevniho tlaku, srdecni frekvence a
zpozdéni systoly za vinou R.
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5. Zavér

ICA je obecné znamou a pouzivanou metodou
pro analyzu biosignald, nicméné pro feSeni
problematiky nahlé kardiovaskularni smrti koni je
podle dostupnych informaci pouZzivana poprvé.

Z analyzovanych 10 pacienti byli prvni
kategorii pfislusni 3 pacienti, druhé kategorii 6
pacientu a teti kategorii 1 pacient.

Dtive uzitd metoda PCA ukazala také existenci
tii kategorii, nicmén¢ ty nejsou plné ekvivalentni s
vysledky metody ICA. Proto bude potieba
konfrontovat vysledky s klinickymi zaznamy
jednotlivych pacientl a pripadné zavést dalsi metody
predzpracovani ¢i pouzit jinych algoritmi rozkladu.

Podékovani

Tento vyzkum je podporovan projektem GACR
102/04/0887 ,Metody a technické prostiedky pro
analyzu nahlé kardiovaskularni smrti koni*.
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MAPOVANI ELEKTRICKYCH POTENCIALU Z POVRCHU HRUDNIKU —
PREDZPRACOVANI A VIZUALIZACE

Vaclav Chudacek”, Michal Huptych”, Lenka Lhotska®”, Otomar Kittnar”

YGerstnerova laborator, katedrav kybernetiky, Ceské vysoké uceni technické v Praze, Fakulta elektrotechnicka,
Technicka 2, 166 27 Praha 6, Ceska republika

b Fyziologicky ustav, 1. lékarska fakulta UK, Albertov 5, 120 00 Praha 2, Ceska republika
E-mail: lhotska@fel.cvut.cz, Phone: +420 224353933, Fax : +420 224311081

Summary The aim of the paper is to present current research activity in the area of computer supported ECG processing.
Analysis of heart electric field based on standard 12lead system is at present the most frequently used method of heart disease
diagnostics. However body surface potential mapping (BSPM) that measures electric potentials from several tens to hundreds
of electrodes placed on thorax surface has in certain cases higher diagnostic value given by data collection in areas that are
inaccessible for standard 12lead ECG. For preprocessing, wavelet transform is used; it allows detect significant values on the
ECG signal. Several types of maps, namely immediate potential, integral, isochronous, and differential.

Abstrakt Cilem piispévku je prezentovat soucasny vyzkum v oblasti pocitacové podpory zpracovani EKG. Analyza
elektrického pole srdce na zaklad¢é standardniho dvanactisvodového systému je v souCasnosti nejrozsifenéjsi metodou
diagnostiky srde¢nich onemocnéni. Mapovani elektrickych potenciali z povrchu hrudniku (Body Surface Potential Mapping
- BSPM), které méti elektrické potencialy z nékolika desitek az stovek elektrod umisténych na povrchu hrudniku, vykazuje v
nékterych piipadech vyssi diagnostickou hodnotu, danou sbérem dat v oblastech, pro standardni dvanacti svodovou
elektrokardiografii nedostupnych. Pro ptedzpracovani se vyuziva vinkova transformace, pomoci niz se detekuji na signalu
EKG vyznamné hodnoty. Pro zobrazeni se vyuziva nckolik typl map, konkrétné okamzikové potencialové, integralové,
izochronni a rozdilové.

1. Uvod 2. Automaticka analyza EKG signalu
Analyza elektrického pole srdce na zakladé Stoupajici kvalita vypocetni techniky pfinesla
standardniho dvanactisvodového systému je v pocitacové metody analyzy signdlu EKG, ktera
soucasnosti nejrozsifenéjsi metodou diagnostiky spociva prevazné v detekci podstatnych parametrt,
srdeCnich onemocnéni. Mnozstvi praci vSak pficemz nejpodstatnéjsi je co nejspravnéjsi detekce
poukazuje na hranice moznosti takového méticiho QRS komplexu. Algoritmy detekce QRS komplexu
uspotadani. Mapovani elektrickych potenciald z jsou provadény napf. kriteridlnim  vybérem,
povrchu hrudniku (Body Surface Potential Mapping parametrovym uréenim, na zakladé amplitudy a
- BSPM), které méfi elektrické potencialy z né€kolika prvni derivace signalu, pouze prvni derivace signalu
desitek az stovek elektrod umisténych na povrchu nebo druhé derivace signalu, ¢i digitalnimi filtry.
hrudniku, vykazuje v nékterych pripadech vyssi Podrobnéjsi popis téchto metod 1ze nalézt napt. v
diagnostickou hodnotu, danou sbérem dat Vv praci [1].
oblastech, pro standardni dvanacti svodovou Zabyvejme se podrobnéji metodou automatické
elektrokardiografii nedostupnych. Nejen z tohoto analyzy EKG signalu pomoci vinkové transformace,
divodu je vénovano vyzkumu BSPM v poslednich jako napt. v [2]. Jeji uziti je opodstatnéno samotnym
desetiletich velké usili. Praktické vyuziti BSPM je typem signalu, jakoZto nestacionarniho, s potiebou
vSak v mnoha smérech limitovano. Na jedné strané detekovat rtizné rychlé zmény signalu. Po provedeni
nardzi snaha o vyuziti BSPM na morfologické analyzy za pomoci dyadické vinkové transformace
zobrazovaci techniky (angiografie, echokardiografie, realizované pomoci ekvivalentnich filtrti, je jako
PET). Ty maji sice vys$i naklady, poskytuji ale prvni detekovan QRS komplex. Na kazdém ze Ctyf
pfesné anatomické udaje. Na druhé strané, i pfesto, ziskanych detaild signalu se naleznou extrémy v
ze BSPM poskytuje lepsi diagnostické hodnoty nez absolutni hodnoté¢ vyssi nez definovana mez. Pro
standardni dvanactisvodové EKG, nardzi na relativni nalezeni R vlny se z mnoziny extrémt prvniho
obtize pii méfeni a interpretaci. Vyjimku v soucasné detailu odstrani extrémy osamocené, v jistém okoli,
dobé tvoii pouze vyzkum arytmii, kde si BSPM a extrémy redundantni, tak aby ve vysledné¢ mnoziné
vydobylo své nezpochybnitelné misto. Divodem k extrému ziistaly vzdy dva blizké extrémy opacnych
optimismu v uplatnéni BSPM v praxi je vyzkum na znamének. Pozice vrcholu R viny je pak definovana
poli neinvazivniho elektrokardiografického jako bod prichodu nulou mezi témito dvéma
zobrazovani, jehoz vysledkem by méla byt nikoliv extrémy. U kmitu Q hledame pocatek a vrchol a u
mapa elektrickych potenciald na hrudniku, ale kmitu S vrchol a konec a to v prvnim detailu signalu
rozloZeni elektrickych potenciald na srdci. podle zvolenych prahovych hodnot a na zakladé

zvolenych casovych oken v zavislosti na vzorkovaci
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frekvenci signalu. Parametry vin P a T detekujeme
na Ctvrtém detailu signalu a jsou to: jejich pocatek,
vrchol a konec, opét na zakladé zvolenych prahi a

casovych oken v zavislosti na vzorkovaci frekvenci
signalu.
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Obr.1 Okno analyzy signalu

3. Mapovani povrchovych potenciali
srdce

Podrobime-li signaly multielektrodového EKG
automatické analyze, dostdvame kromé parametrd
jakozto atributll i jejich ¢asové rozlozeni v signalu.
Definujme tedy nyni zpisoby, jak tohoto vyuzit pii
zobrazeni rozlozeni potencialti elektrického pole
srdce (EPS), tzv. mapovani. Pfi tomto déleni
vychazime z prace [3]. Mapy se d¢€li podle zpisobu
dalsiho zpracovani naméfenych signald: okamzikové
potencialové mapy, integralové mapy, izochronni
mapy, rozdilové a odchylkové mapy.

Okamzikové potencidlové mapy

Patfi k nejpouzivanéjSim metodam zobrazeni.
Jsou nejblize ke klasickému Einthovenovu zobrazeni
elektrického pole srdce. Jedna mapa zobrazuje
rozloZeni potencialii na povrchu hrudniku v jednom
casovém okamziku v n bodech: (t), U; pro t = konst.,
i=1,2, ..., n Pro analyzu se pouziva sekvence map
pro casy, které odpovidaji analyzovanému useku
ktivky. Pro zvysSeni odstupu signalu od Sumu,
zejména pro useky malych potencialit (P viny, ST
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intervaly) lze pouzit zprimérnovani signalu z vice
srde¢nich cykli. Ukazka okamzikovych
potencialnich map z useku QRS komplexu je na
obrazku 2.

Integralové mapy

Poskytuji kompaktnéjsi zobrazeni elektrického
pole srdce. Namisto potencidlu signdlu v daném
Casovém okamziku se v nich zobrazuje casovy
integral potenciald na hrudniku ve zvoleném
intervalu &asi tl, t2. Casovy interval mize byt sice
zvolen libovolng€, avSak v praxi se nejcastéji
pouzivaji mapy v intervalech od pocatku kmitu Q po
konec kmitu S (QRS mapa), od konce kmitu S po
3/8 intervalu ST-T (ST-T mapa), od pocatku QRS
komplexu po konec viny T (QRST mapa) nebo
prvnich 30 milisekund komplexu QRS (mapa Q
zony ). Priklad série integralovych map
v jednotlivych intervalech srde¢niho cyklu je na
obrazku 3.

Izochronni mapy

Jsou definovany jako zobrazeni EPS ve zvolenych
casovych bodech jako zavislost typu T; = f(Uj(t)).



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Teoreticky by izochronni mapy mély souviset s
dynamikou EPS na povrchu hrudniku, avSak v
disledku pohybt hrudniku toto neni mozno
definovat zcela jednoznacng€. Obecné jsou-li na
povrchu hrudniku rozpoznatelné zény, do kterych se
promita aktivita myokardu, da se fici, ze muZeme
tyto mapy piifadit pfimo postupu depolarizace
myokardu. Pfiklad izochronni mapy je na obrazku 4.
Interpretace potencidlovych map je v podstaté
mozna dvojim zptisobem. A to:

a) kvalitativné — kdy se hodnoti celkové rozlozeni
hodnot v mapach, jakozto vyskyt specifickych
obrazcii, polohy extréml a izolinie, sméry
nejvétsich gradientt atd., a jejich pfipadna
dynamika v Case

kvantitativné kdy se hodnoti prevazné
extrémni hodnoty v mapach a procentualni
zastoupeni kladnych a zapornych oblasti na
mape.

b)

Rozdilové a odchylkové mapy

Mapy lze porovnavat i mezi sebou. Porovnavaji se
bud’ jednotlivé mapy mezi sebou, nebo jedna mapa s
primérem danym podle vybranych kritérii.
Vysledkem miZze byt jedind hodnota reprezentujici
napt. korelacni koeficient nebo opét mapa. Vznikaji
tak dal$i dvé moznosti mapovani, a sice:
1. Rozdilové mapy: které jsou dany prostym
rozdilem hodnot napéti ve dvou jednotlivych
mapach jako hodnota D; = U;; — Up,

= Body Surface Potential'Mapping -~ ECGmaps

2. Odchylkové mapy: vznikaji pfi porovnani
jednotlivych map s mapami ur€ité skupiny a

jsou definovany jako:
DI, = (£-M,)
SD,

kde DI znaci zobrazované hodnoty indexu vychylky
(departure index), P; je hodnota porovnavané
integralni mapy v bod¢ i, M; je aritmeticky pramér
hodnot v bod¢ i map referen¢ni skupiny a SD; je
jeho smérodatna odchylka. Okno pro nastaveni
parametri pro tvorbu rozdilovych a odchylkovych
map je uvedeno na obr. 5. Piiklad rozdilové mapy je
uveden na obr. 6.

4. Namérena data

Data byla naméfena na elektrokardiologickém
diagnostickém  systtmu  CARDIAG  112.2.
CARDIAG 112.2 je ucelove orientovany pocitatovy
systém, ktery je uréen pro zékladni i komplexni
elektrokardiologické vySetfovani srdecnich poruch,
véetné ruznych forem ischemické choroby srdecni.
K tomu vyuziva prvky -elektrokardiografie -
elektrokardiografy, vektorokardiografy a mapovani
elektrickych srde¢nich potenciali na povrchu
hrudniku.
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Obr. 2 Priklad potencidalové mapy
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Obr. 3 Priklady integralovych map: a) integralova mapa QRS komplexu, b) QRST intervalu

5. Implementace

Data nasnimana syst¢tmem CARDIAG 122.2.
byla vzhledem k problémim s kompatibilitou
programového vybaveni systému CARDIAG 112.2.
s modernimi zafizenimi, pfenesena do databaze MS
Access, spolu s hlavnimi hodnotami pribéhu vin.
Pro ovéfeni byl nejprve ve vypocletnim prostiedi
MATLAB 6.5. R13 wvytvofen multi-funkéni
prohlize¢ BSPM70, ve kterém je mozno data dale
zpracovat, vytvorit isopotencialové i isointegralové
mapy a také vytvofit vystupni soubory vhodné k
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pouziti dal§imi nastroji umélé inteligence. Poté, co
byla ovéfena funkénost moduli v MATLAB [4],
jsme se rozhodli implementovat tyto moduly do
nastroje pro piedzpracovani a vizualizaci SumatraTT
[5], ktery je v Gerstnerové laboratofi vyvijen jako
open source a prubézné rozsifovan o nové funkce.
V ramci naseho projektu byly vytvoreny nasledujici
moduly: modul nacteni a tipravy dat, modul vinkové
transformace, modul analyzy signdlu EKG, modul
mapovani povrchového rozlozeni potencialii srdce,
modul interpolaci, modul pomocnych vypocta,
modul signalového zobrazeni.
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Obr. 5 Okno nastaveni parametrii pro rozdilové mapy

6. Zavér

Cilem pfispévku bylo seznamit s moznostmi
pfedzpracovani a vizualizace mnohasvodového
EKG, které se pouziva pro mapovani elektrickych
potenciald z povrchu hrudniku. Pro pfedzpracovani
se vyuziva vinkova transformace, pomoci niz jsou
extrahovany hlavni parametry pro dal$i zpracovani.
Témito parametry jsou zejména amplitudy a délky
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trvani jednotlivych vin v srde¢nim cyklu, dale napf.
ST interval, QRS komplex. Vytvafeni map piimo
navazuje na analyzu signalu. Uspé&snost analyzy ma
tedy pfimy dopad na kvalitu jednotlivych map.
Ukazalo se, ze stézejni pro dosazeni nejlepsiho
mozného zobrazeni okamzitych potencidlovych a
integralnich map je volba mapovani vzdy na jedné
periodé podle vedouciho signalu. Tak je
jednoznacné ve vsech elektrodach ohranicen prostor
pro tvorbu map a umoziuje véEtsi variabilitu pii
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tvorbé map zriznych period signalu podle volby
uzivatele. Implementace navrZzenych metod do
nastroje pro pfedzpracovani a vizualizaci SumatraTT
umozhuje vyuzivat je 1 méné zkuSenymi uzivateli,
protoZe v tomto nastroji jiz je vytvorené piijemné

Mo. of lead signal: 1, No. of period: 2, mapped electord: 15, distance map

grafické uzivatelské rozhrani. Dalsim dulezitym
rysem je, ze vSechny odzkousené sekvence
predzpracovani a vizualizace, v€etné jejich nastaveni
parametri, je mozné ulozit pro dalsi pouziti.
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Summary The aim of the paper is to inform about existing medical applications of multiagent systems at foreign
institutions and about the system for monitoring and diagnostics under development at the Gerstner Laboratory,
Czech Technical University in Prague, Faculty of Electrical Engineering. We present a knowledge-based model
of agents” mutual awareness (social knowledge). The tri-base acquaintance (3bA) model formalizing agent’s
social behaviour knowledge and agent’s cooperation neighbourhood knowledge is enhanced to support attention
focussing and to ensure a holistic complex perception of the problem.

Abstrakt Cilem piispévku je seznamit s existujicimi lékafskymi aplikacemi multiagentnich systémt na
zahrani¢nich pracovistich a s vyvijenym systémem pro monitorovani a diagnostiku v Gerstnerove laboratoti FEL
CVUT. Budeme prezentovat model vyuZivajici znalosti o vzidjemném uvédomovani si ostatnich agentii (socialni
znalosti). Znalosti o socialnim chovani agentd jsou formalizovany v tzv. tribAzovém (3bA) modelu. Tyto znalosti
umoznuji zamétovani pozornosti a zajistuji holistické komplexni vnimani problémi.

1. Uvod

Stale se zvySujici objem dostupnych informaci
je zcela jist¢ strategickym zdrojem pro dne$ni
Iékafe, ale na druhé strané neni jednoduché s timto
objemem pracovat. Management znalosti a
inteligentni vybavovani znalosti se postupné stava
prominentnim  tématem  vyzkumu v oblasti
medicinské informatiky. AvSak stale jen mala cast
téchto informaci ma skutecny dopad na klinické
prostiedi. Lékafi pracuji srychle se meénicim,
nestrukturovanym a kvalitativn€ heterogennim
znalostnim prostiedim, pfi¢emz se snazi extrahovat
informace potiebné pro své rozhodovani. Pro navrh
systémi, které by se vhodnym zpiisobem vypotadaly
s témito pozadavky, se jevi jako vyhodné vyuziti
agentnich technologii.

Multiagentni systémy se v poslednich letech
staly jednim z dominujicich témat vyzkumu v oblasti
umélé inteligence. Tato oblast se postupné vydéluje
z distribuované umélé inteligence jako samostatna
disciplina, opirajici se o vysledky vyzkumu jak
v ostatnich ¢astech umélé inteligence, tak i v oblasti
po¢itatovych véd. Rada systémi, véetné systémi
softwarovych, doséhla takového stupné slozitosti, ze
je neni mozno fidit a provozovat jako systémy

monolitické. Snaha o dekompozici takovychto
systtmiit do pfirozenych funkénich jednotek,
relativné autonomné fteSicich dil¢éi ulohy a

komunikujicich v nezbytné minimalnim rozsahu jen
za ucelem koordinace své cCinnosti s ostatnimi
jednotkami, s nimiz sdili globalni cil, je proto zcela
pfirozenym trendem. Navic umoznuji velmi
ptirozenym zpisobem fesit tlohy, které jsou jiz svou
podstatou distribuované. Agentni technologie téz
umoznuji snadno integrovat jiz existujici plné
funkéni systémy, pracovat s heterogennimi zdroji dat
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a znalosti, rozSifovat systém o nové agenty,
vyuzivajici dalsi metody, apod.

I kdyz v posledni dobé vznikla ve svété cela
fada rtznych implementaci, vétSina je orientovana
na pramyslové aplikace. V oblasti zdravotnictvi a
mediciny je nékolik systémid ve fazi vyvoje
laboratornich prototypti. VétSina dnes existujicich
multiagentnich aplikaci jsou systémy vyvinuté ad
hoc, pficemz zpravidla vyuzivaji jenom téch
nejjednodussich, obvykle pouze reaktivnich modelu
chovani.

2. Multiagentni systémy v lékarské
oblasti

Béhem poslednich let vzrostl zidjem o vyuziti
multiagentnich systémi ve zdravotnictvi. Nejcast&jsi
oblasti, ve kterych se uz sagentni technologii
uvazovalo, jsou: vybavovéni lékafskych znalosti a
informaci z Internetu [1], systémy pro podporu
rozhodovani v ulohach monitorovéani a diagnostiky
[2] ¢i domaci péce, distribuované rozvrhovani
pacientli v nemocnici [3].

AADCare [4] je systtm pro podporu
diagnostiky, management toku prace a planovani
1écby. Architektura agenta obsahuje nékolik vrstev
znalosti, pracovni pamét, komunika¢niho manazéra
a uzivatelské rozhrani. Agenti maji deliberativni a
reaktivni  chovani. Deliberativni chovani je
umoznéno zaclenénim rozhodovacich pravidel pro
vybér plant, pravidel pro management ukold pfi
dekompozici a alokaci ukoli a kooperacnich
pravidel pro formulaci zavazkd. Reaktivniho
chovani se dosahuje pomoci fidici vrstvy, ktera
reaguje na zmény v pracovni paméti. Znalosti jsou
rozdéleny do tfi vrstev: doménové znalosti (baze
znalosti — 1ékarskd fakta, klinické protokoly,
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databaze  pacientskych ~ zaznamt,  databaze
dostupnosti  zdroju), znalosti pro usuzovani
(generické, deklarativni inferencni pravidla pro
rozhodovani s nejistou informaci a pro fizeni
kooperace agentt) a fidici znalosti (Fikaji, jak
aplikovat znalosti pro usuzovani na doménové
znalosti takovym zplsobem, aby vysledkem byla
vygenerovana odvozeni, kdykoliv se pfidaji nova
data do pracovni paméti). Pracovni pamét je
podobna globalni tabuli [5].

Vramci pracovni  skupiny ,,nemocnicni
logistika® v SPP 1083, a se zahrnutim projektu
ADAPT byl vytvofen extenzivni a empiricky
zalozeny model nazvany Agent.Hospital [6]. Tento
model je =zalozen na agentni technologii.
Agent.Hospital se sklada z detailnich dil¢ich modelt
zdravotni pécCe, riznych typl servisnich agentl a
agentnich platforem. Prosttedi ~Agent.Hospital
podporuje evaluaci metod modelovani, detekce a
feSeni konfigura¢nich problémi a provéteni
vyjednavacich strategii a koordinacnich algoritmti ve
zdravotnickych scénafich. V  souasnosti jsou
implementovany nasledujici soucasti:  klinické
zkousky a radioterapeutika (ADAPT), zéachrana
pacient (AGIL), 1écba rakoviny plic (ASAinlog),
angina pectoris (MedPAge), 1écba zluCovych
kamenti, chirurgické procesy (Policy Agents),
procesy radiologickych sluzeb (EMIKA).

Projekt PalliaSys [7] je Spanélsky projekt, jehoz
cilem je navrhnout a vytvofit prototyp systému pro
podporu persondlu na jednotce paliativni péce velké
nemocnice. Tato jednotka je specializovana na
Cinnosti tykajici se pacientd s nevylécitelnymi
nemocemi. Ma za tikol jim zmirnit bolest v konecné
fazi jejich zivota. Osoba mize byt zahrnuta na
seznam pacientll jednotky paliativni péce v rizném
stadiu nemoci a bolesti.

Guardian [2] je projekt, ktery byl dokoncen
vroce 1996. Jeho cilem bylo vyvinout prototyp
inteligentntho ~ multiagentniho ~ systému  pro
monitorovani pacientll na jednotce intenzivni péce.
Systém vyuziva fidici architekturu tabule a je slozen
z heterogennich softwarovych modult, které jsou
organizovany do dvou vrstev. V nizsi vrstvé jsou
moduly, které zajistuji redukci dat a abstrakci. Ve
vy$si vrstveé se provadi usuzovani a kooperace.

V literatufe a na Internetu je popsana cela fada
jinych architektur multiagentnich systémt a jejich
aplikaci v celé fadé oblasti. I v oblasti l€karskych
aplikaci se v posledni dobé objevilo vice systému,
prezentovanych na konferencich a popsanych ve
specialnich cislech nékterych Casopisi vénovanych
pfimo  tématu  Multiagentni  systémy  ve
zdravotnictvi.

3. Medicina jako aplika¢ni oblast

Moderni  zdravotni  péfe  je  vysoce
specializovana. Komplexni vySetieni jednoho
pacienta zahrnuje mnoho konzultaci odborniki a
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laboratornich testi. Distribuovana data, informace,
znalosti a kompetence charakterizuji moderni
medicinu. Nejcastéji si specialisté vyménuji své
zavéry v podobé abstraktnich konceptl. Tento
pristup vSak znesnadiuje vyuziti slozitych vztaht
mezi riznymi symptomy, zejména v raném stadium
nemoci, kdy jsou projevy nemoci malo patrné.
Doufejme, ze takové vztahy lze rozpoznat, kdyz
bude vSechna vysetieni vyhodnocovat jeden ¢lovek.
Samoziejmé ale existuje celd fada divodd, pro¢ je
obtizné tohoto cile dosahnout. Vystupem vétSiny
meéfeni neni jediné Cislo, ale méfeni odpovidaji
Casovému pribéhu nékterého atributu (napi. EKG,
EEG). Vysledni data maji extenzivni charakter,
jejich interpretace je velmi narocna a je k ni potieba
velké mnozstvi specialnich znalosti — tudiz musi byt
zajisténa odbornikem v dané oblasti. Ale s nejvyssi
pravdépodobnosti odbornik v jedné oblasti neni
odbornikem v jiné, ktera mize byt v dany moment
zivotné¢ dulezitd pro pacienta. Proto je vysoce
dilezité hledat feseni, ktera umozni pruznou vyménu
dat nebo znalosti mezi specialisty, podilejicimi se na
procesu rozhodovani. Vymeéna by se neméla omezit
na abstraktni koncepty, ale méla by zaméfit
pozornost na projevy ¢i pfiznaky, které jsou na prvni
pohled nevyznamné a které by mohly zistat
nepov§imnuty. V prediktivni diagnostice by bylo
dilezité doplnit existujici pohled odbornika na
pacienta slozitéj$im obrazem, odrazejicim detaily
rozpoznané v nezavislych meétenich. Tento pfistup

muze vést khlubSimu pochopeni nékterych
komplikovanych nemoci a jejich dfivéjsimu
odhaleni.

Navic mohou mit data ¢i znalosti riznou
povahu: popisy v pfirozeném jazyce, 2D obrazy,
meéfené biologické signaly (napi. EKG, EEG, EMQ),
vysledky laboratornich testi (zpravidla seznam
¢iselnych hodnot). Jsou uloZeny na riznych médiich:
listy papiru, fotografie, blany, elektronické soubory,
knihy (uvazujeme-li ,klasické” 1ékaiské znalosti),
nékdy osobni komunikace. Zpravidla nejsou
dostupné na jednom misté¢ vjednom urcitém case.
Tato distribuce pfedstavuje nejvetsi problém, jestlize
se ma rozhodovat vcas. Lékarské znalosti, vysetfeni
a lécba jsou distribuované funkéné, geograficky a
také cCasové. Je evidentni, Ze je potieba mit
spolehlivy a konzistentni tok informaci mezi vSemi
zainteresovanymi subjekty s cilem splnit globalni cil
— lepsi =zdravotni stav pacienta. Samoziejmé
potfebny tok informaci neni predvidatelny v rozsahu
a struktufe, ale vyviji se a méni v ¢ase diky novym

znalostem a reakcim. Pro uspokojeni téchto
pozadavki a poskytnuti adekvatni podpory
rozhodovani se pouziti flexibilni inteligentni

softwarové podpory stava vice a vice zadouci.
Agentni technologie nabizi efektivni a pfirozené
feSeni, protoze odpovidd hlavnim vlastnostem
lékaiské  oblasti, tedy distribuci informaci,
fesitelskych schopnosti, zdroji a odpovédnosti,



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

rozhodovani s nelplnou informaci, iterativni
zjemiovani pland.

Budeme-li analyzovat cely cyklus 1écby
pacienta, miizeme najit nejméné pét samostatnych
oblasti, kde lze vyuzit pocitacové podpory,
konkrétné jde o diagnostiku, predikci, monitorovani,
zpracovani informaci, management a planovani
lécby. VsSechny tyto oblasti mohou profitovat
znovych  moznosti  nabizenych  modernimi
informacnimi technologiemi. Na priklad
v diagnostice a predikci je mozné zaclenit agenty,
kteti budou vyhledavat podobné piipady, které se
nékde jiz v minulosti objevily. Samoziejmé je nutné,
aby v takovém piipadé byl agent schopen generovat
spravny dotaz a aby pfipady byly dostupné
prostfednictvim Internetu. Jinou moznosti je vyuZzit
agenty pro piipravu a inicializaci elektronické
lékatské konzultace.

3.1 Diagnostické ulohy

Obecné je lékarska diagnostika slozity proces,
ktery vyzaduje velké mnozstvi specializovanych
znalosti a zkuSenosti. V zavislosti na pfiznacich,
které pacient ma, je prakticky lékai schopen urcit
pravdépodobnou diagnoézu vice ¢i méné piesne.
Jsou-li ptiznaky stejné pro nékolik nemoci, musi
lékat provést dalsi vySetfeni (ve své ordinaci nebo
posle pacienta na specializovanou kliniku). Néktera
vySetfeni jsou zalozena na méfeni signald nebo
dalSich parametrii (napf. krevni tlak, analyza krve).
Vétsina téchto dat potiebuje interpretaci (=
vysvétleni sémantického obsahu).

Tradicné byly velké objemy métenych dat
(EEG, EKG, apod.) interpretovany experty pouze
s minimalni ~ softwarovou  podporou. Takova
manualni interpretace je vSak bolestn¢ pomaly a
namahavy proces (predstavme si 24hodinovy
zaznam EKG). Navic, protoze interpretace zahrnuje
subjektivni posouzeni a kazdy lékai ma odlisné
odborné znalosti a zkuSenosti, formulace efektivni
interpretace Casto vyzaduje spolupraci nékolika
takovych experti. Proto by bylo velmi uzite¢né mit
softwarovy systém, ve kterém by individualni
interpretace  byly generovany automaticky a
nasledné zjemiovany s pouzitim kooperativniho
usuzovani a sdileni informaci. Co musi byt
vyfeSeno, je granularita informaci, které se maji
sdilet. Je také nutné zduraznit, ze v kazdém piipadé
je konecné rozhodnuti véci 1ékate a ne pocitacového
systému. PocitaCovy systém je vzdy povazovan za
nastroj pro podporu rozhodovani.

3.2 Uloha monitorovani

Monitorovani je zivotné kritickd ¢innost na
jednotkach intenzivni péce, kde zpozdéni informaci
mize byt rozhodujici pro pfeziti pacienta. Proto
vyzaduje automaticky sbér dat ze vSech
monitorovacich pfistroji  u postele pacienta,
zpracovani dat vredlném case a vyhodnoceni.
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Ziskani téchto dat on-line umoziiuje korelaci a
validaci dat, vypocet odvozenych proménnych c¢i
navrh inteligentnich scénafi alarmt zahrnujicich
nékolik parametrt a proménnych, které jsou
monitorovany paralelné. V tomto kontextu nabizi
pocitatova podpora vyznamnou Usporu c¢asu
personalu. Systém muze poskytnout véasné varovani
a inicializovat odpovidajici akci, jestlize dochazi
k podezifelému vyvoji jednoho ¢i vice parametrl
sledovanych u pacienta, coZ nemuselo vést ke
spusténi alarmu u ,,klasického* pfistroje. Tedy cilem
je vytvotit casnou detekei kritické situace.

Vétsina monitorovacich pfistroju a ptistroji pro
podporu zivotnich funkci, jako jsou ventilatory a
fyziologické  monitory, je dnes vybavena
mikroprocesory. Obvykle ma kazdy znich svij
vlastni displej a je navrzen jako samostatna
jednotka. Navic mivaji Casto rizné vystupy, protoze
pochazeji od riznych vyrobct. Vysledkem je, ze
zodpovédna osoba musi odecitat data znékolika
displejii a nasledné je vkladat do jiného systému pro
dalsi zpracovani. Urgentni potieba integrace vystupt
je evidentni.

Monitorovani  pacienta se provadi jak
z diagnostickych, tak terapeutickych duvodi.
Obecné mutzeme identifikovat né€kolik kategorii
pacientu, ktefi potfebuji monitorovani:

e pacienti s nestabilnim fyziologickym regulacnim
systémem,

e pacienti s podezfenim na Zivot ohrozujici stav,

e pacienti svysokym rizikem rozvinuti Zzivot
ohrozujiciho stavu,

e pacienti v kritickém fyziologickém stavu,

e pacienti, ktefi jsou fyzicky ¢&i psychicky
nestabilni,

e pacienti, ktefi nejsou schopni komunikovat,

e neonatalni a détsti pacienti,

e pacienti pod sedativy ¢i v anestézii.

Mnozstvi parametri pacienta se musi méfit
kontinualn€, zejména srdecni frekvence a rytmus,
frekvence dychani, krevni tlak, saturace krve
kyslikem, Navic je mozné meéfit napi. intrakranialni
tlak, klinickou chemii, testy krevnich plynti, obsah
glukdzy v kapilarni krvi, télesnou teplotu, EEG.

4. ADAM: Architektura agenti pro

diagnostiku a monitorovani

4.1 Motivace

Lékarska diagnostika byla jednou z aplikacnich
oblasti expertnich systémi v 70. letech 20. st. Od té
doby byla vyvinuta fada problémov¢ orientovanych
systémt. AvSak vétSina byla velmi uzce zamétena.
Me¢ly podobu jedné softwarové metody nebo
techniky [8], [9]. Prvnim krokem k distribuované
organizaci bylo zavedeni architektury tabule [5].
Logickym pokracovani tohoto procesu jsou
multiagentni systémy [10], kde sit' kooperujicich
agentll zpracovava mnoZzstvi vzajemné propojenych
ukoli. Mohou byt heterogenni, vyuzivat rizné



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

metody ¢i techniky pro feSeni svého problému.
Jejich vysledky se potom mohou kombinovat nebo
se mlze vybrat nejlepsi feSeni. Relativné nedavno se
monitorovani na JIP dostalo do centra pozornosti,
protoze vsechny pouzivané piistroje produkuji
enormni mnozstvi dat, ktera se museji prub&zné
vyhodnocovat.

Popisme tkoly, které lze potencialné fesit pii
monitorovani. Informace o pacientovi museji byt
uloZeny, aby mohly byt pouzity pro rozpoznavani a
extrakcei ptiznaku, nalezeni zajimavych
fyziologickych sekvenci, zobrazeni méfenych
hodnot za delsi casovy tsek s vyjadienim trendd.
Integrace informaci z nékolika pfistroji umoziuje
vyhodnotit kvalitu signalu z jednoho pfistroje, napft.
pozorovanou pomalou degradaci odporu prechodu
kize-elektroda pifi méfeni EKG. Tato funkce
poskytuje uziteny prosttedek, jak se vyhnout
faleSnym alarmtim, totiz umoznuje rozli§it mezi
artefakty a realnymi situacemi alarmi s vyuzitim
informaci odvozenych zjednoho signalu pro
verifikaci informace z druhého signalu. Je nutné
zdlraznit, Ze na JIP byva zpravidla vice pacientl
najednou. To znamena, Ze popisované ukoly jsou
znasobeny, coz mize vést ve svém dusledku
k ptetizeni sester, které museji sledovat informace
na vsech pfistrojich. Je ziejmé, Ze zavedeni systému,
ktery je schopen zpracovavat data pacienta,
vyhodnocovat stav pacienta a vyslat alarm, je-li
tieba (s rozliSenim vyznamnosti riznych alarmi), by
podpotilo rozhodovani personalu.

Vyhodnocovani lékaiskych dat je casto
vzdalené od pifimého postupu. Neexistuje obecné
pouzitelnd nejlepsi metoda nebo technika pro
nasazeni na konkrétni data. Kazda metoda ma svoje
relativni silné a slabé stranky. Nékteré metody
produkuji pouze priblizné feSeni, ale relativné
rychle, jiné jsou pfesné&jsi, ale relativné pomalé.
Navic vykon dané metody Casto zavisi na povaze
souboru dat (nékteré metody pracuji dobie se
zaSuménymi daty, jiné nikoliv, nékteré pracuji dobie
s daty, které maji velké zesileni signalu, jiné pracuji
dobfe s malym zesilenim signalu, nékteré se uméji
vypotadat s chybéjicimi daty, jiné nikoliv). Velikost
souboru dat muze také ovlivnit vykon metody. Kdyz
je soubor dat piili§ velky, obvykle neni uzivatel
schopen vyhodnotit kvalitu dat manudlné, nemusi
byt dostatecné zkuSeny, mize preskocit dulezitou
Gast dat, atd. To vSe se odrdzi v zakladnich
pozadavcich na uvazovany systém: systém musi
reagovat na kontext feSeni problému.

Nejlepsi zpusob, jak piekonat problémy spojené
s vybérem jediné metody, je navrhnout systém, ktery
umozni koexistenci vice metod. AvsSak jak ukazuji
piiklady zjinych aplikacnich oblasti (napf.
zpracovani obrazu), takové systémy nebo nastroje
vyznamné zatézuji uzivatele. Ocekava se, ze uzivatel
zna u kazdé metody jeji vlastnosti, je schopen
posoudit, kdy, kde a jak ji pouzit, a urcit, jak nejlépe
integrovat a spojovat vysledky dosazené vybranou
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metodou. Bylo by nesmirné¢ néarocné feSit tento
problém pomoci jednoho monolitického systému
(napf. expertniho systému), protoze neumoziluje
integraci rdznych metod a vyhodnoceni dil¢ich
vysledkt dosazenych témito metodami. Proto jsme
se rozhodli navrhnout a vyvinout otevieny systém,
ktery bude poskytovat celou fadu zakladnich metod
(reprezentovanych nezavislymi moduly) a umozni
urcovat beéhem zpracovéani, které metody jsou
vhodné za jakych podminek. Vzijemna vymeéna
dil¢ich a konecnych vysledkd mezi jednotlivymi
moduly bude piimo podporovana na softwarové
arovni.

4.2 Multiagentni pristup
Kdyz zvazime vsechny pozadavky a povahu

problémové oblasti, dojdeme nutné k zavéru, Zze

nejpfirozenéj§im prostiedkem pro modelovani a

implementaci systému je multiagentni pfistup. Pro

nase ucely aplikace v lékarské diagnostice jsou
vyznamné zejména tfi  zadkladni  vlastnosti
multiagentnich systémt: kooperace, heterogenita
jednotlivych agenti a integrace existujicich
vykonnych programt. Pod pojmem agent rozumime
softwarovou entitu, kterd vykazuje nasledujici

vlastnosti [11]:

e Autonomie: Agenti pracuji bez piimého zasahu
lidi nebo jinych agenti a maji jistou miru
kontroly nad svymi akcemi a vnitinim stavem.

e Socidlni chovani: Agenti interaguji s ostatnimi
agenty (a lidmi) prostiednictvim komunika¢niho
jazyka, kdyz rozpoznaji potiebu takové
komunikace (obvykle scilem dokoncit svoje
feSeni a pomoci ostatnim s jejich ¢innostmi).

e Reaktivita: Agenti vnimaji své okoli (fyzicky
sveét, uzivatele, spoleCenstvi agentl, Internet,
nebo kombinaci vSech uvedenych entit) a
reaguji v€as na zmeény, které se v jejich okoli
objevi.

e Proaktivnost:  Agenti nejednaji  pouze
v odpovéd na okoli, mohou vykazovat cili
fizené oportunistické chovani a pievzit
iniciativu ve vhodny okamzik.

V dalsi ¢asti popiSeme strukturu agenta a
znalostni struktury, odpovédné za jeho chovani
v multiagentni komunité. V naSem navrhu jsme vysli
z architektury  agenta  vyvinuté v Gerstnerove
laboratofi. Jeji robustnost byla ovéfena na aplikacich
v n¢kolika oblastech, napf. v oblasti planovani a
rozvrthovani vyroby (syst¢tm ProPlanT), fizeni
dodavatelského fetézce (projekt ExPlanTech),
formovani koalic (systém CplanT) [12]. Analyzovali
jsme funkénost této architektury a definovali
zakladni rozdily mezi tGlohami planovani a
diagnostiky. Na jejim zaklad¢ jsme navrhli urcité
modifikace pro ulohy diagnostiky a monitorovani.
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4.3 Tribazovy znalostni model a jeho
aplikace v diagnostickych ulohach

Zakladni architektura agenta a jeho baze
znalosti jsou ptevzaty z [12]. Agent v naSem
systtmu se sklada =z funkéniho téla (obvykle
samostatny program s dobie definovanou
funk¢énosti) a obalky (kterd je zodpovédna za
zaclenéni agenta do komunity agentll). Tribazové
(3bA) modely jsou zakdédovany v obalce agenta.
3bA modely maji ne¢kolik dulezitych funkci:

e omezit nadbytecnou komunikaci
v multiagentnim systému,
e zajistit okamzitou  odpovéd v Casové

kritickych situacich,
e generovat a udrzovat databaze informacnich
zdroja.
V ramci 3bA modelu kazdy agent udrzuje tii baze
znalosti, ve kterych jsou ulozeny vSechny relevantni
informace o ostatnich ¢lenech komunity, konkrétné
kooperacni baze, baze ukoll a baze stavi.

Kooperacni baze (CB) udrzuje permanentni
informace o kooperujicich agentech, tj. jejich adresy,
komunikacni jazyk a jejich preddefinované
zodpovédnosti (v€etn¢ informace o pozadované
formé vstupnich dat pro télo agenta). Tato data jsou
potieba pro zajisténi predvybéru vhodného agenta,
ktery je schopen provést pozadovany ukol, protoze
v diagnostice se zpravidla vyuziva velky objem
vstupnich dat heterogenni povahy a formy.
Predpoklada se, ze se tento typ znalosti nebude
meénit velmi casto.

Baze ukold (TB) ma dvé sekce: sekci problémi
a sekci pland. Vsekei pland (PLS) se udrzuji
aktualni plany, jak provadét ty tukoly, které jsou
nejcastéji agentovi zadavany. V sekci problému se
ukladaji obecné znalosti o feseni ulohy, tj. znalosti o
moznych rozhodnutich s ohledem na typ vstupnich
dat a o¢ekavané vysledky.

Baze stava (SB) obsahuje informace o
spolupracujicich agentech, tj. o jejich aktualnim
stavu. V sekci agentli (AS) jsou ulozeny informace o
aktualnim zatizeni kooperujicich agentti. Tato cast se
aktualizuje Casto a informuje agenta, ktefi ze
spolupracujicich agenti jsou zaneprazdnéni a ktefi
jsou dostupni pro spolupraci. Sekce ukoli (TS)
uklada informace o stavu ukold, které agent aktualn¢
fesi.

4.4 Obecna architektura systému ADAM

Koncept systtmu ADAM [13] definuje tii
zékladni tfidy agentl, které jsou potfebné pro
zajisténi zakladni funkcnosti a ucastni se na pfimém
feSeni Uloh: agenti pro sbér dat, ktefi shromazd’uji
data z meéficich pfistrojii, laboratornich zafizeni,
apod., agenti pro vyhodnocovani (interpretaci) dat,
ktefi pfedzpracovavaji a zpracovavaji shromazdeéna
data za pouziti vhodnych metod, vysledky jsou
popsany koncepty na vyS§i urovni abstrakce, a
integracni agenti, kteti integruji vysledky ziskané od
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agentd pro vyhodnocovani dat. Integracni agenti
vyhodnocuji tyto diléi vysledky scilem ziskat
odpovidajici zavéry. Na zaklad¢ této evaluace muze
integracni agent piimo kontaktovat agenty pro sbér
dat a pozadat je o nové meéfeni. Systém navic
obsahuje dal$i agenty, ktefi zajistuji inteligenci
systtmu. Jde zejména o uciciho se agenta,
skeptického agenta, databazového agenta a
informacniho agenta (sbirajiciho informace, zejména
z Internetu). Databazovy agent sbird data o vsSech
pacientech a jako vedlejsi efekt vytvati zdroj pro
dolovani dat. Informacni agent hledd doplitkové
informace na Internetu nebo u agentll pro sbér dat.
Skepticky agent shromazd'uje a uklada pozorovani a
diagndézy spojené s minulymi nalezy tak, jak jsou
poskytovany informaénim agentem nebo jsou
vysledkem usuzovani integraénich agenti. U¢Cici se
agent muze pouzivat nékteré metody strojového
uceni na data poskytovand ostatnimi agenty
v komunité. Navic ktémto agentim navrhujeme
zacClenit do systému meta-agenta, coz je nezavisly
agent, ktery sleduje chovani komunity. M4 dvé role:
pasivni (vizualizace struktury komunity,
distribuovanych feSeni, uzivatelské rozhrani, apod.)
a aktivni (ovliviiuje ¢innost komunity — inicializuje
sekvence operaci, u¢i se zpozorovani a snazi se
zlepsit chovéni celé komunity). Predpokladame, ze
agenti budou spousténi na riznych strojich a budou
komunikovat prostfednictvim Internetu.

4.5 Pripadova studie: Lékarska diagnostika
a monitorovani

Kazdou metodu pro ptredzpracovani a
vyhodnocovani dat a signalt miizeme povazovat za
autonomniho softwarového agenta, ktery
spolupracuje, komunikuje a koordinuje svoji ¢innost
s ostatnimi agenty, je-li to nutné pro dosazeni
globalniho cile. Pro prvni fazi navrhu systému pro
ulohu 1ékaiské diagnostiky a monitorovani jsme
obecnou architekturu systému ADAM ponckud
modifikovali a neuvazovali nékteré typy agenta.

Agenty pro vyhodnocovani (interpretaci) dat
jsme rozdélili do dvou Urovni, a to na agenty pro
predzpracovani dat a agenty pro zpracovani dat. Na
urovni predzpracovani dat je k dispozici nékolik
agentd pro predzpracovani dat pfichazejicich od
riznych agenti pro sbér dat. Agenti pro
pfedzpracovani téz umoziuji vizualizovat jak
pfichazejici data, tak data vriznych fazich
predzpracovani. Dale museji zajistit nékolik
dilezitych krokd, jako je odstranéni Sumu, filtrace.
Tyto operace se museji délat velmi peclive, aby
doslo k minimalnimu zkresleni uzite¢né informace
v datech ¢i signalu. Predzpracovani signali se
odehrava jak v Casové, tak frekvenéni oblasti, a jeho

vysledkem je extrakce a vypocet
nejcharakteristictéjSich pfiznakt. Agenti mohou

pracovat v automatickém rezimu, kdy extrahuji
relevantni atributy a posilaji je k dalSimu
zpracovani, nebo v interaktivnim rezimu, kdy
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uzivatel mize provadét vizualni inspekcei s vyuzitim
vizualiza¢nich moduli agenti.

Agenti pro zpracovani dat vyuZzivaji metody
strojového uceni (rozhodovaci stromy, neuronové
sit¢, k-NN klasifikator). Nejprve se nau¢i na
relevantnich trénovacich mnozinach a nasledné jsou
vyuzivani pro klasifikaci. Jejich vystupy slouzi jako
vstup pro integra¢niho agenta.

Integracni agent je znalostni systém, ktery ma
n¢kolik riznych vstupl, a to vysledky agentii pro
zpracovani, data o pacientové zdravotnim stavu a
predchozich onemocnénich a vySetienich z databaze
(piipadné od lékafe prostfednictvim manualniho
vstupu),  vyhodnoceni  biochemickych  testi.
Vysledkem je navrzena diagnoza a navrh 1écby
ptislusného pacienta.

Databazovy agent tidi operace s lokalni databazi.
Tato databaze je strukturovana a obsahuje data o
vySetfovanych pacientech. Naméfené signaly se
ukladaji do samostatnych souborti a v zdznamu
pacienta jsou odkazy na tyto soubory. Pacientiv
zéznam obsahuje pfiznaky extrahované a vypocitané
ze signal, pacientovu anamnézu, vysledky
biochemickych  testli, navrZzenou  diagndzu,
potvrzenou diagndzu, navrzenou lé¢bu a medikaci.

Agent uzivatelského rozhrani slouzi pro
komunikaci s uzivatelem. V soucasnosti museji byt

jeho prostfednictvim  vkladany nékteré udaje
interaktivng, napf. laboratorni vysledky
biochemickych testt a doplikové informace

z centralni nemocnic¢ni databaze.
5. Zavér

V tomto clanku jsme popsali moznost vyuziti
agentni architektury pro vyvoj inteligentniho
systtmu pro podporu rozhodovani v medicing.
Spolupracujici agenti poskytuji velmi pfirozeny
nastroj pro automatizaci predzpracovani a (alespon
Castecné) evaluace velkych objemt lékafskych dat
s vyuzitim vSech dostupnych 1ékaiskych znalosti.
Dalsi faze projektu je zaméfena na implementaci
systému a jeho testovani na realnych datech.
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Summary The phenomena of rhythm fluctuation of arterial blood pressure were discovered already in the first continuous
recordings in the 18" century. However the formation of such rhythms hasn’t been explained until now. This work presents
two concepts which could aid in bringing new insights into the understanding of these rhythms. One development is a
multisensor system capable to acquire multiple PPG channels, ECG and additionally breathing signals to correlate local and
central driven oscillations. The second new development is Photoplethysmography Imaging which allows contactless
measurements of cutaneous perfusion with spatial resolution. Together with the necessary mathematical analysis tools like
the Wavelet Transform a sound basis for assessment and evaluation of rhythm fluctuations in human hemodynamics is
provided. Using the presented framework new, previously unreported phenomena of distributed blood volume movements in
dermal perfusion could be observed.

Abstrakt Studie se zabyva rytmickymi fenomeny v perfuzi kiize. PiestoZe jsou tyto fenomeny parcielné znamy jiz od 18
stoleti, neni z fyziologického a biofyzikalniho pohledu jejich generace, vzajemnd interakce a lokalni distribuce dodnes
kompletné¢ objasnéna. Popsany jsou dva experimentdlni systémy, znichz prvni sestdvd z kombinace klassickych
fotopletysmografickych senzorti (PPG) pro detekci zmén krevniho volumenu v dermalni mikrocirkulaci spolecné s EKG a
detekei respiracni dynamiky. Druhy optoelektronicky system (PPGI) umoziuje bezkontakni detekci uvedenych fenoment
s vysokou prostorovou a ¢asovou rozliSovaci schopnosti. Prvni testy a klinické vysledky potvrzuji mimotfadné zajimavé
diagnostické moznosti této nové optoelektronické zobrazovaci metody.

1. Epilogue by the introduction of a multi sensor system, capable
to simultaneously acquire different optoelectronical
»Rhythms are a basic phenomenon in all sensor channels (Photoplethysmography, short PPG)
physiological systems. They cover an enormous together with ECG and breathing signals. Our latest
range of frequencies with periods from the order of research results show high local variations in the
milliseconds up to some years. They are described dermal perfusion behavior. For the study of
by many disciplines and are investigated usually in distributed perfusion patterns are therefore mapping
the context physiology of the respective function or sensor concepts required. For this purpose we
organ. The importance given to the research on developed a new contactless, spatially resolving and
rhythmicity is quite different in different systems. In functional measurement  technique called
some cases where the functional significance is Photoplethysmography Imaging (PPGI).
obvious rhythms are at the centre of interest, as in
the case of respiration or locomotion. In other fields 3. Multi Sensor System for skin contact
they are considered more or less as interesting applications

epiphenomena or at best as indicators without
essential functional significance, as in the case of
cardiovascular or EEG rhythms.” [1]

In the first part of this study a simple device has
been designed which includes 5 classical PPG
] sensors (working in transmission or reflection mode,
2. Introduction also in fiber optic configuration), two respiration
sensors and one ECG channel [4].

Complex rhythmical changes in dermal
perfusion patterns have been known since the first
continuous recordings of blood pressure. However
the formation of these rhythms hasn't been explained
until now. Actual research concentrates especially
on the frequency range of about 0.1 Hz [2,3],
however the assessment and interpretation of these
perfusion rhythms are especially hindered by the fact
that these patterns have very strong spatial
variability and are highly transient.

This contribution tries to aid in the Fig. 1. Multi sensor measuring system capable of
understanding of the cause and implication of the simulataneously reading multiple PPG channels, ECG
observed rhythmical phenomena in dermal perfusion and breathing signals.
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All analogue signals were digitized and

processed by an integrated microprocessor. Sensor
settings, measurement control & signal visualization
were managed by custom software on a standard PC
(figure 1 and 2). Our multi sensor concept allows
additional insights for the determination between
local and central rhythmical phenomena like heart
rate synchronous blood volume changes (figure 3).
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Fig.2. Selected windows in the screenshot allow the
measurement control and visualization of the detected
signals.
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Fig.3. Perfusion recordings in comparison: both PPG
signals detect the arterial blood volume pulse on the index
fingers and show nearly the same pulse wave delay to the
QRS complex. In addition the beat-to-beat heart rate
variability is clearly visible in all signals.

In addition to the heart synchronous rhythms
also a spectrum of other rhythmical phenomena in
dermal skin perfusion can be detected if the
sensor/amplifier system allows a non filtered data
analysis (fg < 0.05 Hz).

Selected results from an indo-german project
which was focused on the endogenous influence of
dermal perfusion using Yoga are shown in figures 4.
By positioning the PPG sensors on the forehead and
chest of the subject who practiced Yoga relaxation
techniques one could notice certain interesting
periodical perfusion patterns as show in figure 5.
First of all one could notice from this dataset that the
PPG signal from the forehead region is much larger
compared to the one from the chest region thereby
indicating that the microcirculation in the forehead
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region is relatively stronger. The FFT analysis
reveals that beside the heart beat (approx. 1 Hz) and
breathing (approx. 0.35 Hz), the 0.15 Hz rhythms
formation is present in the signal from the forehead
region. According to the results from other research
groups [5,6,7] these low frequency “relaxation”
rhythms have a very important bearing on the human
physiology and have potential therapeutic
implications e.g. in psychosomatic medicine.

Fig 4.Investigation of the rhythmical phenomena in the
human hemodynamics with PPG and respiratory sensors
during Yoga exercise.
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Fig. 5 Two-channel time domain registration (left) and
FFT analysis (right) of skin perfusion rhythms, recorded
with classical PPG sensors in the forehead and chest
regions.

4. New contactless assessment strategies

The Photoplethysmography Imaging technique
is a contactless and spatially resolving advancement
of the classical and well established
Photoplethysmography [8]. A part of the skin
surface is illuminated by illumination panels
consisting of multiple LEDs and as optical detector a
high sensitivity camera is used. To detect also the
weak light modulation, which is caused by the
arterial pulsation, our setup utilizes the UltraPix FE
250 camera from Life Science Resources because of
it’s high dynamic range of 84 dB and it’s high
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readout speed of 5.5 MB/s. The imaging sensor is
EEV 37-10, a silicon frame-transfer CCD with a
pixel resolution of 512x512, the spectral range is
400 - 1100 nm with a quantum efficency of 40 % at
800 nm. To reduce the readout noise, the camera is
cooled down to -40° C.

Using the setup shown in figure 6 it is possible
to measure arbitrary parts of the skin surface and to
simultaneously assess the dermal perfusion in
different skin regions. The PPGI system allows to
assess local changes in perfusion patterns and to do a
functional mapping of the perfusion status. Of great
importance is the novel possibility to measure even
in wounds or transplanted skin.

Fig. 6. Portable Photoplethysmography Imaging setup, the
skin surface is illuminated by a custom LED floodlight and
the backscattered light intensity is recorded by a high
sensitivity CCD camera.

After recording of a short video sequence of the
skin surface the operator can choose different
regions of interest (ROI, “virtual sensors”) for which
the backscattered light intensity is calculated. The
resulting signals contain the same information as
classical PPG signals.

5. Advanced signal processing and
visualisation of dermal perfusion
patterns

A typical recording with corresponding PPGI
signals can be seen in figure 7. The recording was
done on a left hand with a small wound in the skin
of the middle finger. As can be seen in the figure the
perfusion patterns from healthy skin and the wound
on the middle finger show significant differences.
When looking only at the heart beat, it is slightly
increased inside the wound, however the slow
rhythms of about 0.1 Hz are strongly reduced inside
the wound. Not only is it possible to discriminate the
wound and the healthy skin when comparing the
different frequency components, it is also apparent
that the slow frequency component has strong local
variations. Even the two ROIs on healthy skin,
which are adjacent, show differences in the 0.1 Hz
band.

When trying to further analyse the perfusion
patterns with the classical Fourier Transform not
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wignal piot in time domain

Fig. 7. left: PPGI recording of a hand with a wound on the
middle finger. right: Calculated perfusion signals for
selected ROls.

much new information is revealed. It is possible to
recognise differences at low frequencies, however
the resolution is quite limited. The frequency
spectrum can't reveal much advanced information,
the reason is that the Fourier transform is not well
suited for analysis of transient signals. It is not
possible to judge only from the power spectrum of a
signal if an oscillation is stationary or occurs only
during a limited time and at which instance in time.
To assess non stationary characteristics of a signal a
joint time — frequency representation of a signal is
needed. This problem is illustrated in figure 8.

Fig. 8. Example of analysis of transient signals. top:

synthetic signals a) and b). middle: Fourier Transform of
example signals. bottom: Wavelet Transform of signals.

6. Wavelet transform

The Wavelet Transform of a signal leads to a 3
dimensional time - frequency representation where
the spectral evolution over time can be directly
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assessed [9]. It is in reality a family of
transformations where a signal g(t) is transformed

by an analysing function (t). The analysis
function w(t), which is called the “mother
wavelet”, is not fixed but can be chosen from a
collection of functions. All of these have to meet
certain restraints (see [10]), most notably are
localisation in time as well as in frequency domain.
To analyse the signal g(t), the mother wavelet is
shifted across the time axis (by parameter b) and
also scaled by different factors a. Thus a family of
basis functions

- t-b
s f)

is obtained.
The continuous Wavelet Transform is defined
as:

gab) =" g®w,,

Utilising this transform a higher dimensional
representation of the signal g(t) can be obtained
where the dimension b is responsible for the time
information and the other dimension a for the
scaling information which is inversely proportional
to the frequency.

The original function can be recovered from
g (t) by the inverse transform

90)=C," [0 7,0 2

where the normalising coefficient C, is determined

by the shape of the mother wavelet:
C, =] w@fle| do

(w designates the Fourier transform of y ).

To fully describe the Wavelet Transform also
the mother wavelet /(t) has to be specified. An

often applied function is the Morlet Wavelet, which

is a wave modulated by a Gaussian of unit width
(see figure 9):

t2

wt)=e? (cos(m,t) i sin(m,t))

The parameter @ determines the time versus
frequency resolution, the relation between scaling
and frequency becomes f = 27w, /a.

When using the Morlet wavelet the resemblance
to the windowed Fourier Transform becomes
apparent. The Gaussian can be interpreted as the
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windowing function. In distinction to the windowed
Fourier Transform the width of the function is not

Motlel Wavelel

— real part
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Fig. 9. Morlet mother wavelet consisting of a complex
wave modulated by a Gaussian.

fixed but is scaled together with the wave function.
So for every frequency the same number of
oscillations is taken into account, i.e. if we search
for slow rhythms of 0.1 Hz the window function will
be ten times wider than if we would search for 1 Hz
components. This makes the Wavelet Transform
admissible to investigate a very broad frequency
range of multiple decades.

7. New insights in the phenomenon of
distributed dermal rhythmicity

The wavelet transform of a PPGI signal is
shown in figure 10. The resulting spectrum is a joint
time-frequency representation of the signal, the
evolution of different frequency components
(vertical axis) can be directly recognised versus the
time (horizontal axis). The classical FFT power
spectrum can be interpreted as a projection of the
Wavelet spectrum in horizontal direction and thus
looses any time representation.

The generated advanced signal visualisation
reveals on first sight, that the slow rhythms of about
0.1 Hz are not stationary but fluctuate in amplitude
and also slightly in frequency. Additionally the heart
rate variability can instantly be recognised and
shows a good correlation to classical beat-to-beat
analysis of PPG signals or ECG signals.
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Fig. 10. Wavelet Transform of a PPGI signal. a): time
signal. b): FFT frequency spectrum. c): Wavelet spectrum.



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Apart from the strong temporal fluctuations in
dermal perfusion also a new phenomenon of
distributed spatial rhythm fluctuations could be
observed using Photoplethymography Imaging.
Figure 11 shows a recording of about 3 minutes of a
forehead. The PPGI time signals corresponding to
the selected ROIs contain very strong oscillations
with frequencies of about 0.1 Hz. In contrast to the
centrally controlled and uniformly detectably heart
synchronous rhythms, the slow oscillations show a
high local variability and autonomy. Due to strong
differences in the perfusion signals despite the
adjacent measurement sites, these slow blood
volume changes have to be attributed clearly to local
oscillators in the human body.

