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Nazov pracoviska, na ktorom bol projekt rieSeny

VUTCH-CHEMITEX, spol. sr.o., Zilina

Katedra teoretickej elektrotechniky a biomedicinskeho inZinierstva, Fakulta elektrotechniky a
informaénych technoldgii, Zilinska univerzita v Ziline, Zilina

Katedra multimédii a informacno-komunika¢nych technolégii, Fakulta elektrotechniky a
informad&nych technoldgii, Zilinska univerzita v Ziline, Zilina

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Pracovisko Plazmové nanotechnolégie a bioaplikacie, U§tav fyzikalnej elektroniky
Prirodovedeckej fakulty Masarykovej univerzity v Brne, Ceska republika
INTERCOLOR a.s., Cervena voda, Ceska republika

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Pripraveny navrh patentovej prihlasky ,Inteligentny matracovy topper ,EKG-SmartSheet” so
zvySenymi hygienickymi vlastnostami, ureného pre monitoring biomedicinskych dat
¢loveka v redlnom &ase”. Prihlasovatel: VUTCH-CHEMITEX, spol. s r. 0., Zilina

NajvyznamnejSie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved’te aj publikacie prijaté do tlace

+ ADC Vedeckeé prace v zahrani¢nych karentovanych ¢asopisoch

1. Textile electrodes in capacitive signal sensing applications: Babusiak B., Borik S. and
Balogova L.: In: Measurement [print, electronic] : journal of the International Measurement
Confederation. - ISSN 0263-2241. - €. 114 (2018), s. 69-77 [print]. - Spbdsob pristupu:
http://www.sciencedirect.com/science/article/pii/S0263224117305894

2. Two-electrode ECG for ambulatory monitoring with minimal hardware complexity:
Babusiak B., Borik S., Smondrk M.: In: Sensors [print, electronic]. - ISSN 1424-8220
(online). - Ro€. 20, &. 8 (2020), s. [1-19] [online, print]. - Spésob pristupu:
https://www.mdpi.com/1424-8220/20/8/2386

3. A Smart loT System for Detecting the Position of a Lying Person Using a Novel Textile
Pressure Sensor: Hudec R.; Matuska S; Kamencay P.; Ben¢o M.: In: Sensors (Basel), 2020,
21(1):206, doi: 10.3390/s21010206

» ADM Vedecké prace v zahrani¢nych ¢asopisoch registrovanych v databazach Web of
Science alebo SCOPUS

4. Frequency dependent alterations of S. Cerevisiae proliferation due to LF EMF exposure:
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Radil R., Barabas J., Janou$ek L., Bereta M.: In: Advances in Electrical and Electronic
Engineering [print, electronic]. - ISSN 1336-1376. - Roc. 18, €. 2 (2020), s. 99-106 [print,
online]. - Spdsob pristupu: http://advances.utc.sk/index.php/AEEE/article/view/3461

5. Concept of a wearable temperature sensor for intelligent textile: Hudec R.; Matuska;
Kamencay P., Hudecova L.: In: Advances in Electrical and Electronic Engineering [print,
electronic]. - ISSN 1336-1376. - Ro¢€. 18, €. 2 (2020), s. 92-98 [print, online]. - Spésob
pristupu: http://advances.utc.sk/index.php/AEEE/article/view/3610

* ADN Vedecké prace v domacich €asopisoch registrovanych v databazach Web of
Science alebo SCOPUS

6. Mattress topper with textile ECG electrodes: Babusiak B., Smondrk M., Balogova L., Géla
M.: In: Fibres and textiles in Eastern Europe : an international magazine devoted to current
problems of the textile industries in Central and Eastern Europe. - ISSN 1230-3666. - Ro¢.
28, €. 3 (2020), s. 25-28 [print, online]. - Spbésob pristupu:
http://vat.ft.tul.cz/2020/3/VaT_2020_3 5.pdf

7. Smart Mattress Topper with Enhanced Hygienic Properties for ECG Measurement and
Detection of Position: Rasto¢na lllova D., Balogova L., Scéasnikova K., Gala M., Babusiak B.,
Borik S.: In: Fibres and textiles in Eastern Europe : an international magazine devoted to
current problems of the textile industries in Central and Eastern Europe. - ISSN 1230-3666.
- Ro¢. 28, ¢. 4 (2020), s. 81-85 [print, online]. - Spdsob pristupu:
http://vat.ft.tul.cz/2020/4/VaT_2020_4_11.pdf

» AFC Publikované prispevky na zahraniénych vedeckych konferenciach

8. Jednotka zberu dat 8-zvodovych bioelektrickych signalov: Bednar T., BabusSiak B.,
Smetana M .: In: Informacné technoldgie v biomedicine [tlag, elektronické]: zbornik z
konferencie. - 1. vyd. - Cham: Springer International Publishing AG, 2019. - ISBN 978-3-
030-23761-5. - s. 495-506 [tla¢, online]. Spdsob pristupu:
https://link.springer.com/chapter/10.1007/978-3-030-23762-2_44

9. Smart sheet design for electrocardiogram measurement: Babusiak B., Borik S., Smondrk
M., Janou$ek L.: In: Information Technology in Biomedicine [print, electronic] : conference
proceedings. - 1. vyd. - Cham: Springer International Publishing AG, 2019. - ISBN 978-3-
030-23761-5. - s. 507-517 [print, online].