Fig. 11. Distributed spatial rhythm fluctuations can be
observed using the novel PPGI technology. Top: Image of
the recorded PPGI video sequence with 3 selected “virtual
sensors”. Bottom: corresponding PPGI time signals, the
spatial variability in the rhythms of about 0.1 Hz can
clearly be recognized already in the static signal
representation. For an animated and more detailed signal
representation  please  visit our homepage at
http://www.ihf.rwth-aachen.de/English_Pages/Forschung/
Ppgi/ppgi.html

Another phenomenon which can only be
observed in animated video representations of the
PPGI recordings is “blood volume clouds” which
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move on the forehead in a coherent but complicated
pattern. Figure 12 tries to illustrate this with
screenshots of a recording, for the animated video
representation please refer to the web page
http://www.ihf.rwth-aachen.de/English Pages/Forschung/
Ppgi/ppgi.html. The physiological cause of these
distributed “blood volume clouds” can so far not be
explained but the presented results clearly indicate a
strong local autonomy of the dermal perfusion
rhythms around 0.1 Hz.

m m  me =

Fig. 11. Previously unreported phenomenon of distributed
“blood volume clouds™ observed by PPGI. The pictures
show images taken at 14s, 16s, 50s, and 69s of a video
sequence. The animated video sequence can be found on
the authors homepage (http://www.ihf.rwth-aachen.de/

English_ Pages/Forschung/Ppgi/ppgi.html).

8. Conclusion

The analysis of complex rhythmical changes in
dermal perfusion requires sophisticated assessment
strategies. Using selected multisensor concepts it is
possible to acquire undistorted vital signals in a very
broad frequency range, correlation of the different
sensor signals reveals that besides the known central
rhythms certain local oscillations especially around
0.1 Hz occur, which show endogenous
influencability.

The local variability of the perfusion patterns
can further be assessed by novel imaging techniques.
The presented Photoplethysmography Imaging is
capable of assessing the skin perfusion of arbitrary
skin surface regions in a completely contactless
manner and at the same time provides results with
high spatial resolution. This allows even perfusion
studies in wounds or transplanted skin. Altered skin
perfusion can already be detected in very small skin
wounds.

Together with advanced joint-time-frequency
signal processing the local autonomy of slow
rhythms even in adjacent skin regions can be
visualised. The Wavelet Transform allows the
analysis of a signal over a wide frequency range,
while providing good resolution also at low
frequencies. At the same time also the temporal
evolution of different frequency components over
time can be revealed.

A completely new, previously unreported
phenomenon of distributed blood volume
movements in dermal perfusion could first be
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observed using the PPGI technique. Latest results
clearly document the existence of local oscillators
which show high autonomy and local variability.
The physiological cause and implications of this
phenomenon are so far unknown. However it is
expected that the low frequency “relaxation”
rhythms around 0.1 Hz have a very important
bearing on the human physiology and have potential
therapeutic implications i.e. in psychosomatic
medicine.
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Summary All astronauts often feel uncomfortable during first encounter microgravity because of fluid shifts from the lower
extremities to the head caused by weightlessness. Parabalic flights offer a great possibility for research of this phenomenon
under “zero gravity”. With a combination of the optoelectronic sensor concepts PPG and PPGI and an ultrasound device it
should be possible to measure all relevant parameters for description and further explanation of rapid fluid shifts along the
body axis in humans during parabolic flights. A research team of the RWTH Aachen University and the Charité University
Berlin will participate in the 7" German Parabolic Flight Campaign in September 2005 and perform the experiments under
micro gravitation. A combination of used non-invasive strategies will reveal new insights into the human hemodynamics
under microgravity conditions.

The optoelectronic part of this interdisciplinary research experiment, details from the measuring setup, data collecting and
post processing will be discussed.

Abstrakt Sdeleni predstavuje koncept biofyzikdniho experimentu, zamereného na detekci a anayzu rychlych zmen
telesnych tekutin podel osy cloveka pri mikrogravitacnich podminkéch (~ 102 g) behem opakovanych parabolickych letu, a
to pomoci optoel ektronickych a ultrazvukovych senzoru. Experiment je plénovan v interdisziplinarni spolupupréci vedeckych
univerzitnich tymu v Berline a Cachéch v ramci 7. nemecké DL R kampane a bude probihat v zéari 2005 v Bordeau.

1. Introduction
Within the scope of the evolution humans

All astronauts travelling into space complain developed from quadrupeds to bipeds. The price for

about fluid shifts from the lower legs to the head.
This phenomenon is known as “space motion
sickness’, “puffy faces’ or “bird legs’ (figure 1). In
the past it was very difficult to study the amount and
the dynamics of these fluid shifts. On earlier space
missions research teams were able to proof these
fluid shifts in the superficia tissues, but there was
no ability to quantify these shifts and their dynamics.
The fluid shifts during space flight can be noticed
because under zero gravity in the aerospace the
human body is exposed to a completely other stress
than on earth.

Fig. 1. Astronaut Story Musgrave, Space Shuttle
Challenger, Mission STS6, April 1983, on Earth (left) and
in orbit (right) [1]. The puffiness around his eyes and
cheeks caused by microgravity can be clearly seen.

this privilege to stand upright on just two feet is that
more than 80% of the human blood is normally
distributed in the lower extremities as a result of the
Earth's gravity. Because of the large amount of
blood in the legs many humans suffer from venous
diseases. Humans can hide themselves from many
environmental influences, but not from the Earth’'s
gravity except they travel to space. The distribution
of the blood volume throughout the human body and
physiological blood pressure values while standing
on the Earth are shown in figures 2 and 3.

Capillaries
8%

Arterioles
2%

Small arteries

5%

Aorta and big arteries

8%

Big veins (mostly inlegs)
39%

Lung
9%

Heart
7%

Small veins
25%

Fig. 2. Distribution of blood volume for the different parts
of the human vascular system[2].
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Fig. 3. Blood pressuresin the arterial and venous system of
a standing human under Earth’s gravity [2].

2. Microgravity conditionsduring
parabolic flight manoeuvre and
experimental background

Within the framework of the German govern-
ment long term program “Research under space
conditions” our experiment will be performed during
repeated parabolic flight manoeuvre, aso called
“Zero G" (figure 4). The experiments are planned
for the 7" German Parabolic Flight Campaign in
September 2005 and are coordinated from DLR in
Bonn (Deutsches Zentrum fur Luft- und Raumfahrt
e.V.). During four flightsin four days 120 parabolic
phases will be performed with a specially prepared
aircraft Airbus A 300. From a steady horizontal
flight, the aircraft gradually pulls up its nose and
starts climbing at an angle of approximately 45
degrees. This "injection" phase takes about 20
seconds, during which the aircraft experiences an
acceleration of around 1.8 timesthe gravity level at

©eO
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Fig. 4. Airbus A 300 performing a parabolic flight.
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ground, i.e. 1.8 g. The engine thrust is then reduced
to the minimum required to compensate for air-drag,
and the aircraft follows a free-fall balistic trajectory,
i.e. a parabola, taking approximately 20 seconds,
during which weightlessness is achieved. At the end
of this period, the aircraft must pull out of the
parabolic arc, a maneuver which gives rise to
another 20 second period of 1.8 g on the aircraft,
after which it returns to normal level flight attitude.
Thus, the whole parabolic phase takes 1 min. These
maneuvers are flown repeatedly, with a period of 3
minutes between the start of two consecutive
parabolas, so that thereis a2 minute "rest” period at
1g. After parabolas 10 and 20 however, the rest
interval isincreased to 6 minutes. During one flight
30 parabolas will be performed.

3. Assessment of human hemodynamics
under space conditions using
optoelectronic sensors

3.1 Fundamentals of classical
Photoplethysmography (PPG)

The PPG technique is a well known method for
non-invasive investigations of the dermal blood
perfusion. It is based originaly on different
absorption and scattering coefficients of bloodless
skin and blood-filled vessels for photons of infrared
light [3-5].

The simplest reflection mode PPG sensor
consists of an LED and a photo detector, placed in a
small plastic housing (figure 5). The distance
between light emitter and light detector is about 6
mm. The sensor is applied to the skin by means of a
double faced adhesive ring. Four ventilation
channels in the frond allow the free circulation of air
beneath the sensor and even allow long time appli-
cation and measurement under space conditions.
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Fig. 5. PPG sensor and schematic visualization of the
correlation between the PPG signal and the blood volume
changes in the illuminated vascular network under the
sensor [5].

The relative sensitivity of effective measure-
ment depth of the optoelectronic sensors can be
adjusted by variation of distance x between light
emitter E and light detector D and axis alignment of
both components as well as the beam angle a of the
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opening (numerical aperture NA). For the classical
PPG sensor shown in figure 5 (x=6mm, a=+/-5°,
NA=0.087) lies the range of measuring depth
(decrease 1/e of maximum sensitivity) between 0.1
and 3.2mm, maximum sensitivity is in Imm skin
depth and transilluminated tissue volume approx.
120 mm®. The intensity distribution of in the tissue
injected photons can be calculated by means of
Monte Carlo simulation [7]. One typical example is
shown in figure 6. The horizontal coordinates x and
y run from -7mm to 7mm, the source is centred at
(0,0). The z-axis depicts the normalized light
intensity in skin tissue. The scattering causes a
widening of the light rays. At the same time, the
maximum intensity (I1(r=0)) is reduced from 43% in
2.4mm to 19% in 3.6mm depth, relative to the skin
surface values.

0.43

Fig. 6. Smulation of photon distribution in tissue under
light emitting point of classical PPG sensor in the skin
depths of 1.2mm (top), 2.4mm (middle) and 3.6mm
(bottom).

A typica light intensity distribution of the
measuring rays in the tissue under the PPG sensor is
shown in figure 7. The curves of constant light
intensity determine the decrease down to 10%, 1%,
0.1% and 0.01% of maximum light intensity. In this
case, about 90% of the backscattered and detected
signal comes from the bloodless tissue (T), 10%
from venous blood volume (V) and about 0.1% from
arterial blood volume (A). Thisleads to a sum signal
consisting of alarge signal offset, a slowly changing
venous portion (quasi DC signal) and a pulsating
arterial signal (AC signal).

Since the development of this method in the
seventies, PPG has become an approved technology
nowadays, which is used by clinicians and
practitioners worldwide under “terrestrial” conditi-
ons. The biggest advantages of PPG are a simple and
flexible setup, low cost for equipment and measure-
ment and the possibility to measure functional data
of the venous and arteria system.

3.2 Synthesis of the PPG signal: venousand
arterial part

Furthermore, a newer multi sensor version of
the classical PPG, which can measure the DC and
the AC part of the signal (figure 8) at the same time,
will be installed. Using the data of this system it is
possible to reconstruct the complete PPG signal of
the observed areas. This is very important, because
in the past most PPG-measurement-setups were only
able to measure the AC-part of the PPG-signal. The
AC signal contains basically only the arterial part of
the blood volume pulse. The information about the
changes caused by bigger fluid shifts is, however,
also included in the venous and static part of the
signal. The ratio of AC to DC components in the
PPG signal gives the normalized PPG% value for
the photoplethysmogram amplitude.
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Fig. 7. Schematic cut through the biological tissue with
curves of constant light intensity. A distance of x=6mm
between emitter E and detector D resultsin a mean signal
loss of approximately 43dB [5].
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3.3 Photoplethysmography Imaging (PPGI)

In spite of all advantages the classical PPG has
two disadvantages. The first problem is the need to
fix the sensor on the tissue. Thus, it is not possible to
measure in wounds. The second problem is that it is
possible to measure only one or a few single spots
due to the limited number of sensors. The photo-
plethysmography imaging (PPGI) system meets both
requirements. Instead of one single LED a kind of
LED floodlight is used to illuminate a bigger area.
An extremely sensitive & high resolution scientific
camera is used as a detector for the back scattered
photons [8-10]. A basic PPGI setup is shown in
figure 9 and a realized system for first clinical tests
in figure 10.

@ Lighting

Yren-

Camira

Q

TH-Filker

Fig. 9. Basic PPGI setup. Using high resolution CCD-
sensor, spatial resolved hemodynamic studies can be
performed [9].

Fig. 10. PPGI setup for measurement of a subject in
supine position [10] .

4. Experiment

The “parabonauts’ will be lying in supine
position. During each flight, two subjects will be
investigated (change of position after 15 parabolas
by two experimenters. One experimenter is
necessary to perform the ultrasound scans at two
marked points of the body (forehead and tibia), the
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other experimenter is necessary to (re-)focus the
PPGI camera on the subject's forehead and to
start/stop the image series. The induced changes
during the parabolic arcs under microgravity (~ 10
g) and hypergravity (+1.8 g) conditions will be
assessed. The Airbus A 300 provides an experiment
lab with the area of 20 x 4.9m (figure 11) for 12
different experiments of the 7. DLR mission.

?

"

™ RN -
1
o4
s

Fig. 11. Experiment area in the centre of the mission
airplane A 300. (Foto: Dr. U. Friedrichs, DLR).

5. Preéiminary results: rapid blood
volume shiftsduring till test asa
»Simulator of microgravity”

In preparation for our microgravity experiment
measurements using an electrically controlled tilt
chair have been performed. The am of this
preliminary test was to assess the influence of the
hydrostatic blood pressure changes in dermal
hemodynamics. During the passive tilt test the
subject was moved rapidly from sitting position to
horizontal position (figure 12). The PPG sensor was
attached on the inner side of the lower leg, nearly 8
cm above the ankle,

Following this maneuvre the peripheral venous
blood pressure in the sensor level decreased about
45 mmHg. The recorded PPG signals clearly reveal
blood volume shifts from the lower extremity
immediately after the changes of body position.
Under reduction of hydrostatic pressure the
photoplethysmogram rises in a few seconds
following a physiological venous outflow from the
extremity in the centra and upper body regions.
After the repositioning of the subject to vertical
position the increase of the PPG signal visualises the
refilling of the leg which is influenced by
physiological venodynamics only through the
arterial inflow. These results allow us to presume
that the rapid fluid shifts in the human body can be
detected using optoelectronical sensors also during
short microgravity phases as planned.
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Fig. 13. PPG registration of rapid blood volume changes
during motorized tilt test. The vertical axis visualisesthe
signal amplitude normalised in PPG% (changes of venous
signal partin relation to the initial venous signal before
tilt test) versustime.

6. Conclusion

It is intended to demonstrate that during a
parabolic flight rapid fluid shifts into the superficial
tissue occur. With the help of the optoelectronic
sensors it should be possible to access the filling and
refilling of the superficial venous and arterial
vascular bed. In addition, information about
rhythmic patterns in dermal perfusion can be
evaluated. Furthermore, ultrasound methods will be
applied to quantify the fluid shifts. Using our multi
sensor concept it should be possible to revea new
insights in the dynamics of rapid fluid shifts. The
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optoelectronic parts of the experiments are the tasks
of the Aachen investigator group, while the
ultrasound measurements will be performed by the
team members from the Centre for Space Medicine,
Charité Berlin.

During the flight only the raw data will be
recorded. The analysis will be performed afterwards.
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Summary Our work at Ireland’s National Rehabilitation Hospital involves designing communication systems for people
suffering from profound physical disabilities. One such system uses the electro-oculogram, which is an (x,y) system of
voltages picked up by pairs of electrodes placed, respectively, above and below and on either side of the eyes. The eyeball
has a dc polarisation between cornea and back, arising from the photoreceptor rods and cones in the retina. As the eye rotates,
the varying voltages projected onto the electrodes drive a cursor over a mimic keyboard on a computer screen. Symbols are
selected with a switching action derived, for example, from a blink. Experience in using this mode of communication has
given us limited facilities to study the eye position control system. We present here a resulting new feedback model for
rotation in either the vertical or the horizontal plane, which involves the eyeball controlled by an agonist-antagonist muscle
pair, modelled by a single equivalent bidirectional muscle with torque falling off linearly with angular velocity. We have
incorporated muscle spindles and have tuned them by pole assignment associated with an optimum stability criterion. The
dynamics also indicate an integral controller taking its input from a bang-bang element with dead zone. There is, in addition,
a pure time delay element involved. Describing Function analysis and simulation demonstrate that in this application the time
delay is outside the feedback loop, and is probably associated with set-point generation at a higher level in the brain’s
hierarchy of control systems. A second input could be involved at the spindle level, active when tracking predictable target
motions.

1. Introduction

It has been known since the mid 19th century
that the eye has a standing potential across it (see,
for example, the summary by Geddes and Baker [1])
whose sign is dependent on the species. In humans,
the cornea is positive with respect to the rear of the
eyeball. As the eye moves in its socket, the voltage
picked up by a pair of electrodes placed
horizontally—on either side of the eye—or
vertically—above and below the eye—can be
modelled by the simple equivalent circuit shown on
Fig. 1, with a typical voltage vs. angle relation
graphed on Fig. 2. These have been adapted from
Geddes and Baker [1]. We have harnessed these
horizontal and vertical electro-oculograms (EOGS)
in a communication system for very profoundly
disabled people at Ireland’s National Rehabilitation
Hospital. The principle of this is illustrated on
Fig. 3. Each square on an alphabet board on a
computer screen can be highlighted under control of Fig. 1. Genesis of the EOG.
the EOG voltages. During a blink, the vertical EOG

voltage is markedly reduced. This is detected and square, which was then suddenly translated

used to write the currently highlighted letter into a horizontally by an optical angle of 15" (equivalent to
message dSp%C‘; hML“‘lé'ple _ lines Odf text are 0.2618 radians) and the resulting EOG recorded. A
accole(_) ati yt ed hmelrzoc(c;)mmlan : recording typical of many is shown on Fig. 4. The

aving harnessed the voltages, we were most significant features of this are the pure time
able to do a very simple experiment and from it delay of about 0.235 seconds, and the almost

deducpi a tentgtlvE_ new mOd\?\I/ for the eye gaze perfectly linear excursion over most of the range.
control system In this context. We set up a square on This response is almost identical with one given as
the computer screen, 1.8cm on the side. This was Fig. 164.5 on page 2481 of Bronzino [2].

divided into four sub-squares, top left and bottom
right black, top right and bottom left white. The
subject was asked to focus on the centre of the

Drawing on and extending the work of
Stark [3], we propose to explore the control system
structure shown on Fig. 5. For each plane of motion,
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Fig. 2. Approximate dependence of the EOG on 6.

A MATHEMATICIAN IS A DEVICE FOR
TURNING COFFEE INTO THEOREMS

Fig. 3. lllustration of a communication system based
on the EOG.
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Fig. 4. EOG in response to a target suddenly
translated in the horizontal plane.

horizontal and vertical, there is an agonist-antagonist
pair of extraocular muscles. Contraction of one
rotates the eyeball in the positive & direction, and of
the other in the negative @ direction. We condense
these two muscles into a single equivalent muscle,
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which can rotate the eyeball in either direction.
There is no doubt from the physiology of the eye
[Davson, 4] that the eyeball muscle torque is
controlled by a muscle spindle, although we have
not seen that feature invoked in the work of Stark [3]
or later authors. However, we quote Davson [4]:
“Thus, the spindles in the extraocular muscles are
exactly similar to those found in limb muscles and it
is therefore impossible to ignore their role in
adjusting the force of contraction through a feedback
mechanism that indicates the length of the muscle at
any moment.” The spindle feedback mechanism is
represented by the inner loop in our model. One of
our primary objectives is to explore the application
of a principle of optimum stability, which we
tentatively invoke to tune this inner loop.

2. Tuning the inner feedback loop

The muscle spindle essentially senses the error,
e, , between a locally generated reference value for

6 and the current value of @, and uses it to generate
the gross rotational torque, Ty, on the eyeball.

Drawing on Stark’s [3] work on control of the hand,
we take the form of the transfer function relating
E(s) to Ty(s) tobe

fis+ fo

Ci(s) = @

2
s +hs+h

We have to “tune” this controller by proposing
values for its parameters.

As the eyeball rotates (or as a muscle contracts in
general), the gross torque falls off with the velocity
of contraction. This is generally in a nonlinear
fashion, usually taken to be quadratic. However, in
the interests of getting a linear dynamical model—at
least at this initial stage of analysis—we assume that
the fall-off in torque is linear in d@/dt, thus giving

the net torque applied to the eyeball as

do

T,=T,-f—
"0 dt

Westheimer [5] has proposed the following model

relating & to T, :

O]

2
J(:jt—f:Tn—Fc;—f—Ke ®3)

Combining this with egn. (2) and taking the Laplace
transform with zero initial conditions gives

1
_0(s) _ J
G(S)_Tg(s) g2, T+F K “

J
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Fig. 5. Our proposed feedback control system.

Westheimer [5] gives the values, in Sl units,

J=22x10"°

F

— =168 5
] (5)
% =14400 = 120°

With f =0, these values make G(s) a second
order linear system with damping ratio ¢ =0.7 and

undamped natural frequency 120 radians per second.
We can obtain no guidance from the literature as to
what value to assign to f/J, so we propose
tentatively but conveniently that it increases the
damping ratio to ¢ =1 (critical damping). This
gives f/J =72, and results in

1
J 45455

S0 = 531202 ~ (512007

(6)

The transfer function relating & to the local
reference value, 6, , then becomes

a(s)
———=G;(s)
erl (S) l
%(fls + 1) %
Gi(s) = 1
(s +hys +hy).(s +120)? +j(fls+ fo)
The denominator here is the characteristic

polynomial of the inner loop, whose roots determine
the nature of its dynamics. We assume that the
function of the spindle is to speed up the eyeball
response, so that the roots of the characteristic
polynomial lie to the left of the value s =-120. We
propose to place them all at the location s = -120b,
with b > 1. This gives

(s +120b)* = (s? + h;s + hy).(s +120)?

+%(f15+ fo) ®
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As shown by Cogan and de Paor [6], assigning all
the roots of a characteristic polynomial to the same
location—which is an extension of the idea of
critical damping for a second order system— has an
interesting optimum stability property. If all
controller parameters but one are held at their
nominal values then, as that one is varied through its
nominal value, the right-most root is as deep in the
left half plane as possible.

Dividing Eqgn. (8) through by (s+120)* leads
simply to the expressions
h, = (4b—2)(120)
he = (6b% —8b +3)(120)?
f, = J(4b® —12b? +12b - 4)(120)3
fo = J(b* —6b% +8b—3)(120)*

©)

We have explored various values of b and found
that b=2 gives a very good final match to the
response of Fig.4. The resulting expression for
Ci(s) is

15206.4s + 2280960
s? +720s + 158400

Ci(s) = (10)

For a physical reason, however, we have not used
C,(s) as given by Eqn. (10), but have developed a

close approximation to it. The reason is that
Stark’s [3] work strongly suggests that both poles of
C,(s) should be real, whereas those of C,(s) as

computed are complex. To retain reality of the poles,
we first of all approximated the denominator of

C,(s) by s?+800s +160000 = (s +400)? . We then
scaled f, so that the static gain of C,(s), i.e.,
C,(0), was preserved, and finally scaled f; so that
f, /800 =15206.4/720. This gave the expression for
C, (s) actually employed:

168965 + 2304000
Ci(s) =5 (11)
s“ +800s + 160000
To give an idea of the accuracy of this

approximation, the unit step responses of the two
controllers described by Eqgns. (10) and (11) are
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shown on Fig. 6, and their Bode magnitude diagrams
are compared on Fig. 7.

3. Tuning the outer loop

Taking guidance from Stark[3], but not
following the detailed structure of his model, we
now propose that in the forward path of the outer
loop we have a nonlinear function followed by a
controller. Stark’s [3] treatment suggests that the
controller may be modelled by a pure integrator,
with transfer function

I(i

Cy(s) = S 12)
However, we differ from Stark in the form of the
nonlinear function NL(e). Stark indicates that this
has a dead zone, i.e., NL(e)=0 for |e|<0.03
radians. We preserve this feature, since it represents
the fact that no correction need be applied if the
image remains focussed onto the fovea, which is the
region of greatest sensitivity centred on the optical
axis. However, for errors outside this region, Stark
has a linear variation of NL(e) with e, and with this
feature we have not found it possible to reproduce
the linear transition of the response on Fig. 4. With
C,(s) an integrator, it is hard to escape the
conclusion that NL(e) is saturated for |e|>0.03,
and that the input to the inner loop is ramping up
linearly during the transition. We consequently
adopt the behaviour | NL(e)|=|S| for |e|>0.03,
with S a constant, positive value (the saturation
level).

It is clear that during the transition depicted on
Fig. 4, the rate of change of & is governed by the
product Sk;, so that one of these parameters can be

scaled arbitrarily. We normalise S to the value
S=1.

With S normalised to unity, only the parameter
k; remains to be tuned to get the response closest to

that shown on Fig. 4. By simulating the complete
system using the Swedish package SIMNON, we
have homed in on the value

k; =19 (13)
With regard to the pure time delay of 0.235 seconds
in the response, this has been placed outside the
feedback loop, for a reason to be explained in the
following section. The resulting response,
mimicking conditions in the experiment graphed on
Fig. 4, is shown on Fig. 8.

4. Oscillations in the system

In seeking to place the time delay correctly, we
noticed that even a very small delay (to be quantified
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Fig. 6. Unit step response of the two spindle transfer
functions: Eqgn. 10 (a) and Eqgn. 11 (b).
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Fig. 7. Bode magnitude diagram of the two spindle
transfer functions: Eqn. 10 (a), Eqn. 11 (b).
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Fig. 8. Overall step response of the complete system.

below) placed within the loop led to continuous
oscillations. The same happens if k; is raised

sufficiently, or if the width of the dead zone in NL
is decreased sufficiently. In all these cases the output
oscillation is almost sinusoidal, and this suggests
that the classic Describing Function technique
[Elgerd, 7] can be used to explore the conditions for
oscillation.

In applying the describing function, we assume
that the error signal, e, in the outer loop is
oscillating (almost) sinusoidally:

e = M sin(wt) (14)

For M <D, where D is the half-width of the dead
zone (D =0.03 in this case), y =0, which is of no
interest. However, for M > D, vy is periodic, of
period T = 27/w, but non-sinusoidal. In fact it is a
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gapped square wave. If we expand y in a Fourier

series, we find that, due to the symmetry of NL, it
has only odd harmonics, and all of those above the
fundamental frequency are effectively filtered out in
passing through the integrator and the inner
feedback loop. Thus, as far as its effect on the
observed oscillation is concerned, we can
approximate y by its fundamental component,

readily calculated as

45 YM?-D?
—.

sin(ewt) (15)

f

Comparing Egns. (14) and (15), we see that for this
almost sinusoidal oscillation, NL can be
characterised by a gain, referred to as its Describing
Function, DF :

_ 45 YM?-D?
T M2

Plotted as a function of M, this reaches a peak
value of

DF , M>D (16)

DFnax = 17)

2
7D
for

M = Dv2 (18)

In the extreme case DF =DF,, =21.221 (for

S=1, D=0.03), we can use an informal
application of Nyquist analysis [Elgerd, 7] to
explore conditions for oscillation. To do this we plot
the frequency response locus of the function

19
Gy (s)= DFax |:?:|Gi (s) (19)
This is shown on Fig. 9, which also indicates certain
“robustness margins”. These tell by how much the
frequency response locus should be modified in
various ways to pass it through the critical point

(-1,0) , which corresponds to sustained oscillations.

Thus, for example, the gain margin of 1.888 means
that if k; is multiplied by this factor, oscillation sets

in. This is illustrated on Fig. 10. Similarly, the delay
margin of 0.0047 means that if a pure time delay of
this amount is placed in the forward path of the outer
loop, oscillation ensues at the angular frequency
108.3 radians per second. The phase margin of
29.11°, also effective at the angular frequency
w =108.3 radians per second, means that if an extra
dynamic element were inserted in the forward path,
with a phase lag of 29.11° at the stated angular
frequency, the frequency response locus would pass
through the critical point. We have confirmed the
findings with respect to gain margin and delay
margin by simulation. The very small delay margin
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Fig. 9. Frequency response locus of G(s).
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Fig. 10. Oscillations due to setting k; just above its
threshold value.

is the reason why we had to place the observed time
delay of 0.235 seconds outside the loop.

5. Discussion

As an offshoot to development of a communication
system for a disabled people, based on the EOG, we
performed a simple experiment to track a suddenly
translated target, and used it to produce a new
feedback model for the eye gaze control system in
this application. Muscle spindles have been
incorporated into this type of model for the first
time. In the absence of any detailed information, the
resulting inner feedback loop has been tuned by a
pole-assigning procedure, associated with a principle
of optimum stability. In the outer loop, the
nonlinearity has been modified from that suggested
by Stark [3] and, on tuning the integral controller
gain through simulation experiments, a very close
match to the experimental result. Robustness
margins have been explored with the help of
Describing Function analysis, and this has been
decisive in placing the time delay outside the control
loop. We hope that this exercise in applying several
techniques from Control Theory to a living system
will be of interest to the Biomedical Engineering
community.
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VYUZITI SERIOVEHO ROZHRANI GLUKOMETRU NEVIDOMYMI

L. Martinak, M. Penhaker

Vysoka skola banska — Technicka univerzita Ostrava, FEI, Katedra mérici a vidici techniky, 17. listopadu 15,
708 00 Ostrava—Poruba, Tel.: 597 325 280, Fax: 597 323 138, E-mail:{lukas.martinak, marek.penhaker}@vsb.cz

Abstrakt Mnohé osobni diagnostické pfistroje zejména glukometry (pro méfeni krevniho cukru) obsahuji rozhrani pro
pfipojeni osobniho pocitace. Pres dané rozhrani je mozno ziskavat vice statistickych udaji, které hlavné slouzi pro
oSetiujiciho specialistu k posouzeni prib&hu 1éceni za delsi obdobi a ke stanoveni dalsich 1é¢ebnych postupii. Pro slabozraké
¢i nevidomé osoby je Cteni aktudlnich tdaji zobrazenych na displeji osobnich diagnostickych pfistrojii nedostupné.
Nevidomy musi mit vzdy ptfi méfeni pomoc dal$i osoby. Nové navrzena unikétni elektronickd konstrukce ve spojeni s
glukometrem umoziuje osobé slabozraké ¢i nevidomé bez pomoci dalsi osoby zjistovat naméfené udaje a ty pouzit vhodné k
dals§imu postupu 1écby, tzn. osoba slabozraka ¢i nevidoma bude schopna provadeét ,,selfmonitoring® (sledovani vyvoje nemoci
a uprava davkovani 1é¢iva samotnym pacientem). Elektronicka konstrukce nezasahuje do zapojeni doméacich diagnostickych
pfistroji, pouze vyuziva sériové rozhrani poskytované témito pristroji.

Summary Many of the personal diagnostic systems mainly glucometers (for measuring glucose) contain a serial interface
for PC connection. Through this interface it is possible to receive useful data that will be used mainly for an attending
physician’s purpose to evaluate the treatment process over a long time period and to set down further treatment procedures.
For purblind or sightless diabetics people it is impossible to read the current data showed on displays of the personal
diagnostic systems. Those who are sightless need a help of another person at disposal when measuring. The newly designed
unique electronic construction in conjunction with the personal diagnostic system enables a purblind or a sightless people to
identify measured data and use them suitable for the further treatment processes. The purblind or sightless people will be able
to perform selfmonitoring (observation of disease trend and a dosage adjustment by a person himself).

1. Uvod stadiim poSkozeni oka a zachovat tak tento
nejdulezitéjsi lidsky smysl.

Diabetes mellitus je chronické onemocnéni, pfti Ztrata zraku, a tim i moznosti si aplikovat
kterém dochazi k poruse vyuziti krevniho cukru jako inzulin a provadét samostatn¢ kontroly hladiny
energetického zdroje. V disledku této poruchy se cukru v krvi je zvla§te pro mlade pacienty vzdy
mohou vyvinout typické chorobné zmény v Sokujici a vede Casto k uzkostnym az depresivnim
drobnych cévach a v nervovych vldknech. Zvysuje stavim. Diabetik se stdva mnohdy castecné nebo
se nachylnost ke specifickm  organovym uplné zavisly na okoli, pfestoze celkovy fyzicky stav
komplikacim, jako je postizeni oc¢i, nervi, ledvin a pacienta je dobry a umozioval by mu plné zapojeni
dalsich. Projevuje se pfedevsim zvySenim obsahu do Zivota.
cukru v krvi (hyperglykémii). Dosud neni znadm Mgteni glykémie ¢i vice glykémii v pribchu
zpusob jak cukrovku trvale vylécit. Lécba spociva v dne slouzi k posuzovani kompenzace cukrovky a
dosazeni co nejlepsi kompenzace cukrovky. To zaroven jako voditko k upravé lécby pfi riznych
znamend dosazeni takového stavu, aby se pacientovych aktivitach, kterymi jsou fyzicka
koncentrace krevniho cukru v pribéhu kazdého dne namaha, spanek a stres.
co nejvice priblizila hodnotam, které maji zdravi U kazdého zdravého cloveka je urcita normalni
lidé. glykémie, ktera kolisa od nizkych hodnot na lacno,

Dieta je zakladni zptisob 1écby pii kompenzaci obvykle kolem 3,9 mmol/l, az do hodnoty kolem
cukrovky. Znamena to konzumaci -energeticky 8,8 mmol/l po jidle. Glykémie se tedy v pribéhu dne
definované stravy v pravidelnych intervalech. S tim méni.
uzce souvisi denni rezim diabetika, zejména U diabetikii je rozsah hodnot glykémie obecné
pravidelna fyzicka zatéz, ale i pfiméfena hmotnost. SirSi nez u zdravych, zejména, jsou-li leceni
Diabetes se mize vyrazné zhorSit nejen porusenim inzulinem. Pokud je hodnota glykémie niZsi nez
zakladnich pozadavkd na dietu, ale i stresovymi 3,3 mmol/l hovofi se o hypoglykémii, je-li hodnota
piihodami, hore¢natou nemoci nebo urazem. Kdyz glykémie vyssi neZ 9 mmno/l hovoii se o
kompenzace dietou neni dostateéna dopliiuje se hyperglykemii.
lécbou tabletami. Neni-li ani toto postacujici, Mezni  hodnoty normalni  glykémie, ¢i
pouzivé se 16¢by dietou a inzulinem. hypoglykémie nebo hyperglykémie, nelze stanovit

Prevence a v¢asna 1é¢ba tohoto onemocnéni je presné, ale vychazi se z doporufeni Svétove
jednim z nejzavazn&j§ich tkold jak odborného zdravotnické organizace WHO[2].
o¢niho Iékafe, tak nemocného cukrovkou. Pacient je U nelécenych €i Spatn€ 1éCenych diabetiki
totiz svymi silami schopen do zna¢né miry ovlivnit mohou byt hodnoty glykémie znacné rozdilné od
o¢ni komplikace, a to jak prfiznivé, tak i Casto hodnot normalni glykémie. Hodnoty pod 2 mmnol/l
neptiznivé. Je nezbytné nutné piedejit konecnym a nad 30 mmnol/l jsou velmi nebezpecné, protoze
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mize jit jiz o stav komatu, ve kterém Cloveék ztraci
védomi a mize 1 umiit.

2. Problematika

Glukometr je elektronické zafizeni, pouzivajici
riznych principt, pro méfeni glykémie u pacienta.
Tim je umoznéno vcéas reagovat na pocinajici
neptiznivé zmény diabetu. Vyznamné je zejména to,
7ze si pacient provadi meéfeni sam a muze tak
reagovat bud’ na hypoglykémii dodateénym jidlem,
nebo v  opatném pfipadé, pii  vyskytu
hyperglykémie, dalsi aplikaci inzulinu. Toto se
nazyva samostatna kontrola glykémie tzv.
selfmonitoring. Pacient pfitom také miZze, mezi
dvémi navsStévami u lékafe, ménit davkovani
inzulinu a sledovat sam vyvoj glykémie a tim i
kompenzaci diabetu.

Glukometr je obvykle opatfen vnitini paméti (az
500 udaji), kde naméfené hodnoty, vcetné data,
hodiny odbéru a davkovéni inzulinu, jsou
uchovavany s moznosti pozdé¢jsiho statistického
vyhodnoceni u oSetfujiciho diabetologa na PC.
Stejné tak muze provadét glykemické kiivky nebo
glykemické profily. Pfesnost méfeni glykémie
glukometry se pohybuje v hodnotach 5 az 10 %. Na
obrazku 1 jsou tfi z fady glukometri — One Touch
Profile firmy Lifescan, Medisence Card od firmy
Medisence a FreeStyle od firmy Therasence.

Obr. 1. Glukometry

Provedeni prouzkt je rizné dle vyrobce a typu
snimani. Pro kazdé méfeni glykémie glukometrem je
nutné vzdy pouzit novy prouzek, tzn. prouzky jsou
jednorazové.

Mg¢fteni probiha v nékolika krocich, které plati
pro vSechny glukometry: Z prstu, popiipadé
predlokti, se kapne krev na misto méfeni a poté se
vycka stanovenou dobu. Pak se na displeji
glukometru zobrazi vysledek glykémie.

Cilem je navrhnout hlasovy vystup pfipojitelny
ke zvolenému glukometru bez zisahu do tohoto
glukometru pro wuziti nevidomym diabetikem.
Hlasovy vystup bude obsahovat reproduktor, ktery
bude hlésit naméfenou hodnotu glykémie a ptipadné
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dal§i udaje vyskytujici se na displeji glukometru.
Celé zafizeni by mélo byt pfenosné s bateriovym
napajenim.

Pozadovanymi vlastnostmi jsou jednoducha
manipulace, nizka cena, bateriovy provoz, minimum
ovladacich prvki a srozumitelné hlaseni.

K nékterym glukometrim je mozné ptipojit PC.
Fyzicky se provadi pies vyvedeny konektor (typu
Jack), nebo pfes konektor, ktery se pouziva k
zasunuti senzoru (u biosenzorického typu) pokud se
pravé neméti glykémie. Pouziva se tii vodicd k
propojeni PC a glukometru: data vstup, data vystup a
zem.

Po pfipojeni na PC a instalaci potiebného
programového vybaveni miize uzivatel komunikovat
s glukometrem. Cilem je piedist naméfené udaje z
paméti do PC a nasledné vytvaret tabulky a grafy z
hodnot glykémie uloZzenych v paméti po predchozich
méfenich. K tomuto slouzi fada programd, jako
napt. Diabass nebo InTouch.

Glukometry komunikuji po obousmérné sériové
lince asynchronnim pfenosem, ve standardnim
osmibitovém formatu, bez parity, v ASCII znacich.
Napétové urovné sériové linky glukometru
odpovidaji, bud’ napéfovym urovnim sériového
rozhrani RS232, kterého vyuziva PC, tzn. je mozné
ptimé propojeni glukometr — PC, a na Grovné TTL,
pak je potieba pouze mezi propojeni viadit
prevodnik trovni RS232/TTL, ktery je vétSinou
dodavan s glukometrem nebo jej lze objednat.
Pouziva se tfivodi¢ového propojeni, tzn. jsou
vyuzity vodice TxD, RxD a Zem.

Glukometry obsahuji komunikacni protokoly
udavajici jaké fetézce ASCII znakt slouzi ke
komunikaci mezi glukometry a PC. Ridici funkci ma
v této komunikaci pocitac. Zpisob komunikace je
struéné popsan nasledovné: Pocita¢ vysila fetézce
ASCII znaki, tzn. klade otazky a glukometr reaguje
na tyto otazky tzv. odpovéd’mi.

Dle vlastnich experimentd bylo zji§téno, ZzZe
mimo komunikaci formou otazka a odpovéd,
glukometr One Touch Profile vysild sdm nezavisle
na PC dalsi ASCII znaky, které odpovidaji dajam
pravé zobrazovanym na displeji tohoto glukometru.
Blokové schéma popisujici vyuziti sériového
rozhrani glukometru je na obrazku 2.

PERSONAL
DIAGNOSTIC
SYSTEM

CONVERTER
CABLE ELEKTRONICS

TO SPEECH

SPEAKER|

with
connection PC

PHONETIC OUTPUT

Obr. 2. Blokové schéma

Glukometr je propojen tiemi vodi¢i s
elektronikou zpracovavajici a vysilajici data po
sériovém rozhrani. Elektronika dale vybira uzite¢né
informace a pak tyto informace zpracovava
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ptevodnik na feC. Z reproduktoru je pak slySet
potiebné udaje, jakymi jsou napf. hodnota naméfené
glykémie ¢i jiné potiebné udaje.

Ve spolupraci s nevidomym byly testovany
odbéry krve glukometrem s biosenzorickym typem
senzoru (Medisence Card), s coulometrickym typem
senzoru (Freestyle) i s fotometrickym typem senzoru
(One Touch Profile). Zjisténim bylo, ze hledisko
zptisobu odbéru krve, dle prohlaseni nevidomého,
neni zasadni, ale metodika odbéru se musi pfi
pouziti kteréhokoliv z uvedenych typti senzort
vyzkouSet a tzv. natrénovat.

Obvykly  zplsob, jak  vytvofit feCovy
syntetizovany signal, je vybrat zakladni stavebni
akustické jednotky, zpracovat a ulozit je v paméti a
posléze, ve vhodném okamziku, je generovat tak, ze
se pospojuji dohromady vhodné segmenty z tohoto
ulozeného inventafe. Pii vybéru zakladni jednotky
syntézy je mozné uvazovat bud’ o celych vétach,
nebo slovech, slabikach ¢i jen o hlaskach. Je zfejmé,
ze ¢im je zakladni stavebni jednotka delsi, tim vice

promluv. musi byt obvykle zpracovdno a
zapamatovano. Pozadavky na pocet takto
zaznamenanych promluv byvaji velmi casto

neumérné, a to i v piipadech, kdy pocet riznych slov
v potencialnich promluvéch neni velky.

Néazornym piikladem mlze byt automaticky
hlasi¢ Casu, ktery oznamuje pravidelné kazdych
deset vtetin piesny ¢as typickym hlaSenim. Pokud
bychom chtéli zaznamenat v§echny mozné varianty
hlaseni, dospéli bychom k ¢islu 8 640, zatim co se v
téchto hlasenich vystfida pouze asi 35 rtiznych slov.
Tento ilustrativni ptiklad mluvi samoziejmé proto,
abychom vyuzivali spiSe mensi jednotky pro stavbu
syntetizovaného hlaseni. Z tohoto hlediska se nabizi
jako optimalni feSeni vyuziti fonému tzn. hlasek,
jako zakladni stavebni jednotky syntetizované feci.
Nanestésti, ¢im mensi je stavebni jednotka pro
syntetizované hlaseni, tim vice se projevuje pfi
spojovani  téchto  jednotek  vliv  nespravné
koartikulace. To plati i pro ptipad slova a slabiky
jako stavebnich jednotek.

Pro potfebu hlasového vystupu ke glukometru
jsou mozna feSeni syntézy feci se zakladnimi
stavebnimi jednotkami na trovni:

- fonému, tzn. hlasek

- slabik

- slov

Realizace na urovni fonémi a slabik predstavuje
nadmérnou slozitost samotného namlouvani do
paméti a vysledna srozumitelnost je nepfili§ tmérna
této slozitosti. Vice v literatufe [1][3]. Proto tato
realizace neni piili§ vhodna.

Realizace na urovni slov jako zakladnich

stavebnich  jednotek, vzhledem k tabulce
pozadovanych slov pro hlaseni, je pro dané uziti
vhodné;jsi.

Samotné ulozeni slov a jejich reprodukce dle
pozadovanych hlaseni je mozné ucinit bud
zédznamem pres procesor s A/D prevodnikem do
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paméti napit. EEPROM, nebo napiiklad pomoci
hlasového procesoru firmy ISD. Hlasovy procesor
Jjiz obsahuje v pouzdfe celkovou strukturu ukladani a
reprodukci jednotlivych hlaseni. Vyuziti hlasového
procesoru pro danou realizaci je timto velmi vhodné.

3. Reseni

glykémie a stanovovani glykemické kiivky bylo
pouzito zapojeni vyuzivajici hlasového procesoru
ISD 2560 a mikroprocesoru Atmel 89C4051[4]. Na

obrazku 3 je blokové schéma realizace hlasového
vystupu.

OSCILLATOR

POWER SUPPLY

GLUCOMETER

MICROPROCESSOR
ATMEL
89C4051

VOICE
PROCESSOR
1ISD2560

INPUT CONTROL

SPEAKER

4

ELECTRONIC CONSTRUCTION

Obr. 3. Blokové schéma realizace hlasového vystupu

Hlasovy procesor ISD2560 [5] je vyrabény
firmou ISD patentovanou technologii ChipCorder.
Zakladni princip je zalozen na analogovém ulozeni
signalu v jeho ptivodni podobé¢ jako naboj elementu
(kondenzatoru) — podobné jako v paméti EEPROM.
Obvod obsahuje vnitini oscilator, mikrofonni
predzesilovaé, automatické tizeni zisku, vstupni filtr,
vystupni filtr, koncovy zesilova¢, pamétové pole o
velikosti 480 tisic elementd, adresni sbérnici, blok
napajeni, fizeni funkci a vystupni multiplexer.

Po zapnuti napajeciho napéti nebo po resetu
mikroprocesoru se ¢eka na piichod dat na sériové
lince v osmibitovém formatu o rychlosti 9600 Bd.
Data se pouze prijimaji. Jestlize signal nepiijde asi
do 30 vtefin mikroprocesor se uvede do rezimu
Power Down. Po pfichodu dat se v pieruSeni zapisi
postupné tyto data ptes registr SBUF do pole znakd.
Data jsou pfijimédna po ramcich, které obsahuji
ASCII znaky.

Do pole obsahujici 40 znakt se zapiSou postupné
vSechny piijaté znaky v jednom ramci. Toto pole se
dale rozdeli na jednotlivé ¢asti a z jednotlivych ¢asti
pole se dekoduji nasledujicim zptisobem potiebné
udaje: V programu je ulozen seznam vSech slov,
které je mozné promluvit hlasovym procesorem, ke
kazdému slovu je doplnén udaj o jeho délce a misté
ulozeni v paméti. Pomoci porovnani znaki ptijatych
a znakid obsazenych ve slovech uloZzeného seznamu
je vybrano slovo, které odpovida slovu na displeji
glukometru. Nasledné je dle informaci o délce a
misté¢ uloZeni v paméti vyslana na port adresa po
dobu trvani délky slova. Pak se pokracuje v
dekodovani dalsiho slova.
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4. Vysledky

Hotovy vyrobek (obrazek 4) je slozen z krabicky
a napevno pripojeného kabelu, ktery obsahuje
konektor typu JACK 3,5. Timto konektorem se
hlasovy vystup pripoji ke glukometru.

Obr.4. Hotovy vyrobek

Rozméry jsou 65 x 65 x 30 mm. Napajeni je
provedeno tfemi AAA bateriovymi ¢lanky. Pokud
hlasovy vystup nepfijima data, sam se uvede do
pohotovostniho rezimu se spotiebou mensi nez
5uA. V provoznim rezimu je spotfeba proudu do
10 mA Pii reprodukci mize spotieba dosdhnou az
50 mA. Neobsahuje zadné ovladaci prvky, tj.
tlacitka ani prepinace a pracuje bez samotného
zasahu do glukometru, protoze vyuziva konektor pro
pfipojeni pocitace. Hlasovy vystup se vypina
automaticky.

5. Zavér

Slabozraci a nevidomi jsou schopni provadét
selfmonitoring (jsou schopni méfit hodnotu
glykémie a pfi tom si dle naméfenych hodnot
davkovat Iéky a to samostatné¢ bez dohledu jiné
osoby).

Vlastnosti hlasového vystupu byly ovéfovany
prakticky u slepého diabetika. Pomineme-li
problémy s davkovanim vzorku do glukometru,
které jsou u nevidomého otazkou delsiho
natrénovani  odbéru, bylo vyjadfeni slepého
diabetika velmi pfiznivé. Doporucoval co nejdiive
zajistit sériovou vyrobu.

Vzhledem k tomu, Ze hlasovy vystup je, po
upravach, mozné pouzit i u glukometrd riznych
znacek, byl navazan kontakt s vyrobci glukometrt.
V upravach hlasového vystupu a navazovani dalSich
kontaktti se bude pokracovat, aby mohl byt hlasovy
vystup sériove vyrabén.
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Summary Picture Archiving and Communication Systems - consists of image and data acquisition, storage, and
display subsystems integrated by various digital networks. The DICOM 3.0 Standard is applicable to a networked or an oft-
line media environment. It allows development and expansion of PACS system. This Standard has been developed with an
emphasis on diagnostic medical imaging as practiced in radiology, cardiology and related disciplines.

Abstrakt Picture Archiving and Communication Systems - pozostdva zo ziskavania obrazov a dat, zdznamovych
a zobrazovacich subsystémov integrovanych prostrednictvom roznych digitalnych sieti. Standard DICOM 3.0 je mozné
aplikovat v sieovom aj autondmnom reZime. Standard umozfiuje vyvoj a rozSirovanie systému PACS, ktory médze
spolupracovat’ s ostatnymi nemocniénymi informa¢nymi systémami. Tento Standard bol vyvinuty s dérazom na diagnosticky
medicinsky obraz pre potrebu radiologie, kardiologie a stivisiacich vednych odboroch.

on the types of used monitor. These video signals
will follow certain standards. In a PACS system is
recent standard DICOM 3.0 or previous standard
ACR-NEMA 1.0 or 2.0.

1. Introduction

Communication is the transport of information
between two places, usually by means of some type
of medium. A  communication standard
encompasses detailed specifications of the media,

the explicit physical connections, the signal levels
and timing, the packaging of the signals, and the
high level software required for the transport. A
video communication standard describes the
characteristics of composite video signals including
interlace or progressive scan, frame rate, line and
frame retrace times, number of lines per frame, and
number of frames per second. In a PACS, the soft
copy display is source of video signals; depending

2. PACS (Picture Archiving and
Communication Systems)

A picture archiving and communication system
(PACS) consists of image and data acquisition,
storage, and display subsystems integrated by
various digital networks (Fig.1). Each of PACS
modules functioned as an independent island,
unable to communicate with other modules. A

DICOM
BOX Converler
Print Digital

Main Server ;
Image Spooling
System

Main Storage kA

Laser
Sienet PACs  Film Printer

'-.,J
= ‘ Diagnostic Display Workstation (4A-Type)

DICOM
BOX Converler
Print Digital

FOLIN B

T

One unit of 4-monitor radiology workstation

Fig.1 PACS components
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general multimedia data management system that is
easily expandable, flexible, and versatile in its

programmability calls for both top-down
management to integrate various information
systems.

The PACS infrastructure provides the

necessary framework for the integration of
distributed and heterogeneous imaging systems and
makes possible intelligent database management of
all related information. The PACS infrastructure
consists of a Dbasic skeleton of hardware
components (acquisition interfaces, storage devices,
host computers, communication networks, and
display systems) integrated by standardized,
flexible software subsystems for communication,
database and storage management, job scheduling,

interprocessor communication, and network
monitoring.
The PACS infrastructure is physically

composed of several classes of computer systems
connected by various networks. These include
imaging systems, acquisition computers, and the
PACS controller with database and archive, and
display workstations.

2.1. Dataand Image Acquisition Component
The most troublesome PACS task to date has
been the reliable and timely acquisition from an
imaging system of images and associated study
support text (description of the study, and
parameters of acquisition and image processing).

This bottleneck exists mainly because
many manufacturers of imaging equipment are not
prepared to follow the industry standards developed
by, for example, ACR-NEMA and DICOM. To
circumvent these difficulties, an acquisition
computer can be placed between the imaging
system and the rest of the PACS network. The
acquisition computer has three primary tasks: it
acquires image data from the imaging system,
converts the data from the equipment
manufacturer's specifications to PACS standard
format (header format, byte-ordering, matrix sizes)
that is compliant with the proposed ACR-NEMA
and DICOM data formats, and forwards the image
study to the PACS controller.

2.2.  PACS Controller
Imaging examinations, along with pertinent
information, are sent from the acquisition computer
to the PACS controller. The PACS controller is the
engine of the PACS; its two major components are
a database server and an archive system. The
archive system consists of short-term, long-term,
and permanent storage. The operations of PACS
controller are:
e Receives images of a study from acquisition
computers
e Extracts text
received studies

information describing the
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e Automatically retrieves necessary comparison
images from a distributed optical disk library
archive system

e Determines optimal contrast and brightness
parameters for image display

e Performs image data compression

o Archives new studies onto optical disk library

2.3. Display Stations

PACS display stations should fully use the
resources and processing power of the entire PACS
network. A station includes communication,
database, display, resource management, and
processing software.

There are four types of display station: high-
resolution monitors, medium resolution stations for
conferences, desktop stations, and high-resolution,
hard copy print stations.

2.4.  System Networking

A basic function of any computer network is to
provide an access path by which end users at one
geographic location can access information (e.g.,
images and reports) at another location. The most
obvious way to characterize a PACS network is to
examine the traffic of information between various
locations and users. The important networking data
needed for system design include location and
function of each node, frequency of information
passed between any two nodes, cost for
transmission between nodes on various speed lines,
desired reliability of the communication, and
required throughput. The variables in the design
include network topology, communication line
capacities, and flow assignments.

2.5.  Image Acquisition
Automated image acquisition from imaging
devices to the PACS controller plays an important
role in a PACS infrastructure. The "automatic" part
is important because reliance on labor-intensive
manual acquisition methods would defeat the
purpose of the PACS. Based on existing manufac-
turers' imaging devices, we categorize the interface
methods into five architectural models: sequential
chain, direct interface, memory access, shared disk,

and interconnected network.

3. DICOM 3.0 Standard

This Standard, which is currently designated
Digital Imaging and COmmunications in Medicine
(DICOM), embodies a number of major
enhancements to previous versions of the standard:
is applicable to a networked or an off-line media
environment; specifies how devices claiming
conformance to the Standard react to commands
and data being exchanged; is structured as a multi-
part document, introduces explicit Information
Objects not only for images and graphics but also
for waveforms, reports, printing, etc.
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3.1.  Scope and field of application

The DICOM Standard facilitates
interoperability of imaging equipment by
specifying:

e For network communications, a set of
protocols to be followed by devices claiming
conformance to the Standard.

e The syntax and semantics of Commands and
associated information which can be
exchanged using these protocols.

e For media communication, a set of media
storage services to be followed by devices
claiming conformance to the Standard, as well
as a File Format and a medical directory
structure to facilitate access to the images and
related information stored on interchange
media.

o Information that must be supplied with an
implementation for which conformance to the
Standard is claimed.

The DICOM Standard pertains to the field of
additional informatics. Within that field, it
addresses the exchange of digital information
between imaging equipment and other systems.
Because such equipment may interoperate with
other devices, the scope of this Standard needs to
overlap with other areas of informatics.

3.2.  Goals of the DICOM standard
The DICOM Standard facilitates
interoperability of devices claiming conformance.
In particular, it:

e Addresses the semantics of Commands and
associated data. For devices to interact, there
must be standards on how devices are
expected to react to Commands and
associated data, not just the information
which is to be moved between devices;

e Addresses the semantics of file services, file
formats and information directories necessary
for off-line communication;

Medical Information Application
Application Entity
Service Class Specifications
DICOM Upper Layer Service Boundary
[]
DICOM
Security

Layer
Optional

DICOM Basic File Service Boundary

Security

and Media
File Formats

TCP/IP
Transport
1 qver

Media Storage Interchange

Network Exchange
Off - line communication

On - line communication

Fig. 2 General Communication Model
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e Is explicit in defining the conformance
requirements of implementations of the
Standard. In particular, a conformance
statement must specify enough information to
determine  the functions for  which
interoperability can be expected with another
device claiming conformance.

e Facilitates operation in a
environment.

e [s structured to accommodate the introduction
of new services, thus facilitating support for
future medical imaging applications.

e Makes use of existing international standards
wherever applicable, and itself conforms to
established documentation guidelines for
international standards.

Figure 2 presents the general communication model
of the Standard which spans both network and media
storage interchange communication.

3.3.  Information Object Definitions

The DICOM Standard specifies a number of
Information Object Classes which provide an
abstract definition of real-world entities applicable
to communication of digital images and related
information.

Two types of Information Object Classes are
defined: normalized and composite.

Normalized Information Object Classes
include only those Attributes inherent in the real-
world entity represented. For example the study
Information Object Class, which is defined as
normalized, contains study date and study time
Attributes because they are inherent in an actual
study. Patient name, however, is not an Attribute of
the study Information Object Class because it is
inherent in the patient on which the study was
performed and not the study itself.

Composite Information Object Classes may
additionally include Attributes which are related to
but not inherent in the real-world entity. For
example, the Computed Tomography Image
Information Object Class, which is defined as
composite, contains both Attributes which are
inherent in the image (e.g. image date) and
Attributes which are related to but not inherent in
the image (e.g. patient name).

Composite Information Object Classes provide
a structured framework for expressing the
communication requirements of images where
image data and related data needs to be closely
associated.

3.4.  Service Class Specifications

The DICOM Standard defines a number of
Service Classes. A Service Class associates one or
more Information Objects with one or more
Commands to be performed upon these objects.
Service Class Specifications state requirements for
Command Elements and how resulting Commands
are applied to Information Objects. Service Class

networked



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Specifications state requirements for both providers
and users of communications services.

The DICOM  Standard  defines the
characteristics shared by all Service Classes, and
how a Conformance Statement to an individual
Service Class is structured. It contains a number of
normative annexes which describe individual
Service Classes in detail.

3.5.  Data Structure and Semantics

The DICOM Standard specifies how DICOM
applications construct and encode the Data Set
information resulting from the use of the
Information Objects and Services Classes. The
support of a number of standard image compression
techniques (e.g., JPEG lossless and lossy) is
specified. Data structure and semantics addresses
the encoding rules necessary to construct a Data
Stream to be conveyed in a Message.

3.6.  Data Dictionary

The DICOM Standard is the centralized
registry which defines the collection of all DICOM
Data Elements available to represent information,
along with elements utilized for interchangeable
media encoding and a list of uniquely identified
items that are assigned by DICOM. For each
element, Data Dictionary specifies:

e its unique tag, which consists of a group and
element number; its name; its value
representation (character string, integer, etc);
its value multiplicity (how many values per
attribute); whether it is retired.

For each uniquely identified item, Data
Dictionary specifies:

e its unique value, which is numeric with
multiple components separated by decimal
points and limited to 64 characters; its name;
its type, either Information Object Class,
definition of encoding for data transfer, or

certain well known Information Object
Instances
3.7. Network Communication Support
for Message Exchange
The DICOM  Standard specifies the

communication services and the upper layer
protocols necessary to support, in a networked
environment, communication between DICOM
applications. These communication services and
protocols ensure that communication between
DICOM applications is performed in an efficient
and coordinated manner across the network.

3.8. Media Storage and File Format

The DICOM Standard specifies a general
model for the storage of imaging information on
removable media. The purpose of this Part is to
provide a framework allowing the interchange of
various types of medical images and related
information on a broad range of physical storage
media.
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Media Storage and File Format specifies:

e a layered model for the storage of medical
images and related information on storage
media.

e a DICOM file format supporting
encapsulation of any Information Object;

e a secure DICOM file format supporting the
encapsulation of a DICOM file format in a
cryptographic envelope;

Media Storage and File Format defines
various media storage concepts:

a) the method to identify a set of files on a single
medium

b) the method for naming a DICOM file within a
specific file system

¢) Specification of the Information Object
Classes and associated Information Objects
supported

d) the selection of media formats and physical
media to be used

e) Security parameters which select the
cryptographic techniques to be used with
secure media

the

4. Conclusion

A PACS module is loosely defined as a self-
contained PACS that has some acquisition
components: a short-term archive, a database, some
display stations, and a communication network
linking these components. In practice, the module
can function alone, as an individual unit in which
the display stations show images from the
acquisition components.

There are two categories of preprocessing
function. The first is related to the image format -
for example, a conversion from the manufacturer's
format to DICOM. The second type of
preprocessing prepares the image for an optimal
viewing at the display station.
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Summary Distributed modular system BioLab for biophysical examinations enabling assessment of the thyroid gland
functional state is presented in the paper. The BioLab system is based on a standard notebook or desktop PC connected to an
Ethernet-based network of two smart sensors. These sensors are programmed and controlled from PC and enable
measurement of selected biosignals of the human cardiovascular and neuromuscular system that are influenced by the
production of thyroid gland hormones. Recorded biosignals are processed in a PC and peripheral indicators characterizing

thyroid gland functional state are evaluated.

Abstrakt V ¢lanku je prezentovany distribuovany modularny systém BioLab uréeny na biofyzikéalne vySetrenia umozitujiice
zistenie funkéného stavu Stitnej zl'azy. Systém BioLab je pozostdva zo Standardného PC vo verzii notebooku alebo stolného
pocitaca, ku ktorému su prostrednictvom siete Ethernet pripojené dva inteligentné snimace. Tieto snimace si programované
ariadené pomocou PC aumoziuji meranie vybranych biosignalov T'udského kardivaskularneho a neuromuskularneho
systému, ktoré su ovplyviiované produkciou hormoénov §titnej zl'azy. Zaznamenané biosignaly su spracované v PC a na ich
zéklade st vyhodnotené periférne ukazovatele, ktoré charakterizuju funkény stav stitnej zl'azy.

1. Introduction

Development of a measuring system using
Ethernet as a communication interface between a
few smart sensors and a controlling PC offers the
possibility to build local area or even wide areca
configurations of open, modular systems for
biomedical applications. They allow immediate
acquiring of various types of medical information
that was previously obtained off-line or by several
independent measuring devices. In this way the
networked solution saves time and costs in medical
facilities and improves quality of medical care.

Based on previous experience with the
diagnostic method [1], the aim of the presented work
was to develop hardware and software components
of a modular networked measuring system for
laboratory biophysical examinations allowing to
assess patient’s thyroid gland functional state using
peripheral indicators of his/her cardiovascular and
neuromuscular systems [2]. In comparison with
other, mainly biochemical methods, such
examinations are non-traumatizing and in most cases
provide enough diagnostic information at much
lower costs.

2. Material and Method

BioLab is distributed modular measuring
system for biophysical examinations that consists of
a set of smart sensors and a controlling PC. All these
components are connected to the Ethernet network.
In principle, configuration of the system can be local
or distributed depending on the requirements of the
user in the medical institution. Number of connected
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sensors is generally not limited and is software
configurable. Reasonable number of sensors
depends on particular application.

Core of each BioLab smart sensor module
(Fig.1) is Analog Devices ADuC812 microcontroller
chip with a measuring unit and interface control
completed with a RS 232C to TCP/IP converter with
RJ45 Ethernet connector enabling connection of the
module to a data processing PC via the Ethernet
network. For the patient safety, module is optically
isolated from the Ethernet and is powered by Li-Ion
battery enabling approximately 6 hours of
measurement. Due to advanced power management,
average battery operating time is about 5 working
days, however, device can be operated also during
the battery charging from an isolated charger.

Smart sensor

Ethermnet
connection

Physiological

N RS 232C
signals

ADpCi12 (Analog Devices) .
0

ae| Sensorand

i optical | TCPAP
MUXE g
SE.ZZ'LI“ = 4D 12 SDE‘; RS 232¢ | s0lation \converter| 5;5255011
Optional conditioning compatible 59”311
local controls module e 20ACIZ  pjgrg | REF

| computer cantrallen
24110

lines

Fig. 1. Simplified block scheme of BioLab smart sensor
modules.

Two smart sensors were developed for
noninvasive assessment of the functional state of
human thyroid gland: BioLab ATR sensor for
Achilles tendon reflex measurement and BioLab STI
sensor for measurement of systolic time intervals.
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Both sensors are based on the previously presented
concept [2] of a network-based modular measuring
system.

BioLab ATR smart sensor

This sensor is shown in Fig. 2 and enables
noninvasive revealing of the effect of thyroid gland
hormones on the neuromuscular system. Increased
production of thyroid gland hormones induces faster
actions of the neuromuscular system and vice versa.
Based on this relation, dynamics of Achilles tendon
reflex is evaluated as one of peripheral indicators of
thyroid gland function.

Time intervals of the Achilles tendon reflex are
measured by a non-contact, optoelectronic device
sensing the movement of the sole. The reflex is
initiated by a neurological hammer and the tendon
jerk causes motion of the sole that is scanned by an
IR optoelectronic system as the ATR signal. Input
module of the sensor contains three infra-red
emitting diodes and a photo-transistor sensing the
radiation reflected by the moving sole. Switching of
the emitting diodes and sampling of the photo
detector output is controlled directly by the
ADpC812 chip of the smart sensor. Intensity of the
reflected radiation depends on the distance between
the sensor and the sole. Recorded ATR signal is
electronically synchronized with the time instant of
the stimulus, sampled with 1 kHz rate and sent over
the Ethernet to the processing PC.

Fig. 2.

BioLab ATR
optoelectronic sole movement sensor and synchronized
stimulating neurologic hammer.

smart sensor module with

BioLab STI smart sensor

BioLab STI (Fig.3) is a 3-channel sensor
developed to obtain information on cardiovascular
dynamics influenced by thyroid gland hormones. It
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enables measurement of one electrocardiographic
lead (ECG, mostly standard lead II),
phonocardiogram (PCG, frequency band 1) and
carotidogram, i.e. signal of the carotid pulse wave
(CAR).

ECG signal is sensed by a set of 3 disposable
Ag-AgCl electrodes, programmable gain of the ECG
channel is from 0 to 10200 and frequency range is
0.16 Hz — 1 kHz. Active patient neutralization is
used to improve common-mode signal rejection
ratio.

r

b 3
Fig. 3. BioLab STI smart sensor module with ECG

electrodes, cardio microphone and piezzo-electric sensor
of the carotid pulse wave.

ADInstruments MLT 201 Cardio Microphone is
used for recording of the PCG heart sounds. PCG
signal is amplified with programmable gain from 0
to 10000 and is processed in a band-pass filter with
frequency f = 35 Hz and symmetric band attenuation
B =-12 dB/octave (band F1 by Maase — Weber).

ADInstruments MLT 1010 piezzo-electric
transducer is used for converting carotid pulse wave
signal CAR into an electrical signal. CAR channel
has also programmable gain from 0 to 450 and
frequency range 0.16 Hz — 1 kHz.

For patient safety, there is an optical isolation in
all channels that is placed between the signal
preamplifier and the programmable amplifier. After
proper amplification, all three signals are sampled
by the ADpuC812 chip with 1 kHz (or 500 Hz) rate.
Microcomputer also provides optimal gain setting in
all channels. Sampled data are sent over the Ethernet
network to the PC where they are evaluated.

BioLab application software

BioLab Application software is a 32-bit
application running under Windows XP operating
system and developed in MS Visual C++ and
Microsoft Foundation Class library with graphical
user interface. It allows full control of the connected
smart sensors and enables real-time monitoring of
measured biosignals, their visualization on computer
display and recording. Comfortable and easy to use
measuring program includes resources for
adjustment of all sensors parameters, such as
sampling period, gain of amplifiers or Ethernet
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communication parameters.

Communication between smart sensors and
controlling PC is over the Ethernet network and is
based on a client-server model and TCP/IP network
protocol. Smart sensors present servers and PC is
connected as a client when needed. Only one single
PC can be simultaneously connected to each smart
sensor.

Recorded  biosignals are  automatically
processed to obtain parameters needed for
evaluation of patient’s thyroid gland functional state.

To assess parameters of the neuromuscular
system functionality, contraction time TK, relaxation
time TR and half-relaxation time TH are evaluated
from the ATR signal (Fig.4).

t

Fig. 4. Evaluation of the contraction, half relaxation and
relaxation times from the ATR signal.

Two  parameters are evaluated from
cardiovascular  recordings: pre-ejection phase
interval (PEP) and heart rate (HR). To obtain PEP,
time interval of the electro-mechanic systole QS2
and ejection time of the left ventricle LVET is
estimated first. Duration of the PEP is then obtained
as PEP = QS2 -LVET. Finally, heart rate is
estimated from the mean time interval between
consecutive QRS complexes in the ECG signal

(Fig.4).

[eS——

120 ms

Fig. 5. Evaluation of the pre-ejection phase interval PEP.
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Results from several measurements are
averaged, presented in numeric and graphical form
and classified according pre-programmed diagnostic
criteria. Functional state of the thyroid gland is
characterized by overall thyroxin T4 level that can
be estimated and classified using a set of regression
equations [3]. Several equations using desired
combination of available peripheral parameters can
be used, however, generally the more parameters are
used in the equation, the higher is the reliability of
the estimate.

Results of the classification are displayed in a
circular diagram (Fig.6) showing values of all
evaluated peripheral parameters and overall thyroxin
T4 level relatively to a normal range (area between
the circles in Fig.0).

PEF| PEP = 83 ms, PEPi=117 ms

= QS2=389ms, Q52i=514ms
LVET = 284 ms, LVETi= 385 ms

HR = 58.4 bprm

Quw=0317

Th=276ms

Murnber of evaluated STl records = 9
Murmber of evaluated ATR records =6

RH

Q-52 INDEX T4nmolf] for parameters:
T4{ATR+PEP+HR) = 161 561
T4ATR+Q52+HR) = 130132
T4(ATR+PEF) = 215,749
T4{ATR+HR) = 140708
T4(ATR+Q52) = 223.148
T4{ATR) = 221 060

1@ T4ATR)

HR

Fig. 6. STI and ATR evaluation and estimated T4 hormone
level displayed in a circular diagram.

3. Results

Presented system, has been successfully used in
the clinic for routine screening of thyroid gland
patients as well as a learning tool in courses of
biomedical engineering. It combines simplicity of
the measuring method with advanced technology to
obtain reliable measurements.

In Fig. 7 there is a snapshot of the computer
screen during the examination of the neuromuscular
system after the ATR time intervals were evaluated.

Fig. 7. Screenshots of the evaluation of the ATR signal
with marked time instants TK, TH and TR.
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In Fig.8 there is a snapshot of the computer
screen during the examination of the cardiovascular
system, after the cardiovascular signals were
processed and systolic time intervals were evaluated.

Fig. 8. Screenshot of the evaluation of cardiovascular
signals. Automatically detected time instants Q and R in
the ECG signal, S2 in the PCG signal, upstroke and
incisure in the CAR signal are marked in the recordings
and used for computation of systolic time intervals.

4. Conclusions

Presented system was proposed for fast
noninvasive screening tests enabling to assess the
functional state of the thyroid gland. From the users’
point of view, another advantage of the system is it
variability and possibility to extend it to other
examinations. Modular concept of the system cuts
the cost and time for its development and
implementation and enables to adapt its
configuration according to the user requirements.
Possible future extension of the system depends on
the response from the medical and biomedical
engineering community.
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Summary A method for noninvasive identification of heart lesions with changed repolarization caused by local ischemia
was proposed and tested on a model and on a group of patients. It evaluates changes in QRST integral maps measured on a
chest surface of known geometry and computes an equivalent dipole representing the position, size and orientation of the
lesion. Testing on a computer model indicated ability of the method to localize small subendocardial and subepicardial
lesions with an error less about 1 cm. From 11 patients with single vessel stenosis mapped before and after the percutaneous
cardiac intervention, differences in QRST integral maps could be represented by a dipole in 8 patients. 6 LAD and 1 RCA
lesion were identified successfully, localization of 1 RCA lesion failed. Results of the study suggest that difference QRST
integral maps can help in identification of small ischemic regions on the epicardial or endocardial surface by estimating
parameters of an equivalent dipole characterizing the lesion.

Abstrakt V studii je navrhnutd metoda na neinvazivnu identifikiciu oblasti poskodenia srdca so zmenenou repolarizaciou
sposobenych lokalnou ischémiou. Metdda bola testovand na pocitatovom modeli a na skupine pacientov. Vyhodnocuje
zmeny v QRST integralovych mapach meranych na povrchu hrudnika so zndmou geometriou a vypocitava ekvivalentny
elektricky dipol, ktory reprezentuje miesto, velkost’ a orientaciu 1ézie. Testovanie metddy na pocitacovom modeli ukazalo jej
schopnost’ lokalizovat’ malé subendokardidlne a subepikardialne poskodenia s chybou okolo 1 cm. Z 11 pacientov
s ochorenim 1 cievy, ktori boli elektrokardiograficky mapovani pred a po perkutalnej kardialnej intervencii, bolo u 8
pacientov mozné zmeny v QRST integralovych mapach reprezentovat pomocou dipdélu. Ischemické poskodenia boli
lokalizované spravne u 6 pacientov s ochorenim l'avej (LAD) a u 1 pacienta s ochorenim pravej koronarnej artérie (RCA), 1
lokalizacia ochorenia RCA nebola spravna. Vysledky $tiidie naznacuju, ze zmeny v integralovych mapach moézu pomoct pri
identifikacii malych ischemickych oblasti v oblasti epikardu alebo endokardu na zéklade urcenia parametrov ekvivalentného
dip6lu charakterizujiiceho poskodenie.

1. Introduction epicardial or endocardial ventricular surface. Dipole
parameters representing the changes in the QRST
For ischemic cardiac cells, shortening and integrals were inversely computed using the
decrease of action potentials (AP) is typical. Subtle formula:
variations of AP influence the ovgrall r.epolarization M, =T & fori=12,..n
process and are expressed mainly in the ST-T
interval of surface ECG signals. It was shown, that where @ represents differences in QRST integrals
integrals of potentials over the ventricular measured in mapped surface points, M; is an
depolarization - repolarization period (QRST estimate of integral of the dipole moment of the
interval in ECG) depend only on the action dipole located at the i-th position in the myocardium
potentials variations and not on the ventricular and T;" is pseudo-inverse of the transfer matrix
activation sequence [1]. Differences in QRST between the the i-th dipole and potentials in mapped
integrals over the torso together with the knowledge surface points. This transfer matrix depends only on
of torso geometry and electrical properties thus can the geometry and electrical properties of the torso.
be used for a noninvasive identification of ischemic Criterion for finding the best equivalent dipole
regions with changed repolarization. The aim of the representing the measured data was the minimal
study was to analyze the possibility of a noninvasive value of rms deviation between original difference
dipole model-based identification of small ischemic QRST integral map and map produced by a dipole
lesions caused by stenosis of a single coronary estimated at each of the n predefined positions. At
vessel. the same time, relative value of the deviation

indicated feasibility of the dipole to represent the
difference integral map.

2. Method and Material The method was tested on simulated surface

potentials and several error factors influencing the

Differences in QRST integrals due to the accuracy of the inverse procedure were analyzed.

changed repolarization can be interpreted as being A forward model was used to obtain body
caused by additional sources originating from surface potentials in normal case as well as in the
changed action potentials in the ischemic region. If case of abnormal repolarization of the ventricles. A
the region is relatively small, these sources can be finite element model of heart ventricles was
represented by a single dipole model located at the employed to simulate cardiac depolarization and
centre of the region. In our study we applied a dipole repolarization [4]. Up to five layers with different
located in one of n predefined positions on the AP characteristics were defined in ventricular walls
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and in the septum. Realistic AP shapes as measured
in canine left ventricular wedge preparation [5] were
adopted. In all simulations, character of
experimentally observed transmural distribution of
AP duration was preserved and its transmural
dispersion was about 40 ms.

Local ischemic lesions were simulated by
shortening of AP by 5 % to 20 % from the normal
values. Three typical regions of changed AP
influenced by stenosis of main coronary vessels
were defined: antero-septal part of the LV near apex
(supplied by left anterior descending coronary
artery, LAD), postero-lateral part of the LV close to
the heart base (supplied by circumflex coronary
artery, Cx) and mid postero-septal LV and RV
(supplied by right coronary artery, RCA). In each
region, smaller subepicardial and subendocardial
lesions (3 - 8% of the ventricular volume) and larger
transmural lesions (10 - 12% of the ventricular
volume) were simulated.

Multiple dipole with 168 dipoles was used to
represent the cardiac electric generator. Surface
potentials were computed in 3 ms steps in points of a
realistic torso model with lungs and heart cavities [2,
3]. ECG signals in positions of selected lead sets
were used to compute surface QRST integral maps.

Inverse identification of the ischemic region
was attempted by using body surface potentials
simulated in 4 lead sets: 192 leads in 16x12 grid
(G192), 62 leads of the Amsterdam mapping set
(A62), 32 leads of the anterior lead set by Lux (L32)
and 9 leads in positions of Frank VCG leads and
both arms (F9). Second and third lead sets were
subsets of the first one. Both, inhomogeneous and
homogeneous torso model were tested in the inverse
computations. Accuracy of the inverse procedure
was limited by the chosen set of possible dipole
positions. For testing on simulated data, 298 nodes
on the epi- and endocardial ventricular surface were
defined as possible positions of the equivalent dipole
generator. Distance between the nearest possible
position and correct location of an equivalent dipole
(center of simulated lesion) was from 1.7 to 7.3 mm,
mean 5.5mm.

Measured data from patients  after
myocardial infarction (MI) that underwent
successful percutaneous coronary intervention (PCI)
on single vessel (8§ LAD, 1 Cx, 2 RCA) were used
for experimental verification of the method. QRST
integral maps before and after the intervention were
computed in a 12x16 grid from 32 ECG leads
measured in the L32 lead set. Integral values in
maps were corrected for QT interval length if it
varied more than 5% between the measurements.
Common realistic inhomogeneous torso and heart
model geometry were used in all patients to find an
equivalent dipole representing the ischemic region
with changed repolarization. For real data, possible
positions of equivalent dipoles were defined at the
centers of 28 segments of a realistic heart model.
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3. Results

Simulated data. In Fig. 1 there is an example of
simulated lesions in postero-lateral region of the LV.
Subepicardial lesion (PE), subendocardial lesion
(P2) and transmural lesion (P3) of different size
were created.

© © ©
VU W

Fig. 1. Simulated lesions (light grey areas) in postero-

lateral LV. Left: subepicardial (PE), center:
subendocardial (P2), right: transmural (P3).
Simulated AP changes representing local

ischemic lesions in three selected ventricular regions
were projected to body surface potentials and
typically located differences of QRST integrals were
clearly visible in corresponding areas in body
surface maps. The differences increased with
increasing lesion size and degree of AP shortening
except of transmural lesions where the differences
were much smaller than in comparable non-
transmural lesions.

Normal simulated QRST integral map and
integral maps obtained when AP was shortened by
20% in lesions PE, P2 and P3 is shown in Fig. 2.
The AP changes were projected as increase (for PE
lesion) or decrease (for P2, P3 lesions) of the QRST
integral mainly on the mid posterior torso surface.

!
("4

?

PE difference
= -
P2 difference
.
P3 P3 difference

Fig. 2. Simulated QRST integral maps for normal
depolarization-repolarization (NORM) and for activations
with AP shortened by 20% in lesions PE, P2 and P3.
Corresponding difference QRST integral maps are shown
in the right column. Step in maps is 6 mV.ms.
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Summary dipolar source of the lesion calculated
as sum of dipole changes in all model elements
within the lesion (full line vector) and inversely
estimated equivalent dipole (dashed line vector) are
illustrated in Fig. 3.

Fig. 3. Simulated ischemic lesions PE, P2, P3 and their
dipolar representations (posterior view of the ventricles).
Representing dipoles computed as sum of simulated
elementary dipolar changes in the lesion are marked by
full lines, equivalent dipoles inversely calculated from
simulated surface ECG signals are marked by dashed
lines. Left: PE lesion; center: P2 lesion; right: P3 lesion.

Results of the inverse solution using 62 ECG
leads and homogeneous or inhomogeneous torso
model with lungs and heart cavities are summarized
in Table 1. Relative rms deviations between original
difference QRST integral maps and equivalent
dipolar maps were from 9 to 16% and suggest that
dipole may be an adequate representation of small
ischemic lesions. For small subendocardial and
subepicardial lesions, maximal localization error
reached 16 mm in inhomogeneous torso and 23 mm
in homogeneous torso. Localization of large
transmural lesions was less satisfactory and maximal
error reached unacceptable 43 mm. Orientation of
the equivalent dipoles matched well the simulated
lesions, however, relative error of dipole moments
substantially increased for more distributed sources,
especially for large transmural lesions.

Table 1. Errors (mean + standard deviation) of the
inverse estimation of lesion parameters from 62

surface ECG leads wusing inhomogeneous or
homogeneous torso model.
Parameter Torso Small La.rge
lesions | lesions
Localization error |inhomog| 9+ 4 17+ 14
[mm]
homog | 11+ 8| 16+15
Dipole direction |inhomog| 9+ 7 14+ 4
N homog | 8+ 5 17+ 7
Dipole moment inhomog | 51 + 40| 221 + 206
%
el homog |49+ 33| 163+ 123
Map rel. difference| inhomog| 9 =4 16+1
[%]
homog | 12+£2 16+2

89

More detailed evaluation of the localization
error is shown in Fig. 4. Localization of small
lesions from 192 and 62 leads provided similar
results, localization from 32 leads was worse for
large lesions and inhomogeneous torso, while
localization from 9 leads was not satisfactory. For
larger lesions, influence of the number of leads was
generally higher. In most cases, results obtained
using homogeneous torso model were less accurate
than results obtained when inhomogeneous torso
was used.

localization error [mm]

lesion, Lorso
0
— | @small,inhom
0 | | @small,hom
0 large, inhom
0 0 large, hom

10 dﬂ d_l—’ A_|_’
0 "
1R2kads  62leads 32leads 9 leads

Fig. 4. Mean values of the localization error [mm] for
small subendo- or subepicardial lesions and for large
transmural lesions when using different lead sets and
homogeneous or inhomogeneous torso models.

Measured data. In 8 of 11 studied MI patients
we have found considerable changes in QRST
integral maps after the PCI treatment that could be
approximately represented by a single dipole (with
relative rms error less than 50%). In remaining 3
patients the error was > 60% and they were excluded
from further analysis. In 6 of 8 analyzed patients, the
QT interval correction was used to compensate the
changed heart rate between the measurements.

Fig. 5. Left (top to bottom): Measured QRST integral
maps (step in maps 8 mV.ms) before and after successful
PCI on LAD and corresponding difference integral map in
a 68 year old male with anterior MI (closing at RD 2
branche). Right: Localization of an equivalent dipole
source representing the changed repolarization in a
realistic myocardium model.
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Despite the individual patient geometry was not
available and single standard torso model was used,
in 7 of the 8 analyzed patients the positions of
estimated equivalent dipoles approximately matched
the region supplied by the treated vessel or at least
they were correctly located at anterior or postero-
lateral wall of the LV with the dipole directed
towards the supposed ischemic region. Directions of
dipole moments in several cases were not normal to
the particular heart wall and lesion border what
might reflect specific form of the affected area or of
anisotrophy in real myocardium. In 1 patient after
PCI on RCA, the equivalent dipole was located in
mid anterior LV wall with a dipole moment directed
out of the heart volume.

In Fig. 5 there is an example of measured
patient data and successful location of the equivalent
dipole after PCI on LAD.

4. Discussion

Our previous studies on detecting small local
ischemic changes by using commonly used
departure integral maps [6] showed that the changes
in body surface potentials are small when compared
with normal inter-individual fluctuations and can
hardly be detected by departures from mean integral
maps computed for the normal population.

In our simulations of small ischemic lesions,
relative rms differences between normal and
changed QRST integral maps were 20 - 45%, and
correlations .45 - .99. These data indicate greater
changes than observed total intra-individual
variability in maps of healthy subjects (rms
differences 5 - 20%, correlations >.98) what, in
principle, allows identification of the small
ischemic lesions by the proposed method.

In this study, ischemic regions were simulated
only by AP duration changes. Simultaneous changes
of AP amplitudes present in real data were also
tested and they increased the differences in the
QRST integral maps because of the similar effect of
both, AP shortening and AP amplitude decrease on
the integral maps.

Limitation of the simulation study was the
simple forward model with analytical heart
geometry and use of isotropic myocardium. Action
potential shapes were defined a priori and possible
electrotonic coupling was not simulated.

Available MI patient data measured only in 32
mostly anterior leads and in different time intervals
before and after the PCI were not ideal for the study.
Proposed method can evaluate changes of the
residual ischemia after MI influenced by the PCI
treatment. The ventricular area affected by the
intervention may be quite large. Moreover, in the
center of the infracted area probably also permanent
tissue damage exists that can make the treated area
even more fragmented. This might be the reason
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why single dipole model could not represent the
difference integral maps of 3 treated MI patients
with acceptable accuracy.

5. Conclusions

Results of our simulations showed that local
repolarization changes in different heart regions
could be observed as changes in body surface
potential maps. Difference QRST integral maps and
equivalent dipole source model proved to be a useful
tool to assess small ischemic regions and to identify
their proximate site in the myocardium. Extent of the
lesion was reflected in the dipole moment and
prevalence of subepicardial or subendocardial
character of the lesion could be determined from the
dipole orientation. For acceptable localization of
small regions with changed repolarization, 192, 62
or 32 leads were sufficient even if homogeneous
torso model was used. However, because of the
limitations of the model, validity of the obtained
results has to be further verified on additional
measured data.

Localization of larger transmural lesions and
estimation of their size was not satisfactory. These
lesions are less clearly manifested in the surface
potentials and the dipole model seems not to be
appropriate for these cases.

Testing of the method on available real data
suggests that the proposed method could be a useful
tool for noninvasive assessment of ischemic regions
with changed repolarization. Use of individual torso
geometry could improve performance of the method.
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Summary

In the article, different types of filters for applications in biomedical signal processing are presented: FIR and IIR filters,
adaptive filters and median filters. Given filter types have been analyzed from the view of appropriate applications for
suppression of izoelectric line fluctuations, suppression of powerline noise and suppression of mother ECG signal influence
on fetal ECG signal.

Abstrakt

V ¢lanku st prezentované rozne typy filtrov pouzité pri spracovani biomedicinskych signalov: FIR a IIR filtre, adaptivne
filtre a medidnové filtre. Dané typy filtrov st analyzované z hl'adiska vhodnosti pouzitia v aplikacidch pre potlacenie
kolisania izoelektrickej linie EKG signalu, pre potlacenie sietového ruSenia a potlacenie rusenia fetalneho EKG materinskym

EKG signalom.

Key words

Biosignal processing, FIR filter, IIR filter, adaptive filter, median filter, electrocardiogram (ECG)

1 Introduction

Recorded ECG signal is often affected by the
noise of environment (e.g. powerline noise), artifacts
from movements of patient and fetal ECG can be
hidden in mother ECG of higher amplitudes.
According to the purpose of application, biosignal
processing involves the usage of different types of
filters [1] - [3].

2 System description and results

Filter evaluations is accomplished with regard
to achievement of distortion filtration and with
regard to minimal additional deformation of ECG
signal shape (declination of ST interval, abnormal
pronunciation or reduction of particular waves, etc.).
Basic shape of ECG signal is shown in Fig. 1. Signal
processing is performed in program Matlab.

R

>, P wave Twave  mean value
T N % 4~ of ECG
S .

—>  isoelectric line
.t (s)

\

ECG (m

PQ interval ST interval

Fig. 1 Schematic illustration of ECG signal components
2.1 Isoelectric Line Corrections

Isoelectric line (baseline, isoline) of ECG signal
is often affected by the artifacts from breathing or
electrode phenomena. Fluctuations of isoelectric line
can be suppressed using high-pass (HP) filters.
Example of ECG signal (Fig. 2) we used to evaluate
suitability of given filter type for isoelectric line
correction, is taken from database of PhysioBank
Archive [4].

The critical point of filter design is the choice of
filter  pass-band, since the low-frequency
components of ECG signal are important to keep the
correct shape of ST segment. According to the
American Heart Association [5], the demand on the
analog ECG signal recording is frequency band from
0.05 Hz to 100 Hz, however this range is doubtful.
According to the other articles, e.g. [6], even cutoff
frequency of 2 Hz does not cause visible changes of
ST segment.

15

— X (mV)

—t(s)

Fig. 2 Input ECG with uncorrected baseline

1.2
— FIR
1t-{ == 1R - nonlinear phase
— IR - forward-backward
0.8f |
o6l ]
T
0.4F 1
0.2 8
0 i i i i
0 0.2 0.4 0.6 0.8 1 1.2

—f(Hz)
Fig. 3 Magnitude frequency characteristics of three types
of HP filters
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In the case, when the FIR filter design [2] with
Hamming window is considered (see magnitude
frequency characteristic of filter in Fig. 3), the
minimum required filter order is estimated by

Nz6.6~fs/2(f2 -1 ):1500 , where sampling
frequency is f, =250Hz, transition band is from
f1=035Hz to f,=09Hz. The resulting filtered

ECG signal is shown in Fig. 4. The filter delay is
T, =N/(2~fs)=3s. Except of the high delay, the

result of FIR filtration is excellent.

15 ‘ ‘ ‘
unusable part of signal

| due to filter delay

>

—_

0 1 2 3 4 5 6
—t(s)

Fig. 4 Filtered ECG signal using the FIR filter
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>
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-0.5 i : q
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Fig. 5 Filtered ECG using IIR filter with nonlinear phase
frequency characteristic

1.5

0 % 2 3 4 5 6
—t(s)
Fig. 6 Filtered ECG using zero-phase IIR filter

92

The Butterworth IIR HP filter (see magnitude
characteristic in Fig. 3) designed by means of
bilinear transformation [2] with similar magnitude
characteristic as designed FIR filter (see Fig. 3) is of
7th order. The resulting filtered ECG signal (Fig. 5)
depicts the corrupted ST segment due to nonlinearity
of phase frequency characteristic of IIR filter.

The IIR filter with zero-phase frequency
characteristic (non-causal filter) can be used for off-
line processing. In this case, the input signal is
filtered once in the forward direction, then the
filtered sequence is reversed and run back trough the
filter (the same as run through filter with inverse
transfer function). The result has zero phase
frequency characteristic and the magnitude
characteristic is the square of the single filter
magnitude characteristic. The filtered ECG signal at
the output of zero-phase IIR filter, that is shown in
Fig. 6, looks similar as in the case of the FIR filter.
The significant advantage is low order of IIR filter
(single filter is Butterworth IIR HP filter of order 5).

Since mean value of ECG is not precisely zero,
removing of dc component by means of
abovementioned HP FIR and IIR filters does not
allow to adjust zero potential with ECG baseline.
Solution of this problem is better achieved by the
following two methods.

15
1
S
£ |
>\0.5
-
OMMM
0 1 2 3 4 5 6
—t(s)

Fig. 7 Corrected ECG using the interpolation of baseline
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Fig. 8 Corrected ECG using the median filter
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Further method of removing the isoelectric line
alternations is the spline interpolation. First step in
this method is to estimate the isoelectric line, which
is subsequently subtracted. To estimate the
isoelectric line we need to detect points, which
should have zero potential (e.g. the interval before P
wave), that requires usually additional processing
(detection of the QRS complex). The isoline is
reconstructed from these points using interpolation.
Corrected ECG signal using interpolation is shown
in Fig. 7.

Method of median filtration is generally used
mainly for suppression of impulse noise. As such a
noise can be considered also the QRS complex (if
the window width for median evaluation is twice the
impulse width) and can be effectively filtered out
from the ECG signal. It is possible to suppress the
other waves (P, T) by repeating the filtration and
thereby obtain the isoelectric line, which is
subsequently subtracted. Filtered signal from median
filter (triple filtration using rectangular window
width of 51, 101, 201 samples, respectively; sample
frequency 250 Hz) is shown in Fig. 8. The resulted
output is not satisfactory, as the T wave is deformed
especially for faster changes of isoline.

11

— x (mV)

0 2 4

10
—t(s)
Fig. 9 ECG with powerline noise
250
2001
—150r
X
T 100
50
0 |
0 20 40 60 80 100 120
— f (Hz)

Fig. 10 Spectrum of ECG with powerline noise
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2.2 Suppression of powerline noise

We have the situation, that the ECG signal was
recorded together with powerline noise (50 Hz or
60 Hz). Two filters are presented: 2nd order IIR
filter and adaptive filter.

Input signal to IIR filter as is shown in Fig. 9,
has spectrum with dominant 60 Hz powerline noise
(Fig. 10). Filter is designed as a notch filter for

removing frequency f; =60 Hz (width of stop band

is 5 Hz for 3 dB decrease of magnitude characteristic
shown in Fig. 11).
Transfer function of the 2nd order IIR filter is

(1—202_1)(1—282_1) - r=2rcosf, 2
(1—1?702_1 )(1 —PS Z_l) B 1-2rcosf, 2 +r2 z

where zeros and poles are
J 6

Hz)=k

2

— *_1.,770
Zo_l-e ZO_l e

J 6 76

py=r-e pi=re
and k=r, 6,=2rf, / [, » sampling frequency is
/=250 Hz. Distance of poles from z-plane origin is
determined by r=1-7Af / f, - Output signal of
notch filter is depicted in Fig. 12.
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Fig. 11 Magnitude frequency characteristic of notch filter
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Fig. 12 Filtered ECG using notch IIR filter
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In the case of powerline noise suppression by
adaptive filter, the recording of reference powerline
signal x(n) is required, as shown in Fig. 13. From
reference powerline signal x(n) the phase shifted
signals x;(n) and x,(n) are derived. Phase shift Ag

can be realized easily by time delay.

ECG - 4 0
SOHz > o)

Fig. 13 Principle of adaptive filtration of ECG signal
corrupted with powerline noise

|
%M H
O

— u(mV)

I
\‘} ‘

0.5 1 15 2 25 3
—1t(s)

Fig. 14 Input signal for adaptive (filtration (ECG
corrupted with powerline noise)

0 015 ‘i 1‘.5 é 215 3
—t(s)
Fig. 15 Filtered ECG (upper trace) and filtering error
(lower trace) for 1 = 0.01

The amplitude 4 and phase ¢ of harmonic

signal y(n) is set up by an adaptation of filter
coefficients a and b:
y(n):A~cos(€0n+(p):a-xl(n)+b-x2(n)
After correct set up of adaptation coefficients,
signal y(n) is subtracted from input signal u(n) so,
that the output signal e(n) represents ECG signal
with eliminated powerline noise.
Adaptation can be performed by use of simple
LMS (Least Mean Square) algorithm:

a(n+l)=a(n)+ 2u e(n)-xl (n)
b(n+1):b(n)+2,u e(n)~x2(n)
where 4 is parameter of convergence.

Adaptive filter was realized in program
Simulink. Input signal u(n) consists of ECG signal
generated synthetically with amplitude of 1 mV and
additional 50 Hz noise signal with amplitude also of
1 mV (see Fig. 14). Sampling frequency is 200 Hz.

Proceeding of filter adaptation is seen in Fig. 15
for convergence parameter w4 =001. Filtering error

r(n) (lower trace of Fig. 15) is difference between
output signal from filter e(n) and an ideal ECG
signal.

Via proper choice of convergence parameter, it
is possible to achieve faster adaptation (even sooner
than in one cardiac cycle) but at a cost of larger
filtering error (see Fig. 16).

The presented method is usable for any periodic
distortions and can be directly expanded also for
higher harmonic components. It is important
especially in the cases, when spectrum of noise
interferes with the spectrum of useful signal.

— r(mV)

-0.5

0 015 ‘i 115 é 2‘.5 3
—t(s)
Fig. 16 Filtered ECG (upper trace) and filtering error
(lower trace) for p = 0.2
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2.3 Fetal ECG processing

Fetal ECG (F-ECG) recorded from abdominal
electrode (lead) is a mixture of maternal and fetal
ECG signals (Fig. 17) [7]. The maternal ECG
(M-ECQG) has lower frequency and higher amplitude
than F-ECG, as it is shown in upper trace of Fig. 18.

To achieve alone F-ECG using an adaptive
filter, the reference maternal signal x(n) has to be
recorded, as shown in lower trace of Fig. 18. The
reference maternal signal is used for optimal linear
estimation of M-ECG recorded in the place of
F-ECG recording. It is assumed that M-ECG and
F-ECG are non-correlated. We consider FIR filter,
which optimal parameters are determined in the
process of adaptation, using e.g. LMS, RLS
(Recursive Mean Square) algorithms or in the case
of off-line processing it is possible to use directly
equation:

-1
h=K_ -k,
where K is autocorrelation matrix of signal x(7)

and Kk, is vector of cross-correlation function of

signals x(n) and u(n).

u(n) e e(n)

F-ECG —> O
’ (n)

M-ECG ---> o& h(-r’i) ° yo

Fig. 17 Adaptive filtration of F-ECG
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Fig. 18 Input signals for adaptive filtration: abdominal
lead - mixture of maternal and fetal ECG signaol (upper
trace), thoracic lead (reference input) - maternal ECG
signal (lower trace)

The result of off-line processing using 20th
order of the FIR filter and delay of u(n) signal
(D =10 samples) is shown in Fig. 19.

501

\n

=y (uv)

wqb

-20F

-30f

0 0.5 1
—t(s)

1.5 2

Fig. 19 Separated components of thoracic lead: maternal
ECG (upper trace), fetal ECG (lower trace)

Disadvantage of LMS algorithm is the slow
convergence: the time of convergence of LMS
algorithm is longer than recorded signal. Therefore
the signal of several cardiac cycles can be run
repeatedly, until the algorithm attains convergence.
The achieved values of filter coefficients are used as
beginning values for next repetition (Fig. 20).

0 015 1‘ 1:5 2
—t(s)

Fig. 20 Extracted fetal ECG signal by means of LMS

algorithm (for u = 0.0000001) after st repetition of

recorded signal (upper trace) and after 10th repetition

(lower trace)
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3 Discussion

In the sections 2.1 - 2.3, filter based methods of
ECG processing for three situations are presented.

In the first case, it is analyzed the problem of
suppression of baseline alternations under
simultaneous preservation of signal shape (primarily
of ST segment). ST segment is important part of
ECG for judgment of an ischemic changes, e. g. at
load-ECG when the artifacts often appear.

Disadvantage of abovementioned FIR and IIR
filters is that the time mean value need not to be
precisely 0; i. e. it is rather suppression of baseline
wandering than suppression of dc offset. Another
possible method for isoelectric line correction is the
wavelet transformation [8].

In the second case, the simple IIR filter is often
satisfying for powerline noise suppression. Despite
nonlinear phase, observable distortion was not
visible. Sharp changes of phase characteristic may
be expected close to notch frequency, where only
small part of spectrum extends. Despite it, higher
frequencies are important for keeping the shape
(amplitude) of QRS complex. While for monitoring
purposes, the bandwidth up to 40Hz is
recommended, a demand on bandwidth above
standard 100 Hz can be e. g. at pediatric ECG [9].
Attention has to be paid at HR (High Resolution)
ECG [10], where so called VLP (Ventricular Late
Potentials) have spectrum approximately from 40 Hz
to 300 Hz, thereby the spectrum interleaving with
spectrum of powerline noise may cause a problem.
In such the cases, methods of subtracting are
advantageous, where the interference is estimated
from the reference signal or from the isoelectric
portions of ECG.

The third case was referred to separation
maternal and fetal ECG signals. We presented the
method that can be easily implemented e. g. using
artificial neural networks [11]. For the purposes of
noninvasive  fetal  electrocardiography  with
multichannel records from abdominal electrodes,
also the other methods can be useful: BSS (Blind
Source Separation) from signal mixtures, such as
SVD (Singular Value Decomposition), PCA
(Principal Components Analysis), I[CA (Independent
Component Analysis).

4 Conclusions

In the article, applications of filter-based
methods for improving quality of ECG in three
specific situations are presented. The selection of
proper method would be done with respect to
whether the processing is done as an input to the
subsequent automatic analyses, or the result is
dedicated only for direct visual inspection, and
whether on-line or off-line processing is wanted.
The ultimate aim of analysis or processing must be
taken into consideration for choice of parameters
(and method): the requirements (like frequency
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band) for monitoring purposes may be relaxed in
comparison to diagnostic ones.

More sophisticated methods must be used to
distinguish fine components of ECG (microvolt
signals) usually lost in standard ECG, such as VLP,
QRS notches, epsilon waves, T wave alternations,
noninvasive recording of His-Purkinje activity.
Special consideration is required in methods of
separation of fetal ECG from the maternal one.
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Summary This paper presents results of development of long-term EEG records analysis software and its application to real
world coma signals. Due to the nature of coma signals, presented methods are also suitable for other types of signals (sleep
and neonatal EEG etc.). Digital form of EEG signals makes it possible to use methods of quantitative EEG processing, which
are not available in paper form. Quantitative EEG processing techniques include simple statistical methods, filtration,
segmentation, classification, coherence analysis, principal and independent component analysis, effective visualization of
data, brain mapping etc. All of those tools are developed to ease the work of clinicians.

Abstrakt Cilem piispévku je seznamit s vyvojem systému pro zpracovani dlouhodobych EEG zdznamu a jeho praktickou
aplikaci na signaly komatické. Vzhledem ke srovnatelnému charakteru signalu jsou vSak uvedené metody vhodné i pro
zpracovani dalsich EEG zaznamu (spankovych, novorozeneckych atd.). Digitalni podoba signalu dale umoziuje vypocetni
zpracovani signalu v papirové formé realné neproveditelné. Pfikladem mohou byt jednoduché statistické metody, filtrace,
segmentace, automaticka klasifikace, vypocet koherence mezi jednotlivymi svody, dale pak pokrocilé techniky jako vypocet
hlavnich a nezavislych komponent, ndzorna vizualizace dat jako mapovani EEG signalu na 3D objekt hlavy (brain mapping)
atd. VSechny tyto aplikace jsou vyvijeny pro zefektivnéni prace 1ékaiti hodnoticich dany EEG zaznam.

1. Uvod

Elektroencefalografie od  svého  vzniku
pocatkem minulého stoleti prodélava dynamicky
vyvoj. Zaznam elektrické aktivity mozku pomaha
neurologlim pii diagnostice jeho funkce a nasledné
pfi mozné terapii. S mohutnym rozvojem vypocetni
techniky v poslednich desetiletich dostava tento obor
dal§si rozmér. Moderni vypocetni programy pro
kvantitativni ~ zpracovani  dlouhodobych EEG
zdznami  jsou nepostradatelnym  podplrnym
nastrojem pii jejich hodnoceni. V dne$ni dobé€ jiz
nejsou vyjimkou nékolikadenni zaznamy, které by

ovSem v papirové formé¢ byly  prakticky
nerealizovatelné, stejné jako jejich odborna analyza.
Duvodem  pouziti vypocetnich  prostredkl
v elektroencefalografii =~ neni  prozatim  plné

automatizované zpracovani, ale pfedev§im pomoc
pfi rozboru velkych objemd dat. Hodnotiteli
zaznamu jsou pak napiiklad k vizualni kontrole
predlozeny pouze useky signalu diagnosticky
zajimavé pro detailni analyzu (napi. epileptické
zachvaty).

2. Popis EEG signalu

Frekvence obsazené ve zkoumaném EEG
signalu jsou jednim zkritérii pro jeho popis.
Rozdéluji se do Ctyi zakladnich frekvencnich pasem
oznaCovanych podle pismen fecké abecedy.
Pritomnost frekvence v daném pasmu je pro lékaie
dilezitou informaci pfi stanoveni diagnozy.

e  pasmo delta (0,5-4 Hz) — je vzdy patologickym
projevem v EEG dospélého bdé€lého cloveka (za
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predpokladu  dostatecné  amplitudy  nebo
loziskového vyskytu — nador). Cim ma vina delta
veétsi amplitudu a je spektralné Cistsi, tim je jeji
patologicky vyznam vétsi. U déti ve veku kolem
4 mésict je vsak zakladni rytmus EEG (v norm¢)
asi 4Hz! Viny delta se vyskytuji hlavné
v hlubokém spanku, ale i v transu a hypnoze. Ve
spanku maji viny delta amplitudu i 100 pV. Tato
prace se zabyva hodnocenim komatézniho (tedy
patologického) EEG, kde viny delta dosahuji
znaénych amplitud, pfedev§im u vys$sich stupnt
komatu.

pasmo theta (4-8 Hz) — u zdravych osob se
objevuji v centralni, temporalni (spankové) a
parietalni (temenni) oblasti. Pokud ma v nativnim
EEG signalu rytmus theta nizkou amplitudu (do
15 uV) a tyto viny se objevuji symetricky, nelze
theta aktivitu zejména u mladych lidi povazovat
za patologicky projev. Patologicky stav indikuji
theta viny, jestlize je jejich amplituda alespon
dvakrat vyssi nez aktivita alfa (pfipadné¢ 30 pV,
jestlize alfa aktivita chybi) — jev obvykly u
niz§ich stupni komatu.

pasmo alfa (8-13 Hz) — vbdélém stavu je
maximum nad zadnimi oblastmi mozkovych
hemisfér a to v klidu (bez duSevni €innosti) a pfi
fyzické relaxaci. Nejlépe je alfa aktivita
vyjadiena pfi zavienych ocich, tlumi se prave
jejich otevienim a dusevni Cinnosti. Alfa rytmus
je predevsim aktivitou optického analyzatoru. Je
také charakteristicky pro stadium tésné pied
usnutim. Amplituda vin alfa byva 20-5Q pV.
pasmo beta (13-30Hz) - pfevladd nad
frontalnimi laloky, smérem dozadu ubyva. Beta
viny jsou typické pro soustiedéni na vngjsi
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podnéty, pro logicko-analytické mysleni, ale i pro
pocity neklidu, hnévu a strachu. Obvykle se
netlumi pozornosti ¢i  zrakovym = vjemem.
Amplituda je nejéastéji 10-30 uV.

V zaznamu EEG se kromé EEG signalu
vhodného k analyze mohou projevit také potencialy
nemajici vztah ke snimanému signalu a pusobici
tedy rusive, tzv. artefakty (viz

Obr.1). Mohou byt zptusobeny okolim i
samotnym pacientem. Typickymi artefakty jsou:
ruseni sitovym kmitoctem 50 Hz, artefakt ze Spatné
elektrody (kolisani isolinie, ztrata kontaktu), svalové
artefakty, poceni pacienta apod. Radu z téchto
projevii ma za ukol odstranit analogovy filtr pfi
zaznamu EEG, dal$i moznosti je ¢islicova filtrace pfi
diskrétnim zpracovani, napi. adaptivni filtrace

sitového kmitoctu.

svalovy artefakt

100uV [
1s artefakt ze Spatné elektrody

Obr.1. Artefakty.

Mimo zakladnich EEG rytmu (delta, theta, alfa,
beta) a ruSivych artefaktt muze EEG signal
obsahovat nestacionarity vyznamné pro diagnostiku,
tzv. grafoelementy (viz

Obrazek 2). Mezi grafoelementy fadime rtizné
osamocené¢ viny, hroty, popf. jejich slozit&jsi
komplexy. Jako ptiklad mize slouzit komplex hrotu
a viny. Hrot je uzka vlna trvajici méné nez 80 ms,
druhd pomala vlna trva okolo 200-500 ms. Tento
grafoelement ma pak souvislost s epileptickym
zachvatem. Dalsim piikladem grafoelementu je tzv.
lambda vlna vyskytujici se v okcipitalni oblasti, jejiz
geneze je obvykle spjata s upoutanim zraku.

JHz
200
i [u]
100
0= T T T 1
0 1 2 3 Gas [s5] 4
Obrazek 2. Epilepticky grafoelement.
3. Koma

Koma [1] je stav funkce mozku. Lidsky mozek
muze fungovat na mnoha rozdilnych trovnich, od

obvyklého bdélého stavu, ktery se vyznacuje
rychlymi odezvami na podnéty apod., az po kone¢ny
stav bez jakékoliv aktivity, ktery nazyvame
mozkovou smrti. Jednotlivé urovné funkénosti
mozku nelze oddélit ostrymi hranicemi, jejich okraje
se vzajemné prolinaji. Stav komatu lze velmi hrubé
pfirovnat ke spanku, ovSem na rozdil od néj
z komatu se jedinec nemulize cilen¢ probudit, at’ uz
z podnétu vnitiniho ¢i vnéjsiho.

Komaticky stav miize mit celou fadu pficin jako
je poranéni hlavy po t&zké nehod€, poskozeni
cévniho zasobeni mozku, krvaceni do mozku,
infekce, nador, metabolické poruchy (selhani jater ¢i
ledvin), hypoglykémie, pfedavkovani drogami a
mnoho dalSich. Popis fyziologie poranéni mozku
nalezne Ctenai napt. v [2]. Podle [3] je takovymto
poskozenim mozku postizen pfiblizné kazdy ctyfsty
jedinec kazdy rok.

Ke klasifikaci komatu existuje celd fada stupnic.
Prvni byla Glasgovskd klasifikace bezvédomi
(Glasgovska stupnice — GCS) popsand v roce 1974
[3]- GCS je siroce pouzivana a spolehliva stupnice
pro klasifikaci hloubky komatu, vyuziva celkem 15
stupiil. Je vysoce reprodukovatelna a rychla a je
vhodnym nastrojem pro dlouhodobé monitorovani
komatu pacienta. V nasledujicich desetiletich byly
vyvinuty dal$i systémy pro klasifikaci komatu, napf.
stupnice Rancho Los Amigos, stupnice Urovné
reakce RLS85, ob¢ Kklasifikuji do 8§ stupnd,
innsbruckd stupnice, japonskd stupnice, atd.
Jednotlivé systémy se 1isi v poctu stupiiti, zptisobu
vySetteni, piesnosti, apod.

4. Kvantitativni zpracovani EEG

Diky rozsifeni pouziti vypocetni techniky
v elektroencefalografii je dnes mozné provadét
kvantitativni zpracovani komatického EEG a to
predevS§im ve frekvenéni oblasti  (vypocet
spektralnich vykond v zakladnich EEG pasmech,
vzajemné koherence elektrod, vynaSeni vysledkil
pomoci kompresovanych frekvencnich poli apod.),
které ve svém dusledku odstrani subjektivni vliv
hodnoticich odbornikii.

Zakladem aplikace vSech metod rozpoznavani
obrazii je korektni extrakce diskriminativnich
ptiznakti popisujicich vlastnosti klasifikovanych
objekti. Kazda metoda automatické klasifikace je
jenom tak dobra, jak kvalitni jsou pouZité piiznaky.

Je dobfe znamo, ze EEG signal nema
stacionarni charakter. Jeho frekven¢ni i amplitudové
vlastnosti se scasem méni. V signalu se mohou
vyskytnou artefakty, pfipadn€é nestacionarity
(transienty), jako jsou epileptické grafoelementy
apod. Pokud rozdélime dlouhodobé EEG zaznamy
pro ucel extrakce ptiznakt do ¢asti konstantni délky,
hranice téchto usekdi nemaji Zadny vztah
k charakteru signalu. Mohou se vyskytnout hybridni
segmenty obsahujici napf. smés vin rizného tvaru a
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(s

frekvenci. Vhodnéjsi je proto rozdélit signal do po

Castech stacionarnich tGseki proménné délky
v zavislosti na vyskytu nestacionarit v signalu.
ReSeni tohoto problému pfinesla adaptivni

segmentace signalu, poprvé navrzena Bodensteinem
a Praetoriem [4] v roce 1977.

Obmeénou puvodniho algoritmu je adaptivni
segmentace na zakladé dvou spojenych oken
spole¢né se pohybujicich po signal [5]. Princip
algoritmu je nasledujici (viz Obrazek 3):

1) po signalu klouzou dvé spojena okna, pro né€z se
pocitaji stejné charakteristiky;

z rozdilu charakteristik signalu v obou oknech se
ur¢i mira diference (odchylka od stacionarity);
hranice segmentl je umisténa v mistech
lokalnich maxim miry diference. Vliv
nevyznamnych fluktuaci miry diference je
omezen minimalni mezi pro segmentaci.

2)

3)

Vypocet celkové miry diference oken vychazi z
jednoduchych a vypocetné rychlych odhadta
amplitudové a frekvencni miry diference.

e odhad stfedni amplitudy

WL

4 =Z|x[|

i=l1

e odhad stiedni frekvence — vychazi z poznatku, ze
pramérna diference vzorkl signalu je piimo
umeérna stfedni frekvenci signalu v daném okné

i1
Vysledna mira diference G pak bude
G :kA |AW1 _AW2|+kF |FW1 -Fy,

kde k, a k. jsou vhodng zvolené véhovaci

konstanty a AW a F, jsou vyse uvedené

charakteristiky signalu pro okno 1 a 2.

hrarice segimentu

dvE spopna okna

mez pro segrentaci

Obrazek 3. Princip adaptivni segmentace.

Segmentovany EEG signal je nasledné
klasifikovan pomoci ptiznakovych metod. Pfiznaky,
kterymi popisujeme objekt, miizeme usporadat do
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n-rozmérného vektoru, ktery nazyvame vektor
priznakt. Objekty jsou pak reprezentovany body v
n-rozmérém prostoru. Klasifikator zobrazuje
ptiznakovy prostor objekti na mnozinu indikatord
tiid. Pro klasifikaci segmentti neni mozné pracovat
scelymi Casovymi pribchy, ale je nutné popsat
jejich  vlastnosti pomoci vhodné zvolenych
kvantitativnich pfiznakti (v ¢asové i ve frekvencni
oblasti). Mezi hlavni pfiznaky v oblasti ¢asové patii

rozptyl, primérnd absolutni hodnota signalu,
praimérnd absolutni prvni derivace apod. Ve
frekvencéni oblasti jsou to predevsim vykony

v hlavnich frekvenénich pasmech (v delta, theta, alfa
a beta pasmu). Vektor celkem 22 priznaki je
vypocitan pro kazdy segment EEG signalu. Vektory
ptiznakut slouzi jako vstup pro nasledny klasifikator.

V nasi praci pouzivame metody uceni jak bez
ulitele, tak sucitelem. Jednou zvelmi Ccasto
pouzivanych metod je shlukovd analyza, kterou
fadime mezi metody uceni bez ucitele. Umoziuje
nastaveni klasifikatoru nejen bez udaji o spravné
klasifikaci, ale v krajnim ptipad¢ i bez znalosti poctu
tiid. Naproti tomu k-NN klasifikator (klasifikace
podle nejblizsich sousedd, angl. ,,Nearest Neighbour
Classification) a  perceptronové  vicevrstvé
neuronové sité patfi mezi metody uceni s ucitelem a
pro nastaveni potfebuji udaje o spravné klasifikaci
predem, tedy tzv. trénovaci mnozinu.

5. Tvorba trénovaci mnoZiny

Jadrem celého systému je predevsim trénovaci
mnozina, na které prakticky zavisi kvalita vlastni
klasifikace. K tvorbé trénovaci mnoziny Ize
pristupovat n€kolika zptisoby:

e Je mozné ji ziskat pfimo od experta s pfislusnou

klasifikaci.

e Jeji zaklad Ize vytvorit pomoci metod uceni bez

ucitele a nasledné doladit.

e VnaSem programovém nastroji je mozné ji

vytvaret interaktivné.

e Je téz mozné

kombinovat.

V nasledujici ¢asti odstavce popiseme variantni
ptistup, ktery byl vyuzit pro tvorbu trénovaci
mnoziny pro ulohu klasifikace komatického EEG.
Zde byl vyuzit vicekrokovy postup, vyuzivajici
vedle automatickych metod i1 zkuSenosti experta.
Jednotlivé fragmenty zdznamt byly ziskany ze
spankového EEG, které je porovnatelné s EEG
komatickym (stejné jako EEG novorozenecké).

V zékladnich krocich lze postup vytvoreni
trénovaci mnoziny shrnout takto:

1) Pomoci programu ,,WaveFinder [6] jsme ulozili
na disk celkem 453 osmisekundovych tseki 18-
ti elektrodového spankového EEG, u néhoz byla
znama klasifikace (klasifikace do stupna 1-10
byla provedena prof. MUDr. MiloSem
Matouskem).

vySe uvedené pfistupy
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2) V Matlabu byly z téchto tsekti EEG extrahovany
signaly v potiebné elektrodé.

Protoze takto vytvofena trénovaci mnoZzina
vykazovala neakceptovatelnou cross valida¢ni
chybu, bylo ji tfeba dale editovat do pfijatelné
podoby. Toto je popsano v nasledujicich krocich.
Nejprve byly vyfazeny segmenty nevhodné pro
dal§i zpracovani, napi. obsahujici artefakty.
Timto se jejich pocet snizil na 436.

Nasledné¢ bylo vytvofeno jadro trénovaci
mnoziny pomoci shlukové analyzy — byly
ponechany pouze takové segmenty, pro které se
shodovala klasifikace pomoci shlukové analyzy
spuvodni klasifikaci prof. MUDr. Milose
Matouska. Pfi opakovaném prub&hu shlukovani
byla navic pribézné¢ hledana takova metrika
pfiznakového prostoru, aby ke shodé klasifikace
doSlo u co nejvétsiho poctu segmentd. Takto
vytvofené jadro trénovaci mnoziny cita 184
segmentll.

Pomoci  pomocnych  skriptt =~ v Matlabu
realizujicich klasifikaci dle nejblizsiho souseda a
soucasné vizualni kontroly vysledku byly nékteré
z vyfazenych segmentt v piedchozim kroku opét
pridany do trénovaci mnoziny, jejich klasifikace
byla ovSem casto zménéna o 1-2 stupné.
Vysledna trénovaci mnoZina ma 349 segmentd.
Pomoci implementace RBF neuronové sité byla
pocitana cross validacni chyba. Data byla
nahodné rozdélena v poméru 1:1 na trénovaci a

3)

4)

5)

6)

7)

testovaci mnozinu. RBF sit' byla naucena na
mnoziné trénovacich dat a pouzitim testovacich
dat byla vypocitana chyba vysledku. Tento
postup byl mnohokrate opakovan (fadové
stokrat) pro riznd ndhodna  rozdéleni
trénovaci/testovaci mnozina. Vyslednd chyba
byla vypocitana jako primérna chyba téchto
rozdéleni. Opakovan¢ chybné zafazované
segmenty ve druhé fazi vypoctu byly z vysledné
trénovaci mnoziny vylouceny.

Vysledna  trénovaci  mnozina  vytvofena
v prubéhu predchozich kroki ¢itd 319 segmentt
ohodnocenych stupném komatu 1-10. Praimérna
cross validaéni chyba vypoctena pomoci RBF
neuronové sité neprekracuje hodnotu 3%.

8)

Trénovaci mnoziny v jednotlivych krocich byly
postupné¢ ukladany ve formatu kompatibilnim
s formatem trénovaci mnoziny vysledné aplikace a
jsou tedy pouzitelné pro klasifikaci komatického
EEG a pristupné v ramci vlastni aplikace.

Aplikace byla odzkousena na realném
spankovém EEG zéznamu, pro ktery byla znama
klasifikace. Zde je vhodné opét zduraznit, ze
komaticky EEG signal je porovnatelny se
spankovym, stejn¢ tak sEEG zaznamem
novorozeneckym. Pro ilustraci uvadime na obrazku
4 priklady segmentl nékolika tfid vysledné trénovaci
mnoziny.

Ttida 1

Ttida 4

Ttida 7

Ttida 10

Obrazek 4. Priklady segmentii ve tiidach trénovaci mnoziny

6. Priprava signalu, segmentace

Pomoci programu ,,WaveFinder se exportuje
zaznam realného dvouhodinového spankového
elektroencefalogramu ve formatu ASCII, tento se
nacte do nasi aplikace. Nekteré elektrody obsahuji
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signal z hlediska dalS$iho zpracovani neadekvatni
(EKG, EOG, EMG apod.), tyto se pomoci volby
nastaveni zobrazeni a vypoctu dale vytadi.

Pro ptedzpracovani byla vyuzita kombinace

neadaptivni a adaptivni segmentace, délka segmentu
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pro neadaptivni segmentaci byla zvolena 32 sekund
(pti vzorkovaci frekvenci signalu 256 Hz odpovida
32 sekundam 8192 vzorki, tato hodnota je volena
s ohledem na nasledny vypocet FFT). Signal je
segmentovan na useky 32 sekund (pomoci
neadaptivni segmentace), ovSem useky obsahujici
artefakty  jsou

ohraniCeny pomoci vypoctu

segmentace adaptivni.

zietelny v elektrodach F8T4 a T4T6 jako treti

OhraniCeny artefakt je

segment (viz

Obrazek 5).

1)
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Obrazek 5. Kombinace adaptivni a neadaptivni
segmentace.

7. Klasifikace

Pomoci formulafe pro spravu trénovaci mnoziny
se do aplikace nacte vyslednou trénovaci mnozinu
citajici 319 vzorovych segmenti rozdélenych do 10
tiid, kazdy segment délky 8 sekund. Metrika
pfiznakového prostoru byla volena shodnd s
metrikou pro nejveétsi shodu klasifikace pomoci
shlukové analyzy s klasifikaci prof. MUDr.
Matouska. Vlastni klasifikace byla provedena
pomoci algoritmu nejblizsiho souseda.

V tabulce 1 je uvedena uspéSnost klasifikace.
Klasifikovany signal obsahuje hloubku/stupen
spanku 1 az 7. P1 je pocet segmenti klasifikovanych
profesorem Matouskem do pfislusné tridy, P2 je
pocet uspesné klasifikovanych segmentti bez chyby,
Ul reprezentuje uspésnost v procentech (P2/P1), P3
je pocet Ttuspesné klasifikovanych segmentl
s toleranci jednoho stupné a U2 reprezentuje tuto
uspésnost v procentech (P3/P1).

Tabulka 1. Uspé&snost klasifikace

stupei | P1 | P2 | Ul | P3 | U2
(tfida)
1 36 | 27 | 75% | 33 | 92%
2 24 | 19 | 79% | 21 | 88%
3 15 | 14 | 93% | 15 | 100%
4 43 | 36 | 84% | 40 | 93%
5 18 | 12 | 66% | 15 | 83%
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6 45
7 23

41
14

91%
61%

42
20

93%
87%

Prezentované vysledky lze shrnout nasledovné.

S ohledem na charakter aplikace nemuzeme
ocekavat stoprocentni tispésnost klasifikace. Jestlize
pozadujeme  piesnou  klasifikaci, dosdhneme

uspéSnosti priblizné 80%. Jestlize dovolime toleranci
jedné urovné hloubky komatu (jednoho stupné
hloubky spanku), zvysi se uspésnost klasifikace na
90%. Presnéjsi vyhodnoceni chyby nema Zzadny
prakticky vyznam, protoze 1 manualni odhad
klasifikace provedeny profesorem Matouskem je
zatizeny nenulovou chybou, danou jeho pohledem
na problém. V literatufe muzeme najit podobné
hrubé odhady ([7], [8], [9], shrnuti v [3]), kdy

vvvvvv

vysledky v kazdém casovém okamziku.

Pro grafické znazornéni je kazdé tiid€ trénovaci
mnoziny pro jeji zvyraznéni piifazeno obarveni
podle zakladnich barev spektra (tfida 1 — fialova, 2 —
modra, 3 — zelena, 4 — Zluta, 5 — oranzova, 6 —
Cervena, 7 — fialova, 8 — modra, 9 — zelena, 10 —
Cervend). Podle klasifikace do prislusné tridy jsou
obarveny i segmenty klasifikovaného EEG signalu.
Ve spodni ¢asti obrazovky je pro rychlou orientaci
v EEG signalu zobrazena klasifikace celého EEG
zaznamu (tedy dvou hodin, viz

Obrazek 6). Kazda klasifikovana (aktivni)
elektroda je reprezentovana jednim horizontalnim
pruhem. Pro Uplnost uvadime, Ze celda zminéna
procedura  klasifikace  dvouhodinového EEG
zaznamu trvala od spusténi programu pfiblizné

il

Obrazek 6. Vizualizace vysledku klasifikace.
Classification result visualisation.

Vzhledem k informacim ziskanym pfi studiu
¢lankt zabyvajicich se aplikaci kvantitativniho EEG
pri klasifikaci komatu lze ucinit nasledujici zavéry.
Pro okamzity hruby odhad hloubky komatu je
kvantitativni EEG pouzitelné a vhodné, v nékterych
specifickych pfipadech je mozné hrubé predikovat i
dlouhodoby vyvoj stavu pacienta, napf. pritomnost
burst suppression ma obvykle negativni (fatalni)
prognozu, naopak z pfitomnosti alfa/theta komatu
nelze nic usuzovat [10]. Stejné jako v zavérech praci
ostatnich autorti Ize usoudit, Ze spiSe nez piesné
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klasifikace jsou vkomatickém EEG zaznamu
kvantitativni analyzou odhalitelné jeho
dlouhodobé;jsi trendy. Vysetieni pomoci EEG je dale
vhodné doplnit dal§imi dostupnymi technikami, jako
je napf. strukturalni vysetfeni pomoci CT a MRI
[11]a[12].

8. Zavér

Cela aplikace je postavena jako otevieny
systém. Umoziiuje vytvofeni trénovaci mnoziny pro
libovolny problém, proto je mozné ji pouzit napf. i
pii Kklasifikaci epileptickych grafoelementi (tato
moznost byla s uspéchem taktéz testovana). Jejim
vhodnym rozsifenim by byly pfedevsim tyto kroky:
moznost vypoétu vzajemné koherence jednotlivych
elektrod, analyza  nezavislych  komponent,
implementace klasifikatort schopnych rozliSovat
grafoelementy podle skute¢ného tvaru, nikoliv pouze
podle jeho statistickych vlastnosti apod.

Podékovani

Vyzkum popisovany v piispévku vznikl za podpory
projektu ¢. 1ET101210512 ,Inteligentni metody pro
vyhodnocovani dlouhodobych EEG zaznami“ v ramci

programu ,,Informacni spolec¢nost*.
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Summary The mobile telemetry system of biological parameters serves for reading and wireless data transfer of measured
values of selected biological parameters to an outlying computer. It concerns basically long time monitoring of vital function
of car pilot.The goal of this projects is to propose mobile telemetry system for reading, wireless transfer and processing of
biological parameters of car pilot during physical and psychical stress. It has to be made with respect to minimal
consumption, weight and maximal device mobility. This system has to eliminate signal noise, which is created by biological

artifacts and disturbances during the data transfer.

Abstrakt Cilem této prace je navrh mobilniho telemetrického systému pro snimani, bezdratovy pienos a zpracovani
biologickych parametrii pilota pfi fyzické a psychické zatézi s ohledem na minimalni spotfebu, hmotnost, mobilitu a
celkovou robustnost zafizeni. Taktéz je kladen diraz na eliminaci rusivych signalti zplsobujicich artefakty v snimanych
biologickych parametrech a v pfenasenych datech. Teoreticka ¢ast prace popisuje zakladni charakteristiky biologickych
parametrd a piistrojii pro mobilni pouziti jimiZ jsou tyto parametry snimany a méfeny. Prakticka ¢ast prace se zabyva
navrhem a realizaci zafizeni pro pfipojeni moduld méficich biologické parametry na vzdaleny pocita¢ a feSenim

vizualiza¢niho SW.

1. Introduction

This work was created on the basis of need of
scanning and telemetry transmission of biological
parameters at car pilots at Eco Shell Marathon.
Many sports events require the possibility of the
scanning (both short-term and long-term ones) of
biological parameters at sportsmen or F1 car pilots
straight during the physical and psychical stress. By
force of telemetry system, it is then actually possible
to monitor basic vital functions activity like ECG,
heartbeat and breathe frequency, blood oxidation,
temperature. In addition, it is possible to monitor
and judge to what degree the stress affects these
basic vital functions e.g. while driving the F1 car
when heightened concentration and pilot’s increased
reactions at the high speed are needed.

The next significant fact is that by monitoring of
pilot’s vital functions is in some measure possible to
consider a quality of the car construction with
respect to comfort and safety. By means of pilot’s
life functions distant monitoring it is possible to
judge objectively pilot’s abilities necessary for
driving the formula and thereby to minimize the car
accidence chance caused by sudden change of health
(e.g. exhaustion, sickness, tiredness, cardiac arrest).

2. Materials and Methods

On the chosen biological parameters, it is
possible to monitor the basic life activities that
directly reflect actual physical and psychical state of
the pilot’s state while driving the car in extreme
situations. Next condition is not to disturb pilot
while scanning the biological parameters. The pilot
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has to feel comfortably without even a small
sensation that his body is connected to system of
sensors. Similarly it must be secured the signal
artifacts (motion artifacts, artifact caused by
imperfect connection of a scan electrode and a skin,
etc.) not to be transmitted into scanned signal owing
to pilot’s movement.

At the sensor selection an cable optimal length
was respected not to occur an accidental separation
of scanner electrode from the body or on the
contrary the sensor cables not to be excessively long
to get in the way while pilot’s moving.

The following criterion for the choice of
scanned biological parameters was an easy
accessibility of our own sensors and modules for
measurement scanned biological parameters and also
its affordable price.

The system scans and processes an
electrocardiogram, pulse rate, blood saturation by
the oxygen (SpO2), plethysmography, body
temperature and temperature of surroundings.

The telemetric chain consist of several
functional blocs meant for scanning the biological
signals from the pilot, signal processing and wireless
transmition to a distance computer. The measuring
instruments ChipOX and ECGI00 read the
biological parameters (SpO2, plethysmography,
body temperature, temperature of surroundings,
ECG and pulse rate), that are brought to inputs of
communication module. The output of the
communication module is linked to radio module
meant to transmission all these parameters to a
distant radio modem of receiver. The receiver is
linked to computer that monitors scanned biological
parameters. The completely telemetric chain uses
communication interface RS232 that means the
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connection of apparatuses that read biological
parameters by the communication module and
connection of communication module with sending
radio module and subsequently connection of
receiving radio module to computer through this
interface.

y Qutside
5P02 omperature temperature

1 11

ChipOX EKG100

communication module

radio-module

Pulse

Ela frequency

1

radio-module

o

Y

moniter of biological
parameters

Fig. 1. Designed telemetry chain

Communication module

Constituent component of telemetric chain

Plethysmograph ChipOX

Pletysmograph ChipOX measures saturation by
oxygen (Sp0O2), plethysmogram, pulse rate, body
temperature and temperature of surroundings. For
body temperature and temperature of surroundings
measurement were my own temperature sensor
proposed and realized. The measurement of the rest
bioparameters (SpO2, ...... ) was provided by finger
Or ear sensor.

The pletysmograph is powered from network
adaptor or from the battery by DC voltage 6V. For
wireless communication with surroundings is the
instrument equipped with Bluetooth technology (that
is for short distance communication), it is possible to
connect the instrument to any radio module
supporting the interface RS232 for longer distance
data transmission.

Electrocardiograph ECG100

Electrocardiograph ECG100 is intended for
scanning and measuring electrocardiogram (I, III
Einthovens lead) with the assistance of stick
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electrodes. Power supply of the instrument is
secured by DC voltage 9V from the network adaptor
or battery. The instrument is provided, identically as
a  plehtysmograph, by ChipOX for the
communication with the surroundings.

Temperature sensors

The temperature sensors were proposed and
constructed for the body temperature and
surrounding  temperature  scanning.  Sensor’s
foundation is integrated circuit AD22103. The
integrated circuit AD22103 by Analog Devices
company is monolithic temperature sensor designed
for supply voltage 3,3V that includes the
temperature thermistor sensor and circuits for data
processing on one chip. The output is voltage signal
that is possible to bring on input A/D convener with
no extra complicated modification. The realized
temperature sensors are distinguished mainly by
high sensitivity, quick response for temperature
change and by sufficient accuracy.

+3,3V
o
e | ZD
T 100n ZS 2v4 convertor
GND
Fig. 2. Connection of temperature sensor to the A/D
inverter

The proposed communication module is an
apparatus used for data collection and data
transmission directly into computer with assistance
of serial cable or into transmitter for wireless
transmission into distant computer. The data
represent measured quantity from plethysmograph
and electrocardiograph.

Fig. 3. Internal structure of communication module

Mcu1
slave

_ MCU3
master

Mcu2
slave

convertor

RS232/
TIL

Radio-modem,
( R ) PC

The module has two data inputs for connection
to measuring instruments ChipOX and ECG100 and
data input for connection of module to PC or
transmitter for wireless communication. One of the
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main demands for this module is module was to all
the data inputs and outputs was designed for serial
communication  RS232. The  purpose  of
communication module is to receive data from two
measuring instruments and to send them through the
serial cable or wirellessly to computer. The data that
are the outcome of the module bring information
about all measured biological parameters like ECG,
pulse, plesthysmogram, SpO2 and temperature. The
ground of the entire circuit arrangement is composed
of three microprocessors from MCUI to MCU3
from the data transmission view. The
microprocessors secure an actual data transmission
in the way that data from two inputs are suitably
unified into one output. Since (Because) the
microprocessors work at voltage level TTL by data
communication, it is necessary to adapt both inputs
and outputs into the same level, because the
circumferences connected to terminal works usually
in levels of RS232. The circuits MAX232 are used
for this purpose.

Radio modems ADAM 4550 for wireless data
transmission

The radio modems are used to its own wireless
biological parameters transmission between the
communication module and distant computer at the
distance of 0,5 to 2 km. ADAM 4550 are types of
radio modems that work at frequency of 2,4 GHz.
Communication with module is set in serial line
through the converter RS 232/RS 485 with
transmission speed up to 115,2 Kbps. By using the
directional antenna, it is possible to communicate for
distance up to 20 km.

3. Treatment

The whole apparatus for scanning and telemetry
transmission of biological parameters was tasted
from the point of view its complete functionality
with the use of radio modules both for wireless data
transmission and also without it by connecting
measuring instrument with communication module
to computer through serial cable. The
electrocardiograph ECG100 and plethysmograph
ChipOX were plugged to inputs of communication
module. As proofing electrocardiogram were used
simulated signals from monitoring tester TESLA
LCO120, which similarly generated the pulse rate.
The plethysmogram and blood saturation by oxygen
were practicably scanned by finger sensor that were
connected to pletysmograph, ChipOX. During the
trial period was the last scanned parameter the
temperature of surroundings scanned by realized
temperature sensor. The temperature detector was
linked to one from analogue input of plethysmogram
ChipOX. In addition to the first temperature
detector, the second temperature sensor was also
connected to perform an orientational comparative
measurement.
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4. Results

The aim of this work was the proposal of a
telemetric  system for Dbiological parameters
measurement at F1 pilot for Eco Shell — Marathon.
The telemetric system proposal lied in the selection
of suitable biological parameters that preferably
testified about an actual physical and psychical state
of pilot while driving the car, furthermore in
selection and design of biological parameters

sensors, also proposal and implementation of
communication module that is used for
electrocardiograph and plethysmograph

communication with distant computer.

5. Conclusion

The contribution of this work is nominated
functional telemetric system that can be used to long
time monitoring of chosen biological parameters of
pilot at Eco Shell — Marathon. Such a monitoring
system is important while pilot’s basic vital
functions monitoring, because it helps to reveal state
of health changes on time. Pilot does not have to
notice them in such a high speed because of higher
claims to his attention. They could cause serious
accident. It is also possible to use the proposed
telemetry system for ballast testing in sports
medicine to monitor sportsman’s physical ballast
through scanned biological parameters, e.g. by
running.
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Summary This work treats of using the Bluetooth technology in biomedical engineering. The Bluetooth is used for
transmission of measured data from pulse oximeter, ECG and monitor of blood pressure. OEM modules realize the devices
for pulse oximetry and ECG. Both these realized devices can communicate with computer by Bluetooth technology and
standard serial link too. The realized system of measuring devices is very flexible and mobile, because the Bluetooth
technology is used and accumulators can supply the realized devices. It is possible to measure other physical values
converted to voltage, because the used OEM module for pulse oximetry include A/D converter. The part of this work is
software visualisation of measured values too.

Abstrakt Tato price se zabyvd moznosti vyuziti technologie Bluetooth v oblastech telemediciny a biomedicinského
inzenyrstvi. Pro pfenos hodnot naméfenych pulsnim oxymetrem, elektrokardiogramem a monitorem krevniho tlaku
je vyuzito technologie Bluetooth. Zatizeni pro snimani pulsni oxymetrie a elektrokardigramu jsou z divodu pozadavku
co nejmensich rozmért realizovany pomoci OEM moduld, které se uzivaji v moderni 1ékai'ské technice. Oba tyto vytvorené
pfistroje nabizi moznost komunikace s pocitaem jak po standardni seriové lince tak pomoci Bluetooth. Oba vytvotené
ptistroje lze rovnéz napéjet pomoci akumuldtori. Realizovany systém méticich zafizeni je diky technologii Bluetooth
amoznosti napajeni akumulatory velice flexibilni. Soucasti OEM modulu pro pulsni oxymetrii je A/D pievodnik.
Tim je umoznéno mefit dalsi fyzikalni veliiny prevedené na napéti, jako je napiiklad teplota. Soucasti prace je také
zpracovani a vizualizace namétenych dat.

1. Introduction 2. Materials and Methods

The Bluetooth is one of the modern It was used OEM modules from refurbished
telecommunication technologies, which is used produces for measure. Such OEM modules are often
in many branches so often now. This young included in many diagnostics devices. Because such
and dynamically developed technology is used in OEM modules are created for using at built-in
many applications, which we are using every day. systems, it was necessary to solve problems
It is used in mobile telecommunications, for wireless with power supply and optimize communication
connection of computer peripheries, for wireless interface to can those OEM modules communicate
connections of various sensors and regulators with computer by standard serial interface or by
in industry regulations. Bluetooth. There was for Dboth selected

So why don’t to use this technology in OEM modules designed and realized circuits
biomedical engineering. This work treats of usage for power supply stabilization, circuits for
the Bluetooth technology in biomedical engineering. conversion communication interface of modules to
The Bluetooth technology is used for wireless RS232 standard and circuits which allow
transmission of some biological signals from connections with modules for realize Bluetooth
measuring device to computer. Measuring devices connections.
including Bluetooth could be more mobile, The first chose OEM module is OEM module
the manipulation with these devices could be easier named ChipOx from EnviteC Company. ChipOx is a
and there couldn’t be emplacement problems. pulse oximeter module for the non-invasive
To check on possibility of usage of Bluetooth determination of the functional oxygen saturation in
technology in biomedical engineering it was used human arterial blood (SpO2) and for measuring the
for transmission data from blood pressure monitor, pulse frequency. ChipOx has very small dimensions
from device for pulse oximetry and ECG data. (31mm x 14mm x Smm), which allows it to be easily
Cable replacement is benefit for user. User get more installed in medical products. It also has low energy
comfort, the manipulation with device is easier. consumption, is equipped with ESD and EMC
The device is more flexible and more useable. protection and can be easily mounted on a carrier
There is the possibility to create wireless network set printed circuit board (host PCB).

up from more devices. It is possible to communicate
with notebooks, PDA or mobile phones.
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ChipOx offers 3 inputs with maximal input
voltage 2400 mV for the measurement of other
parameters, which are each sampled with a
maximum of 100 Hz, 12 Bits.

The sampling rate and the input voltage ranges
are freely configurable over the communication
protocol.

Fig. 1: Realized pulse oximeter

The second chose OEM module is module ECG
100 from MCC Company. It is created for
electrocardiography with standard bipolar limbs
leads. It can communicate by UART protocol.
It sends to host device values of II and III Einthoven
leads. Measured pulse frequency range is between
30 and 245 beats per second and it is measured as
sliding average from last eight measured values.
Module can detect pacemaker impulses and when
leads are not connected.

Bluetooth module

Fig. 2: Realized ECG

For blood pressure measuring was used blood

pressure monitor UA-767PC, which include
standard serial interface. This interface was used for
Bluetooth communication too. The Bluetooth

module was connected to that interface. It was
necessary to connect Bluetooth module to serial
connector and provide power supply. The blood
pressure monitor can save measured values from last
126 measurements. It is saving these four basic
values: systolic pressure, diastolic pressure, pulse
frequency and time. It is possible to start a new
measuring by defined command from connected
computer too. In this case the monitor sends to
computer measured values immediately after end of
measuring process.

107

Fig. 3: Blood pressure monitor

Bluetooth module, which was chosen for
realisation Bluetooth communication, can be used as
a component in many types of systems allowing
them to communicate wirelessly with other
Bluetooth products such as PC-cards, laptops,
handheld computers and mobile phones. It allows
with an RS232 port or UART interface
to communicate wirelessly via Bluetooth with other
Bluetooth devices. The module can be configured
using the Windows based configuration wizard
or using AT commands. It supports Generic access
profile, Serial port profile, Dial-up profile and LAN
access profile. The module is qualified according
to the Bluetooth 1.1 specification. Next function
of this module is Wireless multidrop. This feature
allows the module to simultaneously communicate
with up to three remote Bluetooth devices depending
on application and cases. The module automatically
forms a wireless multidrop network and distributes
all data to all connected devices.

Fig. 4: Used Bluetooth module

3. Treatment

The first was tested communication between
referenced devices and computer by standard serial
line. It was good for test of functionality of devices
and ability of communication. Then can be designed,
realized and tested Bluetooth communication.
The first it was point-to-point communication
afterwards the point-to-multipoint communication.
It was created wireless network of all referenced
devices.

It is necessary to set up correct communication
protocol of serial communication between device
(computer) and Bluetooth module the first.
Afterwards could be set up the parameters
of Bluetooth communication.
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At the basic settings were set up name of
Bluetooth device and selected possibility to set up
the Bluetooth parameters by Bluetooth.
Next was selected operation mode connectable and
discoverable. The other devices can connect to it
andit can be found when other devices are
performing searches. It was necessary to decide on
aclient or a server role of Bluetooth module.
Used Bluetooth modules can be set up client and
the server at the same time. It is very profitable
at point-to-point communication.

For point-to-point communication  were
designed three versions of  Bluetooth
communications parameters. Referenced Bluetooth
modules at the computer and device side realized the
Bluetooth communication too.

Fig. 5: Point-to-point communication

For point-to-multipoint communication was
possible to use on computer side USB Bluetooth
dongle or referenced Bluetooth module and its
function for creating point-to-multipoint network -
Wireless multidrop. But after tests it was clear that
this function (Wireless multidrop) isn’t accordant
with engaged wants. As a consequence was chosen
USB Bluetooth dongle BT-600 from ACER
Company. This USB dongle can work by standard
driver for Bluetooth communications included in
operating system WindowsXP (2nd service pack).
This driver provides to create more than one virtual

serial port.
The  first was  tested  point-to-point
communication between computer with USB

Bluetooth dongle and measuring devices via
Bluetooth. Afterwards was designed and realized
point-to-multipoint connection between referenced
USB Bluetooth dongle and all other referenced
devices. After the far devices with Bluetooth module
were found by the USB Bluetooth dongle (more
precisely by drivers in operating system), were these
devices added to list of Bluetooth devices. Each of
found devices gets own virtual serial port. In the
visualisation software, which was created too, was
set up only correct name of virtual serial port for
each device, and communication could start.
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Fig. 6 : Point-to-multipoint communication

Part of this work is the software for
visualisation and saving measured data too. This
software, named BIOMONITOR is developed in
development system Labview from National
instruments, version 6.1. The most important
demands were easy intuitive control and very good
lucidity of user interface.

It was designed and realized user interface,
where each group of measured values has own
colour of chart or more precisely colour
of background. The part of final software is
the Terminal too. Terminal allows to user select,
which values would to measure at that time.
Depending on it the user interface is changed and
user can see only that charts and groups
of indicators, which are need to indicate measured
data.
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Fig. 7: BIOMONITOR user interface

Displayed version of software is suited for
visualisation values which are measured in frame of
project of Biomedical laboratory VSB-TU Ostrava:
Biotelemetry  system of pilot for  Shell
Eco — Marathon.
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4. Results

It was realized wireless network of medical
devices. The network was realized by Bluetooth
technology. For Bluetooth communication was used
Bluetooth modules created for serial cable
replacement on the device side. On the computer
side was used USB Bluetooth dongle. All the system
is mobile and can be used in every computer, which
can cooperate with USB Bluetooth dongle. It can be
used in computer which include anything else for
realize Bluetooth communication. Accumulators can
supply realized devices. It is very good, because
such devices are flexible and mobile.

It was created software for visualisation and
saving measured data. Software is very easy to
control and it is very well designed. Software
displays all the measured data at the time.
The values measured at the analog inputs of ChipOx
module are displayed and saved too.

5. Conclusions

The results of this work can be wused
in implementation of wireless communication
in branch of medical technique. Realized network of
devices can be used in many applications of
telemedicine, mainly as the system of monitoring
base life functions. This network can be used in the
field of telemonitoring for example long ill people,
elderly people and other.
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Summary This paper introduces application in image analysis of biomedical images. General task is focused on analysis
and diagnosis biomedical images obtained from program ImagelJ. There are described methods which can be used for images
in biomedical application. The main idea is based on particle analysis, pattern matching techniques. For this task was chosen
sophistication method by program Vision Assistant, which is a part of program LabVIEW.

Abstrakt Prispevok uvadza aplikiciu obrazovej analyzy v oblasti spracovania biomedicinskych obrazov. Hlavna tiloha je
zamerana na analyzu a diagnostiku biomedicinskych obrazov ziskanych z programu Imagel. Popisané su metody, ktoré
mozno pouzit' pri obrazoch z biomedcinskeho prostredia. Hlavna myslienka je zalozena na Ciastkovej analyze a technike
rozpoznavania objektov. Pri rieSeni a prezentovani moznosti bola zvolena sofistikovand metéda vyuzivajiuca program Vision

Assistant, ktory je sti€astou programu LabVIEW

1. INTRODUCTION

Very good tools from most imaging task are
IMAQ Vision Builder and NI Vision Builder for
Automated Inspection (NI Vision Builder Al).
IMAQ Vision Builder is from version 7.0 called
Vision Assistant. The IMAQ Vision Builder helps
build image processing and analysis applications by
constructing a script file and converting it into
LabVIEW and IMAQ Vision programs. We have
used the Vision Assistant 7.1. in some of our
experiments because in some cases it s easier to get
quick and reliable result, although it is possible to
program all of those experiments in LabVIEW an
Vision Assistant as well.

2. BASIC PROGRAM FEATURES
2.1 Pattern Matching

Pattern matching is arguably one of the most
important image analysis tools and is very often the
first step in a Machine Vision application. In
general, pattern matching provides information
about the position and the number of instances of a
previously defined template called pattern.

The mathematical basis of pattern matching is
the cross correlation function. The correlation is
defined as:

1-1 k-1

D W Y F(x+i,y+ )

y=

C@, )=

where :

w(x,y) is a sub-image (template) of the size k x I;
f(x,y) is the original image of the size m x n (where
k<mand1<n);

1=0,1,...m-1,j=0,1,...n-1[2].

—1
x=0
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2.2 Shape Matching

Shape matching (binary) is a tool that can be
used if a Machine Vision application has to detect
corresponding or similar shapes; for example, if
different parts in a production process have to by
sorted or defective parts should by detected.

The image, which is the base for the shape
matching process, has to be binary; so it has to be
converted from a gray-level or colour image.

2.3 Morphology Analysis
Distance and Danielsson

The IMAQ Distance and the IMAQ Danielsson
functions, for example, provide information about
the distance of an objects (white areas) from
background border (black areas) and display this
information by using colours of the binary palette.

The Danielsson function is based on an
algorithm called Euclidean Distance Mapping.

Danielson himself calls the algorithms he
developed “Four-point  Sequential Euclidean
distance Mapping” (4SED) and “Eight-point
Sequential Euclidean distance Mapping” (8SED).

Labeling and Segmentation

There is function IMAQ Convex, which require
“labeling” of objects in a binary image, which means
that these objects are classified and numbered.

The function IMAQ Segmentation requires a
labeled binary image and expands the objects until
each object reaches its neighbors. The expanding is
done by multiple dilatation function until the image
contains no more background areas. The
segmentation can be interpreted as the calculation of
an influence region of each labelled object.


mailto:Peter.Izak@fel.utc.sk
mailto:Miroslav.Hrianka@fel.utc.sk

International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Circle detection

The next function, IMAQ find Circles, detects
circles in inary images and is therefore very similar
to the function IMAQ Find Circular Edge. The only
difference is that IMAQ Find Circles searcheds not
only for edges, but for the entire circle area. We test
this function in the next exercise. Circles Data is an
array of clusters, one cluster for each detected circle,
consisting of the following elements:

- the X coordinate

- they coordinate

- the radius of the detected circle
- the entire circle area

Morphology Function

In Vision Assistant are there two different types:
- Basic and Adv. Morphology (binary)
- Gray Morphology (gray-scale)

Basically, morphology operation changes the
structure of particles in an image. Therefore, we
have to define the meaning of “particle”; this is easy
for a binary image. Particles are regions in which the
pixel value is 1. The rest of the image (pixel value 0)
is called background.

Morphology functions in Vision Assistant:

- Erosion and Dilatation

- Proper Opening and Proper Closing
- Proper Opening and Proper Closing
- Hit-Miss Functions

- Gradient Function

- Thinning and Thickening

- Particle Filtering

- Fill Hoes and Convex

- Separation and Skeleton Functions

2.4 Character Recognition

Vision Assistant provides some tools for the
machine recognition of character. In the basic
version of the IMAQ Vision toolkit, only the
functions for bar code reading are implemented. The
reading of text character, or optical recognition
(OCR), can only by implemented by addition of the
IMAQ Vision OCR toolkit.

Text Reading (OCR)

OCR is a method that converts images
containing text areas into computer editable text
files. The IMAQ Vision OCR toolkit can read text in
capital and printed letters. An additional group of
function can be used to “unwrap” characters that are

not located in a straight line, before the OCR process
begins.

Bar Code Reading

Bar ode reading is included in the basic IMAQ
Vision function. The function that performs the bar
code reading is IMAQ Read Barcode. In general, the
program works with the following bar code
languages:

- UPC-A (Universal Product Code-A)
- MSI or MSI-Plassey

- Interleaved 2 of 5

-EAN 13

- EAN 8

- Code 128

- Code 3 of 9

- Code 9 of 3

- Codabar

2.5 Particle Measurements

The following functions deal with various kinds
of particle measurements, such as counting,
clamping (measuring distances), and making other
more complex measurement.

Counting Objects

It is possible to adjust various parameters, such
as the search rectangle, the type of objects (bright or
dark), whether holes in objects should by filled, or
whether objects touching the border of the image are
to be ignored. Because the function requires a gray-
level image as input, the threshold value also has to
be specified.

Particle Measurements

The two functions IMAQ BasicParticle and
IMAQ ComplexParticle, can be used for a detailed
analysis of particles (objects) in binary images. The
basic particle functions provide only the following
information:

- Area (pixels): Surface area of particle in pixels
- Area (calibrated): Surface area of particle in user
units
- Global Rectangle, defined by the limits
- left value,
- top value
- right value
- bottom value

The complex Particle function provides the
following parameters:
- Area (pixels);
- Area (calibrated);
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- Perimeter: Length of outer contour of particle in
user units;
- Number of holes;
- Hole perimeter: Perimeter of all holes in user units;
- Global rectangle;
- SumX: Sum of the x axis for each pixel of the
particle;
- SumY: Sum of the y axis for each pixel of the
particle;
- SumXX: Sum of the X axis squared for each pixel
of the particle;
- SumYY: Sum of the y axis squared for each pixel
of the particle;
- SumXY: Sum of the x axis and y axis for each
pixel of the particle;
- Longest segment coordinates with

- Longest segment (X);

- Longest segment (Y);
- Projection X;
- Projection Y;

3. RESULTS OF ANALYSIS

Fig. 1. The structure of original image and
its zoomed area after threshold

In the Fig.1 is shown original image for particle
analysis. Bottom of this image is zoomed area which
is used for next example.
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Fig. 2 . Structure of Image after image processing

In Fig. 2. is processed image after inner gradient
method shown . There are same regions which they
are described by particle analysis.

Fig. 3. Final result of image after particle analysis

Fig. 3 shown final image, where each region is
described by parameter which are in Vision
Assistant defined.

In Fig. 4., there is original image of cell colony
which was used for experiment.

In Fig. 5., is final result of recognized cell
colony.
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Fig. 4. Original structure layer of cell colony
and its zoomed area

Fig. 5. Image of recognized cell

Table 1., shown comparison of recognized
method by sensitivity and minimum score. The best
result was achieved by high sensitivity and
minimum score from interval 600 — 725. There are
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all cells recognized, 19 cells, without false
recognize. In other two method wasn’t found all
cells and there is more false cells recognizes as
before method.

]

x o x o
1000 0 0 a 0 0 a
75 1 0 1 0 1 1]
330 1 0 1 0 2 0
925 2 0 3 0 2 ]
a00 G 0 v 0 & 1]
a7s g 0 10 1] g 1]
gl 11 0 11 0 1 0
(] 13 0 13 0 1 0
goo 16 0 13 0 13 0
i7a 17 0 17 0 14 1]
Tl 18 0 17 0 15 1]
725 19 0 17 1 13 1]
oo 19 0 17 4 132 1]
G775 149 0 15 9 15 1]
=3 19 0 15 19 15 1]
(] 19 0 135 23 13 1]
(=101] 19 0 15 23 13 2
ava 19 4 18 23 12 2
=R 19 [ 15 25 15 2

Table 1. Comparison of recognized objects
in dependence on sensitivity and minimum score

4. CONCLUSION

In this paper are methods for biomedical image
analysis using of Vision Assistant and LabVIEW
program. For experiment was used Particle Analysis
and Pattern matching method.

This methodology allows for the opportunity to
introduce new processes/methods of evaluating the
quality of biomedical images.

These original images was used from program
ImageJ and results were created by Vision Assistant
program in Laboratory Department of Mechatronics
and Electronics, Faculty of Electrical Engineering,
University of Zilina, thanks to National Instruments
Corporation, www.ni.com/czech.
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4D APPLICATIONS IN THE ULTRASOUND
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Summary Technique definition of the create 3D and 4D pictures and graphics present of the results in this discipline. How
create 3D module (Tracked Free-Hand System, Untracked Free-Hand System, Mechanical Localizers, 2D Arrays),
description of the creation 3D modules, graphics presentation of the method in the 3D Ultrasound, examples of the scanning
in the Gastro-Intestinal System and Vascular System, Description of the 4D module and exploitation in the practice.
Evaluation of the presented method and graphics examples of the scanned pictures (apparatus), exploitation in the medicine
and bio-medicine.

Abstrakt Charakterizovat’ postup vytvarania 3D a 4D obrazu a graficky prezentovat’ doterajsie vysledky v tomto odbore.
Sposoby vytvorenia 3-D modelu (ruény - pevny, ruény - volny systém, mechanicky ozarovac, 2D polia), popis jednotlivych
principov vytvarania 3-D modelu, grafické znazornenie jednotlivych metdd, priklady snimania cievneho a traviaceho traktu,
priklady obrazov vytvorenych pomocou ultrasonografie. Charakterizovanie 4D modelu a jeho vyuzitie v praxi. Zhodnotenie
prezentovanych metdd a grafickych ukazok nasnimanych objektov (organov), prinos pre medicinske a biomedicinske
prostredie.

1. INTRODUCTION
misregistration of slices in volume acquisition does
In the past it was impossible create 3D image not take place.
from 2D images in the real time, because computer

power it was very small. But now, we have fast
computers, that enable these operation realize in the
real time. When we speak about 4D, so fourth
format is time.

Between the biggest advantages we range
advanced quality of images, better understanding of
affection, and minor chance that we define wrong

diagnose of affection.

Two types of systems techniques for create 3D Fig. 1 Tracked freehand 3D scanning
images have been developed, making use of either a
series of 2D images produced by 1D arrays, or 2D Tracked freehand 3D scanning is follow described
arrays to produce 3D images directly. Two criteria nn the Fig. 1, Position A: Acoustically tracked 3D
should be met to avoid inaccuracies: The relative scanning. Diagram shows a triangular device
position and angulations of the acquired 2D images consisting of three sound emitters mounted on a US
must be known accurately; and, the images must be transducer. As the operator moves the transducer,
acquired rapidly and/or gated to avoid artifacts due the sound-emitting devices are activated and begin
to respiratory, cardiac, and involuntary motion. The to emit pulses that are detected by three
3D systems can be classified as: (a) tracked free- microphones positioned in different locations above
hand, (b) untracked free-hand, (¢) mechanical the patient. By measuring the time delay between
assemblies, and (d) 2D arrays. sound emission and detection, the position and
angulation of the transducer are continuously
monitored.
2. TECHNIQUES FOR CREATE 3D IMAGES Fig. 1 Position B: Articulated-arm—tracked 3D
scanning. Diagram shows a transducer mounted on
2.1 Tracked Free-Hand Systems a mechanical arm with multiple movable joints.
The operator holds an assembly composed of the Potentiometers at the joints are used to measure
transducer and an attachment, and manipulates it their rotation, allowing continuous monitoring of
over the anatomy. 2D images are digitized as the the position and angulation of the transducer.
transducer is moved while meeting two criteria: Fig 1 Position C: Diagram shows a small
The exact relative angulations and position of the electromagnetic device attached to a transducer.The
ultrasound transducer must be known for each adjacent box detector registers nearby changes in
digitized image; and, the operator must ensure that the electromagnetic field. The exact position of the
no significant gaps are left when scanning the transducer is computed based on the changes in
anatomy. This technique places great onus on the electromagnetic signal detected by the box detector.

examiner for doing a stable scan so that
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Acoustic Tracking

Three sound emitters are mounted on the
transducer, and microphones above the patient. As
the operator moves the transducer, the sound
emitting devices are activated. By measuring the
time-of-flight of the sound pulses, the position and
angulation of the transducer is continuously
monitored.

Articulated-arm Tracking
The transducer is mounted on a mechanical arm

system  with  multiple = movable joints.
Potentiometers at the joints are used to measure
their  rotation, allowing the continuous

determination of the position and angulation of the
transducer.

Magnetic-Field Tracking

The most successful approach is based on a six
degree-of-freedom magnetic field sensor. It consists
of a transmitter producing a spatially-varying
magnetic field, and a receiver containing 3
orthogonal coils, which measure the field strength.
By measuring the local magnetic field, the position
and angulation of the receiver relative to the
transmitter is determined.

2.2 Untracked Free-hand Systems

In this approach, the operator moves the transducer
in a steady and regular motion while 2D images are
digitized. To reconstruct a 3D image, a linear or
angular spacing between digitized images is
assumed.

Fig. 2 Untracked freehand 3D scanning

Untracked freehand 3D scanning is described on
Fig. 2, Position A: mechanical movement of the
transducer across the skin —sliding movement.

Fig. 2, Position B: Transducer tilted about a fixed
point on the skin surface — fulcrum based
movement.
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Fig. 2, Position C: Transducer can be rotated
around its central axis.

Mechanical Localizers

The transducer is translated or rotated
mechanically, while 2D ultrasound images are
digitized at predefined spatial or angular intervals.

Linear Scanning

A mechanical assembly moves the transducer in a
linear fashion along the patient’s skin, providing 3
advantages:

1. Tilting the transducer allows 3D color and
power Doppler imaging;

2. The intervals between digitized images can be
adjusted for proper sampling; and,

3. The reconstruction is efficient since the digitized
2D images are parallel and separated by a
predefined interval.

Tilt Scanning

The transducer is tilted about its face while images
are digitized at predefined angular separation,
resulting in two important properties:

The mechanism can be small to allow easy hand-
held manipulations; Since the digitized images are
arranged like a fan, spacing between digitized
images increases with depth, and the resolution
decreases.

Rotational Scanning

The transducer is rotated about its central axis,
while the tip and axis remain fixed. The digitized
images sweep out a conical volume in a propeller-
like fashion, resulting in important properties:

Away from the rotational axis, the sampling
distance increases and the resolution  decreases;
and the digitized images intersect along the axis of
rotation, thus, any motion causes artifacts at the
center of the 3D image.

2D Arrays

An alternative to mechanical motion to obtain the
third dimension is to use a 2D transducer array.
This generates a pyramidal pulse of ultrasound and
processes the echoes to generate 3D information in
real-time.

So once we have acquired the images we need to be
able to use the information to look at the images
and render them in different modes for benefit of
diagnostic information. This brings us to the next
logical step of reconstruction and visualization of
images.

3. PROCESS OF 3D RECONSTRUCTION
The 3D reconstruction process refers to the

generation of a 3D image from a digitized set of 2D
images. Two approaches have been used.
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3D Surface Model

The boundaries of the desired features are extracted
from the 2D images and a 3D surface model of the
anatomy is displayed.

Advantage: Information is reduced, allowing
efficient 3D rendering; and contrast is artificially
increased between structures.

Disadvantage: Information is lost; and identifying
boundaries is time-consuming resulting in
susceptibility to inaccuracy and variability.

Voxel-Based Volume

The 2D images are built into a 3D voxel-based
volume (3D grid) by placing each digitized 2D
image into its correct location in the volume.
Advantage: No information is lost during the 3D
reconstruction; a variety of rendering techniques are
possible.

Disadvantage: Large data files are generated.

4. EXAMPLES OF 3D ULTRASOUND IN THE
HUMAN BODY

4.1 Gastrointestinal Tract

This method is based on the US images, acquired
during conventional TRUS examination. We use a
rotational endoscope US probe, which provides a
360 degrees transversal scan of the rectal wall and
surrounding structures. By moving the probe
linearly along the rectum at a uniform speed and
recording the US scans at uniform intervals we
gather a sequence of images, situated at equal
distance and parallel to each other, and
perpendicular to the axis of probe movement. When
put together, this array of images reconstructs the
whole volume of the examined area (Fig. 3).

Scanned volinne
.

ot

'-.-_‘{"_’_,?

Endoscopic US probe

Single US image

Fig. 3: Schematic presentation of the image
acquirement technique.

By post-processing of the US data we isolate the
structures of interest (rectal lumen, the structures of
rectal wall, tumor tissue, lymph nodes, prostatic
gland, seminal vesicles, etc.), according to their
echogenic characteristics. The segmented structures
are rendered in order to produce a realistic 3D
image, presenting a full spatial reconstruction of the
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examined organs. It can be visualized from any
selected viewpoint, in static or dynamic. Different
structures of interest can be included or excluded
from the final image.

After choosing a region of interest, we perform a
controlled uniform pull-back of the probe through
this region at a speed of 1-2mm/sec. During this
pull-back the images are recorded at 2
frames/second rate. Every image represents a
virtual slice with define thickness.

Example: 31 years old male, with normal TRUS.
The data, taken from this patient was used to
visualize the normal US anatomy of the human
pelvis. Rectal distance of 99mm was scanned.

The rectal lumen, prostatic gland, seminal vesicals
and anal sphincters were segmented semi-

automatically with additional manual correction of
the boundaries (Fig. 4.).

Fig. 4 Case 1 (Normal 3D TRUS anatomy):
Conventional US image (A), rectal Ilumen (B),
B+prostatic gland (C), C+seminal vesicles (D),

D-+levator ani muscle (E), E+anal sphincters

4.2 Vascular System

The ability of Ultrasound to perform real-time
studies of blood flow is clinically very important.
The clinical applications of vascular 3D Ultrasound
imaging include the visualization of cardiac jets due
to valve defects and the assessment of carotid
stenoses, which can be difficult to do using
conventional ultrasound. Vascular 3D imaging has
also been attempted in the kidney, placenta and
prostate to monitor tumor flow after radiation
therapy as well as in the brain to overcome the
difficulties of transcranial Doppler to globally
evaluate the major cerebral arteries.

These few  sentences characterize 3D
ultrasonograph techniques, which we can use in the
medicine, and these techniques can help doctors or
save many human lives.
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4.3 Examples of Ultrasound application

Evaluation of the presented method and graphics
examples of the scanned pictures (apparatus),
exploitation in the medicine and bio-medicine.

Fig. 5 A: Shows a saccular dilatation (arrows)
of the main portal vein.

Fig. 6 B: Shows to and fro color motion - suggesting
the diagnosis of portal vein aneurysm.

Fig. 7 C: Shows the power Doppler image
of aneurysm in the 2D plane.
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Fig. 8 D: Shows the 3D angiographic rendering of the
aneurysm with glass body rendering, diminishing the
gray scale component.

5. SUMMARY

The initial results of the application of 3D show
that this technique can be used as an addition to the
conventional endoluminal US examination. It
includes all the limitations of the conventional
method, but provides significantly higher
information for the spatial interrelations between
the normal and pathologic structures in the
investigated region. This can be of great value for
the pre-operative orientation of the surgeon, for
correct planning and performance of radical as well
as tissue saving operation.

One of the biggest exploitation of 4-D Ultrasound is
scan of human fetus. This picture (video-when we
use 4-D Ultrasound scan) is very conductive in the
define possible problems with childbirth, or defects
congenital, or other problems with fetus.

When we compare methods in this article, the best
of methods is method that was use for scan of rectal
(gastrointestinal tract), because gives beautiful
pictures of rectal, and if we have fast computer, so
there is no problem create from 3D picture to 4D
video, that will represent real-time video.
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TELEMEDICAL SYSTEM FOR MONITORING OF BLOOD PRESURE
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Summary It is increasingly clear that the traditional way of measuring blood pressure in the clinic or office frequently
produces numbers that grossly overestimate a patient’s true blood pressure level. This effect is often caused by so called
»white coat syndrome. Nowadays, for this reason it becomes more popular so called home monitoring of blood pressure,
that attenuates this effect. In the paper, there is described specially telemedicine system for monitoring of blood pressure. The
system consists of blood monitor equipment which automatically reports results of up-to-date patient’s measurements to the
doctor’s monitoring and decision support (MDS) system using wireless communication. The MDS system can make an
evaluation for the doctor who can immediately intervene if necessary. Introduction of such a system in practice can bring
considerable improvement in the treatment of hypertension.

Abstrakt Tradi¢nim zptisobem méfeni tlaku krve (TK) v ordinacich praktickych 1ékatd a na klinikach jsou ¢asto ziskdvany
hodnoty, které znacné prevysuji pacientiiv skutecny TK. Tento efekt je vétSinou zpisoben tzv. ,,syndromem bilého plasté*
(SBP). Nové technologie umoziuji rozsifeni domaciho monitorovani TK, které tento syndrom znacné potlacuje. V ¢lanku je
popisovan navrh specidlniho telemedicinského systému pro monitorovani TK. Tento systém se sklada z ptistroje pro méteni
TK, ktery automaticky zasild hodnoty méfeni pomoci bezdratové komunikace pfimo k Iékari, kde jsou tyto hodnoty
predbézné¢ vyhodnoceny pomoci systému pro podporu rozhodovani (SPR). Popisovany systém mutize velmi zefektivnit 1é¢bu
hypertenze.

1. Introduction For blood pressure measurement we used
ambulant blood pressure tonometer (holter) Seiva,
Blood is carried from the heart to all parts of which is shown in Fig. 2.

your body in vessels called arteries. Blood pressure
is the force of the blood pushing against the walls of
the arteries. Each time the heart beats (about 60-70
times a minute at rest), it pumps out blood into the
arteries with different value of systolic pressure SP
(highest blood pressure when the heart beats) and
different value of diastolic pressure DP (lowest
blood pressure when the heart relaxes). Values of SP
and DP change during the whole day with
dependence on person’s physical and psychical
activity. In Fig. 1, it can be seen systolic and
diastolic blood pressure of a standard healthy patient
during one day monitoring. There was a physical
activity from 16:00 until 18:00.

| — systolic blood pressure
| — diastalic blaad pressure

Fig. 2. Ambulant blood pressure monitor Seiva

Variation of blood pressure during the day is one
of several reasons why it is increasingly clear that

[l f\fﬂ the traditional way of measuring blood pressure in
o | ,/ VAV LUV B the clinic or office frequently produces numbers that
grossly overestimate patient’s true blood pressure
il level. This is a major problem, since it is one of the
| most important and frequent measurements made by

W physicians.
6:00 500 10:00  12:00  14:00  16:00  15:00 2000 22:00 2400 2:00 I:DI)mn:':Dﬂ It has been knOWn for more than 50 years that the
blood pressures recorded in the clinic are
Fig. 1. Ambulant blood pressure monitoring substantially higher than readings taken by the

patient at home. This effect is caused by so called
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»white coat syndrome” (WCS) that is characterized
by raise of blood pressure due to stress caused by
presence of the doctor or measuring procedure itself.
Recent studies confirm that the difference caused by
WCS is of substantial magnitude; systolic and
diastolic pressure measured in the primary care
setting (19/11 mmHg) [1]. Self-measurement of
blood pressure at home (the method preferred by
patients) gives a much smaller WCS (5/6 mmHg)
(2], [3].

Table I shows classification of the blood pressure
values according to the British Hypertension Society
[4]. Difference between measured values in the
clinic and patient’s true blood pressured level caused
by white coat syndrome can mystify the doctor and
then the patient is classified to one of the
hypertension categories. Consequently, the patients
are sometimes treated though they do not need any
treatment.

Table I. Classification of blood pressure levels of the
British Hypertension Society

Category Systolic BP  Diastolic BP
[mmHg] [mmHg]

Blood pressure

Optimal <120 <80

Normal <130 <85

High normal 130 -139 86 — 89

Hypertension

Grade 1 140 — 159 90 -99

Grade 2 160 -179 100 — 109

Grade 3 > 180 >110

Isolated systolic

hypertension

Grade 1 140 - 159 <90

Grade 2 > 160 <90

2. Experimental results

New technologies offer means to introduce home
monitoring of blood pressure that attenuates the
white coat effect. However, there are some potential
disadvantages. Firstly, if the patients have blood
pressure monitor without memory for storing values,
they have to write the values themselves but this can
decrease reliability of the data. Some patients write
their values incorrectly due to their mental condition
and capacity [5]. Possible improvement is the
monitor with internal memory for measured data. To
collect the data the patients have to bring their
monitor to the clinic. And each of these transfers
negatively affects metrological quality of that
equipment. Moreover, the only way how to ensure
adequate care is through regular visits of the patients
in the clinician’s office. This effect can be
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eliminated with use of Bluetooth transmission [6].
One of the internal parts of blood pressure device is
a Bluetooth module that sends the data to a patient
mobile phone. The mobile phone receives the data
via its Bluetooth module and then sends sms with it
either to a central database or direct to the doctor.
Double transmission and necessity of mobile phone
with Bluetooth module are considerable drawbacks
of this solution.

These disadvantages can be reduced with a
special telemedical system for monitoring of blood
pressure. Such a system consists of blood pressure
monitor equipment which automatically reports
results of up-to-date patient’s measurements to the
doctor’s monitoring and decision support (MDS)
system using wireless communication. Figure 1
shows basic principle scheme of the telemedical
system.

Fig. 3. Principle scheme of the telemedical system for
monitoring of blood pressure.

Blood pressure monitor is a standard automatic
electronic tonometer. Measurement principle is
oscilometrical with the cuff on patient’s arm [7].
Internal part of the tonometer is a first GSM module
for sending measured values to the second GSM
module in doctor’s ordination. The second GSM
module is connected to the MDS. Transmission is
bidirectional and can be in the form of SMS or
GPRS. A simple block scheme of the tonometer can
be seen in Figure 2. One of the internal parts is also
USB module for connection with PC.

The MDS system can make preliminary
evaluation of the blood pressure for the doctor who
can immediately intervene if necessary. The MDS
can evaluate from the blood pressure values and
oscilometrical ~ pulsation  several  secondary
parameters such as pulse pressure, stroke volume,
cardiac output etc.[8]. Decisions of MDS are often
based on some aggregations, e.g. blood pressure
trends that are well known from blood pressure
holters. But these trends from telemedical system
have more long-time character and are very useful
for long-time monitoring of the hypertension.
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Fig. 4. Simple block scheme of blood pressure monitor.

4. Conclusion

Several similar solutions of this problem already
exist but on the base of Bluetooth transmission [6].
Therefore the necessity of mobile phone with
Bluetooth module is a legitimate disadvantage due to
its cost. The price of tonometer using Bluetooth
transmission is much higher than the price of
tonometer with direct transmission via GSM module
described in this paper. This solution can bring
considerable saving in costs up to 50 % compared to
the previous one. Therefore, introduction of the
GSM telemedical system in practice can bring
expressive improvement in this domain.

The reasons for routinely measuring blood
pressure in adults are evident. Raised blood pressure
is a common condition that does not have specific
clinical manifestations until target organ damage
develops. It confers a substantial risk of
cardiovascular disease, much of which is at least
partially reversible with treatment. Finally, screening
adults to detect hypertension early and initiate
treatment before the onset of target organ damage is
highly cost effective [9]. The home monitoring is a
very good and perspective method how to
distinguish between real hypertension and sheer
patient’s nervousness. With this system one can
hope to reach more distinct retrenchments and
higher efficiency of the treatment.
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Summary The system [4Control® is a simple device for control a personal computer that is based on recording eye
movements. The core of the system is black&white camera with CCD sensor for recording the eye movements. The basic
idea is fixing a small camera to the head of a person (on a spectacles) and recording the eye position in the coordinate system
independently on the head movements. This solution does not require fix head — the user can move “freely” without any
limitations. The eye position has no direct influence on the cursor position on the monitor but it determines the direction of its
movement (as much as a joystick). Mouse click or double click is evaluated when the eye is closed for relatively longer
period of time. The system I4Control® is designed in such a way that the camera is another input periphery of the PC. The
resulting device can be linked to any PC and used for control of all programs. In principle the camera simulates a classical PC
mouse.

Abstrakt Systém I4Control® umozituje handicapovanym jedinciim pomoci oénich pohybi ovladat pogita. Zakladem
systému je mala kamera, kterd je s hlavou pevné spojena prostiednictvim brylové obruby, a to tak, ze mize jednoduSe snimat
polohu oka nezavisle na pohybu hlavy (neni nutno hlavu fixovat). Systém vyhodnoti aktualni polohu oka a podle jeho pozice
vné/mimo klidové zony (rovnovazné polohy) bud’ provede ¢i neprovede prislusné akce. Kdyz je oko mimo rovnovaznou
polohu, systém neustale posila ptikazy pro pohyb kurzoru do pfislusného sméru (podle aktualni polohy oka v soufadném
systému kamery), dokud se oko do rovnovazné polohy nevrati. K pferuseni pohybu kurzoru dochézi tedy bud’ navratem oka
do klidové polohy nebo pokusem o kliknuti. Systém dovede emulovat klik a dvojklik. Obé& funkce se aktivuji mrknutim oka
trvajicim urcitou asovou konstantu, ¢imz se odfiltruji samovolna neovladatelna mrkani. Tento systém ve své podstaté
emuluje pocitatovou mys a umoziuje uzivatelim ovladat instalované aplikace.

1. [’Jvod I4C0ntrol®, ktery umoziiuje handicapovanym
jedinctim pomoci o€nich pohybt ovladat pocitac.

Termin komunikace charakterizuje zptusob
sdélovani a vymény informaci za pouziti riznych 2. Ovladani pocitace pro handicapované
komunikacnich médii. Zvlastni kategorii je _ prehled existujicich Feseni
komunikace clovéka s technickym  systémem.
Vstupni informace mohou byt pocitaci predavany
nékterym z vhodnych dorozumivacich prostiedka
(periferii), naptiklad pomoci klavesnice, mysi,
svételného pera ¢i dérné pasky. Problém nastava
v okamziku, kdyz néktery uzivatel nemize
prostiednictvim téchto standardnich periférii svij
osobni pocita¢ ovladat.

Lidé surcitym handicapem maji ovladani
osobniho pocitace pomoci klasickych periferii velice
ztizené. Jedna se zejména o motoricka postizeni, kdy
tito handicapovani lidé maji problémy jiz se
samotnym uchopenim  mys$i, natoz s jemnou
manipulaci mysi. A jelikoz se pocitae v poslednich
deseti letech postupné staly béznymi pracovnimi
nastroji a jiz se vbézném zivoté nelze bez nich o . 9 oS )
obejit, je nutné, aby i témto handicapovanym lidem Princip upravené mysi spoliva ve vyvedeni
byla umo?néna komunikace s pocitacem. pravého i levého tlacitka do externich spinaci.

Na katedfe kybernetiky fakulty elektrotechnické Rezidentni program pak pfifradi levému tlaéitku’ my%'%
Ceského vysokého ucdeni technického v Praze ﬁinkm Enterapravemu ‘flacnku funkei Mezernik. Pr}
pfichazime s navrhem, jak pomoci sniméani ocnich piepnuti ’nebo vypnutl programu. ma mys sve
pohybd tuto komunikaci umoZznit. V tomto standardni fuvnkcec.v , 5 ..
piispévku  bychom radi predstavili systém Tato myS muze byt oviem pouZita pouze na

programy, které lze ovladat pomoci jedné, nebo

Pocitac mulze byt pro nase handicapované
spoluob¢any mnohdy hlavnim prostfednikem v
komunikaci s okolim, pomocnikem pii jejich
vzdélavani, rozvijeni smyslového vnimani ¢i
pamétovych a feovych schopnosti. Volba
ovladaciho prvku (periferie) je tedy pro né zcela
zasadni otazkou, kterd je ovlivnéna nejenom typem
jejich handicapu, ale také i finanénimi moznostmi.
Trh nabizi fadu moznosti — od jednoduchych
elektromechanickych  spinaci  pfes  specialni
trackbally ¢i klavesnice [1] az ke specialnim
zafizenim na ovladani pozice pocitacového kurzoru.

Specialni mys s externimi velkoploSnymi tlacitky
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dvou klaves, kdy klavesa Mezernik slouZzi pro posun
kurzoru a klavesa Enter pro potvrzeni vybéru.

Obr. 1. Mys s velkoplosnymi tlacitky.

Moznou alternativou tohoto feSeni je i specialni
trackball, ktery je vyjimecny hlavné svymi rozméry.
Jeho rozmérové parametry umozni ovladani pocitace
hlavné lidem s méng citlivymi prsty.

Obr. 2. Velky trackball.

Specialni klavesnice

Tato specialni klavesnice — my$ je pfimo
pfipojitelna k PC soucasné se standardni klavesnici
(programy lze ovladat z obou klévesnic). Programy
ovladame prostfednictvim ctyf kurzorovych klaves
doplnénych o klavesy Enter a Ecs. Pracovni plocha
je kryta odnimatelnou deskou z plexiskla, pod kterou
1ze vlozit vlastni folie s popisem funkci jednotlivych
klaves.

Obr. 3. Specialni klavesnice - mys.

Dalsi moznosti jsou klavesnice upravené
specialné pro uzivatele, ktefi nemohou vyuzivat
klasickou klavesnici z divodu jejitho fyzického
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provedeni (napfiklad klavesy jsou prili§ blizko,
velikost klaves ¢i nemoznost stisknuti dvou klaves
v jednom okamziku). Ukazku upravené klavesnice
zobrazuje nasledujici obrazek.

Obr. 4. Specialni klavesnice.

Alternativni ovladani pocitace

Dalsimi moznosti, jak alternativné ovladat
polohu pocitatového kurzoru je pomoci pohybi
hlavy. Tato varianta je zejména vhodna pro lidi
s poSkozenou motorikou hornich koncetin. Existuje
nékolik variant tohoto zpdsobu ovladani. Napiiklad
emulator my$i HeadMaster [2] umoziuje fidit smér
pohybu pocitacového kurzoru hlavou a klavesu
Enter nahrazuje pneumatickym snimacem.

Obr. 5. Emulator mysi HeadMaster.

Jinou variantou tohoto principu je systém Natural
Point [3], ktery predstavuje dalsi zpisob nahrazeni
bézné mysi. Je to senzorové snimani pohybu hlavy
(ptipadné jiné casti téla). Senzory potom dokazi
pohyb spravné interpretovat — tedy pifevést jej na
pohyb a funkci kurzoru. Proti uZivateli je umistén
snimac, na ¢elo (nebo jinou sledovanou cast téla) se
nalepi drobny senzor, jehoz poloha je snimana
pomoci kamery umisténé na monitoru.
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Obr. 6. Emulator mysi NaturalPoint.
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Dalsim prvkem pro ovladani polohy kurzoru
mohou byt pohyby o¢i. V soucasné dob¢ nejéastéjsi
metody snimani ocnich pohybi jsou uvedeny
v nasledujici kapitole. Kazda z jednotlivych metod
ma své vyhody ale i své nevyhody a jsou tedy
vhodné pouze pro urcité aplikace. Jako ptiklad
systémi pro ovladani pocitace jsme zvolili dva
systémy, které vyuZivaji rlzné principy snimani
pohybt o¢i.

Na Boston College v projektu nazvaném
EagleEyes [4] vyuzivaji elektrookulografii (EOG)
k presouvani polohy kurzoru na monitoru pocitace.
Uzivateli jsou nalepeny na oblicej elektrody, které
snimaji pohyby oci a jejich signal ovliviiuje pohyb
kurzoru. Uzivatel mlze pomoci pohybli oci

ovliviiovat pohyb kurzoru ve specialnich aplikacich.
Na nasledujicim obrazku je ukazka malovani
obrazku.

Obr. 7. System EagleEyes — snimani ocnich pohybii
pomoci EOG

Druhym piikladem je projekt Dasher, ktery
probihd na wuniverzit¢ v Cambridge (Cavendish
Laboratory) [5]. Je zaméfen na vyvoj specialniho
nastroje, pomoci kterého mohou handicapovani
uzivatelé psat text. V tomto projektu pouzita metoda
jiz nevyuziva k méteni EOG signalu elektrody, ale
infraervenou kameru, ktera detekuje polohu oka na
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zékladé kontrastu mezi svétlem pohlcenym
zorni¢kou a svétlem odrazenym od zbytku oka. Na
monitoru pocitae jsou po jeho stranach umistény
dva infracervené zatice véetné infraervené kamery,
kterd je pfichycena uprostted spodniho okraje
monitoru.

L) vk D

Obr. 8. Systém Dasher — snimani ocnich pohybii pomoci
IROG.

3. Metody sledovani pohledu

Sledovani sméru pohledu je kromé¢ mediciny
vyuzivano napiiklad i v psychologii, ergonomickych
studiich, v reklam¢ a uméni, uplatiluje se téz jako
dalsi vstup ovladaciho rozhrani vypocetni techniky,
které mohou vyuzivat napiiklad lidé s postizenim
pohybového aparatu. V soucasnosti nejpouzivané;si
metody sledovani pohledu jsou:

e mérici civkou (,search coil”), slozenou
z mnoha zavit tenkého vodice a ptipevnénou
koku pomoci specialni kontaktni cocky,
pfipadné u zvifat operativné. Mé&fi se napéti

indukované v civce homogennim
magnetickym polem, vychazejicim
z externtho  generatoru  (Hemholtzovych

civek). Metoda umoziiuje dosdhnout presnosti
v fadu setin stupné a $ifky pasma métfeného
signalu nékolik kHz. Smér pohledu je méfen
v soufadné soustavé generatoru, oko musi po
dobu méfeni zustat v oblasti linearniho pole.
Tato metoda je vzhledem k moznym
problémim pii aplikaci Cocek vyuzivana
pouze pro vyzkumné ucely. Nevyhodou je
také vysoka cena cocek a jejich rychlé
opotiebeni.

o elektrookulografie (EOG) vyuziva
rozdilnych elektrickych potenciali rohovky a

sitnice, které zpusobuji zmeény
v elektrostatickém poli pii zméné polohy oka.
Velikost pole je snimana elektrodami,

ptfipevnénymi na kdzi okolo oka. Pro méfeni
horizontalni slozky EOG jsou elektrody
umistény nalevo a napravo od koutkl oka.
Pro méfeni vertikdlni slozky EOG jsou
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elektrody umistény nad a pod okem. Nékdy se
snimaji unipolarni potencidly EOG vici
referenéni elektrodé, kterda je umisténa
uprostied cela. Potencial dip6lu rohovka —
sitnice zavisi na poloze ocni osy. Kdyz je
pohled upfeny piimo vpted, pak je zminény
dip6l umistén symetricky mezi elektrodami a
vysledny EOG signal je nulovy. Pii pohledu
vlevo se stane rohovka pozitivni v blizkosti
levé elektrody, ktera se tak shodné stava
pozitivni. Témeét linedrni zavislost mezi
horizontalnim uhlem optické osy oka a
signalem EOG je pfiblizné v oboru £+ 30°.
Mefeny signal mohou vyrazné zkreslit
artefakty vzniklé pohybem okolnich svala
a elektrickym ruSenim pozadi. Typické
rozliSeni se pohybuje kolem jednoho stupné,
maximalni propustnd S$iitka pasma dosahuje

desittk Hz. Smér pohledu je méfen
v soufadné soustave spojené s hlavou.

e sledovani odraZeného svétla
fotodetektorem (IROG), metoda vyuziva
skute¢nosti, ze  sklera odrazi  vice

dopadajiciho svétla nez rohovka, mnozstvi
odrazeného svétla se proto pfi osviceni oka
meéni spolu suhlem natoceni. Vzhledem
k prekryti rohovky vicky lze tuto metodu
vyuzit pouze pro méfeni v horizontalni
roving.

e videookulografie (VOG) pouzivda ke
sledovani polohy oka kameru. Pokud je
kamera upevnéna piimo na hlavé subjektu, je
meéfena relativni poloha o¢i vici hlavé a
k ur€eni absolutniho sméru je tfeba sledovat i
polohu hlavy. Pokud je umisténa samostatn¢,
je tieba udrzet oko v jejim zorném poli a
zaroven odlisit rotaci oka od translac¢nich
pohybt hlavy. Sledovaci algoritmy jsou
v soucasné dobé =zalozeny na digitalnim
zpracovani obrazu. Je dosahovéano rozliSeni
desetin stupné a vzorkovaci frekvence az
stovek hertz.

4. Systém I4Control®

Problém ovladani pocitace pomoci ocnich
pohybll se fesi jiz n€kolik let a my pfichazime
s novym navrhem.

Pfi navrhu tohoto systému jsme hlavné kladli
diraz na vytvofeni zafizeni, které bude levné,
univerzalni, snadno nainstalovatelné a bude
jednoduse pouzitelné. Jako metodu pro sledovani
pohledu jsme zvolili videookulografii (VOG), ktera
je dostatecné presna, relativné levna a hlavné
bezkontaktni uzivatelsky  pfivétiva  (napf.
nevyzaduje lepeni elektrod ¢i nasazovani specialnich
kontaktnich ¢ocek).

Zakladem systému I4Control” je mald kamera,
ktera je k hlavé uchycena pomoci brylové obruby.
Ta zajist'uje nezavislost na pohybu hlavy (neni nutno
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hlavu fixovat). Pfi vybéru kamery jsme hlavné volili
podle ceny a jejich rozméri. Na zakladé pocate¢nich
experimentll zvitézila obycejna Cernobila PAL
kamera s CCD senzorem (rozliSeni 208 x 156 bodi),
ktera zcela spliiovala nase pozadavky.

Obr. 9. Systém I4Control® — snimdni ocnich pohybii
pomoci VOG.

Systém I4Control® se sklada kromé snimaciho
zafizeni jesté z fidiciho modulu, do kterého vstupuje
PAL signal z kamery. Tato ¢ast systému zajist'uje
digitalizaci PAL signalu, detekci zornicky (klasické
metody filtrace) a pfevod polohy zornicky na
soufadny systém. Vystupem fidictho modulu je
[x, y] poloha kurzoru. Tato hodnota je vysilana po
standardnim USB rozhrani do bézného osobniho
pocitace.

PAL pozice
signal kurzoru |

B |
A

Fidici modul

snimaci zafizeni

Obr. 10. Zakladni blokové schéma systému I4Control®.

Prace se systémem I4Control®

Prvnim krokem pro spravné ovladani kurzoru
pomoci systému I4Control® je kalibrace systému. Ta
spoc¢iva ve fixaci uzivatelova pohledu na stied
obrazovky a jeji potvrzeni stiskem Cerveného
tlacitka na fidicim modulu. Potom jiz uzivatel mize
pfimo ovladat polohu kurzoru bud’ pfimo pomoci
ocnich pohybtu nebo alternativné pomoci pohybl
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hlavy (pokud mu to jeho handicap umozni).
Prepinani téchto dvou moznosti je zajisténo zelenym
tlacitkem na fidicim modulu.

Systém neovlada polohu pocitacového kurzoru
tak, aby se premistil tam, kam se uzivatel diva.
Pohyb kurzoru je urcovan vychylkami z rovnovazné
polohy (pohled pfimo), ktera je nastavena pii
kalibraci systému. To znamenad, ze poloha oka nema
pfimo vliv na polohu kurzoru na monitoru, ale bude
urCovat pouze smér jeho pohybu (jako paka
joysticku). Systém vyhodnoti aktudlni polohu oka a
podle jeho pozice vné¢/mimo klidové zony bud
provede ¢i neprovede prislusné akce. V podstaté se
jedna o inkrementalni metodu. Kdyz je oko mimo
rovnovaznou polohu, systém neustale posila piikazy
pro pohyb kurzoru do pfislusného sméru (podle
aktualni polohy oka v soufadném systému kamery),
dokud se oko do rovnovazné polohy nevrati.
K preruseni pohybu kurzoru dochédzi tedy bud
navratem oka do klidové zony nebo pokusem o
kliknuti. Systém umoznuje emulovat klik a dvojklik.
Ob¢ funkce se aktivuji mrknutim oka trvajicim
uréitou cCasovou konstantu, ¢imz se odfiltruji
samovolna neovladatelna mrkani. Dvojité kliknuti se
odlisuje od jednoduchého kliknuti v hodnote ¢asové
konstanty.

-
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Obr. 11. Oviladani polohy pocitacového kurzoru.

Vysledkem nasi prace je zafizeni emulujici
standardni pocitacovou myS. Lze jej tedy pfipojit
k jakémukoliv osobnimu pocitaé¢i prostfednictvim
USB rozhrani a ovladat jim prostfednictvim pohybi
o¢i (¢i hlavy) vztazenych ke klidové poloze (pohled
pfimo) veskeré nainstalované programy. Text
handicapovani uzivatelé mohou tedy psat naptiklad
prostfednictvim softwarové klavesnice, ktera je
soucasti bézného operacniho systému (od OS
Windows 2000). Tato utilita umozni uzivateli
pracovat s textovym editorem, ale také psat
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e-mailové zpravy nebo aktivné ,surfovat® na

Internetu.
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Obr. 12. Psani textu pomoci systému I4Control®.

Vyhody systému I4Control®

¢ komunikace zafizeni
k jakémukoliv PC
standardniho USB rozhrani

e emulace PC mySi — diky této vlastnosti
uzivatel mize pouzivat veskeré aplikace na
které je zvykly a které ma nainstalovany na
svém pocitaci jsou-1i ovladany mysi

e mobilnost — zafizeni je malé, kompaktni a
snadno pfenositelné

e snadna instalace — instalace je stejnd jako
v ptipad¢ PC mysi

e jednoduchy zpiisob pouzivani — kalibraci
systému je nutno provést pouze pii prvnim
pouziti systému

je pripojitelné
prosttednictvim

nizka cena
5. Zavér

Se systémem I4Control® jsme provedli fadu
experimentd. Pilotni testovani probéhlo v Jedlickové
ustavu a Skolach pro télesné postizené. Do testované
skupiny byl napfiklad zafazen bezruky chlapec
(nasledek nestésti) ¢i chlapec se svalovou poruchou.
Systém I4Control® byl velice dobie piijat a studenti
byli schopni po cca deseti minutich studovat
specialni vyukové texty, psat v textovém editoru, ale
také malovat jednoduché obrazky.
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Obr. 13. Pilotni testovani v Jedlickové ustavu a Skoldach
pro télesné postizené.

Aby se uzivatelé naudili jednodu$e, rychle a
zcela ovladat pohyby kurzoru zabavnou formou,
vytvoril na$ kolektiv specidlni auticko — Gertika.
Tato okem ovladana hratka ma pomoci uzivatelim k
osvojeni a procvicovani komunikace s pocitacem
prostfednictvim systému I4Control®.

Obr. 14. Vyukova hracka - Gertik.

Hracka byla vytvofena ze stavebnice LEGO a
jeji ovladani je wvelice jednoduché. Diva-li se
fidi¢-uzivatel nahoru, auto jede dopfedu, pii pohledu
doli auto couva. Zatd¢i pifi pohledu doleva ¢&i
doprava a na mrknuti se otoc¢i lokator. Gertik byl
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poprvé predveden na vystavé Véda v ulicich, kde
vyvolal velky zajem vefejnosti.

Obr. 15. Vystava Veda v ulicich.

Podékovani
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Ceské republiky (projekt ¢islo 1QS501210509
"Optické mapovani mozkové ¢innosti").
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MULTIMEDIALNI KURZ PREDMETU BIONIKA
MULTIMEDIAL BIONICS COURSE

M. Fejtova, V. Fabian
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Summary People do not copy just the randomness from the nature. It is the research area of the scientific field called
Bionics. It aims to find solutions of the most variable problems in the nature, it observes living creatures/organisms and
mimics their behaviour. Why it is the Mother Nature that improves its ,,developments™ during thousands of years. Bionics is
young and progressive science field that allows us to construct devices to support weakened organs supports or to build
artificial organs. Since bionics is fast developing field it is important to choose the right tool for student education — e-
learning. The aim of our work is to create the hypertextbook with the multimedia components that clearly explain some
topics from bionics. The information about a several courses is stored in an XML format which allows full availability of all
informations from course.

Abstrakt Bionika je relativné mlada védni disciplina, ktera vznikla v 60. letech minulého stoleti. Za jeji pocatky je jiz ale
mozno pokladat pokusy Leonarda da Vinciho (1452 - 1519) o sestrojeni letadla s pohyblivymi kiidly na zakladé pozorovani
letu netopyrii. Ukolem bioniky je hledat inspiraci u Zivych organismii a tu pak pretvotit tak, aby byla pouzitelna pro ¢lovéka.
Bionika studuje moznosti vyuziti poznatkli o stavbé a funkcich zivych systémi k feseni technickych a technologickych
problému. Na katedie kybernetiky ma tento predmét dlouhodobou tradici a je vyu€ovan jak v magisterském, tak i doktorském
studiu. V predmétu Bionika jsou probirana takova témata, jako napt. kardiostimulatory, uméla ledvina, kloubni nahrady, ale
také systémy Clovek stroj ¢i virtudlni realita v medicing. Tato védni disciplina se rozviji velice rychle a je tedy nutné tomuto
trendu pfizpusobit i vyuku studentli. Vhodnym nastrojem pro podporu vyuky se stavaji souasné informacéni technologie —
multimedialni kurzy.

1. E-learning a vyuka vyuky, coZz vyznamné€ zvySuje efektivitu a
zapamatovani vyuky.

V soutasné dobg, kdy informace je hybnou U klasického vzdélavani se velmi obtizné méfi,
silou svéta, jiz asi nikdo nepochybuje o nutnosti jaké informace si student uchoval zkurzu i
stalého vzdélavani. Soustavné Skoleni zaméstnancii i s odstupem Casu. Kvalita kurzu je velice zavisla na
sebevzdélavani formou Skoleni, seminaft Ci kvalit¢ pedagoga a byva v ase promenliva. Casto
samostudia je b&nou souddsti zivota kazdého rovnéz nelze kurz zhodnotit az do chvile, nez ho
jednotlivce. Pfipravit mladé lidi pro novy svét studenti absolvuji. Takze se zjisti az poté, ze tento
znamena, ze musime vyvinout nové zpisoby, jak se kurz neodpovida pivodnim pozadavkim. E-learning
uit a jak vyuGovat. Zpisob, jak se ucime, se pomoci testovacich objektd a fidicich systému
radikdlné meéni: od prednaskového stylu uceni efektivné mefi kazdy kurz. Umoziuje objektivné
k uCeni interaktivnimu. E-learning je moderni nastavit poZzadované cile (napf. student musi po
podoba distanéniho vzdé€lavani, ktera ve formé absolvovéni kurzu spravné zodpoveédét 95 ze 100
elektronického distribuovaného vzdélavani vyuziva dotazii o latce) a ty potom jednoduSe zmefit. E-
nejmodern&j$i  informaéni  technologie. K jeho learning dodava okamzité k dispozici informace o
hlavnim pfednostem patii viestranna flexibilita a Jednotlivych studentech, kolik kde dosahli bodi, jak
uspornost. Multimedialni kurz kombinuje textovy dlouho travili Cas vkterych Castech kurzu, jak
vyklad s animacemi, videem, audiem, grafikou, odpovidali na dotazy. E-learning rovnéz jednoduse
schématy a testovacimi objekty. statisticky hodnoti uspéSnost jednotlivych kurzi a

Klasické vzd&lani predpokladd, Ze vsichni tim identifikuje kurzy, kter¢ je tfeba upravit Ci
studenti v ucebné vnimaji stejné rychle, vSem piepracovat. E-learning klade vysoky diraz i na
vyhovuje mluveny vyklad pedagoga a viichni cht&ji zpusob predani informace. V dnesni dobé nestaci
v dané chvili latku studovat. E-learning v§echny tyto pouze spravnou informaci ve spravny okamzik
nedostatky odstrafiuje. Student prochazi vyukovym ziskat, ale je teZ tieba tuto informaci pln€ pochopit a
kurzem svym tempem, sdm si uréuje zpiisob dat si ji do souvislosti To pravé diky svym
prichodu, navrat k témattim, vybira si z vice variant vyukovym schopnostem pfinasi e-learning.
vykladu. Rovn&Z si kurz spousti ve chvili, kdy E-learning si neklade za cil nahradit klasické
potiebuje, to znamena Ze chce studovat a bude se vzdélavani ve vSech oblastech. Je vSak vhodnym
vykladu vénovat. Prostfednictvim fady otazek, dopliikem i pro oblasti, kde je béZné vzdelavani pro
dopliiovadek a testd je vtahovan interaktivné do pfimy  kontakt s pedagogem povazovano za
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nezastupitelné.  Lze  napfiklad  ,pfedskolit”
elektronicky studenty, ktefi pak na vyuku s ucitelem
pfichdzeji jiz stadou informaci a dotazi.
PrednaSejici se potom muze vénovat pouze
zajimavym C¢i obtiznym castem latky a lze tak
vyznamné rozSifit a obohatit vyuku. Ucitel navic
neni viibec vylouéen z procesu vzdélavani zéka. E-
learning pfinasi fadu komunikacnich nastroja
pocinaje e-mailem a konce videokonferencemi, které
umoziuji pedagogim individudlné se vénovat
jednotlivym studentim. Na zakladé zpétnych
informaci z kurzi ma ucitel pfesné informace, jak si
student ve které lekci vedl, kolik kde dosahl bodi a
kolik casu stravil v jednotlivych oblastech vyuky.
Diky tadé¢ komunikacnich kanall mutze pak ze
studentem komunikovat intenzivnéji, nez jak je tomu
ve vyhrazenych hodinach klasické vyuky.

Kvuli v predchozich odstavcich popsanym
vyhodam jsme se rozhodli na katedfe kybernetiky
vytvofit e-vyukovy systém MultiPeS
(Multimedialni Pedagogicky Systém), ktery by nam
pomahal neustdle zvySovat kvalitu vyuky a
zaclenovat do vyuky nejnovéjsi védecké poznatky.
Nova verze sytému vyuzivd nejmodernéjsi
technologie MS .NET, ktera zajistuje snadnou
pfenositelnost mezi jednotlivymi  platformami
(minéno 32 bitové / 64 bitové apod.) a velkou
modularitu systému. E-vyukovy systém MultiPeS je
koncipovan jako otevieny modularni systém, coZz
umoznuje jeho snadné dalsi rozsiteni.

Informace o jednotlivych vyukovych lekcich
jsou ulozeny ve standardnim formatu XML, ¢imz je
vyrazné¢ usnadnéna moznost spoluprace s jinymi
systémy. Systém MultiPeS na svém vystupu
vygeneruje na zéklad¢é vytvoreného projektu kurz ve
formatu HTML (pro starsi prohlizece) a ve formatu
XML pro prohlize¢e umoziujici prohlizeni tohoto
formatu (napt. Internet Explorer). Diky formatu
XML je mozné plné vyuzit strukturu a hloubku
vSech informaci, které jsou v kurzu obsazeny.
Naptiklad je velice snadné pii pouziti tohoto formatu
vyhledavani informaci podle jejich typu nebo
klicového slova. Dalsi velkou vyhodou XML
formatu je umoznéni oddéleni textového obsahu
kurzu od jeho grafické prezentace, coz velice
usnadiiuje Upravy a udrzovani struktury textu, ale
také vyrazn¢ podporuje export do nejriiznéjSich
druhid formati. Nemalou vyhodou tohoto systému je
jeho jednoduché a intuitivni ovladani.

Studenti pfistupuji ke kurzim, umisténym na
vzdélavacim serveru, prostiednictvim pocitace
z libovolného mista a v libovolny ¢as pomoci
internetovského prohlizece (MS Internet Explorer
nebo  Netscape  Navigator). Vyhodou e-
learningového systému MultiPeS je, Zze je mozné ho
provozovat jak v on-line rezimu (vyuka v ucebnach
Skoly, doméaci studium studentll pfipojenych na
internet prostfednictvim modemu ¢i pevné linky)
nebo v off-line rezimu (vyuka prostiednictvim kurzu
na CD). Studenti si sami mohou zvolit variantu,
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ale zfejmé, ze neékteré moznosti vyukového systému
MultiPeS lze vyuzivat pouze v on-line rezimu (napft.
e-mailova komunikace s pedagogem ¢i ostatnimi
spoluzaky).

2. Vyuka bioniky

Bionika je relativné mlada védni disciplina, ktera
byla ustanovena v 60. letech minulého stoleti. Za jeji
pocatky je jiz ale mozno pokladat pokusy Leonarda
da Vinciho (1452 - 1519) o sestrojeni letadla
s pohyblivymi kiidly na zékladé pozorovani letu
netopyri. Ukolem bioniky je hledat inspiraci a tu
pak pfetvorit a upravit tak, aby byla pouzitelna pro
cloveka. Prirodu nelze slepé kopirovat, jak ukazaly
pokusy prvnich aviatiki s volnymi mavajicimi
ktidly, s jejichz pomoci se letadlo prost¢ nevznese.

Obr. 1. Létajici stroj Leonarda da Vinciho.

Bionika studuje mozZnosti vyuZziti poznatkli o
stavbé a funkcich zivych systému k feSeni
technickych a technologickych problému. Je
hrani¢nim oborem mezi biologii a technikou a
vyuziva znalosti z takovych obort jakou jsou napf.
biofyzika, biochemie, uméla inteligence, robotika ...
Tento védni obor se zabyva napiiklad vyzkumem
nervového systému zivoCicht se zfetelem na
aplikaci v oblasti elektroniky, sdélovaci, méfici a
informacni techniky, studiem smyslovych organt,
vyuzitim poznatkti pii  konstrukci vykonnych
méficich pfistrojd malych rozméra, studiem
orientace a navigace zvifat, letu hmyzu a ptaku,
pohybu Zivoéichit a bioluminiscenci. Predmétem
bioniky je ale také konstrukce zafizeni urenych
k podpore oslabenych organt a vytvareni umélych
organtl.

Na katedie kybernetiky Ceského vysokého uceni
technického v Praze je bionika jiz dlouhodobé
soucasti pfipravy studenti magisterského, ale i
doktorského studia. V soucasné dobé se védecké a
technické discipliny rozvijeji milovymi kroky.
Studenti by si méli béhem vyuky osvojit mnoho
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novych poznatkli a dovednosti. Vydavani novych
knih, skript a publikaci reaguje na tyto ,,novinky*
s uréitym zpozdénim a i pii velké snaze vSech autori
se v publikaci nekolik chyb objevi. Velkou vyhodou
e-vyukového systému (e-learning) je moznost
neustalého doplhovani a vylepSovani obsahu
systému. E-vyukovy systém obsahuje samoziejmé
také vyukovy text jako napf. skripta, ale mize byt
doplnén i1 o fadu vyukovych vyhod (napf.
interaktivni odkazy na pifibuznd témata, naucné
videosekvence ¢i automatické hodnoceni testi).

Na zdkladé naSich vlastnich zkuSenosti i
zkuSenosti odbornikll z tuzemskych vysokych skol
(VUT Brno, UK Praha, VSB TU Ostrava) nelze nez
konstatovat, ze jak zavadéni novych poznatkt
z oblasti  biokybernetiky, tak zavadéni novych
vyukovych metod odpovidajicich aktualnimu rozvoji
informaénich technologii je v pocateénim stadiu.
Bionika patii k oborim, které se prudce rozvijeji a
ve kterych kazdym rokem pfibyva velké mnozstvi
novych poznatkli. Aby predmét Bionika odpovidal
soucasnému stavu stejnojmenného oboru ve svété a
tedy byl pro studenty v maximalni mife pfinosny, je
tteba neustale zaclenovat do osnov nové poznatky.
Jen tak budou absolventi mezioborového studijniho
sméru Biomedicinské inZenyrstvi v maximalni
mozné mife konkurenceschopni a perspektivni, a to
nejen na trhu prace v Ceské republice, ale i
v celosvétovém métitku. Podobné je tomu i
v ptipadé zavadéni modernich metod vyuky.
Doposud prudky rozvoj informacénich technologii
odrazil zejména v tom, ze na mnoha Skolach byla
zahajena  tvorba  hypertextovych  vyukovych
materialti. Tim vSak souasné moznosti informacni
techniky nejsou zdaleka vycerpany. Proto se
snazime obohatit prednasky i cviCeni o vlastni
hypertextovou ucebnici s multimedidlnim obsahem,

ktera by  odpovidala  soucasnému  stavu
pedagogickych a vyukovych textl ve svéte.
3. Hypertextova ucéebnice

Cilem  vytvofeni  hypertextové  ucebnice

s multimedialnim obsahem je nazorn¢ demonstrovat
studentim probiranou problematiku a mit moznost
zaClenit nové poznatky do vyuky. Obsah
hypertextové ucebnice bude tvofit vysvétleni
nasledujicich pojmd:
e analogie mezi pfirodou a technickou
e informacni bionika — biologické poznatky o
pfijmu, generovani, Sifeni, ukladani a
zpracovani informaci, bionika receptord,
neurobionika, rizné typy receptorti a jejich
technické vyuziti
e biosenzory a nanotechnologie
e strojova realizace smysli cloveéka (zrak,
sluch, hmat, ¢ich) — biologické zaklady,
prehled pouzivanych senzorli, strojova
realizace, vyuziti v primyslu a v mediciné
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e srdce a kardiostimulatory — biologické
zaklady  funkce  srdce, nové  typy
kardiostimulatora (adaptivni,
programovatelné),  ventrikularni  asistent,
podpurna ob&hova zatizeni, uméla srdecni
chlopen

e uméld ledvina — biologické zaklady funkce
ledviny, typy umélych ledvin, pfenosnd umela
ledvina, peritonealni dialyza

e jatra, plice, slinivka — pfirodni x uméla —
umeéld plicni ventilace, biologické zdklady
funkce jednotlivych organt

e kuze, cévy, krev — pfirodni x uméla —
biologické zaklady funkce jednotlivych
organt

e princip a rizné druhy pohybu, umélé svaly —
druhy pohybd v jednotlivych prostiedich,
technické vyuziti

e kloubni ndhrady a protézy koncetin — rtizné
druhy typt, tvarti a materiali

e systémy clovek stroj, IT adaptivni systémy —
druhy komunikace mezi strojem a clovékem,
rizné zpisoby ovladani stroju (hlas, EOG
signal, EEG signal), praktické ukazky

e virtudlni realita v mediciné — druhy, technické
vyuziti

e biotechnologie — druhy, technické vyuziti

Pii vytvafeni hypertextové ucebnice klademe
velky dlraz na nazornost a text je tedy dopliiovan
velkym mnozstvim ilustrativnich obrazkd. Text je
navic jest¢ dopliiovan interaktivnimi testy.

3k _(=x]
E.0d3
“B=
Piibdaien: Lukas Sydlacelc dt s o) steduiby -Iuhm oy dielemy
Index Gerstn—?r/" -

Knihy

Uksgda

i) e 84 Unkonn Zone i)

Obr. 2. Ukdzka navrhu hypertextové ucebnice.

4. Zpétna vazba e-vyukového systému

Zpétna vazba je wvelice dulezitou soucasti
e-vyukového systému. Jedinym ukolem
e-learningového systému neni pouze studentovi
informaci sdélit, ale také pomoci zpétné vazby
zjistit, zda sdélovanou informaci pochopil. Protoze
v dnesni dob¢ nesta¢i pouze spravnou informaci ve
spravny okamzik ziskat, ale je téz tfeba tuto
informaci pln€ pochopit a dat si ji do souvislosti.
Zpétnd vazba realizovana pomoci interaktivnich
testl s automatickym hodnocenim je vhodnym
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nastrojem pribézného hodnoceni studentova studia.
Jejim prvotnim vyznamem je bezprostiedni zpétna
vazba samotného studenta (sebehodnoceni), podle
které se student sam muZe orientovat. Muze zvazit,
zda si probiranou latku znovu nezopakuje nebo
nezvoli né&jaké dopliujici informace, které mu
nabidne e-learningovy systém napt. ve formé odkazli
na jiné vyukové stranky. Jakou druhou moznost lze
vysledky interaktivnich testd pouzit k ohodnoceni
prabézné prace studenta.
Pii tvorbé testovacich cviceni muze pedagog
vyuzivat nasledujici testovaci prvky:
e  zaskrtavaci policko (vice spravnych odpoveédi
z n€kolika variant)
e piepina¢ (spravnd pouze jedna odpoved
z vice variant)
e textové pole (odpovéd’ ¢i dopliiovacka)
e obrazek

O struktuie a kone¢né podob¢ testu si rozhodne
pedagog sam (pocet otazek ¢&i pocet variant
jednotlivych  odpovédi). Miuize  kombinovat
jednotlivé prvky mezi sebou a vytvaret tak velkou
Skalu interaktivnich testd Sitych pfimo na miru
probirané problematice. U jednotlivych otazek lze
nastavit vahu jednotlivé otazky i odpovédi. Tvurci
interaktivnich  testd tato vlastnost umoziuje
odejmout studentovi uréity pocet bodd v zavislosti
na mife nespravnosti vybrané odpovédi (¢im je
studentem vybrana odpovéd’ ,.hloupéjsi®, tim se mu
odejme vice bodového ohodnoceni). V testovacim
modulu si mize pedagog nastavit i ¢asovou dotaci
na test, je tedy mozné interaktivni testy pouzit i pro
zépoctovou ¢i zkouskovou pisemku. Pokud pedagog
tuto moznost vyuzije, ma okamzit¢ a bez prace
opravené tyto pisemky, coz povazujeme za velkou
vyhodu zvlasté u studenty hojné€ navstévovanych
piredmétu.

3 - ek Page Dialeg
Zapoctovy test z bioniky

t jie celkiem 30:00 &

obecné

Obr. 3. Ukazka zapoctového testu z predmeétu bionika.

Zpétnou vazbu lze pouzit i1 khodnoceni
samotného kurzu. Pokud studenti budou mit
s probiranou latkou problémy (napf. neni jednoduse
vysvétlena nebo obsahuje malo praktickych
ptikladit), vétSina z nich nezvladne tyto interaktivni
testy a nezbyva, nez prepracovat ¢i dotvofit vyukovy
kurz.
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Summary The paper describes applications that provides measurement and gives outputs for mobile network optimization.
Applications helps get objective information about radio interface which can be post processed and optimized by database
parameters of mobile EGPRS network to get best results in order to increase transfer rate in areas where is mobile network
overloaded or has no sufficient capacity for data communication as it is typical for emergency telemedicine. These
applications are suitable for archiving, post processing of measurements and for simulations of client — server applications
which works with still images, as well, so results can be used in mobile emergency telemedicine cooperated with PACS

systems.

1. Introduction

Telemedicine can be defined as the distant
delivery of health care and remote sharing of
medical knowledge using telecommunication means.
However, nowadays, modern wireless
telecommunication means like GSM with EGPRS
(EDGE GPRS) and the forthcoming to 3G mobile
telephony standards allow the operation of wireless
telemedicine systems freeing the medical personnel
and/or the patient from fixed locations. The
objective of this paper is to carry out a practical
evaluation of the performance of the EGPRS system
in the transmission/reception of medical images as
well as patient record in emergency cases, fig. 1.

Emergency
place with
Mobile Intensive
Care Units

Pacient Personal
Database System with
stored records and images/
medical experts group -
emergency support team

Hospital server

Fig. 1. Mobile system in emergency telemedicine

Batch command files wput.bat and wget.bat
deals with the methods and techniques for evaluation
and objective optimization of EGPRS mobile
connection. Applications can works like independent
tool for objective and complex evaluation of any
communication  between two IP  address.
Measurement is done automatically from client side
and results are reported into the text file. These
applications have been made for optimization of
EGPRS radio interface.

2. Overview

Fig.2 shows general description of
measurement. In this case is EGPRS mobile network
used as medium for TCP/IP connection. There are
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no delays caused by public TCP/IP network because
server is connected directly to SGSN node (Service
GPRS Support Node) of GPRS/EGPRS network, so
this type of measurement represents direct radio
interface measurement of mobile data network. BSS
(Base Station Subsystem) of mobile network have
been produced by Siemens SAG and all used
database = parameters for  optimization  of
GPRS/EGPRS network are specified only for this
technology. Other technologies have similar
database parameters only with different name, so it

=  Uplink ___ad \
iﬂi"’"——ﬂ Mobile network
& GMSOEGMS
S pownlink |
direction
Client TCP/IP connection Server

Fig. 2. General measurement description

can be used alike. Two batch files wput.bat and
wget.bat have been prepared for objective and
repeatability measurements of uplink and downlink
direction with possibility of results recording into
the text file. Batch files are based on applications
wput.exe and wget.exe which are product of free
software foundation GNU (www.gnu.org). These
two applications represent free command line
interpreters that can be used with added parameters.
Data for transmission in both directions are
represented by three most used graphical formats, it
means three different file formats JPG, TIF and
BMP. Output of batch files wput.bat and wget.bat
consist of measured time of transmission, name of
transferred file, name of server with IP address, port
of communication and mainly from average transfer
bit rate. These applications help get objective
information about radio interface which can be post
processed and optimized by database parameters of
mobile EGPRS network to get best results in order
to increase transfer rate in areas where is mobile
network overloaded or has no sufficient capacity for
data communication. Main goal is to show
possibilities of nowadays mobile network how to get
best results with transfer of image data in emergency
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areas where mobile network is overloaded with
emergency voice calls.

3. Description

Prepared applications are related to monitoring
state of uplink direction (from mobile terminal to
mobile network (SGSN node) and TCP/IP network

T

({W

(" GPRS or EGPRS
network, TCP/IP

Server

Mobile network
parameters
optimizing

Archived results

=
LT
D ) e
OMC terminal,
mobile network

parameters optimizing

Data for transfer

Client

Fig. 3. Measured data and database parameters flowchart

with great opportunity of repetition and with output
of transfer conditions into text file. Outputs can be
imported and post processed in any worksheet
(Excel, Access). Due to measured results the
database parameters of mobile EGPRS network can
be changed to get better results and measurement
should be repeated to verify whether conditions of
transmission are better or not (Fig.3). Operator must
have good knowledge about cell where measurement
is performed. It means absolute control of cell in
mobile network with OMC (Operating and
Maintenance) tool to prevent disturbance of cell by
normal mobile users with voice and data calls. In
this case cell was barred at the time of measurements
and overloading of the cell was simulated by locking
and unlocking available traffic resources — time
slots. Data for measured uplink transmission has
been prepared and stored on hard drive of client PC.
For downlink direction vice-versa, uploaded data has
been stored on hard drive of server PC and prepared
for download to the client PC in opposite direction.
Executable batch file sends file by file automatically
from desired side to destination and also output file
with measured data (time of transmission,
transferred file, IP address, average bit rate of
transmission) automatically during whole process of
transmission. For uplink direction, it means from
client to server, is dedicated batch file wput.bat
(Fig.4.) and for downlink direction likewise is file
wget.bat (Fig.5.). These two applications can
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echo off

echo ftp://217.77.161.132/upload/EDGE/HRI . jpg

wput -v -oC:\wget\MRI-jpg.txt

c2\uget\HRI.jpg Ftp://217.77.161.132 2% xxxexxxx@217 .77 .161.132/upload/EDGE/
echo ftp://217.77.161.132/upload/EDGE/HRI .tif

wput -v -oc:\wget\MRI_tif.txt

ci\wget\MRI.tif FEp://217.77 161 132 1%xxseswsx*xx@217 .77 .161.132/upload /EDGE/
echo ftp://217.77.161.132/upload/EDGE/HRI .bmp

wput -v -oC:\wget\MRI_bmp.txt

c\wget\HRI.bmp Ftp://217.77.161.132 ixexexxxx@217 .77 .161.132/upload /EDGE/
echo done

Fig. 4. Batch file wput.bat

simulate real client/server applications and
measurements are done for both directions of
communications. This process of measurement has
good properties for: objective real transfer rate
measurement, availability of repetition a same
process which is prepared in batch file, applications

echo off

mkdir c:\wgetii1

echo ftp://217.77 .161.132/GPRS/HRI .jpg

c:hugethuget -oc:iuget\3Z1\HRI-jpg.txt

-Pcchwgethi1 --cut-dirs=2 ftp://217_77.161.132/GPRS/HRI . jpg
echo ftp://217.77.161.132/GPRS/HRI . tif

c:hugethuget -oc:yuget\HZINHMRI-tif . txt

-Pc:ywget\¥1 —-—cut-dirs=2 ftp://217.77 .161.132/GPRS/HRI.tif
echo FEp://217 .77 .161.132/GPRS/HRI .bmp

cihugetiuget -oc:luget\31\MRI-bmp.txt

-Pciwwgety\i1 —-—cut-dirs=2 ftp://217.77.161.132/6PRS/HRI.bmp
echo done

Fig. 5. Batch file wget.bat

and batch files are suitable for any TCP/IP
connection with HTTP or FTP protocol, availability
for comparison of measured data rates and good
possibilities of archiving and exporting of measured
and reported data (Fig.3). So these facts introduce
best way how to optimize such complicated interface
as radio interface in mobile EGPRS network is.

MRLtIf 201 KB

MRI.jpg 108 KB MRL.bmp 465 KB

Fig. 6. MRI images used for measurement

4, Measurement

An example for the measurement is the
comparison of still image data and its appropriate
properties for transfer via EGPRS mobile network.
The original image, stored in bitmap (BMP)
graphical format (Fig. 6.) is from the image archive
of Mosby Ferri’s medicine encyclopedia (1997).
Figure 5 shows next two images which have been
used. It represents original image saved in TIFF with

Sagittal

Transaxial Coronal

Fig. 7. JPEG Images used for measurement MRI/PET
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LZW compression and JPG format where
compression ratio corresponds to step 9 from 12 [2].

Second sample has been created from images
archived in JPEG graphical file format. Files
represents overlap of MRI and PET images. Source
of images is on pages http://www.med.harvard.edu/
where is located whole brain atlas anatomy in 3-D
with MRI/PET images. Transaxial, sagittal and
lateral slice represents 3-D model of brain. Files size
of the images is 65, 77 and 75 kB.

5. Results
5.1 Measurement outputs

The first step is preparation and checking of
radio interface by appropriate OMC software. After
the graphical files are prepared on client side,
application wput.bat can be launched. The files are
transferred and stored on server side. The measured
data are logged into the output text file on client side
during whole process of communication and this
output is done automatically for every single
transmitted file. Every single transmitted file has
output report with detail information about process
of transmission. Opposite direction is done vice —
versa with wget.bat application. Output is used for
appropriate air interface optimization.

5.2 Mobile network optimization

Standart input
measured values
5.50 KB/s and 11.6 KB/s
Optimization step 1
batch file execution

Transferred
file MRI.bmp
plink  Downlink
ectios rection

Total average
transfer rate

Transferred
file MRLtif
Uplink  Downlink
direction _direction

Uplink  Downlink
direction _direction

Uplink Downlink
direction direction

Average
transfer rate
[kb/s]

6,8 13.7 | 7,2

!
Outputs
Optimizaﬂon step 2

Transferred

file MRI.bmp
Uplink  Downlink| Uplink Downlink
direction _direction |direction direction | i
e

141 | 7,4 144 | 71 14,1

Transferred
file MRI.tif

Total average
transfer rate

Uplink  Downlink
irection direction

racti
|

Average
transfer rate

[kbis] 9,3 17,2 | 9,7 180 |99 185| 96 17,9
Outputs

Transferred Transferred Total average

file MRILtif file MRI.bmp transfer rate

Uplink  Downlink| Uplink Downlink| Uplink Downlink
iraction | direction _directi; ti

Uplink Downlink
direction_dires liracti iracti

direction

ction

P
Average
transfer rate

[kbis] 10.3 20,8

Outputs
Final results

10,7 21,6

1,2 222 10,7 21,5
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During the tests was serving cell of the mobile
network locked for normal users and overload of the
cell was simulated. Next parameters had been
implemented into the mobile network database with
following order. Step 1: GMANPRES = 4 [1], this
command reserve four timeslots only for EGPRS
traffic. Step 2: GASTRH = 5 — 95 [1], thresholds
optimization between horizontal and vertical
allocation strategy. Step 3: GMANMSAL =1 -1
[1], timeslots are available only for one user in
uplink and downlink direction. Impact of this
optimization steps is increasing of the transfer rate.
After implementation of the 3rd step it becomes
close to theoretical maximum for this EGPRS class
(4DL+2UL timeslots) [1], (Fig.7.). Picture above
represents example of optimizing of radio interface
with applications wput.bat and wget.bat at the details
with described database parameters and files.
Results have been averaged from 10 measurements
for every file in both directions. Transferred image
data was not suitable for transfer in JPG format, data
rates had been slower. However time of transmission
had been shortest due to “lossy” JPG compression.
Best results had been obtained with BMP format but
file size is very unthrift. So best way in situations
where lossless image information is needed is use
TIF format with LZW compression [2].

6. Conclusion

This paper deals with the interpretation and
understanding of the results given by the described
application. It shows the possibilities how to obtain
best results in mobile network optimizing with
written batch applications.

An overload in emergency areas without
available radio resources is big problem for data
transfers via GPRS or EGPRS network nowadays.
Network can be optimized but it’s not so flexible.
Suggestion is to make voice and data calls
equivalent in the future. Concept of “Emergency
data call” should be mentioned in future
recommendations for GSM.
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Summary One of the electromagnetic field (EMF) applications is its using in medicine. Microwaves of EMF can help to
diagnose affection and actually can treat it. Thermal effects of electromagnetic energy are used mostly. The hyperthermia is
very important therapeutic method in this time and it uses thermal energy of EMF. This article discusses about biomedical

applications of EMP with orientation on the hyperthermia.

Abstrakt Jednou z aplikacii elektromagnetického pola (EMP) je jeho vyuzitie v medicine. Pomocou mikrovin EMP je
mozné nie len diagnostikovat’ ochorenie, ale nasledne ho aj liecit. Vo velkej miere st vyuzivané hlavne tepelné ucinky
elektromagnetickej energie. Hypertermia, ktora je v stGcasnosti velmi dolezitou terapeutickou metdédou pri liecbe
rakovinovym nadorov, vyuziva prave tepelnt energiu EMP. Tento prispevok pojednava o biomedicinskych aplikaciach EMP

Vv praxi, so zameranim na hypertermiu.

1. Uvod

Medzi vyznamné lekarske a spolocenské
problémy sucasnosti patri aj hladanie novych
liecebnych metdd pre roézne typy chordb, ako je
napr. liecba zhubnych nadorov. Zakladné liecebné
postupy v onkologii (radioterapia, chemoterapia
a chirurgia) su uz dobre zndme a preto aj len malé
zlepsenia tychto metdd si vyzaduju mnozstvo Casu
a investicii. Preto je nutné hladat’ d’alSie liecebné
metddy, ktoré bud’ samostatne alebo v kombinacii
s niektorou z klasickych metéd umoznia zlepsit
klinické vysledky. Rozvoj technickych vied
vyznamne podporuje vznik novych liecebnych
metod aimikrovinnd technika nachadza v tomto
smere nové zaujimavé uplatnenia. V tomto stru¢nom
prehlade sa zameriam na liecebné metody, ktoré
vyuzivaju tepelné uc¢inky mikrovinnej energie, kedy
je EMP pouzité pre ohrev lieCenej oblasti
biologického tkaniva, alebo pre ohrev urcitého
implantovaného objektu.[1]

2. Biomedicinske aplikacie EMP

Mikrovinnd diatermia

Vyuziva sa pri rehabilitaciach a fyzikalnej
liecbe. Podobne ako pri hypertermii, aj tu je ucinok
zalozeny na principe ohrevu biologického tkaniva,
avSak na teploty nizSie — spravidla len do 41°C.
Vyuziva sa pre lieCbu bolesti priniektorych
reumatickych a degenerativnych chorobach a tiez
pre liecbu chronickych zéanetov resistentych na
antibiotika, kombinovanej liecbe neplodnosti u Zien.

Mikrovinna termokoaguldcia
Ohrev tkaniva je vyssi ako 45°C. Vyuziva
sa vurologii napriklad pri mikrovinnej liecbe
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prostaty, ktora modze nahradit komplikovana
operaciu.
Mikrovinna angioplastika

Je prikladom vyuzitia mikrovinného

zariadenia v kardiologii. Metdd vyuziva katéter
zakonCeny balonikom a doplneny mikrovinnou
anténkou, ktory sa zavedie do Ciastocne alebo uplne
zablokovanej cievy. Teplo ziskané mikrovinnou
energiou  umoziuje  bezpec¢nejSie  odstranit
sklerotické platy usadené na stenach ciev. Tato
metdda je vyuZzivana aj pre liecbu srdcovych arytmii.

Mikrovinny skalpel
Pri niektorych chirurgickych zakrokoch
byva jednym zproblémov strata krvi pacienta.

Konstrukcia  mikrovinného  skalpela  obsahuje
Specidlny rezonator, ktory umoziuje vyziarit
energiu do operovaného tkaniva. V dosledku

absorbcie tejto energie sa povrchova vrstva tkaniva
v reze ohrieva a vznikne tenka chrasta, ktora znizuje
krvacanie a tak aj stratu krvi operovaného pacienta.

Rastice implantaty

V pripadoch ked” st detom voperované
umelé implantaty (nahrady kosti, kibov a pod.), musi
sa operacia jeden alebo viac krat opakovat, aby sa
implantat vymenil vzdy za vics§i ako dieta rastie.
Vdaka $pecialnej konstrukcii tych to implantatov je
mozné dosiahnut’ zmeny rozmerov ohrevom tohoto
implantadtu priamo v tele pacienta. Pacient je tak
uSetreny od zbytoénych operacii. Tato metodika je
zatial’ v §tadiu prvotného vyskumu.

Dalsie moznosti vyuzitia mikrovin v medicine
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Okrem lieCebnych metéd mobze byt
termoterapeutickd  suprava vyuzitd ik d’alSim
lekarskym ti¢elom napr.:

= pre rychlejSie rozmrazovanie biologického
tkaniva po kryogénnych operaciach.

= podpora diagnostiky nadorov

= su skimané moznosti vyuzitia celotelovej
termoterapie pre liecbu AIDS, lebo virus HIV
je vel'mi citlivy na zvySent teplotu

Mikrovinné lekdrske senzory

Rozne typy senzorov na mikrovinnej baze
umoziuju realizovat’ snimace pre vel'mi rdéznorodé
aplikacie. Na principe Dopplerovho efektu mozno
realizovatt mikrovlnné senzory pre meranie
rychlosti, alebo jej zmeny, eventudlne senzory pre
zistovanie pohybu v urlitej oblasti. Iné typy
senzorov umoznuju rychle meranie vlhkosti a pod.

Mikrovinna diagnostika

Spektrum mikrovinnych frekvencii je
perspektivne aj pre lekarsku  mikrovinnu
diagnostiku. Zakladnymi vyuzivanymi metodikami
alebo este rozpracovanymi su tieto:

Magneticka rezonancia

Magneticka rezonancia je dnes jednou
z najvyznamnejSich  lekarskych  diagnostickych
metod.

Mikrovinna tomografia
Nova diagnostickd metoda, ktora sa este
v praxi nevyuziva, ale niektoré svetové laboratoria
pracuju na jej rozvoji.
Jednou z najznamejSich terapeutickych metod je
aj hypertermia. [1], [6]

3. Hypertermia

Hypertermia je lieCebna metdda, pri ktorej
sa umelo vyvold zvysenie teploty v tkanive bez
ohl'adu na vlastnu termoregulaciu organizmu.

Vyuziva sa v terapii zhubnych nadorov
alebo pri zvySeni repopulacnej ucinnosti kostnej
drene, ¢o je mozné vyuzit pri transplantacnej terapii
chor6b z oziarenia. Vplyvom rozdielnych
fyzikalnych vlastnosti nadorovych a zdravych
buniek dochadza k rychlejSiemu ohrevu nadoru a
tym k jeho niCeniu. Zdravé tkanivo je lepsie
prekrvené a chladené prietokom krvi, takze je
chranené.

NajcastejSie pouzivanym teplotnym
rozmedzim je 41 az 45°C, pri ktorom st nadorové
bunky citlivejSie nez normalne. Rozsah pouzivanych
frekvenci je od desiatok MHz do 2450MHz. Volba
frekvencie zavisi od hibky, v ktorej chceme tepelne
pdsobit’ na tkanivo. Ekvivalentna hibka vniku J je
dana nasledujucim vzorcom.
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kde @w=27af. § je vzdialenost, v ktorej sa
amplitida exponencialne tlmenej vnikajicej viny
utlmi na 1/e-ndsobok. Pri nizSich kmitoctoch je
hibka vniku do tkaniva vé&sia. Preto sa pre hlbkovy
ohrev do 8cm pouziva frekvencia 13MHz, do 4cm
120MHz, pre 2-4cm sa pouziva pasmo 433MHz a
pre povrchovy ohrev asi do 1,5cm sa pouZziva 2450
MHz. [5]

Volba frekvencie umoziiuje regulovat
hibku ohrevu. To je velmi ddlezité z toho dovodu,
aby sa neposkodilo zdravé tkanivo pod nadorom.
Najvyhodnejsia je aplikacia elektromagnetického
vinenia vysokofrekvenéného alebo velmi vysokych
frekvencii, ¢i tepelnych ucinkov ultrazvuku.
Vysokofrekven¢né prady nad 100 kHz uz nemaji
drazdivé ani elektrolytické ucinky. Mechanizmus ich
biologického  efektu  spociva premene
absorbovanej energie na teplo.

v

el
. Odumierajuce
rakovinové

bunky

%/ Rozrusené
cievy

Obr.1 Vplyvom hypertermie dochddza k rozruseniu ciev
ktoré vyZivuju nddorové tkanivo a rakovinové bunky
odumieraju.

Vyuziva sa hlavne celotelova alebo regionalna
hypertermia. Pri  celotelovej hypertermii  je
elektromagnetickému  polu  vystaveny  cely
organizmus  (obr.2). Regiondlnou (lokalnou)
hyperthermiou je oziarena len urcitd cast
postihnutého tkaniva.(obr.3)

Obr.2 Celotelova hypertermia
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Obr.3Regionadlna hypertermia

Pri lokalnej termoterapii sa
elektromagneticka energia Siri z aplikatora do
biologického tkaniva prostrednictvom priblizne
rovinnej elektromagnetickej viny, ktora sa v tkanive
tlmi a dochadza tak k zvySovaniu teploty. Vysoké
teploty sposobuju  védcSinou poruSenie tkaniv
denaturaciou proteinov. NiZSie teploty spdsobuju
zmenu citlivosti buniek vzhladom k ionizujicemu
ziareniu, lieckom a k inym prirodzenym obrannym
mechanizmom organizmu, ¢o sa da vyuzit u
kombinovanej liecby. Pri regionélnej hypertermii sa
pouzivaji viacsinou valcové viny. Pre povrchové
aplikdcie je vhodné pouzit' frekvenéné pasmo
2450MHz, tkanivo je ohrievané len do hibky asi 1,5
cm. Pasmo 433 MHz je vhodné pre lokalne
podpovrchové aplikacie do hibky 2 a 4 cm. Hlbkovy
ohrev do hibky 4 a 8 cm umoziuju aplikatory
navrhnuté pre frekvencie 13 a 120 MHz.

Oblast’, ktora ma byt lieCena termoterapiou,
sa Casto nachadza na povrchu telovych dutin alebo
aspon v ich blizkosti. Potom je vyhodné umiestnit
mikrovinny aplikator priamo do tejto telovej dutiny,
aby sme sa vyhli hibkovému alebo regionalnemu
ohrevu, ktory byva komplikovanejsi. Tieto
aplikatory musia mat’ rozmery prisposobené telovej
dutine, aby bolo mozné ich tak umiestnit. Vacsinou
sa pouziva valcovy tvar aplikatora a menej Casto
plochy tvar.

Druhy aplikatorov

Koaxialne intrakavitarne aplikatory

Tieto aplikatory maji vhodny geometricky
tvar, jednoduchy a relativne lacny technologicky
postup vyroby. Koaxiadlne aplikatory byvaji
zpravidla realizované v tvare tzv. polvinnych alebo
Stvrtvinnych dipélov resp. monopélov - z tohto
dovodu st vhodné pre stredné a vysSie frekvencie, tj.
napr. 434 MHz a viac.

Vinovodné aplikatory

Pre liecbu malych i velkych nadorov
uloZenych pri povrchu tkaniva je vyhodné pouzit
aplikatory realizované na principe vlnovodov.
Aplikatory sa realizujii na baze priepustnych alebo
z&drznych vlnovodov. Vinovody moézu byt podla
lieeného tkaniva obdiznikového alebo kruhového
prierezu.
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Obr4. Rozne druhy mikrovinnych aplikatorov

Regiondlne aplikatory

Regionalne aplikatory ohrievaja rozsiahlejsiu
oblast’ T'udského tela. Vhodnou vinou je zbiehava
valcova vlna alebo asponi jej ¢ast. Taka vina sa §iri z
povrchu tela smerom dovnutra. Regionalne
aplikatory maju preto casto tvar kruhového alebo
eliptického valca. [4]

4. Planovanie liecby v hypertermii

Vzhl'adom k nehomogenitdm tkaniv moze
dojst k lokdlnemu prehriatiu, preto je dolezité
pravidelné meranie teploty a dobré naplanovanie
liecby.

Hypertermicka suprava sa skladd z troch
Casti: vykonového radiofrekvencného generatora,
aplikdtora s prepojovacim kablom a systému
merania teplot, v spolupraci s pocitacom.
Radiofrekvenény generator obsahuje magnetron
alebo oscilator s vykonovou elektronkou schopny
dodévat’ niekolko stoviek wattov radiofrekvencnej
energie. Vykon je mozné plynule regulovat’.

Radiofrekvencna energia je z generatora
vedena koaxialnym kablom do aplikétora, ktorym je
anténa vyzarujica do pacienta elmag. vinu.
Permitivita prostredia v aplikatore je taka, aby
nedochadzalo ku zpetnym odrazom do generatora.
Tvar aplikatorov moéze byt roézny podla miesta a
plochy posobenia.

Vel'mi dolezity je systém pre merenie teploty.
Idealny by bol pripad merania teploty v malych
elementoch objemu s moznostou 3D zobrazenia
rozlozenia teplotného pol'a v tkanive v realnom Case.
Metody je mozné rozdelit na invazivne a
neinvazivne.  Invazivne  metddy  vyuzivaji
termistory, termoclanky alebo optické vlakna, ktoré
su pomocou ihly zavedené do tkaniva pacienta.
Neinvazivnymi je mozné merat’ teplotu povrchu
pomocou termokamery alebo pomocou radiometrov.
Radiometre umoziiuju snimat’ teplotu v roznej hibke,
ale meraju integralne cez velka plochu. Signaly z
¢idiel sa digitalizuju a st zpracovavané pocitacom.
V automatickom rezime je vykon generatora
regulovany tak, aby nebola prekro¢ena nastavena
teplota.

Jednym zo softwérov vyvynutych pre
planovanie liecby v hypertermii je HyperPlan. Tento
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program dokaze optimalizovat’ liecebni proceduru
pre kazdého pacienta a aj pre jednotlivé typy
nadorov.

HyperPlan bol vyvynuty na Konrad-Zuse
Institiite univerzitnej nemocnice v Berline. Softwér
bol navrhnuty $pecidlne pre 3D planovanie liecby v
hypertermii pouzitim CT alebo MRI snimkov
pacienta. Pomocou jednotlivych snimkov st potom
definované optimalne podmienky S$pecidlne pre
kazdého pacienta zvlast. Spracované snimky sh
d’alej segmentované do réznych typov tkaniv: kosti,
svalov, tuku a tumoru. Potom sa ur¢i aplikator pre
vyznacenu lieCentl oblast’ a distribucia elektrického
pola je vypocitanda pomocou Maxwellovych
vztahov.

Optimalizovany modul prispdsobi pole danej
oblasti, pre oblast nadoru a pre iné tkaniva. V
systétme je mozné zadefinovat podmienky pre
amplitudu a fazu daného elektromagnetického pola.
Rozlozenie teploty moéze byt tiez definované
pouzitim perfiznych faktorov pre jednotlivé typy
tkaniv.

Jednotlivé kroky planovania lie¢by pomocou
softwéru HyperPlan su zobrazené na obr.5 az 7.

Obr.5 Vytvorenie modelu z CT snimkov a MRI dat

Obr.6 Segmentdcia roznych typov tkaniv a vytvorenie
Stvorstennej mriezky

Obr.7 Generovana SAR distribucia a optimalizacia
teplotnej distribucie. [3]
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5. Zaver

Hypertermia sa nepouziva samostatne, ale
vzdy v kombindcii s dal'Simi metédami
protinadorovej liecby. Kombinuje sa s radioterapiou
(ozarovanie ionizujucim Ziarenim) a chemoterapiou.
St publikované vyrazne pozitivne vysledky napr. pri
aplikacii na liecenie tazkych, az beznadejnych
nadorovych ochoreni doslo u 50 % pacientov k
uzdraveniu, u 30 % k zlepSeniu stavu a v 12 %
nedoslo k zmenam. [2]

K nezaducim G¢inkom tejto lieCby patri len
pocit tepla v mieste aplikicie mikrovin. Iné
neziaduce ucinky zatial’ neboli zistené.
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Abstrakt V prispevku opisujeme senzor pre meranie biologickych objektov ,,Aurograf*, ktory bol navrhnuty a zostrojeny
pre meranie prejavov l'udskej aury. Auru z fyzikalneho hl'adiska charakterizujeme ako priestor s elektrickym nabojom v okoli
biologického, ale aj nebiologického objektu, ktorého prejavy meriame pomocou znamych interakcii elektrického a magnetic-
kého pola. Je to priestor s elektrickym nabojom v okoli l'udského tela, kde pésobenim biopotencialu sa excituji atdbmy okoli-

tého prostredia.

Summary In the contribution is described the sensor for measuring biological objects ,,Auro-Graph*, which was suggested
and designed for measuring the expressions of human’s aura. From the physical point of view the aura is an area with electri-
cal charge in environs the biological and not biological object, which expressions are measured by help of known interactions
electrical and magnetically field. It’s an area with an electrical field in the human’s surrounding, where by the operation of

biopotencial are exciting ambient atoms of surroundings.

1. Uvod

Jednym z prejavov bioenergetického pola su
jeho excitacné a ionizac¢né vlastnosti, ktoré sa me-
nia v zavislosti od ¢innosti biologického objektu. Je
zname, ze pri vydani velkého mnozstva bioenergie
vieme posudzovat’ a merat’ doprovodné efekty ako
je zmena elektrickej vodivosti telies, zmena magne-
tickych vlastnosti, fotochemické reakcie a d’alSie
javy. Uvedené poznatky nas viedli ku konstrukcii
$pecialnej aparatury (Aurografu), ktora umozni
nepriamo merat excitatné a ioniza¢né vlastnosti
aury. V podstate dokazuje pritomnost’ silového
posobenia bioenergie na elektricky nabité Castice.
Uvedend aparatara je dnes v stadiu patentového
konania.

2. Princip metody merania

Metdda vyuziva vybojova trubicu (obr. 1),
v ktorej sa pod vplyvom biopoli meni vybojovy
prad, vyvolany prirodzenymi ioniza¢nymi cinidla-
mi, vhodne modifikovany urychl'ovacim a vychy-
lovacim elektrostatickym pol'om. Uvedenou meto-
dou overujeme excitacné a ionizacné vlastnosti aury
I'udského organizmu pri r6znych podmienkach, pri
pouziti réznych druhov a tvarov materidlov. Expe-
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rimenty ukazuj, Ze zostrojenou trubicou
s vybranou plynovou napliiou pri experimentdlne
uréenom tlaku a napdtiach na elektrodach, tecu
prudy, ktorych velkost’ odraza lokalny biopotencial
aury a tym dava moznost’ mapovat’ auru atak so-
maticky a psychicky stav zdroja aury — pokusny
objekt, v nasom pripade ¢loveka.

Takto ziskané vysledky maju z hladiska psy-
chického vycerpavania obsluhy réznych technic-
kych zariadeni (ovladacie prvky priameho kontaktu
a predmety bezprostredného dotyku obsluhy) mi-
moriadny vyznam. V désledku pozorovaného vply-
vu materidlov (ich ekologickej kvality) na tlmenie
ucinkov bioenergie je potrebné poznat rozny stu-
pent tlmenia v zavislosti od druhu materialu, jeho
tvaru a hrubky.

Pri merani excitaénych a ioniza¢nych vlastnos-
ti vysledky merania ovplyviuje:

- prechod atmosférickej fronty (pri burke v bliz-
kom okoli nebolo mozno meranie vykonavat’),

- velkost a vzajomny pomer napitia na trubici a
vychylovacieho napitia,

- druh plynu vo vybojove;j trubici a jeho tlak,

- skalibrovanie meracej aparatiry pred zahdje-
nim faze merania.

Pri meraniach sa ukazalo, Ze predovSetkym ob-
last’ ruk cloveka [1,2] pri uréitej vzdialenosti od
trubice sposobuje zmenu pridu medzi urychlova-
cimi elektrodami trubice. Pri ur¢itom pomere vy-
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chylovacieho a urychl'ovacieho napétia na trubici je
mozné spol’ahlivo merat’ tieto elektrické parametre.

Postup merania

Cyklus merania ma tri Casti (obr. 2 — graf A, B,
O):

a) Féaza stabilizacie meracieho systému (trva
nickol’ko minut).

Obsahuje proces ustalenia vychodiskovych
hodn6t a nastavenie urovne fyzikalnych parametrov
meracieho systému.

Meraci systém reaguje na pritomnost’ ruky ¢lo-
veka narastom prudu na urychlovacich elektrodach
vybojovej trubice. Dochadza k tzv. prvotnej inter-
akcii, ¢lovek zaujme kl'udova poziciu (stabilizova-
nie miesta cca 1 m od trubice). Dizka ¢asového
intervalu, potrebného pre stabilizaciu meracicho
systému je ovplyvilovana aj spravanim sa testova-
nej osoby.

b) Faza aktivneho pdsobenia (trva 190 s).

LCudi testujeme tak, Ze ruka meranej osoby sa
priblizi k trubici, obomknuc ju prstami bez toho,
aby sa jej dotkla. Prsty a dlai st asi 2-3 cm od
trubice. Prejavy potencidlu u pokusnej osoby sa
meraju ako zmeny pradu v trubici za cas 190 s.
Vyhodnocuje sa rozkolisanost’, stabilita, maximum,
Sirka $piciek, ich vyska a polarita.

Pri merani vzajomnych interakcii osoby a ma-
terialov je postup nasledovny:

- rovinné tvary su pripevnené k systému do Spe-
cialnych tuchytov,

- rurkové tvary s vyrezom na elektrédy, s na-
vle¢ené na vybojovu trubicu.

U materidlov sa posudzuje ich kladny ale-
bo zaporny vplyv na velkost pridu, teda stupei
tlmenia alebo zosilnenia u¢inkov biopoli testova-
nych osob. Niektoré materidly sa neprejavia (spra-
vaju sa neutralne), iné pri svojom vhodnom tvare
zosiliuji G¢inky podsobenia bioenergie a niektoré
ich vyrazne tlmia.

¢/ Faza prechodu z aktivneho podsobenia do
kl'udu (trva 90 s).

Tato faza spociva v preruSeni aktivneho pdso-
benia testovanej osoby. Osoba odtiahne ruku od
trubice, a zaujme povodnu poziciu vo vzdialenosti
asi Im od vybojovej trubice.

Uvedeny cyklus merania sa opakuje v rovna-
kom poradi, pricom sa merali tieto tri rezimy:

- prirodzena teplota rik (merana osoba bezpros-
tredne po prichode na meracie pracovisko za-
ujme tzv. pokojovu poziciu ( faza a/),

- zniZena teplota rik (pokusna osoba si tesne
pred meranim umyva ruky pod studenou teci-
cou vodou 1-2 minuty, potom si ich dosucha
utrie),

- zvysena teplota rik (pokusna osoba si tesne
pred meranim zohrieva ruky nad plamenom
sviecky 1-2 minuty).
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Vysledky merani v uvedenych situaciach sa po-
rovnavaju a vyhodnocuji. DoterajSie skusenosti
z testovania 100 os6b davaju slubné vysledky,
takze sme s kolektivom, vyvijajlicim tito metodu
pristupili k jej patentovaniu (,,Senzor pre meranie
energetickych prejavov biologickych objektov,
materialov a ich vzajomnych interakcii®, PV 1694 -
2000).

3. Aurograf na principe ioniza¢nej ko-
mory

Velkost elektrického naboja na zberovych

elektrédach anasledného prudu vo vonkajSom
obvode zodpoveda intenzite aplikovaného biopola.
Pocas merania je usmerneny tok nosicov elektric-
kého naboja pod ucinkom zberového pola vychy-
Povany ku sklenenym stendm sondy nevelkym
vychylovacim potencialom.
Optimalny pomer signal/Sum sa dosahuje zmenou
pomeru potencidlov U1/U2 , kde Ul je zberovy
potencial a U2 potencial vychylovaci. Rozmery a
konstrukcia senzora umoziiuje mapovanie energe-
tickych pomerov biopol'a v blizkosti testovaného
objektu. Primarnu ionizaciu zabezpecuje prirodzené
pozadie. Nadmerné zvySenie hustoty primarneho
naboja vobjeme senzora negativne ovplyviiuje
namerané vysledky.

vybojova trubica
urychlovacie elektrody
vychylovacie elektrody
meraé pradu

E VST N

Uy — zdroj vychyl'ovacieho napitia
Uy — zdroj urychl'ovacieho napitia

Obr. 1. Senzor pre meranie energetickych prejavov bio-
logickych objektov, materidlov a ich vzajomnych interak-
cil

Fig. 1. The Senzor for measuring energetical statements
of biological objects, materials and their mutual interac-
tions



40

30

20 A

namerana veli¢ine

S

70 4

60 4

50 4

40

30

namerana veli¢ine

20 4

40 1

30

20 A

namerana veli¢ine

International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Graf A: Pokusna osoba N — sucha ruka

faza faza expozicie faza uvolnenia
pripravy
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Graf B: Pokusna osoba N — mokra ruka
faza faza expozicie faza uvolnenia
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Graf C: Pokusna osoba N - ruka po oSetreni svieCkou

faza faza expozicie faza uvolnenia
pripravy
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Obr. 2. Metodika merania aurografom.

Fig. 2. The method of the measuring by aurograph
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Aby aparatura davala dobré vysledky, hodnota
merané¢ho pradu musi prekro€it’ o niekol’ko radov
prud pozadia (kozmické Ziarenie a Ziarenia okolia).

Aparatiira rie$i i zachytavanie i6nov pozadia a
tak Ciastocne eliminuje ich vplyv na vysledky me-
rania. K tomuto ucelu sme vyskusali G¢inky elek-
trostatickych a magnetickych poli. Ako operativnej-
Sie sa prejavilo vychylovanie elektrostatické. Apa-
ratira je v prevedeni stacionarnom a moze byt aj v
mobilnom.

Auru mozu senzibilni jednotlivei priamo pozo-
rovat. Tito l'udia vedia auru vyhodnotit’ z hl'adiska
tvaru, sytosti, farebnosti a rozlozenia so vzdialenos-
tou od povrchu tela. Verifikacia aury, okrem pria-
meho subjektivneho pozorovania sa moze robit
objektivne, napr. pomocou Kirlianovej fotografie
[1,2,3], pripadne meranim druhotnych prejavov
aury, ako je napr. ionizécia, prip. excitacia atdbmov
prostredia v okoli l'udského tela [4,5].

Na zéklade ionizacie pdvodne neutralneho pro-
stredia v okoli ¢loveka mozeme usudzovat’ na po-
tencial v blizkej vzdialenosti od povrchu tela. Podl’a
citlivosti psychického stavu a mentalnych schop-
nosti 'udi mdézeme namerat potencial priblizne
v rozmedzi = 3V [7]. Vysoko senzitivni 'udia maju
tieto hodnoty v oblasti zapornych hodnét potencia-
lov. Vidiet’, Ze u tychto jedincov sa vplyvom biopo-
la v okoli tela vytvara viacsie mnozstvo zapornych
nabojov. U vicsiny l'udi vsak prevlada kladny po-
tencial. Toto nahromadenie naboja, ktorého geo-
metria koreluje srozloZzenim aury cloveka sa da
merat’ i pomocou sekundarnych prejavov a to i
ionizacie prip. Excitacie atomov a molekul plynov
v blizkosti 'udského tela.

Pre zabezpecenie uspeSnej Cinnosti aurografu
bolo potrebné vytvorit' vo vybojke podobné pro-
stredie z hl'adiska objemovej hustoty elektrického
naboja, ako je v prostredi 'udského tela a vytvorit
dostato¢ne dlhu strednt vol'nti drahu molekul.

4. Podmienky merania a technické

predpoklady

Pre merania je mozno vyuzit rézne typy ply-
nov (Cistych a zmesi) a ich koncentracie. Vhodné su
Cisté plyny, kde sa dobre definuji zékladné energe-
tické pomery, ¢o je vyhodné pre vypocty a nastave-
nie meracej aparatury. V aparatre treba vytvorit’
taky stav, aby sme prediZili stredni volna drahu
ionov a prediZili rekombinaént dobu. Celkovy prad
(Sum) sposobeny kozmickym Ziarenim a ziarenim
zeme je o 4 az 5 radov niz$i ako najmensie nami
merané hodnoty pradu, vyvolané pdsobenim biopo-
li ¢loveka.
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5. Vplyv vedomia

Pretoze sa jedna o meranie bioenergie cloveka,
presnejSie povedané ioniza¢nych uc¢inkov aury, su
namerané vysledky zavislé od individuality kazdé-
ho ¢loveka, jeho momentalneho psychického stavu.
Dalej zéavisia od typu osobnosti (introvert, extro-
vert) a od vplyvu vonkajsich podmienok. Vieme, Ze
prirodzené zhromazdovacie a premiestiiovacie
miesta bioenergie si akupunktiurne meridiany, ktoré
prechadzaju l'udskym telom, cely nervovy systém,
koncové body tela (napr. $picky prstov).

Z hladiska najvécsieho vyzarovania jedinca, ¢o
bolo potvrdené v publikaciach [1,2,3], sa ukazuje
ako najvhodnejSie zamerat sa na ruky, kde boli
zmerané najviacsie gradienty teploty a tiez hodnoty
potencialu. Medzi zapéstim a koncami prstov boli u
$pickovych senzibilov namerané teplotné gradienty
10 az 12°C. Skuasobna vzorka l'udi mala priemer
jednotky stupnov. Velky vplyv na vysledky mera-
nia ma i schopnost’ koncentrovat’ sa na dant ¢in-
nost, dizka a ¢etnost’ opakovanych merani.

6. VSeobecné poznatky
Z merania aurografom

vyvodené

Z velkého mnozstva merani réznych os6b sme
dosli k tymto zaverom:

Osoby z hl'adiska bioenergetického vyzarova-
nia sme roztriedili do tychto skupin:

1. A skupina — osoby s maximalnym bioenerge-
tickym vyZarovanim,

2. B skupina — s malym bioenergetickym vyza-
rovanim,

3. C skupina — osoby so zvySenym bioenergetic-
kym vyzarovanim,

4. D skupina — osoby s bioenergetickym vyZaro-
vanim, kde je charakteristicka striedava pola-
rita nameranych hodnot,

5. E skupina — osoby s minimalnym bioenerge-
tickym vyzarovanim, ktoré majii minimalne
hodnoty veli¢in.

Experimenty ukazali, Ze znizené napétie sa pre-
javilo rastom hodnét priadu a doslo k zvySeniu citli-
vosti aparatury. Da sa povedat, Ze za tychto pod-
mienok neplati klasicky Ohmov zakon, Ze sa tu
objavuje oblast, kde so zniZzovanim napétia rastie
prud a teda sa objavi i oblast’ zdporného odporu.

Okrem réznorodosti vzorky osob bola pozor-
nost’ zamerana i na skimanie tvarovych ZziariCov.
Najskor boli skimané rovinné Ziarice, kde sa ukazal
vplyv pouzitého materialu. Bol pouzity diamagne-
ticky material (hlinik), feromagneticky material
(Zelezo) a dielektricky material (plasticka latka).



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Niektoré materidly dobre prepustaju bioener-
giu a niektoré ich vyrazne tlmia. Da sa povedat’, ze
posobia podobne ako Faradayova klietka.

Vysledné hodnoty zavisia okrem typu materia-
lu, tvaru i od jeho hrubky. U plastickych latok
a inych izolantov vel’ka rolu hréd permitivita daného
materialu a tiez Cinitel’ dielektrickych strat tgo.

Pri vSetkych meraniach sa dbalo na to, aby boli
dodrzané rovnaké podmienky merania.

Nami vykonané merania poskytli vysledky,
ktoré zhodne so skusenostami inych pracovisk
[1,2,3,4,5,6] ukazuju zavislost’ pradu aurografu od
stavu meranej osoby v ¢ase merania, ¢i je to rano po
zobudeni, po Gnave, pred spankom. Najvécsie hod-
noty sa namerali doobeda, alebo skorom poobede.

Velky vplyv na merania ma prechod atmosfé-
rickej fronty, kedy v dobe burok st také vykyvy
v hodnotach, Zze toto meranie sa neda akceptovat’.
Vysoké hodnoty pozorované u senzibilov su predo-
vSetkym dané ich vrodenymi vlastnostami a schop-
nost'ou sustredit’ sa a priviest’ sa az do meditativne-
ho stavu vedomia.

Na namerané vysledky maju vplyv i skryté
nemoci, nervozita (nie kazdd meranéd osoba sa vie
sustredit’ a uvol'nit’), izkost,, teplota, telesna konsti-
tucia, pritomnost’ d’al§ich osob a to v pozitivnom aj
negativnom zmysle.

Dalsou skumanou oblastou je zavislost vy-
sledku od poctu opakovani. Pri opakovani s malymi
prestavkami sa ukazuje vyrazny pokles nameranych
hodnot prudu aurografu od bezného priemeru.

U niektorych osdb sa prejavuje i kvaziperio-
dické striedanie maximalnych a minimalnych hod-
not.

Meranie excita¢nych a ioniza¢nych vlastnosti
aury l'udi, t. j. meranie mnozstva elektrického nabo-
ja v okoli l'udského tela ukazuje na vplyv vedomia
¢loveka a jeho psychickej pripravenosti.
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7. Zaver

Uvedeny aurograf ma Siroké priemyselné a
medicinske vyuzitie. Pouziti aparaturu pri d’alSich
experimentoch merani bude potrebné zdokonalit’.
Pojde predovsetkym o d’alSie zvySenie citlivosti a
jej jemnejSej regulacie. Bude sa pokracovat
v dalSom rozsiahlom skumani vic¢Sieho mnozstva
Pudi. Na zaklade statisticky vyhodnotenych vysled-
kov merani sa bude upresiiovat’ vypracovany ma-
tematicky model. Dalsia pozornost’ bude zamerana
na nové typy materidlov a ich kombinacie, tvarové
ziarice, zdravotné preparaty, ktoré budu skimané
v extrémnych podmienkach a to ako zhladiska
vonkajSich Cinitelov, tak i psychickych stavov
¢loveka.
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FOR PROMPT REFUGEE PERSONAL IDENTIFICATION
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Summary This article deals with the concept methodology of the sophisticated biometrical system development and practical
system implementation for reliable biometrical fingerprint identification of refugees (asylum seekers). The solution here de-
scribed presents experimental results of designed system with different parameters and influences to identification reliability
and accuracy for pre-defined functional requirements of biometrical system for prompt and reliable biometrical identification
of migrants.

Abstrakt Prispevok sa venuje koncep&nej metodolédgii vyvoja sofistikovaného biometrického systému a praktickej realizicii
systému pre spolahlivi biometrick identifikaciu uteencov (azylantov) pomocou odtlackov prstov. V prispevku st prezen-
tované experimentalne vysledky merani navrhnutého systému s r6znymi parametrami a vplyvmi na spol’ahlivost’ a presnost’
identifikacie na zaklade vopred definovanych poziadaviek na funkciu biometrického systému na rychlu a spolahlivi biomet-

ricku identifikaciu migrantov.

= An Introduction to Biometric Systems

Vast biometrical authentication systems are
based on development, manufacturing, and integrat-
ing multiple biometric identification technologies
including fingerprint, iris recognition and facial rec-
ognition. Biometrical data applies more than two
decades of global experiences in biometric identifica-
tion to give up trusty and reliable biometric solutions
to address many areas including law enforcement,
government agencies, homeland security, driver’s
licenses, civil identification as well as commercial
products. Trends in identification in Slovak Republic
is to introduce compact identification system for
citizen biometric identification based on biometrical
data applying into national identity cards, passports,
driving license, voter's identity cards, asylum cards,
refugee certificate and several other welfare services.
An advanced biometric identification technology is
currently developed which will be used to upgrade an
authentication system linking refugee camps and
police forces in the Slovak Republic and EU coun-
tries. This advanced biometric identification technol-
ogy will help integrate and enhance the current so-
phisticated Fingerprint Identification System (FIS) of
Slovakia for refugee registration as well as the FIS
used by police forces.

2. Fingerprints for Prompt Personal Iden-
tification

Fingerprints have been used for many centuries
as a means of identifying people [1], [2]. As it is well
known that fingerprints of an individual are unique
and are normally unchanged during the whole life,
the use of fingerprints is considered one of the most
reliable methods of personal verification. This
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method has been widely used in criminal identifica-
tion, access authority verification, financial transfer-
ring confirmation, and many other civilian applica-
tions [3]. In the old days, professional experts did
fingerprint recognition manually. But this task has
become more difficult and time consuming, particu-
larly in the case where a very large number of finger-
prints are involved [4]. During the past decade, sev-
eral automatic fingerprint identification systems have
been made available to meet the demand of new
applications [5], [6].

2.1 Basic Fingerprint Characteristics

A fingerprint is a structural image containing
a large number of ridges that form groups of almost
parallel curves (Fig.1). The structure of ridges in a
fingerprint is fairly complex. It is well known that its
special features such as ridge endings, ridge bifurca-
tion, short ridges, and ridge enclosures can identify a
fingerprint. These ridge features are collectively
called the minutiae of the fingerprint. It is also re-
ported [4], [5] that for automatic detection of a fin-
gerprint, it suffices to focus on two types of minutiae,
namely ridge endings and bifurcation. Minutiae are
friction ridge characteristics, which are used to indi-
vidualize that print. Minutiae occur at points where a
single friction ridge deviates from an uninterrupted
flow. Deviation may take the form of ending, divid-
ing into two or more ridges, or immediate origination
and termination. A full fingerprint normally contains
from 50 to 80 minutiae. A partial fingerprint may
contain fewer than 20 minutiae [4]. For more than
100 years, fingerprint images were classified by the
rules of the Henry System or the American System.
Therefore, FIS configurations, made possible by the
rapid advancements in the field of identification, the
decrease in computer costs, improved system reliabil-
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ity, and a massive amount of EU funding, naturally
have wide support among the EU members. The
design and allocation of vast biometrical identifica-
tion system will provide a dramatic acceleration to
the upgrading of Slovak police forces. Current ser-
vices have allowed police forces to search their local
fingerprints and crime scene marks against their own
databases.

Fig. 1 A fingerprint pattern and the forms of various minu-
tiae of a fingerprint: (a) ridge ending, (b) ridge bifurca-
tion, (c) short ridge, (d) ridge enclosure

3. Experimental Technology of Finger-
print Prompt Personal Authentication

The introduction of sophisticated technologies,
however, virtually eliminated the need for examiners
Identification offices no longer invest enormous sums
in training and certifying tenprint examiners in the
most intricate rules for classifying finger images.
Classes on the importance of these classification
systems are still provided to staff, but their usefulness
in everyday operations is on the decline. Sir Edward
Henry designed the Henry System. While working
for the Indian Civil Service in the late 1800s, he re-
corded the finger images of all criminals, including
all ten fingers, a procedure unique at the time. He
developed a classification system, composed of 1,024
primary classifications that assigned each of the ten
fingers a unique number beginning with the right
thumb as finger 1 to the right little finger as finger
number 5. The left thumb was finger number 6,
through to the left little finger, finger number 10.
Nowadays the stereotypic rolling of an inked finger
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onto a tenprint card has been replaced with digital
capture devices that eliminate ink, eliminate paper
and reduce errors. Concurrent advances of latent
identification have led to the arrest of many criminals
who in the past would never have been identified.
Tenprint applications require an image with detail
sufficient for extracting the image feature characteris-
tics of minutiae, direction of ridge flow, patterns, etc.
Finger images may be categorized as missing, ban-
daged, poor quality, fair quality, or good quality. A
missing finger means that the finger could not be
printed, most probably because it had been ampu-
tated. Unlike missing fingers, bandaged fingers may
appear on some tenprint records of the subject and
not on others. If a person was printed as part of a job
application and one finger was bandaged, it would be
noted on the record. If the same person was finger-
printed later with the bandage removed, the record
would be updated with the image from the previously
bandaged finger. The newly captured image would
become part of the personal image record, resulting
in a complete set of ten rolled images. Following the
direction of the identification FIS coders categorize
fingerprint images as poor, fair, or good quality. The
number of minutiae extracted from a finger image
generally determines these categories. A poor-quality
image may initiate a request to re-roll the subject, if
possible. Any subsequent records of that person
would be checked for improved quality of the im-
ages. Fair-quality images have image detail sufficient
for identification but should be replaced with good-
quality images in the future if possible. Good-quality
images meet or exceed the standard for image qual-
ity. There is clear ridge detail and flow, and a large
number of minutiae.

4. EU Ildentification System for Refugee
Personal Identification

The new system will enable these fingerprints
and marks to be searched against a combined data-
base with millions marks in a few minutes. Estab-
lishment of a Slovak national fingerprint searching
service will enable forces, which already routinely
collect fingerprints from arrested people to run na-
tional searches. National searching can have a con-
siderable impact on crime investigation and detection
in Slovakia. Further developments will include mo-
bile fingerprint checking, facial imaging and video
identification. The Slovak Republic introduced the
standards for identification technology in the police
service and refugee identification enabling the fin-
gerprint office to complete complex national searches
and comparisons. This will enable to continue to
provide the police service with further national and
EU identification services they need to help fight the
modern, sophisticated and mobile criminals and ter-
rorists. Slovak Republic as a EU member is building
FIS compatible with Eurodac (started in 1991 as part
of the Dublin Convention). A method was needed for
members of the soon-to-be-created EU to track who
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was seeking asylum and where, and perhaps more
importantly, to track asylum seekers who applied first
in one country, then in another, and so on. Since the
easiest way to track these individuals is via finger-
prints, a common fingerprint transmission method
had to be developed. By 1998, the Eurodac had
changed to track not only refugees as asylum seekers,
but also others who may have entered a country ille-
gally. This would allow countries to quickly deter-
mine who was legitimately applying for asylum and
who was not. Eurodac (went live on January 15,
2003) is composed of a central unit that has a central-
ized database for comparing fingerprints. Information
can be sent electronically between the member states
and the database. When citizenship is granted, the
information is erased. Illegal migrants already in a
country would have their fingerprints checked against
Eurodac to ensure they do not have a pending asylum
application, but in such cases Eurodac would not
store the fingerprints or any other information regard-
ing the illegal migrant. Countries within the EU must
make sure that fingerprints are lawfully obtained.
Eurodac shares this responsibility, along with protect-
ing the privacy rights of both the individuals finger-
printed and the member states.

5. Design of FIS for prompt refugee iden-
tification in Slovakia

A modular architecture [6] allows establishing pow-
erful refugee identification system to be adapted to
all kinds of national and EU organisations (Fig.2).

Main Station

| | Extended Station 1
Action 1

| | Extended Station 2
Action 2

| | Extended Station X
Action X

Databases
RAID

Fig. 2 Modular configuration of sophisticated FIS

The FIS systems work because of the interaction
of information systems, identification systems and
subsystems, communication linkages, random array
of independent drives (RAID), etc. Examples of these
databases include the tenprint database, which con-
tains information on two fingers; the latent cognizant
database, which contains information on all ten fin-
gers; and the unsolved latent database, which is the
repository for latent print images not identified on
FIS. They also work because of the infusion of mil-
lions euro in EU funds focused on biometric identifi-
cation.
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Fig. 3 Fingerprint nail-to-nail pattern scanning (optical
Sagem Morpho sensor)

Identification system is built on most-advanced
optical fingerprint CCD sensor for fingerprint acqui-
sition to achieve highest fingerprint-identification of
refugees in camps (Fig.3). FIS for prompt refugee
identification is configured, as a time attendance
system with specification of refugee is clocking-in or
clocking-out. By using fingerprint to determine iden-
tity, “buddy-punching” problem is totally eliminated.
FIS allows easy information retrieval sorted by many
parameters (time, period, etc.), provides transaction
and attendance records can not be altered, stolen and
duplicated, migrants data is automatically shared
among devices in vast identification system (network
environment with personal hierarchy of access),
generates desired reports, time sheets, information
spreadsheets for further data manipulation, etc. De-
signed FIS for refugee identification that operates on
24 hours a day, 7 days a week schedule cannot shut
down for maintenance for an extended period of
time. While EU standards require a minimum of 500
ppi (pixels per inch) for image capture, in refugee
FIS these images are captured at higher resolutions
(1,000 ppi). Although these higher resolution images
require four times as much storage and bandwidth for
transmission, they provide much better clarity and
ridge detail. The higher resolution, the more informa-
tion is captured in the images. The quality of the
images also has a tremendous effect on the likelihood
of making a latent print identification on the subject
at a later time. Sophisticated biometric identification
technologies also bring new opportunities for skilled
computer programmers, managers, and program and
policy analysts. The move from paper to computers
also requires a different set of skills [6]. The key to
the success of refugee FIS is the initial impression.
A good nail-to-nail roll (Fig.3) can contain over 100
minutiae points. The Intranet connects the FIS to
various input and output devices at separate refugee
camps, an input device and to the computerized
criminal history file. The camp inquiring agency
sends the resulting electronic images to the identifi-
cation central office, where they are electronically
mated with the personal biographical information,
which was sent through the online booking system. If



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

the image does not meet standard criteria, the central
office notifies the investigate agency and requests
resubmission or re-rolls. The key role of coders is to
identify features from finger images such as minu-
tiae. Incorrect feature marking can lead to false nega-
tives, where a print is improperly matched. The early
applications of FIS technology were limited to the
area of forensics. Identifications that took days or
weeks could now be finished in minutes.

6. Experimental Evaluation of designed
FIS

Main problem of refugee biometric system de-
velopment is: “How to identify refugee in short time
and lowest effort of stuff.” There are old type meth-
ods like identification cards, but they can be lost or
damaged. They also are not totally reliable. The new
identification methods are biometrical like finger-
prints and iris scans. They are reliable, accurate and
fast. Because there is also economical factor, the
solution of FIS for this problem was fingerprint ac-
quisition and recognition.

Index of symbols for purpose of this paper
FP — Fingerprint

I[P — Internet Protocol

MA — Sagem Morpho Access

MSO100 — Sagem MSO100 device

NA —not available — bad quality finger

NR — not recognized

OK — recognized

UDP — User Datagram Protocol

Design characteristics
Design of FIS for prompt refugee identification
using fingerprint technology is based on modular
architecture (Fig.2):
e  Main station
0 Fingerprint acquisition
o0 Fingerprint management
0 User (refugee) management
0 Extended stations management
0  Other (like reports, etc.)
e Extended stations
0 Computer and extended device
0 Fingerprint acquisition/recognition
0 Displaying results

Main station characteristics

Main station is a computer connected to Intranet.
It is also connected to database server, where are
fingerprints and refugee data stored. Main station has
MSO100 device connected through USB. MSO100 is
used to acquire fingerprint (Fig.4). The fingerprint is
in next step saved to database. The fingerprint can be
re-acquired if needed. User/refugee management is
also done here; also report generation is here avail-
able. The final task here is to download fingerprints
to extended stations. They have internal memory
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where fingerprints are stored. Main station is config-
ured, which are the IP addresses of Extended stations
(MA devices).

Extended stations characteristics

Extended station consists from computer and as-
signed MA device. This MA device has internal FP
memory. This device acquires and recognizes finger-
prints. Recognition is based on internal memory
stored fingerprints, so the process is very fast. As-
signed MA device is configured to send UDP packed
with refugee data (ID) when the refugee is recog-
nized. Then the verification of action is executed.
When error occurred the message is displayed and
the action is refused. Otherwise the action is recorded
and message and user data are displayed.

Fig. 4 Biometrics fingerprint control hardware - identifica-
tion device (MA) and dongle (below)

The action can have different validations:

e Once aday

e Once a month

e Depending on previous actions

e No validation

The solution is designed as scalable so next “ac-
tions” can be added easily. Only configuration of
Main station has to be changed and next Extended
station has to be added, connected and configured
(computer and assigned MA).

Experimental tests of FIS

The solution of FIS also requires some tests. In
normal conditions, this solution recognizes finger-
prints every time without problems. But we tested
this solution in special conditions:

a) Different fingers

b) Clammy hands

¢) Wet hands (with lot of water)
d) Dirty hands

e) 30°rake angle
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f) 30°roll angle
g) 60° roll angle
h) 90° roll angle
i)  One-year-old child
j)  Four-year-old child

All text except a), i) and j) were tested with 10
persons, i) and j) were tested on two children, one
and four years old. Different fingers were tested on
one man. All tests were repeated ten times (Fig.5).

a) Different fingers

We marked fingers 1 to 10 from left little finger as 1
through left thumb as 5, right thumb as 6 to right
little finger as 10.

b) Clammy hands

Next test was executed with clammy hands. Tested
finger was thumb. The results of test showed that the
device had problems reading clammy hands some-
times, depending on strength of structures on fingers.

Tab. 1 Experimental data: different fingers (left),
clammy hands (right)

Person | OK | NR | NA Person | OK | NR | NA
1 0 |0 |10 1 5 |4 1
2 0 |0 |10 2 5 3 2
3 0 |0 |10 3 6 |4 0
4 0 |0 |10 4 7 |3 0
5 0 |0 |10 5 5 |4 1
6 0 |0 |10 6 5 |2 3
7 0 |0 |10 7 4 10 0
8 0 |0 |10 8 5 1 4
9 0 |0 |10 9 7 1 2
10 0 |0 |10 10 4 10 6

As we can see in the tables, all fingers except lit-
tle fingers are suitable. Problem with a little finger is
small surface connected to reading device. Long
experiences showed that the best results are with
thumbs.

Tab. 2 Experimental data: wet hands (left), dirty
hands (right)

Finger | OK | NR | NA Person | OK |[NR |NA
1 7 10 |3 1 6 |3 1
2 10 |0 |O 2 4 |3 1
3 10 {0 |0 3 & |2 0
4 10 |0 |O 4 7 |1 2
5 10 {0 |0 5 8 |1 1
6 10 {0 |0 6 8 |2 0
7 10 {0 |0 7 7 |1 2
8 10 {0 |0 8 4 |3 1
9 10 {0 |0 9 5 |1 4
10 8 10 |2 10 7 |1 2
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Fig. 6 Experimental verification of FIS — one year child

¢) Wet hands

Next test was executed with wet hands. Tested finger
was thumb. As the result of test shows, the device has
problems with wet hands. This can be problem, if the
device is located outside and it’s raining there.

d) Dirty hands

Next test was executed with soiled hands. Tested
finger was thumb. As the result of test shows, the
device had problems with wet hands. This can be
problem, if the device is located outside and it’s rain-
ing there.

e) 30° rank angle

Next test was executed with 30° rank angle. Tested
finger was thumb. 30° rank angle makes sometime
problems, but the results showed that the device
could read and recognize fingerprints also with con-
ditions far from optimal.

f) 30° roll angle

Next test was executed with roll angle of 30°. Tested
finger was thumb. There are no problems reading 30°
roll angle fingerprints and also their recognition.
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Tab. 3 Experimental data: 30° rank angle (left), 30°
roll angle (right)

derstands how to put a finger on the reading device.
But there is still problem with reading and recogni-
tion of fingerprints of small children. They fingers
are too thin and also the surface of their finger is also
very small (Fig.6).

Tab. 5 Experimental data: one-year-old child (left),
four-year-old child (right)

Person | OK |NR|NA | |Person [OK |[NR |NA

1 0 [3 |7 1 10

Person | OK | NR | NA Person |OK |NR |[NA
1 8 1 1 1 10 0 0
2 7 13 |0 2 10 0 0
3 9 |0 |1 3 10 0 0
4 10 |0 |O 4 10 0 0
5 7 |2 1 5 10 0 0
6 8 [2 |0 6 10 0 0
7 9 1 |0 7 10 0 0
8 10 |0 |O 8 10 0 0
9 7 |2 1 9 10 0 0
10 8 (2 |0 10 10 0 0

g) 60° roll angle

Next test was executed with 60° roll angle. Tested
finger was thumb. There are no problems reading 60°
roll angle fingerprints and also their recognition.

h) 90° roll angle

Next test was executed with 90° roll angle. Tested
finger was thumb. As it is clear from table above, 90°
roll angle is too much for fingerprint recognition, but
reading is, as supposed, without any problems. The
results of tests with 30°, 60° and 90° roll angle
showed, that the “breakpoint” is somewhere between
60° and 90° roll angle. The angle in which the finger
can be placed is about 120°.

Tab. 4 Experimental data: 60° roll angle (left), 90°
roll angle (right)

Person | OK | NR | NA Person | OK | NR | NA
1 10 |0 |O 1 0 (10 |0
2 10 |0 |O 2 0 (10 |0
3 10 |0 |O 3 0 (10 |0
4 10 |0 |O 4 0 (10 |0
5 10 |0 |O 5 0 (10 |0
6 10 |0 |O 6 0 (10 |0
7 10 |0 |O 7 0 (10 |0
8 10 |0 |O 8 0 (10 |0
9 10 |0 |O 9 0 (10 |0
10 10 |0 |O 10 0 [10 |0

i) One-year-old child

Next test was executed with one-year-old child
Tested finger was thumb. As the result of test shows,
the device had problems with small fingers. Also
there are problems with children, especially small,
because they are moving their fingers a lot.

j) Four-year-old child

Next test was executed with four-year-old child
Tested finger was thumb. The problem with moving
fingers is not here, because four-year-old child un-
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7. Conclusions

We have presented new designed refugee fingerprint
identification system (FIS) in Slovakia that uses the
method of digital scanning and computing validating
procedure to detect fingerprint minutiac and that
employs the sophisticated technologies to match sets
of minutiae in order to identify a personal fingerprint.
This system is connected to an optical fingerprint
scanner that obtains a refugee fingerprint directly and
sends it to the system for identification. The experi-
mental results show that the designed system is
highly effective with relatively clean fingerprints.
The solution here described was tested in many con-
ditions. The methods used in these systems are still
far from complete satisfaction, however, due to inac-
curate extraction of fingerprint characteristics and
ineffective pattern matching procedures, which are
the two major tasks of fingerprint identification.
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Summary This article deals with the concept design methodology of development and production chain of the sophisticated
biomedical system for dental product development for varied standards, configurations and elements complexity. This paper
presents sophisticated tools of modelling, data creation, optimization and quick product preparing based on virtual reality and
rapid prototyping technologies. This article presents experimental dental medicine products based on rapid and reliable model

production and prototypes using sophisticated biomedical system.

Abstrakt Prispevok sa venuje koncepénej metodolégii navrhu a realizacii vyvojového refazca sofistikovaného
biomedicinskeho systému a vyvoju produktov pre stomatologické aplikacie pre variantné Standardy, konfiguracie a
komplexnost’ prvkov. Prezentuje sofistikované nastroje na modelovanie, transformaciu dat, optimalizaciu a rychlu vyrobu
produktu na baze technologii virtualneho konstruovania (Virtual Reality Design) a rychlej vyroby prototypov (Rapid
Prototyping). V prispevku st prezentované experimentalne vysledky vyvoja stomatologickych produktov na baze rychlej a
spol'ahlivej vyroby modelov a prototypov z navrhnutého sofistikovaného technologického systému.

1. Introduction to Rapid Prototyping

Introducing new products at ever increasing rates
is crucial for remaining successful in a competitive
global economy; decreasing product development
cycle times and increasing product complexity
require new ways to realize innovative ideas. In
response to these challenges to new products and to
broaden the numbers of product alternatives new
development technologies have been invented.
Examples of these technologies include feature based
design, design for manufacturability analysis,
simulation, computational prototyping, and virtual
and physical prototyping. Most prosthodontists agree
that acquiring physical model quick is critical in
exploring novel design concepts. The sooner
experiment with new products brings the faster
inspiration for further design changes. During the last
decade there have been developed anew physical
rapid  prototyping  concepts called layered
manufacturing. A little more than a decade ago, the
art of building 3D objects by layers was significantly
advanced. Availability of 3D computer models was
crucial to realizing the concept of layered object
creation, but other technologies such as affordable
laser systems, photo curable materials, and powerful
personal computers helped to disseminate the
technology of stereo lithography. This technology
today is capable of producing highly complex 3D
geometries with little or no human intervention.
Included are systems that build layered objects by
lamination of sheet materials and by layered fusion or
binding of powder articles, or extruded wires. These
processes have added a range of new materials that
go beyond those of thermo curable and photo curable
polymers as used in fused deposition modelling and

149

stereo lithography. Today the key benefits of layered
manufacturing are mostly derived from its ability to
rapidly create physical models regardless of shape
complexity. Also, models built with the help of
layered manufacturing processes are valuable during
the process of establishing tools for casting and
moulding.

2.  Sophisticated  Technologies  in
Biomedical Systems
Rapid prototyping as the one of latest

sophisticated technology is having an impact in
several areas related to health care. Surgical planning
and the fabrication of prostheses have received the
greatest prominence, in part due to the dramatic
nature of the application. RP systems are the key to
developing new modalities in other areas of use, such
as specialized drug delivery carriers. Surgical
applications represent the majority of the activities,
although there are other applications being pursued.
The medical modelling programs have concentrated
on the application of RP models for diagnostics and
surgical planning. Their major effort has been in the
development of models for patient-unique structures
as opposed to “standard” replacements, where a
limited set of variations will satisfy all customers.
There has been a major focus on dental implants. The
goal of rapid prototyping (RP) is to be able to quickly
fabricate complex-shaped, three dimensional parts
directly from CAD models.

2.1 Basic Principles of RP Data Creation
The first step in the overall RP process is the
creation of geometric data, either as a 3D solid using
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a CAD workstation, or as 2D slices using a scanning
device. In either case, the data must represent a valid
geometric model; namely, one whose boundary
surfaces enclose a finite volume, contains no holes
exposing the interior, and do not fold back on
themselves. In other words, the object must have an
“inside.” Non manifold conditions such as zero-
thickness dangling surfaces or more than two
surfaces meeting along a common edge, among
others, are not allowed [1], [2]. Even thin shells have
finite volumes. The model is valid if for each point in
3D space the computer can determine uniquely
whether that point lies inside, on, or outside the
boundary surface of the model, and if the region
around the point (neighbourhood) is “well behaved.”
This fundamental property makes possible the
automatic geometric manipulation operations that
give SFF its appeal as an automated process. For
reasons of competitiveness, targeted markets, and
performance, CAD systems utilize a variety of
geometric mathematical forms and data formats. SFF
machine vendors accommodate this variety by
requiring that all external input geometric models be
expressed in a neutral format. CAD vendors are
responsible for providing CAD post-processors that
translate their internal CAD representations to this
common format. [3]. Model 3D scanning is one of
first step of technology chain (Fig. 1).

Real 3D Object
(Partial Denture)
Standard Production

Material Properties
(ABS) H
Processing Parameters

3D Scanner
H (VIVID 900)

CAD
H (Pro/Engineer)
Virtual Model

SFF Technology
I Rapid Prototyping Machine
FDM Stratasys Dimension

Real 3D Object
'« Final Curing/Cleaning

l—l—\

Actual Physical Part Virtual 3D Model
(Partial Denture) (Partial Denture)

Fig. 1 Modular system of sophisticated technologies for
dental medicine

The major advances in technology have been
made in the software that interprets the 3D scan data
and generates the files needed to build the models by
fused deposition modelling; the development of a
colour representation of virtual model and
transformation the data to fused deposition modelling
that permits marking the patient’s identification into
the virtual model and designating the regions of
interest; and a survey quantifying the impact of the
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model when compared with traditional images (Fig.
2).
2.2 Model Validity and Repair

To be more precise, CAD post-processors
actually approximate the vendors’ internal CAD
geometric forms (e.g., B-splines) with a simplified
mathematical form (triangles), which in turn is
expressed in a specified data format: STL.
Unfortunately, this approximating operation, if not
done precisely, sometimes introduces undesirable
geometric anomalies, such as holes or overlapping
portions in the boundary surface. Consequently, most
SFF machines have software to check the input
model to ensure it is a valid solid, that is, it is a well-
behaved, closed, and bounded model with a finite
interior.

Fig. 2 Real model of partial denture for 3D scanning

Fig. 3 Virtual 3D model of partial denture

If this is not the case, then capabilities are
needed to repair the model. Given a valid model, a
series of geometric operations must be performed on
the model (model preparation) to ensure that the
physical part will meet the input specifications. For
example, the model needs to be oriented and scaled
for the SFF machine workspace. The orientation
depends on factors relating to surface quality, build
time, support structures, downstream processing
characteristics (shrinkage, curling, distortion), and
part tolerance, among others. The nesting of many
parts in a single build chamber and the building of
assemblies concurrently are also considerations. [4].
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2. 3 Technology of Solid Freeform Fabrication
Solid freeform fabrication (SFF) has gained
popularity worldwide. The key idea of this new rapid
prototyping technology is based on decomposition of
3-D computer models into thin cross sectional layers,
followed by physically forming the layers and
stacking them up “layer by layer.” Current SFF
systems are based upon a layered manufacturing
paradigm. In this method, a solid 3D CAD model of
the object is first decomposed into cross-sectional
layer representations in the process planner. The
planner then generates trajectories for guiding
material additive processes to physically build up
these layers in an automated fabrication machine to
form the object. Sacrificial supporting layers are also
simultaneously built up to fixture the object. One
approach for accomplishing this is to use solid
freeform  fabrication (SFF) processes. SFF
methodologies have the following attributes:
a. they can build arbitrarily complex 3D
geometries,
b. the process planning is automatic, based on a
CAD model,
c. they use a generic fabrication machine (do not
require specific tooling,
d. they require minimal or no human operation.

The RP system, as shown in Fig.l , extends
beyond the solid freeform (SFF) machine itself and
includes machine pre-operations, such as the
preparation of geometry data, and machine post-
operations, such as curing, support removal, and
cleaning [5].

3. Technology of Data Representation and
Model Preparation

The simplest scheme for a data format is to
represent the solid as a sequence of surfaces. A
surface is represented as a sequence of triangle
elements, with no regard to order or topology. A
triangle element is represented as a sequence of its
three vertices and its outward (from the surface)-
pointing normal vector, defined according to the right
hand rule by the order of the vertex sequence. This
representation, along with its data types, delimiters,
and other file information is called the STL format (it
is the de facto standard for transferring solid
geometric models to SFF machines). Model
preparation begins with validation of the input model
to ensure it is a solid; if it is not, it must be repaired.
(Models are corrupted either by designer
misunderstandings or inadequate CAD  post-
processing, as described below.) The valid model is
then scaled and oriented with respect to the build
chamber, taking into account build direction, build
time, surface quality, and potential distortion. Many
models may either be merged into a one-build
assembly or nested for efficient utilization of the
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machine and material. The models may need to be
compensated to account for downstream shrinkage or
deformation. Finally, the supporting structures for
overhanging part geometry as well as internal
supports are added, if the process requires them. Such
structures are often generated automatically in a
separate file that is merged with the model file prior
to slicing. The generation of control signals starts
with slicing the model and then scanning each slice
into lines to determine the peripheral contour
boundary needed to control the solidification process.
Model preparation consists of three steps:

a. validation and repair,

b. compensation,

c. support structure generation.

The use of plastics in the rapid prototyping
industry is, broadly speaking, broken into two
categories: reactive polymer systems such as the
photopolymers used in FDM and stereolithography
equipment, and nonreactivepolymers used, for
example, in the sinter-based systems. Research and
development in these areas have been equally
effective in moving the materials closer to the
property performances of engineering plastics [6].

Fig. 4 Real 3D model of partial denture produced by SFF
machine using FDM technology and ABS material

4000 |
& 3000 PS o 6100
= .
9 2000 ABS o 5190
3 ® 5201
2 1000 J o
= SLR-800

0 T T 1

0 20 40 60

Strength (MPa}

Fig.5 Characteristics of ABS (modulus vs. strength)
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4. Technology Chain for Dental Product
Development

To address this paper, we are developing a new
solid freeform fabrication method for artificial teeth
and partial dentures by which products can be
incrementally built up from relatively thin,
prefabricated cross-sectional layers (approx. 1 mm
thick). These layers are stacked up to form 3-D
structures. With this assembly approach, each
prefabricated section can first be virtually tested
before final assembling. Several types of artificial
teethes, connectors are being investigated including
miniature screws, locknuts and tenons.

Actually there are effective processes used in
dental medicine for prothesis and partial dentures:

a. Reverse Engineering,

b. Software Tools

c. Rapid prototyping.

Technology of reverse enginereing for purpose of
this paper was based on using of many effective
sophisticated biometrical systems. Scannig process
was executed with contactless digital 3D scanner
(Minolta VIVID 900). The creation of geometric data
was prepared on CAD design technology
(Pro/Engineer software) to virtual sophisticated
model (Fig.3). On the base of virtual model there has
been produced real model using SFF procedure.
Sophisticated biomerical system consists of RP
machine (Stratasys Dimension) on FDM technology
using ABS material (Tab.1). FDM offers functional
partial denture prototype with ABS or other materials

(Fig.5).

Tab.1 Modulus and Strength  Values of

Photopolymers
Material Strength Modulus
[MPa] [MPa]

PS (Polystyrene) 50 3000
ABS 40 2000

SR 5190 56 2200
SLR-800 46 960
SOMOS 6100 54 2690
ASE 5201 48 1380

These thermoplastics are extruded as a semi-
molten filament, which is deposited on a layer-by-
layer basis to construct dental prototypes directly
from 3D CAD data. The technology is commonly
applied to form, fit and functionality analysis and
concept visualisation. In addition, FDM can be
applied to pattern generation and rapid
manufacturing. FDM  technology in  dental
application is driven by the CAD system for the
purpose of interrogating and validating design
concepts early in the process. With such an
application, FDM is used as a concept-modelling tool
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that delivers clear communication of increasingly
sophisticated and complex designs. While FDM may
not offer the speed expected from a concept modeller,
it offers a combination of benefits that make it a good
choice for biomedical concept modelling and
visualisation applications. These strengths include
accuracy, material properties, colour and the
elimination of manual part finishing. The whole
development and production process of partial
denture (Fig.4) takes time approximately 4 hours.
The steps for implementing a complete CAD/CAM
assembly system are described in more detailed steps:
Data collection: 3D scanning/CT/MR imaging is
performed preoperatively, and a 3D CAD
sophisticated virtual model is produced.

Finite Element Analysis: Mathematical analysis of
virtual model mechanical stress, thermal and other
parameters.

Computer-aided dental planning: CAD is used to
simulate the defect that will result from the surgery,
then a 3D CAD model of the synthetic material
needed to repair the defect is created.

Model decomposition: The CAD model of the
synthetic ~ material is  “sliced” into layer
representations (i.e., planar cross-sections, each with
an associated uniform thickness). Each layer is
approximately 1mm or less in thickness.

Trajectory planning: The cutting trajectories (i.e.,
set of X-Y coordinates, which will be used by a SFF
machine for forming each layer, are generated for
each cross-section.

Fused Deposition Modelling: The deposittion of
continuous filament of a thermoplastic polymer (or
wax) through a resistively heated nozzle

Assembly: The sub products are assembled into a 3D
structure.  Multiple layers may be joined
simultaneously with screws or nuts.

Implantation:  The assembled prosthesis is
implanted into the patient. This assembly approach is
general;  various  materials  with  different
microstructures and types could be used in different
sections.

5. Medical CT System in RP and CAD
Technology of Design Module Chain

New mode of X-ray imaging was developed
based upon tomographic scanning (computerized
tomography, or CT). This modality differs from
traditional X-ray. Images are collected along one
plane of the object at a time. These images are taken
from a variety of angles. The plane of interrogation is
then shifted and the process repeated. The
information collected for each plane is numerically
analyzed to derive the spatial distribution of the X-
ray densities within the plane. The information from
each plane can then be put together to provide a
volumetric image of the structure. Standard CT
scanners achieve a resolution of 512 x 512 elements
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within a layer (1,024 x 1,024 capability is now
available in more advanced systems). The
numerically reconstructed X-ray density spatial
distribution from each “slice” is then printed on X-
ray film so that the data presented to the radiologist
and/or surgeon is in traditional format. At about the
same time as CT was demonstrated, application of
nuclear magnetic resonance (NMR) as an
interrogation probe was also demonstrated [3]. The
name evolved over the years to magnetic resonance
interferometry (MRI) and then finally to MR
scanning.

CT Scan Data
MR Scan Data
Standard Medical Imagining

3D Medical Image Processing
(MIMICS)
Virtual Model

Suport Structure
(Perforated Structures)

Model Presentation
(Layers to RP Machine)

Medical CAD SFF Technology
Virtual 3D Model Rapid Prototyping Machine
(Presentation, Education) Real 3D Product

Fig. 6 Modular Medical CT System for RP and CAD
Technology of Design

The system can be tuned to other nuclear species,
so long as the nucleus has a magnetic moment. As a
result of the diagnostician’s familiarity with
interpreting CT scan data, MR scan data is also
computed and presented in a layer-by-layer format.
These two systems, CT and MR, present the finest
resolution capability available in diagnostic systems,
achieving volumetric resolutions of about 2 mm in
each direction. More recently, spiral-scan CT has
been developed. The information from CT scanner
systems provides a host of potential medical
applications (Fig.6). The CT-Modeller package
provides a complete interface from a CT medical
scanner to CAD systems or RP machines, as shown
in Fig. 6 (MIMICS is the medical front end of the
package, in which segmentation of structures is done
using 3D selection and editing tools). A 3D colour
image is generated from slice data. Perforated
supports structures build much faster and consume
much less material. Model presentation interpolates
slice data across layers and interfaces directly to RP
machines. It can handle high-order interpolation
algorithms. Medical CAD software takes the medical
scan data and creates surface files that are directly
usable for the design of custom prostheses in CAD
systems.
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Fig. 7 Virtual 3D model based on CT data

Detailed information can be electronically shared
among practitioners, thus permitting distributed
consultation. This form of telemedicine is providing
expert assistance in distant education. Another
application gaining widespread use is the creation of
virtual images of the constituents mapped in the
images. Full 3D geometry can be assembled from the
data (Fig.7). These images can then be formed into
stereoscopic  presentations viewed from the
perspective of a designated platform. These same
images, in a static format, can be presented to
surgeons during operations displays, to guide them as
a computer-assisted surgery (CAS). The images are
oriented by the use of registration signs, located on
the patient and visible in the image, and a tracker
determining the surgeon’s location and view angle
relative to the patient. In addition, this layer data
format presents a ready path to control current RP
machine, which also function on a layer-by-layer
basis. This potential transformation was recognized
early in RP development, and accurate dental RP
model were fabricated (Fig.8). This physical
realization of CT data has been termed “real
virtuality.” These technologies may be able to
significantly impact the cost of medical care. The
focus in research is on telemedicine and CAS. It is
thought that these technologies will have a significant
monetary impact. The wuse of telemedicine is
especially important in e-Learning, due to the large
physical size of the EU and the difficulty of
providing highly trained physicians and surgeons at
remote sites. Telemedicine is still receiving attention,
in part due to the application of the same
technologies to electronic archiving of patient files.
CAS and the application of RP models are under
strong in applying RP models for surgical planning.
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Fig. 8 Real 3D model based on CT data produced by RP
machine

CAS and RP are viewed as complementary, and
the RP models offer the advantage of providing
stereo tactic feedback to the surgeon. Also, the RP
models provide a medium for biomedimedical
education and practice.

Index of symbols for purpose of this paper
ABS Representative Material

CAD Computer-Assisted Design

CAS Computer-Assisted Surgery

CT Computer Tomography

FDM Fused Deposition Modelling

FEA Finite Element Analysis

MRI Magnetic Resonance Interferometry

STEP Standard for the exchange of product model
data

STL Stereolithography Text Language (computer
model file format that is rendered in triangular
facets)

SDM Shape Deposition Manufacturing

SFF Solid Freeform Fabrication

6. Conclusions

The use of RP models for surgical planning is
making rapid in Slovakia. Initial results indicate that
RP models can provide unique capabilities in dental
applications. Research program presented in this
paper is principally focused on complex sophisticated
methodology, where:

a. a dental accurate model can significantly
impact diagnostics, planning, patient
counselling, and performance of the
procedure,

b. RP models are used where the procedure

requires detailed knowledge of the patient’s
unique anatomical characteristics,
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c. programs in medical application of
sophisticated  technologies in  dental
development chain are focused on

improving the accuracy of the data analysis
of the images produced by 3D digital
scanning (3D, CT, MR).

Presented research program to quantify the
benefit of using RP models should provide the
concrete statistics needed to present to medical
companies to justify their consideration of this
procedure. Other medical applications for RP are
emerging, and their impact will grow. The future
medical research based on sophisticated technologies
is oriented to rapid prototyping bio generator in
special medical technology - tissue engineering -
oriented to development and manipulation of
laboratory-grown molecules, cells, tissues and organs
to replace or support the function of defective or
injured body parts.
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NORMATIVNE DATABAZY CHODZE V PRAXI
NORMATIVE GAIT DATABASES IN PRAXIS

J. Majernik, D. Simsik

Technicka univerzita v Kosiciach, Strojnicka fakulta, Katedra pristrojového a biomedicinskeho inZinierstva,
Letna 9, 042 00 Kosice, Slovakia

Summary The gait analysis history brought a lot of methods and methodologies. It became a standard to collect data and
create databases of human gait characteristics. One of the reasons is to derive standard deviations to be able compare
patients’ data. The most laboratories create their own databases to ensure objectivity in evaluation of pathological gait cases.
Acquired normative data of lower limb anatomical joint angles were compared with normative data of three different world
laboratories in this study. Methods of statistical characteristics testing were used for their comparison. The results of these
tests showed considerable differences at the significance level 0=0.05. It is evident, that there is still no standard database to
compare gait data acquired in different laboratories. The trends are to establish standard roles for data acquisition to ensure
objective assessment of patients’ gait.

Abstrakt V priebehu histérie vyvoja metdd analyzy chddze sa stalo $tandardom zbierat’ data a vytvarat databazy
charakteristik I'udskej chodze. Jednym z dévodov je aj odvodenie Standardnych odchylok s ktorymi st porovnavané data
pacientov. Vacsina laboratérii vytvara vlastné databazy tak, aby bola zarucena objektivnost’ pri porovnavani patologickych
pripadov. Ziskané normativne data uhlov anatomickych kibov dolnej kongatiny boli v tejto §tadii porovnané pomocou metéd
testovania Statistickych charakteristik s normativnymi datami troch svetovych laboratorii. Vysledky testovania vykazali na
hladine vyznamnosti a=0,05 znacné rozdiely. Z vykonanych testov vyplyva, ze zatial neexistuje Standardna databaza
pomocou ktorej by bolo mozné porovnavat’ data ziskané v roznych laboratériach. Trendy smeruju k vytvoreniu pravidiel pre
odvodenie dat tak, aby bolo zarucené objektivne vyhodnocovanie chddze pacientov.

1. Uvod preto bolo cielom tejto Stadie porovnat dostupné
databazy aurcit do akej miery sa zhoduju, resp.

Zakladnym prejavom Zivota kazdej bytosti je jej nezhoduju. Priklad normativnej databazy uhlov

pohyb. Pohyb prebicha podla fyzikalnych zakonov anatomickych klbov dolnej konCatiny je znazorneny
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Obr. 1 Normativna databdza uhlov anatomickych kibov
dolnej koncatiny.

pouziva na ohodnotenie ,kvality* chddze pacientov
normativne databazy ziskané z inych laboratorii. Aj
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Porovnavané boli databazy uhlov anatomickych
kibov dolnej konéatiny v sagitalnej rovine. Boli to
uhly flexie/extenzie bedra, flexie/extenzie kolena
a plantarnej/dorzalnej flexie c¢lenka. Normativna
databaza uhlov dolnej koncatiny zndzornend na
obrazku 1 reprezentuje hodnoty mladych zdravych
jedincov ziskanych nasim ,,marker-free* systémom
analyzy chodze MAFRAN (jeho popis nie je
predmetom tohto prispevku). Z hl'adiska aplikacie je
mozné tieto data doplhat’ o data d’aliich zdravych
subjektov.

2. Metodika

Na testovanie zhody normativnych dat chddze,
tj. na overenie ¢i je rozdiel medzi nimi vyznamny
alebo nie, sme pouzili Statistické Gvahy zalozené na
vzajomnom porovnavani Statistickych charakteristik.
Normativne data uhlov anatomickych kibov dolnej
koncatiny boli porovnavané pomocou testovania
vyznamnosti rozdielu medzi dvoma vyberovymi
priemermi. Do $tudie boli zahrnuté normativne data
ziskané:

+ z deviatich mladych dospelych subjektov na
Musgrave Park Hospital, Belfast, N. Ireland, timom
doktora Richarda Bakera. Na analyzu chddze pouzili
Sest’ kamerovy systém Vicon 370 verziu 2,5.

+ Jeremy Linskell-om zLimbFitting Centre
v Dundee, Scotland, ktory vykonal merania na
skupine 5 zdravych mladych dospelych subjektov
a zopakoval ich 5 krat pomocou systému Vicon VX
s piatimi kamerami.

* na Hong Kong Polytechnic University
doktorom Chris Kirtley-om na skupine 10 mladych
dospelych subjektov pomocou 6 kamerového
systému Vicon 370.

+ ziskané systtmom MAFRAN na Technickej
univerzite v KoSiciach na skupine 5 mladych
zdravych subjektov.

Vsetky data boli urcené strednou hodnotou
a Standardnou odchylkou. Pri testovani podobnosti
bolo potrebné rozhodnit' ¢i mozno povazovat
priemery neznamych zdkladnych suborov za
rovnaké. Proces testovania vykoname pomocou
nasledujtcej navrhnutej metodiky:

Priemery dvoch neznamych zékladnych stiborov
oznaime ako ¢&; a &. Potom stanovime nulova
hypotézu ato tak, Ze rozptyly dvoch neznamych
zékladnych suborov budu rovnaké. Dalej zvolime
hladinu vyznamnosti a, t.j. pravdepodobnost’, Ze
nahodny rozdiel bude vacsi ako kritickd hodnota.
V praxi volime a =0,05 alebo a =0,01. Pre klinické
aplikacie zvycajne postacuje hodnota a =0,05
a odchylky presahujuce kritické hodnoty potom
hodnotime ako Statisticky vyznamné pri zvolenej
hladine vyznamnosti.

Potom otestuyjeme nulovi hypotézu, pricom
potrebujeme na zaklade dvoch vyberovych rozptylov
s/ as; rozhodnit, &i je mozné povazovat nezname
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rozptyly zakladnych stborov o,° ao,” za rovnaké.
Test urobime podla obojstranného F-testu pre
a=0,05. Veli¢inu F vypocitame ako pomer:

2
_5
- s

S

F predstavuje testovacie kritérium ama F-
rozdelenie s k;=n;-1 a k,=n,-1 stupfiami volnosti.
Dalej stanovime prislusné stupne volnosti k; a k;
a z tabuliek vyhladdme pre prislusné a kritické
hodnoty Fuokee @ Firapre. Tieto nasledne
porovname s testovacim kritériom. Ak plati:

(2)

Foropwy <EF <Flgppi,>
tak nulovl hypotézu prijimame. V opa¢nom pripade
ju zamietneme.

Ak sme prijali nulovii hypotézu potom testovacie
kritérium pre rovnost’ strednych hodnét bude mat
tvar:

F )

\xl _xz‘

mn, 3)
b
2 2 \n +n
n,s; +n,s, 1T,
n +n, -2

Toto kritérium ma Studentovo rozdelenie s
k=n;+n,-2 stupniami volnosti. Kriticki hodnotu ¢,
pre zvolent hladinu vyznamnosti o a prislu$ny pocet
stupnov vol'nosti porovname s testovacim kritériom.
Ak je kritickd hodnota ¢, v&cSia alebo rovna
absolutnej hodnote testovacieho kritéria, potom
priemery zakladnych stborov povazujeme za
rovnaké, teda tvrdime, Ze normativne data na
zvolenej hladine vyznamnosti povazujeme za
zhodné. Avsak, ak je kritickd hodnota mensia ako
vypocitand hodnota testovaného kritéria, potom
povazujeme rozdiel medzi normativnymi datami na

zvolenej hladine vyznamnosti za Statisticky
vyznamny.
Ak sme zamietli nulovi hypotézu potom

testovacie kritérium pre rovnost’ strednych hodnot
bude mat’ tvar:
Iy @)
S8

n—-1 n,-1

a kriticktl hodnotu vypocitame podla vzt'ahu:

2 2
N
' 1 " 2
t, +1, | 5
= n - n, — ( )
a — S2 S2 ’
1 + 2
n -1 n,-1

kde t‘, je hodnota Studentovho rozdelenia pre
prislusné « a k=n;-1 stupiiov volnosti a ¢, je
hodnota Studentovho rozdelenia pre prislusné o a
k=n,-1 stupiiov volnosti.

Testovacie kritérium porovname s kritickou
hodnotou. Ak plati, ze kriticka hodnota je vicsia ako
testovacie kritérium potom povaZujeme normativne
data na zvolenej hladine vyznamnosti « za zhodné.
Ak je kritickd hodnota menSia alebo rovna
testovaciemu kritériu potom povazujeme rozdiel
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medzi normativnymi datami na zvolenej hladine
vyznamnosti « za Statisticky vyznamny ateda
tvrdime, Ze normativne data na zvolenej hladine
vyznamnosti povazujeme za nezhodné.

Tento proces testovania je popisat’ vyvojovym
diagramom na obrazku 2.

HYPOTEZA )

" [
\ Bty

HYPOTEZA _af
o o=
" HLADDA P
VI ZHAMMOSTE o o

F-TEST

Obr. 2 Vyvojovy diagram testovania zhody priemerov
dvoch suborov normativnych dat.

Pomocou popisanej metodiky bola otestovana
zhodu normativnych dat zo Styroch laboratorii.
Platnost’ hypotézy o zhode dvoch vyberovych
priemerov bola overovana na zvolenej hladine
vyznamnosti « =0,05. Potvrdenie alebo zamietnutie
hypotézy napiseme pomocou nasledujuceho zapisu:

=fy & i (©)
ak Sy # Sy,

kde index i oznacuje uhol kibu pre ktory testujeme
normativne data a moze byt z mnoziny {b,k,c} pre
oznacenie bedra, kolena alebo ¢lenka. Indexy X a ¥
oznaCujii testované vyberové priemery. Data
z Belfastu st oznacené ako B, Dundee ako D, Hong
Kong ako H a data zo systému MAFRAN ako M.

3. Vysledky

Ako prvé boli porovnané normativne data
ziskané v laboratériu v Belfaste adata systému
MAFRAN. Tabulka 1 predstavuje sthrn vysledkov
testovania zhody pre vSetky porovnavané
normativne data uhlov dolnej koncatiny.

Z vysledkov porovnania normativnych dat uhlu
flexie/extenzie bedra ziskanych  z laboratoria
v Belfaste asysttmu MAFRAN vyplyva, ze na
zvolenej hladine vyznamnosti sa data v ¢asti od 0 do
34% cyklu chddze nezhoduju. V casti od 36 do 78%
cyklu chodze, teda od stredu opory po stred kro¢nej
fazy, sa na hladine vyznamnosti « =0,05 zhoduju.
V dalSej casti az do ukoncenia krocnej fazy sa opét’
nezhoduju.

Normativne data uhlu flexie/extenzie kolena
systétmu MAFRAN sa na hladine vyznamnosti 0,05

okrem jedného bodu (14%) zhoduji z normativnymi
datami uhlu flexie/extenzie z Belfastu na celom
intervale.

Normativne hodnoty uhlu plantarnej/dorzalne;j
flexie ¢lenka sa nezhoduju v prvej polovici opornej
fazy az do 26% cyklu chdodze. V dalsi fazach sa
normativne hodnoty uhlu plantarnej/dorzalnej flexie
¢lenka uz na zvolenej hladine vyznamnosti zhoduju.

Tab. 1 Vysledky testu zhody normativnych dat
z Belfastu a systému MAFRAN.

CCH [34]

Epnt
Bew | 1] 1] 1]1 ol afaja|1]1]1] 1
Bz || 0| 0| 0| o|o|lojoflala|olala|alal 1

2 10(12) 14| 16 (18| 20 | 22 |24 ) 26| 28

u] 4| a6 8
gfojojofojojofofojofojojofo] 0

-

S0( 32|34 |36 32| 40| 42| 44 | 46|48 50| 52 (54| 56| 52 (60| 62| &4
alojojrfrfx)rfrjrjrjafrfr 1111 1
(11|11} )1f 1) 1) 1]1[L1]1)1|1]1 1

11|11} 1|11} j1) 1] 1/1}1]1/1]1] 1
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Vysledky porovnania dat z Belfastu a systému
MAFRAN su graficky prezentované na obrazku 3.

L
flox
501

Belfast & MAFRAN - Hip Flexion/Extension

70 = i

30 = -

10 20 30 40 60 60 70 80 80 100
% Gait Cycle

Obr. 3 Grafické porovnanie normativnych dat z Belfastu
a systéemu MAFRAN.
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Obdobnym sposobom boli navzajom porovnané
vSetky ostatné normativne databazy. Nasledujuci
graf predstavuje stthrn vetkych vykonanych testov.

BFE B
BFE Kdera
oFDF Clenka

Belhst &
MAFRAN

Belst & Duncee &
Horg Kong Hong Kong

Dunbed  HongKong&  Beffast &
MAFRAN  MAFRAM  Dundee

7050% 3921% 8170% 2941% 52,29% 24.84%

Obr. 4 Percentudlne vyjadrenie zhody normativnych dat.

Z vysledkov testovania vyplyva, Ze najvacsSia
zhoda normativnych dat systétmu MAFRAN na
zvolenej hladine vyznamnosti 0,05 je s datami
ziskanymi doktorom Chrisom Kirtleyom na Hong
Kong Polytechnic University. Ta predstavuje
celkovo 81,70%. 70,59% zhodu maju
s normativnymi datami Richarda Bakera z Musgrave
Park Hospital v Belfaste. Naopak vel'mi mala zhodu
maju s datami ziskanymi v Dundee, kde je priemer
zhody iba 39,22%. Vel'mi malé zhody normativnych
dat vykazuju aj data svetovych laboratorii. Najvacsia
zhoda 52,29% je medzi datami z Belfastu a Hong
Kongu. Naopak Data z Dundee a Hong Kongu sa
zhoduju menej ako 25%.

4. Zaver

V tomto prispevku boli porovnané normativne
data  ziskané systtmom MAFRAN s troma
svetovymi databdzami normativnych dat. Rovnako
boli navzijom porovnané aj svetové databazy.
Z vysledkov porovnania vyplynulo, ze data ziskané

systtmom MAFRAN sa najviac  zhodujt
z normativnymi datami ziskanymi v Hong Kongu
anajmenej snormativnymi datami ziskanymi

v Dundee. Vysledky testovania d’alej ukazali, Ze
vzajomné porovnanie troch svetovych normativnych
databdz vykadzalo menSie zhody na hladine
vyznamnosti a=0,05 nez pri porovnavani s datami
systému MAFRAN.

Pri¢in rozdielov v normativnych datach moze
byt niekol’ko:

e spdsob a metodika vypoctu kinematickych
parametrov

e pouzity model definovania anatomicky
vyznamnych bodov

e charakteristika skupiny subjektov pouzita na
vytvorenie normativnych dat

e obsluha vykonavajlica merania a definujuca
body pouzitého modelu a pod.
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Z vykonanych testov taktiez vyplyva, ze zatial
neexistuje Standardna databaza pomocou ktorej by
bolo mozné porovnavat data ziskané v réznych
laboratériach. Preto je zatial potrebné vytvarat
databazy vlastnych zdravych subjektov ana ich
zéklade odvodit’ vlastné normativne data ¢o zaruci,
ze data pacientov budu vyhodnocované objektivne.
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PODPORNE TECHNOLOGIE PRE KOMUNIKACIU A INFORMACIE

ASSISTIVE TECHNOLOGIES FOR COMMUNICATION AND INFORMATION

D. Simsik, A. Galajdova, Z. Dolna

Technical University of Kosice, Faculty of Mechanical Engineering, Department of Instrumental and Biomedical
Engineering, Letna 9, SK 042 01 Kosice, Slovakia

Abstrakt Informaéné a komunikaéné technologie (IKT) ovplyviuju vsetky stranky Tudského Zivota, spolu s technickym
vyvojom sa vyvijali aj $pecidlne podporné zariadenia, ktorych prostrednictvom je mozné ulahit’ vykonavanie ¢innosti
kazdodenného Zivota pre zdravotne postihnutych. Pouzitie informacnych a komunikaénych technologii sa stava dolezitou
stcast'ou zivota ob¢anov Eurdpy v oblasti socialnej, vzdelavacej a ekonomickej. Vznika tak otazka, ¢i produkty a sluzby
existujice v su¢asnosti, st dostupné $irokej verejnosti ako i star§im ob&anom a Pudom so zdravotnym postihnutim. Clanok
poskytuje prehlad o sutasnych programoch rozvoja informacnej spolo¢nosti na Slovensku av EU, zakladné poznatky
o pristupnych informaénych a komunikaénych technologiach (IKT) v suvislosti s vytvaranim rovnakych prilezitosti pre
osoby so zdravotnym postihnutim pri budovani socidlnej inkluzie a tiez zékladné principy pristupnych technologii (dizajn pre
vsetkych, pristupnost’ webovskych stranok, elektronické sluzby). IKT predstavuju vyznamny potencial pre zlepSenie
a udrZanie kvality Zivota, rozvoj integracie a nezavislosti obéanov so zdravotnym postihnutim.

KPucové slova: informacné a komunikacné technologie, socidalna inkluzia, informacna spolocnost, podporné technologie,
dizajn pre vsetkych, znevyhodnené skupiny.

Summary Information and communication technologies (ICT) affect all aspects of life, in the time of technical progress
there are also special assistive devices developed that makes the daily life easier. The use of the ICT is rapidly becoming an
essential part of social, educational and economic of sphere of European citizens’ life. There is a concern whether the
products and services, that are available nowadays, are fully accessible to the public area, but also to elderly people and
people with disabilities. The aim of this article is to acquire an outline about recent programmes of information society
(Slovakia and EU), to revue the basic knowledge about the accessible ICT related to the equal opportunities for people with
disabilities and to the social inclusion and describes the principles of accessible technologies (design for all, accessible web-
pages, electronic services). ICTs offer the enormous potential to maintain, improve quality of life, integration and
independence.

Key words: information and communication technologies, social inclusion, information society, assistive technologies,
design for all, disadvantaged groups

1. Uvod Svetova ekonomika prechadza od prevladajuce;j
priemyselnej  spolocnosti  k novej informacnej,

Informacné a komunikacné technologie pricom ponuka obrovsky potencial pre rast,
ovplyviiuji vSetky stranky Fudského Zivota, sposob, zamestnanost a inkliziu. Tieto zmeny, sndd’
akym sa ludia ucia, pracuji, komunikuji. Postupom najvyznamnejSie od priemyselnej revolucie, su
Casu, ked’ze sa vyvijali $pecialne zariadenia, stalo sa dalekosiahle  a globalne  anetykaji  sa  iba
pouzivanie technoldgii a technickych prostriedkov technologie. Maji znaény vplyv a ponukaji
nevyhnutnostou, — pretoze tieto  technologicke rozsiahly potencial na obohatenie a zlepSenie Zivota
prostriedky ~ umoziji  lahSie  a jednoduchsie akéhokol'vek jedinca. Uspech nového ekonomického
vykondvat'  Cinnosti bezn¢ho  Zivota. Pouzitie pristupu zavisi od schopnosti uzivatel'ov plne vyuzit
informacnych a komunikacnych technologii vyhody ponukanych moznosti. K tomu je potrebné
savelmi rychlo stava dolezitou suc¢astou zivota zabezpe¢it pristup k pozadovanym informaciam
obcanov Eur6py v oblasti socidlnej, ekonomickej i a zaistitt  spolupracu prostrednictvom  internetu
vo vzdelavani. Preto vznika otazka, ¢i nové produkty ainych pokrokovych technoldgii. Pre zarudenie
a sluzby existujice v sicasnosti su dostupné aj pre Gspechu a  zaistenie  konkurencieschopnosti
starSich l'udi a l'udi so zdravotnym postihnutim. v obchode je inovéacia systémov vyuZivanych na

pristup ana rozsirovanie informacii a technologii,
ktoré ich riadia, nevyhnutnd. Nové informacné
a komunikaéné technologie a ich aplikacie, ako napr.
mobilné  telekomunikéacie, osobné  pocitace,
automobilové navigacné systémy ainé, tiez
radikdlne menia spdsob, akym Tludia pracuji
a vyuzivaju svoj vol'ny Cas.

Stcasné informacné a komunikacné technologie
predstavuju velky potencial, ktory sa da vyuzit' na
pomoc znevyhodnenym skupinam ludi, na udrzanie
a zlepSenie kvality ich zivota, pre ich integraciu do
spolo¢nosti ako ajna nadobudnutie nezavislosti
v profesionalnom i sukromnom zivote.
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2. Hlavné aktivity v EU

Elektronické vzdeldvanie, on-line vyucba

Hlavnou ulohou informaénych technologii je
dosiahnut, aby Tludia boli informovani o diani
vo svete, boli prepojeni so svojim okolim bez
akychkol'vek bariér, ¢i obmedzeni. Jednym zo
sposobov, ako dosiahnut’ zlepSenie informovanosti
a zdokonalenie  pristupu  k informaciam  je
elektronické vzdelavanie (e-vzdelavanie) a on-line
tréning. Tieto sa vztahuju k vzdelavacim aktivitam
a tréningovym programom s vyuzitim informacnych
a komunikacnych technologii, ale ich uplatnenie
moéze mat’ $irsSi zaber. Pre tento druh vzdelavania
musi mat uzivatel pristup k pocitacu a on-line
pripojenie. Je to jeden zo sposobov, akym sa da
riadit  vzdelavaci proces v pripadoch, ked su
Studenti obmedzeni Casovo alebo maju problém s
mobilitou.

Hlavnou vyhodou elektronického vzdelavania je
efektivnost z hladiska ¢asu a nakladov pre
uzivatela, najmd ak ma vzdelavaci proces formu
distan¢ného vzdelavania. Vel'mi jednoducho
povedané, o on-line $tadiu alebo elektronickom
vzdelavani hovorime vtedy, ked’ Student pouziva
pocita¢ asietové technologie, na pristup ku
geograficky vzdialenym Studijnym materialom,
k spojeniu s vyucujicim a pod. Nie kazdé on-line
vyuCovanie alebo e-vzdelavanie je diStancné
vzdelavanie, napr. Student moze pouzit interaktivne
CD na svojom pocitaci.

Na druhej strane su tu aj nevyhody. Casto sa
vyznacuje pomerne nizka efektivita alebo kvalita e-
vzdelavania. Pre poskytovatelov e-vzdeldvania to
znamend, ze pre dosiahnutie uspokojivych
vysledkov je nutné lepSie prispdsobit riadenie
celého procesu - obsah, metodologiu a navrh a tiez
ho prispdsobit’ $pecidlnym potrebam tcastnikov so
zdravotnym postihnutim resp. inym obmedzenim.

Mnozstvo konceptov a pristupov je velké, tak
v rozvinutych ako aj v rozvijajucich sa krajinach.
Vopraxi sa vyskytuji aplikdcie ako virtudlne
univerzity, diStancné vzdelavanie, vzdelavacie
portaly, kybernetické skoly, pouzitie vzdelavacich
postupov vytvaranim integrovanych tried a tiez on-
line pripadové studie.

OECD ma podrobne preskimana tato vel'mi

zavaznii  oblast  verejno-sukromnych  vztahov
potrebnit na zavadzanie cien ana ovladanie
zlozitosti, naro¢nosti  aplikacii  informaénych

a komunikacnych technologii v oblasti vzdelavania.
Vidiet to na vyvoji elektronického vzdelavania
na Skolach  avsektore vysSiecho vzdelavania
z hladiska  prieskumu trhu atvorby dalSich
partnerskych  projektov v rozlicnych krajinach
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OECD. Svetova banka zalozila siet’ pre celosvetova
vymenu sklsenosti vramci Studijnych aktivit
(Worldbank  Global  Development  Learning
Network), kde je mozné najst mnoho vystupov
z celosvetovych projektov.

Vzdelavanie s vyuzitim internetu

Jedna sa o elektronické vzdelavanie, ktoré
vyuziva na komunikaciu ucitel’ — Student prostriedky
internetu. Pre potreby o0sdb so zdravotnym
postihnutim sa vyzaduje e-pristupnost. To znamena,
ze stranky, ktoré ponukaji e-vzdelavanie, musia
spihat’  kritéria  pristupnosti, ktoré  definujt
podmienky na Citanie textovych a grafickych
informacii pre osoby so Specidlnymi potrebami
(napr. osoby so zrakovym postihnutim).

Ide zvycajne o on-line tréning Struktirovany
ako postupnost’ tréningovych modulov, ktoré su
sprostredkované pomocou internetu, a/alebo s off-
line verziami (moznosti stiahnut' si materidly zo
stranky na svoj pocita¢, ziskat CD). Uvedieme
priklad z kurzu v oblasti ekonomického rozvoja
sluzieb - GTZ projekt. Regionalna obchodna komora
usporadivala Skolenia pre obchodny manazment
s vyuzitim webovych aplikdcii pre bankarov,
poradcov, podnikatel'ov a jeho zakladom bola CEFE
metodologia. VsSetky materidly boli roz§irované
prostrednictvom pocitacovej siete. Na konci kurzu
jeho ucastnici dostali CD s video zaznamami,
poznamkami, elektronickymi knihami, webovymi
strankami, praktickymi cvi¢eniami, atd’.

Iny projekt SANTEC, spusteny v jani 2003,
vznikol s cielom vytvorit’ siet’ poradcov pracujucich
v oblasti vzdelavania, ktori sa zaujimaju o techniku
ucenia a  elektronické  vyuCovanie  najmi
v rozvojovych oblastiach. Ich tlohou je podporovat’
spolupracu medzi jednotlivymi ¢lenmi.

Elektronicka pristupnost’

Délezitym prvkom pri rozvoji informacnych
a komunikaénych technolégii - IKT, je pristupnost
elektronickych prostriedkov (e-accessibility). Je
kl'acovou pre elektronické vzdelavanie (e-learning),
elektronické riadenie (e-government) a mnoho inych
odborov.

Ako Vivian Reding komisarka pre
vzdelavanie akultiru povedala: ,Clenské Staty
Eurdpskej Unie sa rozhodli spolupracovat na
zosuladeni, skoordinovani svojich ¢innosti v oblasti
technik, metdd a postupov vo vzdelavani a vymienat’
si sktsenosti navzajom; v oblasti elektronického
vzdelavania zamys$laju  podporit’ a koordinovat’
svoje usilie, aby sa zrychlila transformacia
vzdelavania a vzdelavacieho systému v Eurdpe.*


http://www.gdln.org/
http://www.gdln.org/
http://www.santecnetwork.org/
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Na dosiahnutie hlavnych cielov v ramci
pristupnosti elektronickych technologii, Eurdpska
unia ako celok kladie doraz na to, aby sa zlepsila
koordinacia a zameranie na kl'a¢ovych pracovnikov
zainteresovanych do aktivit stvisiacich s touto
problematikou. V praktickom zivote a pri vyvoji uz
existujucich a novych nastrojov sa hovori o troch
oblastiach — oblast’ technologii anoriem, oblast
legislativy a Sirenia osvety, oblast informacii
a vzdelavania. Co sa tyka vysledkov, mozno ich
uviest’ na priklade. Koncom roka 2003, ktory bol
vyhlaseny za Eurdpsky rok ludi so zdravotnym
postihnutim, sa podarilo vytvorit pristupny portal,
ktory vymedzuje priestor pre aktivity na vytvaranie
plnohodnotného, primerané¢ho Zzivota Tudi so
zdravotnym postihnutim, aby sa mohli podiel'at’ na
spoloc¢enskom Zzivote a posiliiovat’ svoje postavenie
pomocou pristupnych elektronickych prostriedkov.
To ocenil aj ESDIS (Employment and Social
Dimension of the Information Society), zaoberajtci
sa socialnym postavenim a pracovnymi
prilezitostami v informacnej spolo¢nosti.

Tento pristup k elektronickym technologickym
prostriedkom mozno velmi jednoducho a strucne
definovat ako on-line bezbariérovy pristup alebo
rampy k internetu. Tu ide o spristupnenie nielen
budov, ale aj o pristup k informaciam pre l'udi so
zdravotnym postihnutim, aby mohli vyuzivat’ sluzby
a zariadenia informacnych a komunikacénych
technologii. Ztoho dovodu je pristupnost
elektronickych zariadeni a prostriedkov rieSenim,
ktoré zahfna prava a moznosti pre lepSiu integraciu
ludi so zdravotnym postihnutim do spolo¢nosti
a napomaha budovaniu, tzv. znalostnej ekonomiky
zalozenej na ziskanych vedomostiach a znalostiach
KBE/KBS — Knowledge Based Economy/Knowlege
Based Society.

Pristup pre 'udi so zdravotnym postihnutim, dizajn
pre vSetkych

Je dolezité si uvedomit’, ze l'udia so zdravotnym
postihnutim  netvoria  zanedbatelnu  menSinu
populacie Eurépskej Unie. Niektoré odhady podla
aktualnych stanovenych kategorii definujucich
zdravotné postihnutie hovoria o 40 miliénoch T'udi,
&o je 11% populacie Europskej Unie.

NavySe pocet o0sOb, ktoré su tradicne
spolo¢nost'ou povazované za Pudi S0
zdravotnym postihnutim (teda Tludia s fyzickym

alebo senzorickym postihnutim) narasta. Kognitivne
aj funkéné poruchy, ¢o je druhd najvacsia skupina
'udi s postihnutim, stvisia s vekom. Az 70% l'udi vo
veku priblizne 60 rokov ma takyto druh postihnutia.
V dosledku technického pokroku a zlepSovania
funkénosti  vzrastda  zlozitost  a komplexnost
uzivatel'skych rozhrani apreto sa dizajn sa stava
vel'mi délezitym prvkom, teda je doraz kladeny aj na
jednoducht, bezpecnt obsluhu a pristupnost’.
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»Dizajn pre vSetkych® alebo ,univerzalny
dizajn“ oznacuje taky pristup k navrhovaniu
vyrobkov a sluzieb, ktory zaistuje, ze produkty
mozu pouzivat vSetci l'udia, bez potreby Specialnych
uprav. V pripadoch, ked” sa nedd dosiahnut’ rieSenie
pomocou dizajnu pre vsetkych, napriklad ked’ su
schopnosti doty¢nej osoby vel'mi vazne poskodené,
jednym z rieseni je pouzitie podpornych technologii.

Podporné technolégie vo svojej podstate
predstavuji také technické rozhranie, ktoré umozni
pouzivat podporny nastroj na kompenzaciu,
odstranenie  alebo  zmiernenie  prekazky, ¢Ci
obmedzenia. Vzajomna stcinnost’ zariadenia a jeho
technického rozhrania umozni uzivatelovi, ktory
inak nema tieto schopnosti, vyuzivat bezné
zariadenia. Osvojenim si metodickych postupov pre
dizajn pre vSetkych avyuzivanie podpornych
technologii v procese navrhu umozni pristup
do informacnej spolocnosti aj skupinam, ktoré by
boli ina¢ z toho vylucené a ochudobnené o vyhody
z poskytovania sluzieb IKT.

Socidlny model pre I'udi so zdravotnym postihnutim

Vseobecné chapanie zdravotného postihnutia je
otazkou spolocenského zaradenia, a to od postojov,
pri ktorych je postihnutie povazované za vylucne
osobny problém danej osoby vztahujici sa na
$pecifické poskodenie az po vSeobecny spolocensky
problém. Zdravotné postihnutie ztohto pohladu
mozno vnimat’ ako znak spolo¢enského spravania
sa. Zdravotné postihnutie vytvara v spolocnosti
bariéry - brani jednotlivcom uplne sa zaclenit do
spolo¢nosti. Co sa tyka informécii, zamedzuje im
byt sti€astou informacnej spolo¢nosti. Tieto bariéry
st vysledkom nedostatku pristupnych technologii,
ktoré by mohli jednotlivci so Specialnymi potrebami
pouzivat. Ztohto wuhla pohladu, zdravotné
postihnutie nie je viac chapané ako vlastnost’ osoby,
ale ako stbor obmedzujucich podmienok, ktoré
vzniknu nie vplyvom zdravotného postihnutia
osoby, ale zlyhanim spolo¢nosti v procese
prisposobenia sa potrebam tejto skupiny l'udi, ich
poziadavkam na uplatnenie v praktickom Zivote,
moznosti prejavit  svoje schopnosti. Zdravotné
postihnutie chapané ako spolocensky fenomén tak
meni spolocenské postoje a politicky nahlad,
zvySuje potrebu odstraniovat’ existujuce prekazky
v spolo¢nosti.

V zasade mozno ciele pre zdokonalovanie
pristupnosti elektronickych informacnych
prostriedkov, socialnej inkluzie vramci Eurdpy
rozdelit’ do troch skupin:

a) zasady ochrany l'udskych prav
b) zasady v¢lenenia do spolo¢nosti
¢) podpora pri Standardiza¢nych opatreniach.
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a) zasada ochrany l'udskych prav:

Vychadzajic zo zasady ochrany l'udskych prav,
pristupnost’  elektronickych  prostriedkov  (e-
pristupnost’) je rozsirenim vSeobecnych kritérii pre
pravo na pristup a aktivitu oséb so zdravotnym
postihnutim. Legislativne to pokryva smernica
zamerand na boj proti diskriminacii ludi so
zdravotnym postihnutim, medzi inym i v pracovnom
prostredi, ako to deklarovalo aj vyhlasenie roka
2003 za rok venovany ludom so zdravotnym
postihnutim.

Kriacovym, zisadnym dokumentom v ramci
zabezpeCenia vSeobecného pristupu bola sprava
Eurdpskej komisie pod nazvom ,,Smerom k Eurdpe
bez bariér pre ludi so zdravotnym postihnutim*
(Towards a Barrier Free Europe for People with
Disabilities).

b) zasada zaclenenia do spolo¢nosti:

Vo vztahuk IKT sa zdoraziuje elektronicka
inklizia e-Inclusion. Na zadklade iniciativy
Eurépskej komisie v tejto oblasti bol spracovany
hlavny programovy dokument s nazvom ,,E-inkluzia
— potencidl informacnej spolo¢nosti pre socialnu
inkluziu v Eurépe®. Vychadzajic zo zésad socialnej
inklizie (zaclenenia do spolo¢nosti) azasad pre
politiku zamestnanosti, jestvuje velké mnozstvo
aktivit a podnetov, zameranych na znevyhodnenych
ludi vo vseobecnosti (tu su zahrnuté aj osoby so
zdravotnym postihnutim), nakol'ko je potrebné na
tomto poli vykonat' pozitivne kroky. Novy cyklus
narodnych akénych planov pre socidlnu inkluziu
odstartovany v roku 2001 (obnovovany kazdé 2
roky) je zamerany na zaclenenie znevyhodnenych
skupin do spolo¢nosti - NAPs (Social Inclusion
National Action Plans). Zahfna vSetky spomenuté
aspekty na narodnej urovni a smeruje k vytvaraniu
europskych  smernic  sohladom na  model
zamestnanosti. Na financovanie projektov tejto sféry
sluzi aj podporny financny fond European Social
Fund (hlavne EQUAL).

¢) Standardizacné opatrenia:

Pristupnost’ elektronickych prostriedkov e-
pristupnost’  (E-accessibility) bola rieSenda v
programe TIDE v ramci piateho aj Siesteho
ramcového programu v oblasti vyskumu
a technického rozvoja. Mnoho dalsich projektov sa
zaoberalo elektronickym pristupom pre ludi so
zdravotnym postihnutim a pre starych I'udi, vyuzitim
podpornych  technologii, vyvojom  vyrobkov
a sluzieb spliiajicich kritéria dizajnu pre vietkych.
Vyskumné oblasti ako napriklad administrativa,
doprava a cestovny ruch a mnohé interdisciplinarne
oblasti boli taktiez financované z prostriedkov EU
v spojitosti s elektronickym pristupom.
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3. Poskytovanie sluzieb a vzdelavanie
v slovenskej praxi

Technicka univerzita v KoSiciach koordinovala
projekt ATTRAIN ,Vzdeldvanie konzultantov
a poradcov v podpornych technoldgiach® 101255-
CP-1-2002-1-GRUNDTVIG-G1 s partnerskymi
organizaciami: Danske centrum pre podporné
technologie v Kodani, Medziuniverzitné vyskumné
centrum pre udrzatelny rozvoj CIRPS — University
La Sapienza Rome, Thames Valley University
London, Nadacia Fondazione don Carlo Gnocchi

Milano, HIBERNIA Learning Partnership v
Dubline, Asociacia organizacii zdravotne
postihnutych  obCanov  Slovenska - AOZPO

Bratislava, Krajsky urad v KoSiciach. Hlavnymi
ciel'mi projektu bolo:

l.vytvorenie prirucky pre inStruktorov, ucitelov,
zalozenej na modularnej S$truktire, vhodnej pre
vybranu skupinu odbornikov pracujucich pre alebo
sludmi so zdravotnym postihnutim, so starymi
I'ud’mi a to v sfére socialnej, vzdeldvacej a na tirovni
krajskych administrativnych tradoch

2.vytvorenie efektivnejSieho tréningového programu
pomocou medzinarodnej spoluprace s organizaciami
a inStiticiami verejného sektora, ktorych cinnost
suvisi so vzdelavanim, s cielom vyuzit' vzrastajici
pocet ponuk trhu prace pre uplatnenie Tudi so
zdravotnym postihnutim.

Projekt ATTRAIN bol zamerany na oblast’
vzdeldvania, na splnenie potrieb kazdodenného
zivota  pracovnikov  vzdelavacich  inStitacii,
socidlnych pracovnikov, a pracovnikov miestnych
administrativnych pracovisk s amyslom zlepsit' ich
vedomosti a zrucnosti pri vyuZzivani podpornych
technologii. Vytvorené materialy boli odskusané
v priebehu pilotného tréningu uréeného pre vybrany
okruh odbornikov, vyhodnotenie tohto tréningu
realizovali interne a externe pdsobiaci odbornici na
tuto oblast. Modularna Struktira ma hierarchicky
a vertikdlny  charakter (pfd, html spracovanie)
a obsahuje aj prepojenie na manudly, softvéry,
databazu produktov, distributérov a vyrobcov.
Moduly prirucky obsahovali nasledujuce kapitoly:

1.uvod do podpornych technologii (PT)
2.PT pre l'udi so zrakovym postihnutim
3.PT pre l'udi so sluchovym postihnutim
4.PT pre osoby s telesnym postihnutim
5.PT pre dyslexiu a dyspraxiu
6.Technologie pre kazdodenné aktivity
7.PT pre komunikaciu a informacie
8.Rovnaké prilezitosti pre vSetkych
9.Ekonomické otazky vyberu PT
10.Ako vyucéovat’ studentov so ZP
11.Legislativa na podporu osob so ZP
12.0hodnotenie podpornych technologii
13.Poradenstvo pred vstupom na trh prace

Vysledny produkt, prirucka a CD, je uréeny pre
odbornikov pracujucich v oblasti vzdelavania ludi
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so zdravotnym postihnutim, ako aj pre Studentov,
star§ich obcanov, socialnych pracovnikov na
regionalnej  inarodnej  urovni, koncovych
uzivatel'ov podpornych technologii.

4. Vyvoj novych zdrojov pre aktivizaciu
a participaciu postihnutych osob

Smerovanie vzdelavania sa presiva aj na vyssie
urovne, a to na 3. stupen vzdelavania a na uplatnenie
v zamestnani. Tuto  snahu  odzrkadluji aj
nasledujuce projekty, ktoré su v Stadiu rieSenia.

Gateway

Projekt GATEWAY - Guidance for Assistive
Technologies in Education and the Workplace
Advancing Young People with Disabilities
IRL/04/B/E/PP 153 202, ma =za ciel rozvoj
poradenstva v oblasti podpornych technoldgii pre
zlepSenie pristupnosti vzdelavania a zamestnavania
mladych ludi so zdravotnym postihnutim. Hlavnou
iniciativou, ktora viedla k jeho vzniku bola odozva
na nedostatok narodnych a eurdpskych smernic pre
ohodnotenie  jednotlivcov S0 Specialnymi
vzdelavacimi potrebami a na nedostatok informacii,
ktoré slizia na odstraiiovanie bariér v oblasti
vzdelavania a zamestnavania. Ciel'ovou skupinou st
mladi Tudia so zdravotnym postihnutim, ktori sa
chct uchadzat o vzdelavanie na 3. stupni alebo
o prijatie do zamestnania. Prakticky ide o vyuzitie
vzdelavacich programov, v ktorych mladi l'udia pri
vstupe na vys§i stupen vzdelavania alebo na trh
prace maju moznost oboznamit sa s podpornymi
technologiami. Mozno spomenut’ napr. Specialny
softvér, hardvér alebo iné zariadenia, technické
prostriedky s moznostou ich prispdsobenia podla
potrieb uzivatel'a, ktoré umoznia jednotlivcom
pracovat’ s pocitatom alebo inym zariadenim
potrebnym na vzdelavanie, ¢i vykon pracovnej
¢innosti.

Na  zaciatku projektu GATEWAY sa
uskutocnila analyza  pripadovych  stadii
a vyhodnotenie individualnych potrieb Studentov so
zdravotnym postihnutim, ktori sa uchadzali o
dosiahnutie tretiecho stupna vzdelania. Vystupom
tejto analyzy je tvorba modelov, ako €o najlepsie
vediet zhodnotit danosti, dispoziciu a moznosti
Studentov, ktori majii zdujem o vzdeldvanie na 3.
stupni. V d’alSom nasleduje névrh nastrojov na
vyhodnocovanie a poradenstvo odbornikov v ramci
Eurdpy. Tieto tri spomenuté urovne buda obsiahnuté
na vytvorenej webovej stranke, ktora predstavuje
koneény vystupny produkt projektu. Jej cielom bude
zlepsit' Groven vedomosti mladych Tudi, priniest’

nové poznatky odbornikom na vzdelavanie
a informovat’ zamestnavatel'ov o podpornych
technologiach iotom, ako tieto technologie

pomahaju 'udom so zdravotnym postihnutim plne
vyuzit' svoj potencidl na osobny i profesionalny
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rast. Obsahovo bude zahfnat jednotlivé vytvorené
modely — modelové situacie, pripadové Studie,
harmonogram, postupovi  §tadiu nastroj,
prostriedok vyhodnocovania a moznost’ odborného
poradenstva. Po vyhodnoteni pripadovych Sstadii
a preskiamani moznych prekazok, bariér pri stadiu sa
navrhne podpornd technologia, ktora bude
odskiisana v praxi aspdtnou vidzbou zo strany
Studenta sa zisti Gspesnost’ jej pouzitia, silné a slabé
stranky rieSenia. Napokon tieto poznatky budu
aplikované do sféry zamestnavania a uplatnenia na
trhu prace.
GATEWAY je jedineénym projektom, pretoze
v sucasnej dobe nejestvuje ziadny program, nastroj
zamerany na hodnotenie Studentov na 3. stupni
vzdelavania. NavySe jeho unikatnost spociva aj
v originalnom pristupe pozostavajlicom z vytvorenia
webovej stranky, ktora pozostava z troch virtualnych
priestorov :
1. poskytnutie informacii a poradenstva pre
mladych Tudi so zdravotnym postihnutim
v oblasti podpornych technoldgii
2. informécie pre vyucujucich a poradenstvo
pri odstraiiovani bariér pri vzdelavani,
modelové  situacie, pripadové Stadie,
nastroje na vyhodnocovanie a postup pri
navrhovani vhodnej podpornej technologie
pre Studentov
3. informacie pre zamestnavatelov,
zamestnavaji  ludi so  zdravotnym
postihnutim,  informacie o existujucich
prekazkach na pracoviskach a o spésoboch
ich odstranovania, priklady zamestnancov
vyuzivajlcich podporné technoldgie

ktory

Tieto 3 casti sluzia predovsSetkym ako jedineény
zdroj informacii tykajici sa podpornych technologii,
najmé pre mladych l'udi so zdravotnym postihnutim,
pre vykon poradenstva na trhu prace. Vyplia
priestor medzi vzdelavanim, Skoleniami
a zamestnanim. Z tohto dévodu bude webova
stranka uzito¢na pre zamestnavatel'ov i vyucujucich
pre pochopenie a odstranenie bariér v Skolskom
alebo pracovnom prostredi, na ziskanie skusenosti so
zdravotne  postihnutymi, na  urcenie  vhodnych
technologickych prostriedkov, ktoré tymto I'ud’om
pomozu pri vzdelavani alebo v zamestnani.

Info Redis

Dalsi projekt Info Redis - IST Requalification
of disabled, CZ/04/B/NT168025, sa zameriava na
technologie informacnej spolocnosti a Specidlne
poziadavky apotreby Tudi so zdravotnym
postihnutim. Je zamerany na vytvorenie systému pre
rekvalifikaciu ~ tazko  zdravotne  postihnutych
v oblasti informacnych technolégii. Na zaklade
porovnania s podobnymi projektmi na zahrani¢nych
univerzitach sa bude vykonavat analyza trhu
(identifikacia, realizacia, konfrontacia, verifikacia
studie) so zameranim na poziadavky trhu, na naroky
ludi so zdravotnym postihnutim. Vystupom maju
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byt vytvorené certifikované kurzy alebo kurzy

s moznostou ziskania diplomu. Pilotny kurz
absolvuju ludia po liecbe arehabilitacii pod
dohladom lekarov, ti vyhodnotia a vytvoria

odporucania tykajuce sa tréningového rezimu, ktoré
budu stcastou tréningovych materialov.

Predpoklada sa, ze kurzy budu realizované ako
neziskové urcené najmd pre ludi s tazkym
zdravotnym postihnutim. Cielovou skupinou su
ludia, ktori stratili pracu potom, ¢o ich pracovna
schopnost’ bola zmenend. Mnoho z tychto l'udi je na
vysokej intelektualnej urovni, ale robi im tazkosti
pracovat  pri  danych  podmienkach, bez
prisposobenia pracoviska ich potrebam. Je zname,
7ze jednou zoblasti, vktorej by sa ludia so
zdravotnym postihnutim mohli po rekvalifikaénom
kurze uplatnit’ je oblast’ informatiky. Dovodov je
viacero vyuzitie  internetového  spojenia,
s kymkol'vek akdekol'vek na svete, moznost
pracovat v domacom prostredi, pri istom pohodli,
bez potreby dochadzat za pracou. V pociatocnych
fazach kurzu sa kladie doraz na spolupricu
s fyzioterapeutom, z ddvodu vécSieho zatazenia
organizmu Vv pracovnom procese po rehabilitacii.
Tréningové rekvalifikacné kurzy by sa mali
v kone¢nom doésledku delit’ podla stupiia naro¢nosti
ato od kratkodobych (pocitacova gramotnost’)
vyuzivajice tvorivé prostriedky na zvladnutie,
ovladanie konkrétnych softvérovych balikov, cez
programovanie, systémovl analyzu, az po naroéné
ulohy vo vyskumnej sfére anavrh systémov na
urovni 3. stupna vzdelavania. VSetky tieto aktivity
maju spolocny charakter - oblast’ informatiky sa
extrémne rychlo vyvija, ¢o si vyzaduje reakciu trhu
prace, ako ineustdly zaujem o jeho poziadavky,
$pecializaciu a vytvorenie pracovnych prilezitosti.
Obsadenie tychto pracovnych miest pontka
perspektivu pre ludi so zdravotnym postihnutim,
kedze vtomto odbore obmedzenia suvisiace so
zmenenou fyzickou dispoziciou nie si povazované
za prekazku.

5. Zaver

Hlavaym cielom programov e-inkluzie je
vytvarat’ vhodné prostredie pre sektor vzdelavania,
stkromnych investicii, na rozvoj novych sluzieb, pre
tvorbu novych pracovnych prilezitosti, na podporu
produktivity, modernizaciu verejnych sluzieb a pod.
Dat' prilezitost vsetkym, aby participovali v
globalnej informacnej spolo¢nosti by malo viest
k vytvoreniu konkurencieschopnej, dynamickejsej a
na znalostiach zaloZenej ekonomike v ramci EU so
zlepSenou zamestnanostou a socialnou kohéziou.

Vysledky  dosiahnuté  ukonfenim  projektu
ATTRAIN, prirucka a CD, st prikladom vyuzitia
ziskanych ~ poznatkov ~ zoblasti  podpornych
technologii. Vysledny produkt je univerzalne

pouzitelny, kedZze ho mozu pouzivat’ aj l'udia so
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zrakovym a motorickym postihnutim. Je urceny pre
odbornikov pracujtcich s podpornymi
technologiami v oblasti  vzdelavania Tudi so
zdravotnym postihnutim, ako aj pre Studentov,
star§ich  obCanov, socialnych pracovnikov na
regionalnej i narodnej urovni, koncovych uzivatelov
podpornych technolodgii, poradcov, koordinatorov
programov a Skoleni, odbornikov na zdravotnu
starostlivost’ a pre mnohych d’alsich. Pristupnost’ CD
bola odsktsana studentmi so zrakovym postihnutim,
spravnost’ pouzitia html jazyka bola zase overena
testom Bobby. Vystupy uvedenych projektov si
vhodnym zdrojom informacii aj pre ostatnych
obcanov, Studentov, ich rodi¢ov, pribuznych,
osobnych asistentov a inych.
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A DSP PARADIGM OF LMS BASED 1-D ADAPTIVE FILTER
AND CROSS-OVER ALGORITHM
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Summary The purpose of this paper is an introduction to effectiveness of enhanced LMS algorithm embedded into DSPs
family ADSP-218x. These nearly 80 mega-instructions-per-second (MIPS), memory-less and cheep processors give high
performance when using training methods in neural nets. Also, cross-over algorithm is applied as a time demanding program
that mutates weights. In order to see assembler programs, please link on page http://users.tkk.fi/digana/pub05.html.

1. Introduction

With regard to the above abstract, complicate
and time demanding routines of neural nets training
methods can even though run on low category of
DSPs when however using forward training
methods, backward training methods of neural nets,
classificators or perceptrons. This is so when the
developer spends a lot of time to debug his/her fast
assembler program. Said simple high level C like
language usually does not give the opportunity to
physically high performance of fast running
algorithms unless special headers and C compilators
are used. Of course, assembler programs are desired
for tailor-made problems as well as this paper deals
with. This fact might cause a decreased current
supply in core of a digital signal processor.

2. Enhancement of LMS recursion

algorithm, [1-2]

This section deals with usage of LMS technique
that finally will tend to find well-known equation,

which updates an old weight vector, W(n —]), to

new one W(n) One can see that an update
procedure that operates directly with two

neighbouring weights vectors, W(n) and W(n -1 ),
determines a signal processing as whole. More over,
there is no restriction that this kind of procedure
quickly drives a neural net with small training error.
Hence, this paper estimates a parameter, so-called,

learning rate l(n) Additionally there is cross-over
algorithm, a part of genetic algorithms, which works
by overwriting every weight if necessary. This
procedure gives new chance to get off local error
minima.

Let’s suppose a principle of adaptive filter that
works on LMS training method. As an example in
Figure 1, we are about to use an unknown external
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filter defined by H(p). An adaptive filter would be
trained so that, its output performed by testing
procedure will be possibly comparable to a wave
form of time response of real external filter.
Therefore here the only one focus is to find out best
fitting weights set. Introducing two terms as training
procedure that precedes testing procedure, the first
creates the unique weight set and testing procedure
operates as a FIR filter by simulating output of a
neuron as well as adaptive filter. Before a
mathematical approach we should remark on:

o X(n) as a patter that comes to the input of
adaptive filter (a neuron if wanted) with M
= 128 memorised samples. Those digital
samples are converted through the first
ADC by processing a chipr signal and
consequently buffering them to a circular

buffer;

size of X(n), W(n) equal to row vectors
of same size such as [1, M];

d(n) is the targeting signal as single value;

the discrete periods of time where
n=201,.. N, N+I, ..., o, and
N = (218 patterns)*(35 epochs) = 7630.

In accordance with the Figure 1, preliminary
output can be given as follows:

V() =W(n-D)x ()4 n(a),

where bias, b(n), can be defined as a mean of X(n)
input pattern, if using an adaptive filter

b(n) E[X(n)] (i,n).

1 M
__ZX

2
M2
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Fig. 1 Examining on LMS based adaptive filter as a digital systém

The bias is computed as a sum over all

elements of X(n) vector indicating by the i-
argument. The weights can be updated a as a row
vector, by following the formula below:

W(n) =W (- 1)+ 20(n)e(n)X T (n), (3)

where a pre-computed error is as follows

en)=d(n)-y(n), @)

and the learning rate, /l(n), should occur within the
range between 0 and | as any fractional number.
After this weight update making, the filtered output
can be given easily by:

y+(n) =W (n)XT(n)+ b(n),

where the W(n) is recent weight row vector
associated with discrete time period at n. After the
(3) is established in the (5), next formula is
obtained:

y+(n) :W(n - l)X r (n)+ b(n)+
+ ZK(n)e(n)X T (n)X (n) R

that can be separated to simple formula:

y+(n) = y_(n) + ZX(n)e(n)X T(n)X (n) (7

where the expression XT(n)X(n) is a single

®)

(6)

value achieved as an input power. Assume, for

steady state, the y+ (n) equal to d (n) at any time

n when the error e(n) is limited to zero. Applying

this assumption to iteration process, (3), the
learning rate parameter might be estimated:

K(n) = [ZX T(n)X (n)T : .

®)
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Finally, the adaptation formula is given below

W(n):W(n —1)+ ,uUpdate(n)XT(n), 9
where u is the adaptation step size defined as a
constant value, and Update(n) coefficient is given
as follows:

Update(n) = (10)

Typically, for convergence in the mean square,
0<p<2. In experimental study the p equals to 0.62.

3. A practical LMS

algorithm, [3]

approach to

The main proceed of labour is an assembler
program of weight update (3) in training procedure.

This update is performed for all 128 items of W(n)
vector that can work in one loop, see below. Hence
the loop is man focus to decrease total number of
multifunctional instructions. As the minimum, only
such two instructions are needed for one element

update of W(n) One can see that /0 points to
circular buffer storing input digitised samples of
chirp signal in data memory and /4 register points

to buffer of W(n) in program memory of DSP.

mx0 = dm (10 += M0), ay0 = pm (14 += M4),;
my0 = dm (address of Update);
mr = mx0 * my0 (rnd), mx0 = dm (10 += M0),
ar =mrl + ay0;
M4 =-1;
M7 =2;
mr = mx0 * my0 (rnd), mx0 = dm (10 += MO0),
ay0 =pm (14 += M4),
CNTR = 128-3;
do LOOP until ce;
pm (14 += M7) = ar, ar = mrl + ay0; //prior

re-writing and next weight update calculation
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LOOP: mr = mx0 * my0 (rnd), mx0 = dm (10 +=
M0), ay0 = pm (14 += M4);
/fadjusting by J, data reading
nop, pm (14 += M7) = ar, ar = mrl + ay0;
mr = mx0 * my0 (rnd), ay0 = pm (14 += M4),
M4 =1; pm (14 +=M4) = ar, ar = mrl + ay0;
pm (14 += M4) = ar;
Sometimes it is necessary to make some kind of
mutation that can be performed by cross-over
algorithm. The point of this algorithm is to put an

element of W(n) vector to zero if its prior
non-zero value causes an increased error. The
mutation may change the weights once per epoch
after training procedure finished, where 218
patterns are processed per epoch. Below we can see
a program of cross-over algorithm making mutation

of W(n) vector. It works as described to give
asymptotically decreasing error during the mutation

is applied to all elements of W(n), see below a time
demanding loop. The joint of multifunctional
instructions are a minimum number in loop of
performance execution.

do LOOP?2 until ce;
ar =mrl + af, ay0 = mrl; // error
simulation when any element of W(n) is zero
ar = ar xor ay0, my0 = pm (14 += M5),
//comparison between real and simulated
error, ensures steep descent
if ge jump LOOP2;
pm (14 +=M7) =myl, af = mrl + af; //
error changes --> element of W(n) must be
zero, element re-write

LOOP2: mr = mx0 * my0 (rnd), mx0 = dm (10

+=M0), my0 = pm (I4 += M4); // data
read
In later chapter, some experimental results will
be shown by employing the above program
routines.

4. Some benefits on LMS training
method and mutation of weights
vector

The linear neuron is able to adapt very quickly
to the change in the target signal. The 35 epochs
required to learn the wave form are very impressive
when one considers that in a typical signal
processing application, a signal may be sampled at
16 kHz. At such a sampling frequency, 35 epochs
go by in 0.5 second because every epoch takes 218
patterns to train the neuron as well as adaptive
filter. The training stops if the number of iterations
exceeds 35 epochs. Measured signals of chirp
signal, target d(n), and output y(n) of adaptive filter
are shown in Figure 2.

By following the principle of Figure 1, the
target d(n), and output y(n) signals should be
overlapping if the adaptive filter is trained with
very low error, see Figure 2.

The Figure 3 shows two profiles of men squared
error over 35 epochs. The red curve illustrates the
instance when the cross-over algorithm makes
mutation once after every epoch. Then the error is
achieved about, 0.61%, towards the maximum
taken as 1.

=—chirp signal

digital amplitude #16-Bit
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|
e e

|

|
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|
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Fig. 2 Measured signals on adaptive filter
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Fig. 3 Error profiles over 35 epochs

The blue curve shows error profile when the
neuron was trained without any mutation giving 1%
error approximately. So, the cross-over algorithm
gives more alternatives in LMS training procedures.
The important fact is that this mutation is not
convenient to be often used with iteration, (3), but
only after every set of patterns. In other way the

W(n) vector may occasionally be not stable.

0.07 T T T T
Weight vector - 1st epoch
0.06} - Weight vector - 2nd epoch
Weight vector - 10th epoch
0.05F- Weight vector - 20th epoch !
= Weight vector - 35th final epoch
0.04F- Weight vector - 35th final epoch i
with cross-over

Fig. 4 Weight vectors trained in progress of epochs.

Last Figure 4 shows weight vector coefficients
after 1, 2™, 10™ , 20™ and 35™ epoch without any
mutation. There the last colour, red, illustrates

W(n) vector coefficients when crossover applied
to. Comparing wave forms of last two curves in
accordance with the legend, the mutated vector is

more smooth than the trained W(n) vector without
any mutation however both are of course very
similar that results is small error.
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This all has been considered with learning rate
estimated via (8). This experimental study shows
effectiveness of the formula because low, constant
of learning rate, e.g. 0.001, gives about 16%
squared error. Moreover high level of learning rate
0.06, as constant value, gives error about 0.91%
error that might be comparable to the error mention
in Figure 3 considering estimated learning rate. The
important fact rises up when LMS training method
with estimated A(n) and weight mutation reached
the lowest error such as 0.61% in Figure 3 of these
experiments.

5. Summary

This paper deals with hardware to software
approach to adaptive filter training methods, which
are taken over the field of neural nets as e.g. LMS.
The author shows the possibility to implement
complex algorithm implemented into digital signal
processors with 16-Bit fixed point precision. In
addition to assembler program of LMS method, the
estimation of learning rate and cross-over as weight
mutation is the subject of exploration. The
focussing experiments with adaptive filter working
as a neuron achieves less than 0.01 of mean square
error.

These methods and algorithms would be
presented at the conference of biomedical devices
held up at the University of Zilina, Slovak republic
in September, 7-9, 2005.
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Summary The effects of electromagnetic fields to human organism are frequently asked questions not only these days, but
also in distant past. Sources of electromagnetic fields are all around us. There are two main groups. The first are natural
sources, the second are artificial (man made) sources. Problems are very wide-ranging, comprising EM field sources, various
kinds of appliances, equipments, safety of their use and their impact on human health etc. The paper deals with some effects
of EM fields, especially those radiated by mobile phones on human body and with methods of their investigation.

Abstrakt Casto diskutovanou otizkou nielen dnednych dni, ale aj davnej minulosti st uéinky elektromagnetickych poli na
Pudsky organizmus. Zdroje elektromagnetickych poli st vSade okolo nés. Existuji dve hlavné skupiny podl'a druhov zdrojov.
Prvu skupinu tvoria prirodné t.j. prirodzené zdroje, druhti umelé zdroje t.j. zdroje vytvorené 'udskou ¢innost'ou. Problematika
je vel'mi rozsiahla a zahitia zdroje EM poli,r6zne druhy pristrojov a zariadeni, bezpecnost ich pouzitia a ich vplyv na l'udské
zdravie atd’. Clanok sa zaoberd niektorymi uéinkami EM poli, najmd vyZarovanymi mobilnymi telefénmi na Pudsky

organizmus a metdédami vySetrovania tychto t¢inkov.

1. Introduction

One of the most and constantly discussed
topics of these days is electromagnetic field and its
effects on human organism. There are two main
groups of electromagnetic radiation sources, i.e.
natural sources and artificial, man made sources.
The natural sources of EM radiation are sun and
thunderstorm activity. The living organisms have
well adapted to the effects of natural EM field
sources during years. Sources of electromagnetic
fields caused by human activities form two large
groups, i.e. low-frequency EM fields and high-
frequency EM fields. They differ from one another
by way of their use and also by their effects to
human organism. For more than forty years there
has been concern about health risks from EM fields.
At first, this concern was about the fields produced
by the electric power supply system for domestic
and industrial use. Electromagnetic fields are
inevitably produced by any electrical apparatus.
The number of them has increased rapidly, both in
households and in industry. We can say that every
sphere of our daily life is to a large extent affected
by various kinds of EM fields. The interaction of
EM fields with various characteristics and their
effects on human organism is not fully understood
yet. And hence, mainly in last two decades, the
question of safety to human’s health takes place in
the general public. Scientific community
(physicists, engineers, developers, designers,
doctors etc.), civil service and municipal authorities
initiate the research. The World Health
Organization (WHO) in cooperation with a new,
independent scientific organization, the
International ~ Commission on  Non-lonizing
Radiation Protection (ICNIRP), formed working
groups of specialists. Large number of

169

measurements and studies, i.e. volunteer studies,
cellular and animal studies, laboratory and
epidemiological studies, occupational studies have
been performed. There have been also studied
direct effects of EMF of fields with the body and
indirect effects, which may result from physical
contact between a person and an object. But the
final decision whether or not, EM fields are harmful
to living organisms has not been done yet.

2. Classification of EM fields and their
effects

The electromagnetic spectrum comprises a
wide range of frequencies.

mobia phonas SUE Moulder, T
static power FM radio | MW heat tanning medical
field line AMfdm Tli an lamp booth x-rfvs

108 104 102 1 102 10 104 10° 10710 1012
L L I I I ! I I | 1
Wavelength (meters)
Frequency (Hz)

T T T T T T T W = T T T
102 107 100 108 100 1010 10M2 ; 10" 10 1020
" ELF Radio Infrared = % Xeray and y-rays

(RF) Migowave Ry SE '
W) =3
Non-lonizing 1 lonizing
- Non-thermal [ Themal [ Optical | Brokenbonds
Low induced High induced Electronic DNA Damage
currents currents excitation
7277 Heating Photochemical Cancer, mutation

effects bithdefects

Fig. 1. The electromagnetic spectrum with its sources and
health effects [2 ].

All frequencies lower than ultraviolet radiation
frequency, are referred to as ‘“non-ionizing”,
because their energy is not sufficient to break
chemical bonds of atoms. Ionizing radiation results
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in broken bonds, which can cause DNA damage
and is capable to initiate the health, normal cells
change to cancer cells. The broad spectrum of
frequencies with adequate wavelengths and effects
to biological objects is introduced on the Fig.l.
Concerns about health effects of EMF have paid
particular attention to two quite different non-
ionizing frequency bands. One of them is 50 or 60
Hz, the frequency of electric power systems, the
other is around 1 or 2 GHz (typically 900MHz or
1800MHz), where mobile phones operate. Both are
essential part of our daily life and for this reason
their influence on general public has to be
investigated responsibly.

2.1 EM fields at power frequencies

Electromagnetic fields at power frequencies
show their effects separately for electric and
magnetic fields. EM fields present at homes mostly
come from low-voltage electric wiring. The
intensity of electric field is there as a rule, tens volts
per meter. The fields with strong intensity are
produced by overhead power lines, with the
intensities of tens kilovolts per meter and also by
mains appliances, the intensities of which are a few
hundred volts per meter. The range of these fields
in the case of power lines a couple hundred meters
at best and for appliances it is a meter
approximately.

2.2 EM fields at mobile phone frequencies

Electric and magnetic fields are coupled
together as electromagnetic or radio waves and
usually are measured in watts per square meter.
Very often used quantity to formulate the amount of
power absorbed by living tissues is so called the
Specific Absorption Rate (SAR), measured in watts
per kilogram.

Fig.2. A phantom model of human head [3].

EM fields from mobile phones are as a rule of
watts per square meter. On the contrary, EM fields
from mobile base stations (and other broadcast
antennas) are usually only milliwatts per square
meter. The principal problem is, that mobile phone
is usually held in hand during operation and never
in history, the source of EM radiation was situated
so close to human body, especially to human head.
Since inner part of a human head is inaccessible for
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purposes of SAR values measurements, many
various phantom models have been constructed.
Their dimensions are taken from those of average
adult head. One of such phantoms is presented at
the Fig.2.

3. Mobile phone - source of exposure

Mobile phones belong to appliances that people
very quickly accustomed to. We can say that
modern man is not able to imagine his life without
them. The number of mobile phone users has
rapidly increased during last years and yearly
increase in them is over ten millions all around the
world. There is extensive discussion about possible
adverse effects on human health. There are two
direct effects result from exposure to mobile phone
radiation. The first of them are thermal effects
caused by holding mobile phones close to the body,
especially to head and the second are non-thermal
effects by influence of both phones and base
stations. There are also indirect effects. For
example, the concentration of a driver whilst
driving can be weakens during his phone calls and
so there is a danger for the other drivers.

3.1. Experimental investigation of mobile phone
radiation

Mobile phones and their base stations emit
radiofrequency radiation, exposure levels of which
decrease with distance from source, in general. The
power transmitted by base station antennas is
appreciably greater than that of the phones. The
emission from a mobile phone is essentially at one
frequency and that from a base station is at several
frequencies. In both cases, the waves have the
relatively long coherence time that is the average
time between random phase changes, usually units
of microseconds. These properties are quite
different from those of natural source of
electromagnetic waves, the Sun.

Fields from Mobile Phone Systems

Figure 4.5 Main beam from an antenna mounted on a tower. The beam is in fact less well
defined than that shown here and there is a series of weak side lobes either side of it

Fig.3.
tower[4].

Main beam from an antenna mounted on a

During the phone call, the EM radiation
direction is mostly oriented to the relevant side of
the head during hand-held use or to this part of
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body, which is closest to the mobile phone during
hands-free use. To obtain accurate and applicable
results without exposing people (volunteers), the
measurements in most cases are performed on
phantom models of human head or whole body.
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Fig4. The results of SAR measurement on phantom
model of human head [4].

There have been many models developed.
Some models have very simple geometry, ie. a
sphere for human head and a cylinder for human
body. Only several of them, all around the world
are with geometry nearly accurate copying real
geometry of average human body (usually a man’s
body), because they are very expensive. To achieve
relevant results a phantom head is filled with a
liquid, electric permittivity of which is of an
average value of human head tissue permittivity.
The results of SAR measurements on a phantom
model of the head [4] can be seen on the Fig.4. The
measured values of electric strength was taken
inside the phantom and then used to calculate the
SAR. Experimentally obtained results are necessary
to be compared with those obtained by calculation.

3.2. Theoretical investigation of mobile phone
radiation

Theoretical investigations of mobile phone
radiation, similar as almost all problems of EM
applications, are performed by modeling of EM
field. Models are based on Maxwell's equations and
EM topology of the system. Topology is a key
element to the model development. The
fundamental theory is Maxwell's theory of
electromagnetic field. Maxwell's equations describe
all classical phenomena. Many different solution
approaches of the equations are possible.

Their obvious form is
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Vsz—a—B VxH:J—i-a—D
ot or. (1)
V-D=p V-B=0
The quantities E and H are the electric and

magnetic field intensities with the units V/m (volt
per meter) and A/m (ampere per meter),
respectively. The quantities D and B are the
electric and magnetic flux densities which are
expressed in units C/m? (coulomb per square meter)
and T (tesla). The quantitiesp and J are the

volume charge density and electric current density
of any external charges, i.e. not including any
induced polarization charges and currents. Here p

and Jare considered as the sources of
electromagnetic fields. (Such a source is antenna of
mobile phone). In the far field region, that is, in
source-free region, Maxwell’s equations are

VxE:_a_B XH:a_D
ot ot

V'DZO V~B:O

@

We have to do many steps before successful
computer simulation of mobile phone radiation and
its absorption by human head can start. We need to
know physical configuration, topology of system,
we have to create electrical model with the use of
Maxwell's equations and then to solve the problem.
There are various methods, use of which depends
on complexity of system. One is the FDTD [7].

4. Conclusion

Some problems of EM field impact on human
organism and their investigation are indicated. The
work will continue with the aim to create an
appropriate model to solve abovementioned
problems.

References

[1] www.iee.org/policy/Bio Effects/emfhealth.pdf

[2] www.mcw.edu/gerc/cop/powerlines-cancer-
fag/spectrum?2.gif

[3] www.sarvalues.com/measuring-sar.htm

[4] www.iegmp.org.uk

[5] www.ece.rutgers.edu/~orfanidi/ewa

[6] D.M.Sullivan,”Electromagnetic Simulation
Using the FDTD Method”, (IEEE Press, New
York 2000)

[7] V.Darmova, “Investigation of High-Frequency
EM Fields Radiated by Mobile Phone”, (AEEE,
Proc. of ELEKTRO 2004, Zilina, Slovakia, 25-
26 May 2004, pp.299-301)



http://www.iee.org/policy/Bio Effects/emfhealth.pdf
http://www.mcw.edu/gcrc/cop/powerlines-cancer-faq/spectrum2.gif
http://www.mcw.edu/gcrc/cop/powerlines-cancer-faq/spectrum2.gif
http://www.sarvalues.com/measuring-sar.htm
http://www.iegmp.org.uk/
http://www.ece.rutgers.edu/~orfanidi/ewa

International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

VYHODNOCOVANIE ARTERIALNEHO PROFILU A HEMODYNAMIKY
VYBRANYCH CIEV NA DOLNYCH KONCATINACH

L. Buckuliakova®, J. Tkacik®, B. Valko®™

@Zilinskd univerzita, Katedra teoretickej a aplikovanej elektrotechniky, Univerzitna 1, 010 26 Zilina
®r Ortopedicka klinika FNsP Ruzinov, Ruzinovska 6, 826 06 Bratislava 29

Abstrakt Prispevok sa zaoberd meranim prietoku krvi vo vybranych cievach v segmente predkolenia. Pri tomto merani
pouzivame neinvazivne metddy predovsetkym fyzikalne cievne vySetrenie, sumacné pletyzmografické zaznamy predkoleni,
zapisy flowmetrickych priebehov z jednotlivych ciev a vysledky pulzoximetrického vySetrenia z prstov oboch dolnych
koncatin. Vysetrenia st doplnené meranim tlakov — brachidlneho, proximalneho a distdlneho na DK. Kontinualny
dopplerovsky flowmeter umoziiuje z povrchu tela ziskat' informacie o rychlostnych profiloch ciev a d’alSich parametroch
krvného rie€iska. Detekénymi miestami boli a. femoralis, a. tibialis posterior a a. dorsalis pedis. S vyuzitim digitalneho
prevodnika cez osciloskop Tektronix TDS 220, programu Scope a vlastného programu sme vytvorili prehl'adny zaznam

vyhodnocujtici namerané hodnoty rychlosti prietoku krvi.

Kracové slova Impedan¢na pletyzmografia, reografia, pulzoximetria, saturacia hemoglobinu kyslikom, kontinudlna
dopplerovska flowmetria, arteria femoralis, arteria tibialis posterior, arteria dorsalis pedis, pulzova vina, neinvazivna metdda,

artéria, arterialny profil, ateroskler6za, priechodnost’ ciev

1. Uvod

Hovori sa, ze Clovek je taky stary, aké
staré ma cievy. Na tomto vyroku je vela pravdy,
pretoze cievy spolu so srdcom tvoria v srdcovo-
cievnom systéme neoddelitelna ¢innti jednotku,
ktora s kone¢nou platnostou rozhoduje o Zivote ¢i
smrti jedinca. Cievne choroby moézu zapriéinit
vazne zmeny ktoréhokol'vek organu v tele, najma
ak si uvedomime, Ze funkcia kazdého tkaniva,
kazdej telesnej bunky zavisi od primeraného
prisunu krvi.

V mnohych pripadoch ma naruSenie
funkcie cievneho systému patologickym procesom
svoj Specificky charakter. Pomocou vySetrovacich
metdd moZeme toto porusenie funkcie odhalit,
popripade stanovit' stupen postihnutia. Doteraz
nemame také metody, ktoré by nas informovali
o vSetkych funkciach, nie vSetky casti st dobre
pristupné vySetreniu, zvlast pomocou
neinvazivnych metod. Niektoré vySetrenia maju len
orientacni  hodnotu, iné moézu viest k
diagnostickym zaverom. Z praktického hladiska sa
pozornost’ sustred’uje na vySetrovanie periférnych
(koncatinovych) ciev.

2. Principy vySetrovacich postupov
periférnych ciev

Predmetom naSho vyskumu bol prietok
krvi vo vybranych cievach na dolnych koncatinach,
pretoze periférne artérie dolnych koncatin su
najcastejsie postihnuté aterosklerézou, Biirgerovou
chorobou, makroangiopatiou a mikro - angiopatiou.
Zistovanim pulzacii jednotlivych artérii na
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vybranych  detekénych  miestach  skiimame
priechodnost’ ciev az do periférie.

Zameranie vyplyva zo sucasnych potrieb
diagnostiky ~ vCasnych  §tadii  artériosklerdzy.
Lokalizacia tohto ochorenia ma zavazny vyznam
pre Zivot pacienta. Zistovanie vcasnych S$tadii
ochorenia na cievach dolnych koncatin ma svoj
vyznam nielen pre mozné komplikacie, ktoré
v kone¢nom S$tadiu mézu viest' az ku strate dolne;j
koncatiny, ale ipre moznost sucasn¢ho vyskytu
artériosklerotickej choroby inych délezitych lokalit
cievneho rieciska napr. koronarnych tepien srdca,
mozgovych ciev atd’.

Na meranie rychlosti prietoku krvi
vybranymi cievami sme pouzivali Flowmeter
Directional Doppler Model 806 pri Flow Toward
Probe — doprednom toku. Tento pristroj je
ultrazvukovy  mera¢  rychlosti  a zrychlenia
relativneho prietoku krvi pomocou Dopplerovho

principu  kontinudlnym spdsobom. Umoziuje
neinvazivne zpovrchu tela ziskat informacie
o rychlostnych profiloch ciev a d’al§ich
parametroch  krvného  rieCiska. Vysielané
ultrazvukové viny sa odrazaji od akustickych
rozhrani ~ vytvaranych  roznou  akustickou

impedanciou cievnych §truktar a od pohybujucich
sa Cervenych krviniek. Signaly snimame sondou
prikladanou na kozu v detekénych miestach na a.
femoralis, a a. tibialis anterior, a. tibialis posterior
aa. dorsalis pedis. Sonda (meni¢) zachytava
odrazené¢ vlny aprenaSa ich na obrazovku
osciloskopu. Frekvenéné zmeny lezia v pocutelnej
oblasti a je mozné ich vnimat’ ako sluchovy signal.
Pouzivali sme digitalny prevodnik cez osciloskop
Tektronix TDS 220. Ziskali sme zapis periférneho
pulzu z prislusnych cievnych oblasti, z ktorého je
mozné hodnotit’ rychlostné a asové parametre.
Merania sa  zaznamenavali  a vyhodnocovali
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pomocou programu Scope3.2. Vyhodnocovali sme
rychlost’ vzostupu nameranej krivky, lebo je
obrazom stavu cievy. Nabehovy ¢as a velkost
amplitdidy st iné uzdravej ainé u poskodenej
cievy.

Vysledky merania prietoku krvi st
pocitatovo spracované a prehladne uvedené na
Obr. 1. Tento sposob vyhodnocovania arteridlneho
profilu ahemodynamiky je zvlast vyhodny
a prehladny pre lekarov, lebo poskytuje vsetky
dolezité informacie.

Merania prietoku krvi su doplnené
funkénym vySetrovanim dolnych koncatin ato
somatometrickym, IPG pletyzmografickym

a pulzoximetrickym. Takto ziskavame komplexny
obraz ocievnom systéme dolnych koncatin.
Impedan¢nou  pletyzmografiou  sa  zistuje
pritomnost’ alebo nepritomnost pulzovych vin
v meranom segmente dolnej koncatiny, ich
kvantitativne alebo kvalitativne zmeny, z ¢oho
mozno usudzovat’ na redukciu krvného zasobenia.
Relativny prietok zavisi od frekvencie srdcovej
Cinnosti, pricom rychlost znasobuje objem
preteenej krvi. Tymto meranim sa zapiSe sumacny
zaznam pulzov tepien v meranych segmentoch

predkoleni oboch DK.

3. Prinosy neinvazivnych vySetrovacich
metod tepnovej hemodynamiky dolnych
koncatin

V prispevku vychadzame z vysledkov merani
hemodynamiky dolnych koncatin s vyuzitim metod
somatometrickych, z merania krvného tlaku
a arterialnych profilov oscilometrickou metddou,
dalej z vysledkov metddy impedancnej
pletyzmografie, metody pulzoximetrickej a
dopplerovskej flowmetrie u zdravych oséb. Subor
nameranych  hodnét upacientov s  vysSie
spominanymi cievnymi ochoreniami je doplneny
o artériograficky obraz meranych tsekov dolnych
koncatin. Nasledujiice metody poskytuju vysledky
hodndt vyznamnych parametrov.

1. Somatometrickd  metdda  poskytuje
udaje o obvodovych aobjemovych
parametroch v segmentoch koncatin
atym o stave horizontalne;j
proporcionality, anepriamo o stave
trofiky koncatiny.

2. Meranie tepnového tlaku
oscilometrickou metdédou v segmentoch
DK a centralneho tlaku (brachialneho)
umoznuje  stanovit na  meranych
urovniach  arteridlne indexy, atym
arterialne profily v segmentoch DK .

3. Metoda impedancnej pletyzmografie
poskytuje pri symetrickom merani
suCasne zaznamenat tepnové pulzacie
zo segmentov  predkoleni, atym
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vyhodnocovat’ amplitady kriviek, ich

tvarové  charakteristiky  a hodnoty
relativnych pulzovych objemov.
Hodnota zékladnej elektrickej
impedancie merand medzi vnutornymi
snimacimi  elektroédami  poskytuje
stranové informacie o elektrolytovom
prostredi meranych Struktar.
(pritomnost opuchu alebo vysuSenia
tkaniva)

4. Metoda  dopplerovskej  flowmetrie

umoznuje zapis rychlostného pulzu na
anatomickych miestch s priamym alebo
sprostredkovanym zdznamom  vysky
amplitad. Hlavnym prinosom je tu
prehladny  zadznam  vyhodnotenia
arterialneho profilu Obr.1.

5. Pulzoximetrickd metéoda s pouzitim
dvoch samostatnych aparatir — Pulzox —
7, Minolta umoziuje siCasne meranie
kyslikovej saturacie hemoglobinu na

prstoch  dolnych  koncatin  apre
porovnanie aj na prstoch HK.
6. Angiografické kontrastné zobrazenie

tepnového systému DK, pripadne vetiev
brusnej aorty umoziiuje presnejsie
stanovenie vySky cievnej lézie, jej
stenotického z(Zenia, uzaveru alebo
priechodnosti v celom rozsahu atym
presne zobrazit tepnovy pritok do
obidvoch DK.

4. Subor vySetrovanych osob

Pozostava  z kontrolnej  skupiny 20
zdravych muzov a zien, uktorych sme uplatnili
prvych 5 metdd a uvedenych meracich postupov.

U skupiny 10 pacientov sa pouzilo
v predoperacnom vySetrovacom postupe vsetkych 5
neinvazivnych vySetrovacich metéd a nakoniec
invazivna metéda arteriografickd, po ktorej sa
stanovil d’alsi lieCebny postup.

5 Vysledky merani

Z kontrolnej  skupiny 20  zdravych
vySetrenych o0s6b predkladame iba vysledky
neivazivnych metod a vySetrovacich postupov.
V stbore 10 pacientov uvadzame aj vysledky
invazivnych vySetreni (arterio a aortografickych),
ktoré¢ boli indikované oSetrujicim lekdrom -
chirurgom scielom ziskat obraz o cievhom
riecisku vo vyssich segmentoch oboch DK a ziskat’
podklad pre rozhodnutie o potrebe dalSej
chirurgickej lieCby. V strunej charakteristike
kontrolnej skupiny uvadzame vysledky merani
hmotnostnych ukazovatelov ajej Clenenie podla
pohlavia. Tabulky vysledkov pre jednotlivé
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skupiny vySetrovanych os6b nie je mozné uviest’
kvoli ich rozsiahlosti.

Z tabul’ky vysledkov kontrolnej skupiny
vyplyva, Ze ju tvori 10 muzov al0 Zien
s priemernym vekom 65 rokov umuzov a50 u
zien. VSetky zeny boli nefajéiarky. V skupine
vySetrovanych zdravych  muzov boli 2 fajciari.
Podla merani zakladnych antropometrickych
ukazovatel'ov (hmotnosti a vysky) sme hodnotili
stav vyzivy podl'a hodnotiaceho kritéria body mass
indexu (BMI). BMI ukazuje, ze 11 vySetrovanych
0sOb malo nalezitG hmotnost, 9 o0s6b malo
nadmernu vyzivu.

Somatometrické  zistovanie  obvodov
a urCovanie objemov ukazalo symetriu
v horizontalnej  proporcionalite  vySetrovanych

segmentov DK.

Pri vysetreni tepnovej hemodynamiky sme
vprvom kroku pohmatom zistili pritomnost
pulzécii tepien na Styroch anatomickych miestach
dolnych koncatin, nésledne sme dopplerovskym
pristrojom zistovali azaznamenali rychlostné
prietokové hodnoty na femoralnych tepnach a troch
distalnych tepnach na distalnych predkoleniach.

Z vysledkov  merani IPG  pletyzmografickou
metodou sme zistili hodnoty zakladnej impedancie
meranych tusekov predkoleni a stcasne zapisy
pulzacii zo segmentov oboch predkoleni.

Ziskané¢ hodnoty meranych parametrov tepnovej
hemodynamiky u jednotlivych vySetrovanych osob
sa nachadzaji v pasme nalezitych hodndt nami
pouzivanej metody.

Vysledky  merani  tepnového  tlaku
oscilometrickou  metdédou v segmentoch DK
a centralneho tlaku (brachidlneho) po vypocte
arterialnych indexov ukazali nalezité hodnoty (nad

1,00) arteridlnych profilov na koncatinach
kontrolne vysetrenych muzov a zien.
Vysledky  merani  saturacie  HbO,

pulzoximetrickou metédou pri stiCasnom nalozeni
snima¢ov na druhom prste DK vpravo a vlavo
ukézali nalezité hdnoty nameranej veliCiny, t.j.
medzi 94 a 100 % obojstranne.

Vysledky vySetreni z klinickej skupiny (10
pacientov) ukazali variabilitu somatometrickych
a ostatnych nalezov, najmé vysledkov invazivnych
a neinvazivnych metod vySetreni.

Z tabul’ky vysledkov klinickej skupiny
vyplyva, ze ju tvori 8 muzov a2 Zeny
s priemernym vekom 64,5 umuzov a 65,5 u Zien.
Vsetci pacienti - muzi boli faj¢iari. Jedna Zena bola
nefajciarka. Podla merani zakladnych
antropometrickych ukazovatel'ov sme hodnotili stav
vyzivy podla hodnotiaceho  kritéria BMI
nasledovne: naleziti hmotost mali 2 pacienti,
nadvéhu 5, 1 mal podvéhu, 1 L. stupeil obezity a 1
I1. stupen obezity.

Vysledky  arteriografickych  vySetreni
popisané prislusnymi odbornymi lekarmi z RTG
ukazuju variabilné RTG obrazy popisujuce bloky,
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kratke adlhSie stendzy na rdznych urovniach
magistralneho a periférneho rieciska.

Pri palpaénom vySetreni tepien na 5
anatomickych miestach (a. f., a. poplitea a.t.p. a.
ta,a. d.p) sa vniektorych pripadoch hmatom
nezistil pulz, ale dopplerovskym meranim prietoku
bol pritomny pulzovy tok.

Vysledky merani impedanc¢nou metédou
vyznamne korelovali s arteriografickymi nalezmi
tak stranovo ako aj vhodnotach amplitad
a relativnych pulzovych objemov.

Vysledky merani  tepnového  tlaku
oscilometrickou  metédou v segmentoch DK
a centralneho tlaku (brachidlneho) po vypocte
arteridlnych indexov ukazali vyznamnu zhodu
arteriografického ~ obrazu  (bloky,  stenozy)
s vypoc¢itanymi hodnotami indexov arteridlnych
profilov na prislusnch DK.

Vysledky  merani  saturdcie = HbO,
pulzoximetrickou metdédou pri sucasnom nalozeni
snimacov na druhom prste DK vpravo a vlavo
ukazali, ze pri vyznamnych arteriografickych
nalezoch (bloky, stenézy) boli pod 94 % az
nemeratelné.

Somatometrické  zistovanie  obvodov
aurCovanie objemov ukazalo stranovu asymetriu
v horizontalnej proporcionalite v zmysle zmensSenia
obvodov a objemov postihnutych konéatin.

7.  Zaver
Vysledky  arteriografickych ~ nalezov
zoboch DK pri predoperacnom vySetreni
vyznamne  koreluju s vysledkami  predtym
vykonanych merani tepnovej hemodynamiky

neinvazivnymi metédami. Ide o stranovy suhlas

nalezov pulzovych objemovych zmien,
rychlostnych prietokovych zmien a vysledkov
arterialnych profilov a pulzoximetrickych.

Z vysetreni uklinickej skupiny sa ukazala
vyznamnd prevaha fajéiarov, ex-fajCiarov, znizenej
vyzivy asomatometrickej asymetrie (stenSenie
vyznamne postihnutyych DK).

Zaujimava je suvislost medzi mernym
odporom, zistenym pomocou IPG flebografického
vySetrenia, astavom tepnového systému DK.
U pacientov s obliterujicou arteriopatiou
a vyskytom stenéz sa hodnota merného odporu
znizuje, avSak prudko narasta u pacientov s I. alebo
II. stupnom obezity. Tento jav by bolo vhodné
d’alej preskiimat’ na podstatne pocetnejSej skupine
pacientov. Nas§ subor vySetrovanych osob je prili§
maly na vyvodenie vSeobecnych zaverov.

Literatura

[1] Duris, I; Hulin, I; Bernadi¢, M.: Principy
internej mediciny, SAP — Slovac Academic Press,
s.r.o., Bratislava, 2001, S. 498-557, 611, 784-79717
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P V| P Somatometria Reografia Oximetria Arterialny profil
ale|l o Objemy Meranie tlakov
¢ k| h brachial
ie 1
n |F| a |Prava DK Lava DK Prava DK Lava DK Prava | Cava Prava DK Lava DK
t v |Segment |Segment |Segment |Segment | Amplit | RPO | Amplit | RPZ | DK DK Index Index
ie stehgla predkole stehgla predkole |pulzove [%o] pulzovej [%o] [%] [%]
D [dm’, 1] | nia [dm’, 1] | nia j krivky f7 = keivky 7 Nilezité |Pod |Nad |Pod |Nad
G BMI [kg/m’] MmQ] 11y | MO | 107 hodnoty |kolen |&lenko |kolen | &lenko
94 - 100 om |m om |m
Nalezité hodnoty BMI Nalezité hodnoty Impedanéna
Pod 18,5 podvaha 41-85]063_ 109 (%] flebografia ATP ampl ATP
N 18525 nalezita hmotnost [mQ] 7’4 116 20 - ATA ATA
25— 30 nadvaha a [€2] Merny odpor ADP ADP
30-35 I stupen obezity ¢ [Qcem] [mV] [mV]
35-40 1L stuperi obezity Nalezita
nad 40 Zivot ohrozujiica obezita hodnota
262 - 378
LCava |Prava
DK DK
1P|7 |[M |1,120 1,303 1,061 1,256 39,4 0,84 [37,1 0,47 197 97 ]169/83 -74
2 63 107 |336,1 [205,3]0,71 0,76 0,68 10,67
F 100 150
17 0 0
0. 0 0
2

Tab. 1: Cast tabulky s vysledkami vySetrent

175




International Conference “Trends in Biomedical Engineering”

September 7 - 9, 2005, University of Zilina

Ambulancia ortopedickej funkénej diagnostiky — I. Ortopedicka klinika FNsP Ruzinov
Ruzinovska 6, 826 06 Bratislava 29

Datum: Meno odos.lekara: Cis.vys.:
Meno: Cislo poistenca: |RNP: | Diagnoza:
Arterialny profil dolnych koncatin
MERANIE TLAKOV
| Centralny — brachial [torr]: | 119/73 | Pulz [pocet/min]: | 65 |
Nad kolenom Pod kolenom Nad ¢lenkom
Proximalny Index Proximalny Index Distalny Index
PRAVA DK 173/71 1.453378 133/70 1.117647
CAVA DK 145/61 1.218487 137/72 1.151260
FLOWMETRIA

Arteria Femoralis

I

Arteria Tibialis Posterior

Posterior

Arteria Dorsalis Pedis

Subj.stav:

Obj. — zaver vys:
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Arteria Femoralis

Arteria Tibialis

Arteria Dorsalis Pedis




International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

Obr. Angiografické zaznamy stenoz
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CLASSIFICATION OF BIO-SIGNALS INTO GROUPS

ROZDELENIE BIOSIGNALOV PODIA ROZNYCH KRITERII

J. Mrazova?

)

9 University of Zilina, Department of Control and Information Systems, Velky diel, SK 010 26 Zilina, Slovakia, E-
mail: mrazova@fel.utc.sk, Phone: +421 41 513 3302

Summary The human body is complex of the number of cells, fibres, tissues, apparatus, which are sources of many signals.
The signal is information supporter about examined or scanned biological systems (patient). Extraction of information
components from signal needs the pre-processing — elimination (minimalization) of redundant element signals: noise and
products interference from sources different than those being the subject of investigation.

Abstrakt LCudské telo je zlozené z buniek, vlakien, tkaniv a orginov, ktoré su zdrojom mnoZstva signalov, a tie sa
predmetom skiimania biomediciny. Signal ako nosi¢ informacie o pozorovanom biologickom systéme, je potrebné vhodne
zosnimat’ a spracovat’. Extrakcia informacnej zlozky zo signalu vyzaduje poznanie nielen fyzikalnej podstaty jednotlivych
signalov ale aj miesto jeho vzniku, a funkciu vySetrovaného organu.

1. Uvod

Rychly rozvoj mnohych vednych disciplin
hlavne v oblasti snimania a spracovania signalov v
biomedicine. Cudské telo je zloZené z mnoZstva
buniek, vlakien, tkaniv a organov, ktoré su zdrojom
mnozstva signalov. Signal je nosi¢om informacii o
pozorovanom  resp.vySetrovanom  biologickom
systéme.

Ako biosigndly mézeme oznacit’ vSetky signaly,
ktorych existenciu mézeme zaznamenat' v zivych
organizmoch. Mo6ze sa jednat o priebehy
elektrickych napiti, premenlivé magnetické polia,
zmeny chemickych koncentracii, —mechanické
pohyby, zvuky, zmeny teplot aj. Mozeme ich
registrovat v dosledku  spontannej aktivity
biologického systému (nativne signaly) alebo ako

dosledok  nejakych  Umyselnych  podnetov
(evokované signaly).
Napriek  Sirokému  spektru  fyzikalneho

charakteru (o do kvality i kvantity) biosignalov
méZzeme u nich sledovat a vySetrovat velké
mnozstvo spolo¢nych rysov. Je nutné poznamenat,
ze nech je pdvod toho ¢i ktorého biosignalu
akykol'vek, je v dnesnej dobe jeho nasledny prevod
do formy elektrického signalu nevyhnutny. Z toho
dovodu je nevyhnutnad zakladna znalost’ z teorie
elektrickych obvodov, prave tak ako znalost
zakladného matematického a fyzikalneho aparatu.

Extrakcia informacnej zo signalu
vyzaduje predspracovanie odstranenie
(minimalizovanie) neuZitocnych zloziek signalu:
Sumy a produkty interferencie z inych zdrojov nez
toho, ktory je predmetom sledovania.

zlozky

2. Klasifikacia biosignalov podla
matematickych Kritérii

To, ze signal prebieha v Case, znamena, ze v
kazdom okamziku nadobuda nejaké urcité hodnoty.
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A pretoze plynutie Casu povazujeme v klasickej
fyzike za nezavislu veli¢inu, mézeme si lubovolny
signdl predstavit ako nejakil funkciu casu a
znazornit' si ju grafom tejto funkcie, priCom
nezavislu premennu bude ¢as a zavislou premennou
bude prislusna fyzikalna veli¢ina, odpovedajica
fyzikalnemu charakteru daného prenosového kanalu.
Biosignal je ako vsetky signaly forma hmoty nesuca
informacie o dejoch aje mozné ich matematicky
popisat’ ako funkciu jednej alebo viac premennych:

S (t ) =4t , kde A je nenulova konstanta.

Podl'a Cohena delime signal:
- Deterministicy
periodicky
(sinusovy, komplexny)
neperiodicky
(kvaziperiodicky, ppprechodovy)
- Stochasticky
stacindrny
(ergodicky, neergodicky)
nestacionarny
(Specialny)

Spojitym signalom zodpovedaji (po Castiach)
spojité funkcie s(t). Tie umoznuji uréit hodnotu
signalu pre l'ubovolny casovy okamih. Diskrétne
signdly su  opisované  postupnostou  s(m)
umoziujucou urcit’ hodnotu signalu iba pre
diskrétne casové okamihy.

Sucasné technologie, vratane informacnych,
poskytuji  vykonné  prostriedky  spractivania
diskrétnych signalov. Preto sa spojité signaly
prostrednictvom anal6govo-Cislicovych prevodnikov
transformujt do diskrétnych.

Prevodniky realizuji  proces vzorkovania
spojitého signalu s(t) do postupnosti s(m):

s(m) = S(thTS

kde 7, je vzorkovaci interval a f, =27/T, je
vzorkovacia frekvencia.
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DETERMINISTICKE A STOCHASTICKE
BIOSIGNALY

Deterministické signaly st vyjadritelné presnou
matematickou zavislostou a tomu zodpovedajiucou
grafickou reprezentaciou.

Redlne biosignaly nie su nikdy deterministické.
Vzdy v nich pritomné nepredvidatelné Sumy a
zmeny parametrov sposobuju ich nedeterminic¢nost’.

Podtriedou  deterministickych  signalov  su
signaly periodické:

s(t): s(t + nT),

kde n je "integer" a T je peridda. Periodicky
signal ma svoj zakladny opakujtci sa tvar intervalu.

Viacsina  deterministickych  signalov  je
neperiodicka. Napriek tomu je nezriedka vyhodné
povazovat’ ich za takmer t.j. "kvazi periodické".

Napr. RR interval elektrokardiogramu prakticky
nikdy nie je konStantny (v dosledku dychania a
ucinkov  réznych regulacnych  mechanizmov
organizmu). Aj PQRST komplexy zodpovedajuce
uderu srdca nie su navzajom rovnaké. Avsak rozsah
ich variability priptista modelovat’ ich ako "takmer
periodické".[1], [2], [8] [9]

STOCHASTICKE SIGNALY

Stochastické signaly ako prejav stochastickych
procesov v organizme tvoria dolezity zdroj
informacii.

Stacionarny stochasticky proces ma Statistické
charakteristiky, ktoré sa v Case nemenia
autokorelacna funkcia je funkciou casového rozdielu

T=1,—1.

Stochasticky stacionarny ergodicky proces

Statistické charakteristiky jeho I'ubovolnych dvoch
vzoriek rovnakej a dostato¢nej dizky st rovnaké —
vtedy namiesto celého priebehu staci skiimat’ iba
jednu jeho cast’.

CASOVA A FREKVENCNA DOMENA SIGNALU

Casova doména - signal charakterizovany
hodnotami na ¢asovej osi.
Frekvencna doména - signal charakterizovany

svojim frekvenénym rozkladom —> frekvenciou,
amplitidou a fAzovym posunom sinusoid.

FOURIEROVA TRANSFORMACIA (FT) ako
doménovy prevod signalu.

F{s(t)} =S(w=]¢ - pw
=

F-1{S(w}=o(r)=(127]

kde @=2nf je kruhova frekvencia, S(a))

reprezentuje  frekvenénut doménu komplexnou

hodnotou. [9]

3. Rozdelenie biosignalov podl’a ich
fyzikalnej podstaty:

BIO-ELEKTRICKE SIGNALY
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Najdolezitejsie  biosystémy st zlozené =z
excitovatelnych bunieck a ich spravanie je
sprevadzané  bioelektrickymi  signalmi.  Ich
charakteristiky umoznuji skimat, monitorovat’,
vyhodnocovat ich stavy a funkcie.

Vzruchy bunkovych membran nervovych a
svalovych buniek generujucich akéné potencialy.
Elektricky potencial je generovany velkym
mnozstvom buniek, si snimané (povrchovymi prip.
ihlovymi) elektrodami, snimacmi a prevodnikmi.
Elektrické polia sa dobre Siria biologickym
prostredim a preto sa bioelektrické signaly daju
relativne dobre snimat na vhodnych miestach
povrchu. Pouzivanim povrchovych snimacov sa
eliminuju invazivne metddy merani.

Bioelektrické signaly patria
najdodlezitejSie z biosignalov.

medzi

BIO-IMPEDANCNE SIGNALY

Impedanény signal tkaniva sa generuje tak, ze
na vhodnom mieste sa striedavym sinusovym
prudom indukuje prad (frekvencia 50kHz + 1MHz a
intenzita 20pA + 20mA), na inom mieste povrchu
skimaného tkaniva sa inymi elektrédami snima
napitie generované pruidom a impedancia tkaniva.

Impedancia resp. odpor tkaniva je zavisli na
zlozeni tkaniva, objeme a distriblicii krvi v fom,
endokrinnych, resp. neurénovych aktivit v flom a
mnozstva inych, preto je nositelom vyznamnych
informacii.

BIO-MAGNETICKE SIGNALY

Nakol'ko organy tela (mozog, srdce, placa) ako
dosledok elektrickych fenoménov produkuji velmi
slabé magnetické polia, biomagnetické signaly
poskytujii informacie, ktoré bioelektrické signaly
neobsahuju.

Velmi nizka intenzita magnetického pola
sposobuje vel'mi nepriaznivy pomer signalu k Sumu,
preto je vypovedna schopnost’ signalu vel'mi nizka.

BIO-MECHANICKE SIGNALY

Mechanické a elektromechanické snimace a
prevodniky (piezokry$taly, membrany, kvapalinové
tlakomery, ultrazvuk) zaznamendvaju mechanické
prejavy biologickych systémov (pohyby, vychylky,
tlakové, napiat'ové, objemové a prietokové zmeny).

Mechanické rozruchy sa nesiria tkanivom ako
elektrické, magnetické alebo akustické signaly, preto
ich meranie zvycCajne vyzaduje velmi presnl
lokalizaciu snimaca, dokonca aj uplatiovanie
invazivnych metdd.

Poskytuju mnozstvo velmi Specifickych a
vyznamnych informacii na identifikovanie stavu a
funkcii skimaného systému.

BIOAKUSTICKE SIGNALY

Meranie zvukov poskytuje relevantné a
Specifické informacie o jave, ktory ho generuje,
pretoze fyziologické javy (prietok krvi srdcom,
chlopiiami, cievami, alebo prietok dychacich plynov
hornymi aj dolnymi prieduskami a pl'acnym priestorom)
generuju typické akustické fenomény (napr. srdcové
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ozvy, sipanie, piskoty, vrzgoty, kasel), alebo ovplyviujua
rezonancny priestor pre indukované zvuky (napr.
poklep hrudnika, brucha). Zvuky s generované aj
traviacim traktom, pohybom kibov, dokonca aj
kontrakciou svalov.

Akusticka  energia sa Siri  biologickym
prostredim Co umoziiuje snimanie akustickych
signalov  vhodnymi snimacmi (fonendoskopmi,

mikrofénmi) z povrchu tela.

BIO-OPTICKE SIGNALY

Jedno- a viacrozmerné optické signaly patria
medzi vel'mi doblezité¢ zdroje informacii o stave a
funkciach skimanych systémov.

St dosledkom spontannych aj meranim
vyvolanych  optickych  prejavov  biologického
systému (koncentracia kyslika v krvi ovplyvije farbu t.j.
jasnost’ Cervenej, prietok krvi kozou ovplyviiuje jej
zafarbenie).

Meranie priepustnosti alebo odrazu svetla roznej
vlnovej dizky tkanivom. Technolégia RTG
preZiarenia a endoskopickych vySetreni
sprostredkovanych optickymi vlaknami poskytuje
mnozstvo prilezitosti na snimanie biooptickych
signalov. Aj vzorky tkaniv a latok z organizmu su
zdrojom optickych snimanych signalov
produkujicich réznymi technoldégiami obrazové
informacie biologickych systémov.

BIO-CHEMICKE SIGNALY

Biochemické signaly si bud’ DC alebo ich
premenlivost’ (frekvencia) je vel'mi nizka.

St produktom chemickych merani v zZivych
tkanivach alebo z ich vzoriek analyzovanych v
$pecifickych (biochemickych, hematologickych,
mikrobiologickych, histologickych, likvorologickych)
laboratoriach.

Uplatiiuju  sa rozne druhy snimacov a
prevodnikov. Napriklad meranie koncentracie
réznych iénov vo vnutri a v okoli buniek sa
uskutociiuje prostrednictvom Specifickych elektrod.
Teplota organizmu resp. tkaniva sa meria jednak
klasickymi teplomermi ale aj elektrickymi snima¢mi
teploty (termistormi). [1], [2], [3], [4], [5], [6], [7],
[8]

4. Rozdelenie biosignalov podl’a
biologického povodu:

Lekar spravne stanovenie diagndzy
avyvratenie  pochybnosti  potrebuje  ziskat
komplexné informacie o vySetrovanom orgéne a
al§ich faktoroch ktoré vplyvaju na ¢innost
biologického systému. [1], [5], [6], [7], [8]

pre

BIOSIGNALY - OBEHOVEHO SYSTEMU
Vid’ tabul’ka &.1.

BIOSIGNALY - RESPIRACNY SYSTEM
Vid’ tabul’ka &.2.
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BIOSIGNALY - MOZGU
Vid’ tabul’ka ¢.3.

BIOSIGNALY - AUTONOMNY NERVOVY SYSTEM
Vid’ tabul’ka &.4.

BIOSIGNALY - SVALOVE FUNKCIE
Vid’ tabul’ka ¢.5. . [1], [8]

5. Zaver

Pre lekara je podstatné mat’ k dispozicii signal
ocisteny od Sumu v Casovej oblasti, kym technik
signdl spracovava prevazne vo frekvencnej oblasti.
Preto je pre technickych pracovnikov kalibrujacich
resp. vyvijajucich nové pristroje. dolezité vediet’
o aky signal sa jedna.

References

[1] Svato§,].: Biologické signaly I, CVUT, Praha
1992

[2] Dado S., Kreidl M.: Senzory a méFici obvody,
CVUT, Praha, 1999

[3] Capova K.,Cap 1.:Senzory v biomedicinskom
inZinierstve, EDIS, Zilina, 1999

[4] Kreidl M.: Senzory, CVUT Praha 1992

[5] Murin,P.: Detekcia epileptickej aktivity v eeg
zdznamoch, Diplomova praca, ZU Zilina, 2004

[6] Mrazova, J.: Analyza EKG v programovom
prostredi MATLAB, Diplomova praca, ZU Zilina,
2004

[7] Cimermanova,K.: Metodika, pristrojové
vybavenie a mozné chyby pri merani minerdlnej
dentzity kosti, Diplomové praca, ZU Zilina, 2004

[8] Matousek, Lékaiska informatika, (maj2005)
http://krizik.felk.cvut.cz/Lel/

[9] PSenicka, Prostiedky diskrétniho zpracovani
signalu, CVUT, Praha 1993



International Conference “Trends in Biomedical Engineering”
September 7 - 9, 2005, University of Zilina

6. Priloha

gosovke

Fyziologick? Typické Zakladna | Frekvenc.
zrameger Y Druh nerania Snimacie zariadenie fyzikalne frekven- | spektrum
P hodnoty cia [Hz] [Hz]
. koncatinové a hrudné elektrédy; | 1-10 mV
Elektrické clektrokardiogram srdcové elektrédy 50 mV 13 0.05-100
ES;SQCMIY vektorkardiogram ortogondlne elektrédy 1-10 mV 1.3 0.05 - 100
fetalny . .
elektrokardiogram povrchové elektrédy (matka) 10 pv 25 2-100
priame meranie
arterlffl!neh.o tlaku v tlakovy snimag; ortu-tovy 120 mmHg | 13 DC-20
brachiélnej alebo manometer
femoralnej artérii
priame meranie tlakovy snimac; vodny 9 mmHg 13 DC - 20
Krvny tlak vendzneho tlaku manometer 12 cmH,O ]
. . sfygmomanometer (or-tutovy; 120/80 DC-20
nepriame meranie : lektricky Krof H 13
arteridlneho tlaku piezoelektricky) s mikrofénom mmHg .
pre Korotkovov effekt 150 mV 30 - 500
. . pletyzmograf (zmena objemuy); Ap )
relativny arterialny tlak impedanény pletyzmograf 01% 1.3 0.05-10
elektromagneticky; 1000
Krvny prietok periférny prietok ultrazvukovy; izoter-micky /min 1.3 DC-50
(ajeho prietokomer €
s chlost p - ;
rychlost) rézovy objem aorta.lny pr.letokomer, 5000 . 13 DC - 50
arteriografia cc/min
Krvny objem krvny objem angiografia 5500 cc - -
Funkcia . . .
mitralnej sonografia metdda T_M (time-motion) 16 cm/s 13 DC-50
sonografie
chlopne
Tab.1 Biosignaly - obehového systému
Tab.2 Biosignaly - respiracného systému.
. -
Fyziologick? Typické Zakladna Ilj"lléekvenc
Y s Druh nerania Snimacie zariadenie fyzikalne frekven-
parameter hodnoty cia [Hz] spektrum
[Hz]
termistorovy; impe-dan¢ny 500 0.05-2
) 0.25
. . pneumograf cc/vydych DC-2
Dychanie pneumogram =00
snimac elasticity cc/vydych 0.25 DC-2
Re.spiraén}’l pneumotachogram pneumot/achograf s tlakovym | 20 OOQ 0.25 DC-2
prietok prevodnikom cc/min
Respirac¢ny . .
esprracny spirogram spirometer 4000 cc 0.25 DC-05
objem
Tab.3 Biosignaly - mozgu.
Fyziologicky Typické Zakl Frekvenc
Zrame?er y Druh nerania Snimacie zariadenie fyzikalne frekv spektrum
P hodnoty | [Hz] [Hz]
Elektrické
. ovrchové; vnutrolebecné 50 pv
k lek fal P ' 1 5-1
aktivity elektroencefalogram elektrody 500 gV 0 0.5-100
mozgu
Evokované intra-; extracelularne mikroelektrody 100 mV 10 1 - 10000
potencialy potencialy ihlové elektréody 50 pv 1-1000
. lektrédy v kontaktnej
Oc¢né odozvy | elektroretinogram cecttody v kontaking 100 pV 10 0.5-20
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Tab.4 Biosignaly — autonomny nervovy systém.
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Fuiolosicks Typické | Zakladna f;_ek"enc
y glexy Druh nerania Snimacie zariadenie fyzikalne frekven
parameter hodnoty [Hz] spektrum
[Hz]
Aktivita gafl;/a?lcikliltlfoil}y . povrchové elektrody ggOkQ
otnvch sliaz | reflex elektricky odpor o . i
potnych zliaz 1 " snimac elasticity cc/vydych 0.25 DC-2
Telesna teplota termistorovy teplomer 36.1-369
teplota p ytep °C
Tab.5 Biosignaly — svalové funkcie.
Fvziologicky Typické Zakladna Etzekven(:
yz10l081cKy Druh nerania Snimacie zariadenie fyzikalne frekvenci N
parameter hodnoty a [Hz] spektrum
[Hz]
Reaktivita S-D (strength-duration) | stimulovanie povrchovymi
svalov zévislost elektr6dami
Svalové sila myogram ihlové; povrchové elektrody i?aost’l;; 0.5 DC-50
elektromyogram ihlové; povrchové elektrédy | 1 mV 0.5 10 - 5000
Svalové elektromyoeram so ihlové; povrchové elektrédy,
potencialy . myog stimulacia povrch. 1mV 0.5 10 - 5000
stimulaciou . .
elektrédami
Vodivost H (Hofmanov) reflex elfektro,mlyograf so sniZenou
nervov stimuldciou
Aktivita rychlost vedenia elektromyograf
hladkych
sz%(gc elektrogastrogram povrchové elektrédy 20 mV 0.25 0.05-2
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OPTICAL SYSTEM FOR POSITION AND ORIENTATION MEASURING OF
ULTRASOUND PROBE FOR 3D IMAGING IN CARDIOLOGY

Z. Szabo

Faculty of Biomedical Engineering, nam. Sitna 3105, 272 01 Kladno, Czech Republic
E-mail: szabo@fbmi.cvut.cz, Phone: +420 312 208 207, Fax : +420 312 208 204

Summary The fundamental of the described project is an optical position sensing of ultrasound probe in 3D
echocardiology, well known as Free-hand system. The project is dealing with multi-camera system, where the probe
localization is performed based on different views from the cameras, which are following it (some corresponding marks
mounted on the ultrasound probe). The camera calibration and the resolution of the system are evaluated for the specific
geometric arrangement as well as the marker recognition algorithm is described. The described system is an alternative
solution to magnetic systems with higher length accuracy, eliminating its disadvantages as e.g. sensitivity on electric
conducting materials around.

Abstrakt Podstata popsaného projektu je uréeni pozice ultrazvukové (UZ) sondy optickou metodou v 3D echokardiografii,
znamé jako ,,Free-hand* systémy. Jedna se o vicekamerovy systém, kde lokalizace sondy je provedena na zaklad¢ pohledi z
videokamer, které sondu (resp. korespondujici znacky) sleduji. Je popsana kalibrace kamery a je vyhodnocena rozliSeni
systému pro specifické uspotadani kamer véetné algoritmu pro rozpoznavani znacek. Navrzeny systém je alternativnim
feSenim k elektromagnetickym systémiim dosahujici vyssi délkovou piesnost a odstranujici jeho nevyhody jako napf.
citlivost na elektricky vodivé materialy pobliz.

1. Introduction systems track the position of one or more markers
and use geometric triangulation to determine the

Over the past few decades numerous efforts location of these markers. . .
have focused on the development of various types of The optical system provides reliable and
three-dimensional ~ (3D)  ultrasound  imaging accurate position determination for medical
techniques. Only in the last few years has application in the case, when there is always a free
technology progressed sufficiently to make clinically line of sight between the markers and cameras.
useful systems, due to the enormous computing Additionally, the optical tracker does not involve
demands needed to produce such images. In general, any magnetic field for determination of position data
current  free-hand  systems are based on and consequently does not permit any deformation
commercially available transducer arrays whose of these data in th? presence of m'etallic structures
position is monitored by a position-sensing device, that is unavoidable in a surgical environment.
so during the acquisition, 2D images and position o
data are stored in a computer for subsequent Free-hand Ultrasound Acquisition System
reconstruction of 3D volume [1]. ) )

This paper is dealing with free-hand system Optical tracking systems based on cameras are
based on ultrasound probe tracking with two already widely used in different kind of applications
cameras as an alternative solution to magnetic e.g., robotic, monitoring, virtual and augmented
systems with higher length accuracy. reality where the orientation and the position of a

real physical object is required. Their principle is
based on the analysis of 2-dimensional projections
of image features received by CCD cameras.

A known mathematical model can be used for
cameras calibration in order to calculating intrinsic
(focal length, location of the image center, effective
pixel size, distortion coefficient of the lens) and
extrinsic (rotation matrix, translation vector) camera
parameters [2]. During the tracking, the markers are
automatically matched and triangulated within the
images. To get an unambiguous solution for the
ultrasound probe position and orientation, it is
assumed that there is no axis to which the markers
(e.g. light emitting diodes) have a rotational
symmetry, but the matching problem of images from
the cameras still has to be solved.

2. Position-Sensing Techniques

We may select among five basic position-
sensing techniques based on the (i) acoustic ranging,
(i1) mechanical articulated arm, (iii) a magnetic field
sensor, (iv) image correlation techniques and (v) an
optical tracker including camera systems. Acoustic
sensors receive signals which are emitted by
ultrasonic emitters and determine location via time-
of-flight. Mechanical sensors determine the position
based upon measurements of joint angles and
kinematics of the device. Magnetic sensors measure
electrical currents induced in three orthogonal coils
when the receiver is moved within a magnetic field.
Image correlation methods measure image-to-image
correlation loss to estimate the position. Last, optical
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P ositron and orientation data
istransferred to the computer

Ultrasound
rmachine

Ultrasound
prahe with
markers

Tracking
device with
carneras

Fig. 1. Optical Tracking Systems for 3D Free-hand
Ultrasound.

3. Camera system resolution

The resolution of the camera system is defined
as the smallest change that can be detected by a
sensor (in our case, by a CCD sensor inside the
camera).

Suppose two cameras in geometry as Fig. 2
shows. When investigated points (markers) are not
only on the plane perpendicular to the optical axes,
but in 3D space, the derivation of the camera system
resolution is a complex task. Therefore suppose next
simplifications: the cameras are equally far from the
investigated point; they are not turned around their
optical axes, and the angle between them (between
their optical axes) is y (see Fig. 2).

Fig. 2. The cameras configuration.

When the investigated point is lying somewhere
on the plane given by the two camera optical axes,
then the maximum possible movement in the scene
without being observed is e.

e=\Jd? +d’+d>~2d d, cos(180-7) /2, (1)
for y € (0; 90), and
e=Jd? +d’+d>~2d,d, cos(y) /2 )

for y € (90; 180), where d,, d,, d. are dimensions of
3D segment in the distance /; and [, from the
cameras determining a space where the point can
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move without being observed. The half of the
diagonal of this segment is defined as e [3].

An example how the error e is depending on the
angle between cameras y shows Fig. 3. Note: the
investigated point (point A) is lying on the
intersection of optical axes. The angle y is changing
between 0° (when the camera optical axes are
parallel) and 180° (when the cameras are looking
against each other). Obviously, these two extremes
will cause largest error («), where we cannot define
the exact position of the point at all. The minimum
error could be when the cameras are perpendicular
to each other (¥ = 90°).

20

18 1-

16

14 4

12
10 +

e [mm]

0 15 30 45 &0 75 A0 105 120 135 150 165 180
gamma [°]

Fig. 3. The function of e, when the distances from the
cameras to the investigated point are fixed and only the
angle between them yis changing.

When the camera positions are fixed as Fig. 2
shows (y = 90°), the possible error is the minimum
in the point A. In other points this error will be
naturally changed, because distances /; and /, will
change. Considering point B (see Fig. 2) on the
intersection of axes differing form the optical axes
by angle 6 =96; =0, gives the result as shown on the
Fig. 3. The mathematical expression of e for the
above described angle deflection in the case of y
(0;90) is:

e= %\/df +d>+d’ —2d.d, cos(180—(y +6,+5,) - ()

For our example the function of e shown on the
Fig. 4 is calculated for deflection by angle from -25°
to 25°, because of the camera views are o; = o, =
50°.

35
3,0 4
2,54
2,0 4
1,5 A
1,0 4
0,5
0,0 T T T T T T T T
-25 -20 -15 10 -5 O
beta [°]

e [mm]

Fig. 4. The function of e considering angle deflection by &
against the optical axes.
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4. Camera Calibration

Before the camera system can be used to track
markers (mounted on ultrasound probe), the system
first needs to be calibrated. This is done by placing a
calibration frame in front of the cameras and by
running the calibration software on the computer.
Several methods for camera calibration are
presented in the literature and some of them are
available on the internet. We have used Matlab
toolbox for performing calibration procedure based
on direct linear transformation (DLT) [4].

The objective of camera calibration is to
determine a set of parameters that describe the
mapping between 3-D world coordinates and 2-D
image coordinates. These parameters can be divided
into intrinsic and extrinsic parameters.

Intrinsic parameters (camera model)

The list of internal parameters are:

f— Focal length.

[Up, Uy] — Principal point coordinates —
sometimes called the center of the image in
camera calibration procedures. It is the
intersection of the optical axis with the image
plane.

6 — Skew coefficient: The skew coefficient
defining the angle between the x and y pixel
axes.

k Distortions: The image distortion
coefficients (radial and tangential distortions).

Let P be a point in 3D space having coordinates
[Xp; Yp; Zp] in the camera reference frame. The
normalized coordinates of this point is than [x,; y,] =
[Xp/Zp; Yp/Zp]

Considering lens distortion, the new normalized
coordinates are defined as follows:

{XD} = (1 +hr? + kot + ksr(’{xn
Yp

Y
where /¥ = x? — 7 and d, is the tangential distortion
vector:

2kxy+k, (r2 + 2x2)
2k,xy + k3(r2 + 2y2) '

Vector k = [k, k,, k3, k4, ks] contains both radial
and tangential distortion coefficients. The tangential
distortion is due to imperfect centering of the lens
components and other manufacturing defects in a
compound lens. This distortion model was first
introduced by Brown in 1966 [5].

The final pixel coordinates of the projection of
P on the image plane is:

}+d,, 4)

t

)
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xP j;c 9 ' .fx on xD
y P = 0 .fy on ’ y D |» (6)
1 0 0 1 1

where f, and f; are the focal distance (a unique value
in mm) expressed in units of horizontal and vertical
pixels. Both are usually very similar and the ratio £, /
1+, often called aspect ratio, is different from 1 if the
pixel in the CCD array are not square. In addition,
the coefficient € encodes the angle between the x
and y sensor axes (pixels are non-rectangular), but
we can customary to assume § = 0.

For non wide-angle cameras, it is often not
necessary to count with the radial component of
distortion model beyond the 4th order (i.e. k5 = 0). In
distortion model used e.g. by Zhang [6] the last three
distortion coefficients are set to zero. There is used
4th order symmetric radial distortion model with no
tangential component.

Extrinsic parameters

Rotations of the cameras.
Translations of the cameras

The spatial configuration of the two cameras
and the calibration planes is displayed in a form of
3D plot:

Fig. 5. Extrinsic parameters of two cam.
5. Marker recognition algorithm

The used marker recognition algorithm consists
of several steps. The first step is 2D cross correlation
on the image using a pre-defined mask. Its output is
a series of threshold points, which may be part of
markers. The next step is to group these points and
to calculate the centroids of the markers. This gives
a series of coordinate pares of possible markers.

There are two elementary ways of doing the
cross correlation: time-domain cross correlation and
frequency domain cross correlation. The first one
requires a suitable mask, which design is crucial in
the effectiveness of the marker recognition
algorithm. When the mask is correlated with an
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image of a marker, the cross correlation value should
generate a peak. The cross correlation is done on
each pixel in the search area using the following
equation:

y<l x<l

R(h,k) =Y M(x,y)L(x+h,y+k)>

y=0 x=0

()

where R(hk) is the correlation value of the image
point with coordinates (%,k) inside the search area, M
is the mask, L is the area of the image which must be
correlated with the mask and / is the size of the
mask. When we assume that multiplication and
summation operations take the same processor clock
cycles, then the computation complexity of this
method is 2L°M’ [7].

The second way of doing the cross correlation is
the frequency domain cross correlation. A 2D FFT
algorithm is first used to convert the search area to
the frequency domain. This result is then multiplied
by the 2D FFT of the mask. The 2D FFT of the mask
is only done once, as it would not change. The
product of the two FFTs is then converted back to
the time-domain using a 2D IFFT algorithm. The
computational complexity of the frequency domain
cross correlation algorithm is N°(20log,N+6), where
N is the size of FFT (N >L+M) [7]. The advantage
of the frequency domain method is that the number
of calculations stays considerably the same for
different sizes of search areas and mask sizes. The
major drawback of this method is that it uses
significantly more memory than the time domain
method. Furthermore it is no as flexible as the time
domain method.

When a cross correlation algorithm of a point
has been calculated, it is necessary to see if that
point is an overthresholded point. The N highest
value overthreshold points are stored in a sorted list,
which is steadily updated as a new correlation value
is known. After the cross correlation process if
finished, the overthresholded points must be
processed. They are grouped into islands and each
island is a possible marker. The algorithm considers
points to belong to the same island if they touch
each other. After an island of points has been
isolated, centroid calculations must be made in that
data to determine the position of the possible
marker. The centroid of the island is calculated by
calculating the centre of mass of the correlation
values of the points. The following equations are
used:

DRy

¢ w

®)

X

where W is the total weight of the island, (x.y.) is
the centroid coordinates of the island, R; is the
correlation value of the thresholded point with
coordinates (x;y;). The results of the centroid
calculations of each island are saved for further
processing. An island with a heavy weight has a
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bigger chance of being a marker than an island with
a light weight. After all the markers have been
recognised and their coordinates are known, the
markers should be classified. Classification depends
on the used configuration of markers (depending on
application) and is therefore not discussed here.

6. Experimental results

The visualization of the effect of distortions on
the pixel image, and the radial component versus the
tangential component of distortion is shown on the
Fig.6. It shows the impact of the complete distortion
model (radial and tangential) on each pixel of the
image from the left camera. The result from the right
camera is very similar. Each arrow represents the
effective displacement of a pixel induced by the lens
distortion. Observe that points at the corners of the
image are displaced by as much as 60 pixels. The
cross indicates the center of the image, and the circle
the location of the principal point.

Fig. 6. Complete distortion model of the left camera.

Fig. 7 shows the impact of the tangential
component of distortion. On this plot, the maximum
induced displacement is 1.2 pixel (at the upper left
corner of the image).

800

Fig. 7. Tangential component of distortion of the left
camera.
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Finally, Fig. 8 shows the impact of the radial
component of distortion. This plot is very similar to
the full distortion plot, showing the tangential
component could very well be discarded in the
complete distortion model.

For our experiments we have used two DMK
21F04 monochrome FireWire cameras with the
following features: 640 x 480 pixel resolution, up to
30 images/s, 1/4" CCD progressive scan. The
parameters of lenses: H 2616 FICS — 3 Computar
C/CS-Mount Standard Lenses with 2.6 mm focal
length, 1.6 — 11 iris range, 128° horizontal angle of
view.

The calibration results for both (left and right)
cameras are summarized in Table I.

VAl bl
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Fig. 8. Radial component of distortion of the left camera.

Table I. Left
parameters.

and right camera calibration

Intrinsic parameters of left camera

Focal Length 2.6 mm

Principal point [359.08 252.86]

Distortion coefficients | [-0.284 0.099 -0.001 -0.0006 0 ]

Intrinsic parameters of right camera

Focal Length 2.6 mm

Principal point [320.86 259.99]

Distortion coefficients | [-0.29 0.108 -0.0004 0.001 0]

Extrinsic parameters (position of right camera with respect to
left camera)

Rotation vector [0.027 -1.585 -0.028 ]

Translation vector

[421.00 -6.26 512.75]

The marker recognition algorithm using
frequency  domain  cross  correlation  was
implemented in the Microsoft Visual C++

programming environment. The algorithm was
tested on a series of images of 640 x 480 pixels,
each of them contained five markers (printed points
for experimental purposes on the paper). The
centroids of computed islands were computed
according to the equation (8). The final position of
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markers was obtained by removing objects that
touch the edge of an image and/or applying a
classification algorithm based on the shape of
individual markers as well as using a priori
information about the placement of the markers.

7. Conclusions

The presented analysis and experimental results
show how the camera system for object localization
can affect the final resolution of the system. Several
simplifications were used in our consideration,
which should be emphasized on the end.
Commercially available CCD cameras in contrast
with the analysis above have generally different
number of sensing elements in vertical and
horizontal directions and their resolution will
slightly differ. The final resolution of the system
also depends on their position and the presented
results are valid on the case when the cameras are
not turned around their optical axes. Also there is a
possibility to specify more precisely the investigated
point position from the brightness of several nearest
pixels on the image by some kind of approximation
algorithms.
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