10. Detection of QRS complexes using convolutional neural network: Martin Paralic. In: TSP
2019 [print] : 42nd International conference on telecommunications and signal processing. -
1. vyd. - Brno: Vysoké uceni technické v Brné&, 2019. - ISBN 978-1-7281-1864-2. - s. 182-
186. Spbsob pristupu: http://ieeexplore.ieee.org/abstract/document/8768867

Uplatnenie vysledkov projektu

Vyuzitelnost' vysledkov projektu je najma v medicinskej oblasti velmi Siroké. Inteligentny
matracovy topper ,EKG-SmartSheet" je mozné pouzivat v domovoch socialnych sluzieb
(DSS) pre monitorovanie dlhodobo leZiacich pacientov. Topper nam v tomto pripade
neposkytuje informaciu len o srdcovej kondicii klienta DSS ale taktieZ nam poskytuje
informacie o jeho polohovani. Na zaklade polohovania vieme predchadzat vzniku dekubitov
u tychto klientov a tak im zvySit komfort na 162ku. V pripade, ze je klient dlhSiu dobu
nepolohovany, je personal DSS upozorneny aby doSlo k zmene polohy klienta. Zaroven ako
bolo uvedené vyssie inteligentny topper monitoruje elektricku aktivitu srdca a v pripade
nahlej zastavy srdca bezodkladne upozorni sluzbu konajuci personal. Nahla zastava srdca
vznika vacésinou z dévodu poskodenia elektrickej funkcie srdca, ¢im sa zastavi jeho funkcia
a krv sa prestane pumpovat' do celého tela. Ak okamzite neddjde ku zasahu zvonku, pacient
zomrie. Dal$ou oblastou vyuZitia toppera je ambulancia véeobecného lekara resp.
ambulancia prvého kontaktu kde ho je mozné vyuzit najma na rychly monitoring elektricke;j
aktivity srdca (EKG). Ak ma lekar podozrenie na srdcovu arytmiu, srdcovy infarkt,
kardiomyopatia, zavazné chlopriové chyby a iné méze velmi rychlo ziskat zaznam EKG
tym, Ze si pacient lahne na 16Zko na ktorom je poloZeny inteligetny matracovy topper. Krivku
elektrickej aktivity lekar ziska bez potreby inStalovania klasickych konvencénych elektréd na
pacienta ¢im sa vyrazne skrati ¢as potrebny na diagnostiku ochorenia a pacient je urychlene
transportovany na prislusné nemocni¢né oddelenie kde mu bude poskytnuta adekvatna
lekarska starostlivost. Cas je v tychto pripadoch velmi délezity, nakolko ak nedéjde ku
zvrateniu arytmie dostato€ne rychlo dochadza ku poskodeniu mozgu a dalSich organov.
Uplatnenie inteligentny matracovy topper ,EKG-SmartSheet* najde aj napriklad na
jednotkach intenzivnej starostlivosti (JIS) alebo vSade tam kde je potrebny dihodoby

Formular ZK, strana 2/5



monitoring elektrickej aktivity srdca €i uZ v zdravotnickych zariadeniach alebo aj v
domacnostiach s dlhodobo leziacimi pacientami.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Hlavnym vysledkom rieSenia projektu su dva prototypy inteligentného matracového toppera
»EKG-SmartSheet" so zvySenymi hygienickymi vlastnostami (Variant A, Variant B),
uréeného pre monitoring biomedicinskych dat ¢loveka v realnom &ase. Inteligentny
matracovy topper ,EKG-SmartSheet" je vysledkom uZitia progresivnych technolégii ako je
plazmaticka uprava, nanotechnolégie a inteligentné technoldgie. Technické rieSenie projektu
prebiehalo v sulade s vecnym zamerom projektu a predpokladalo naplnenie troch
zakladnych cielov:

Ciel €.1 - Vyskum aplikacie povrchovych nanouprav s vyuZitim antimikrobialneho nanosélu
na plazmou iniciovany povrch textiiného materialu a priprava zakladného textiiného
materialu so zvySenou hygienou, pouzitého v konstrukcii matracového toppera ,EKG-
SmartSheet": V ramci rieSenia projektu boli stanovené technologické podmienky aplikacie
povrchovej nanoupravy s vyuzitim antimikrobialneho nanosélu AMB-9 s koncentraciou 15
ppm Ag+ na nizkoteplotnou plazmou, za atmosférického tlaku, iniciovany povrch potahovej
textilie zo 100% polyesteru. Permanentnost antibakterialnej nanoupravy bola potvrdena po
15 cykloch udrzby stanovenim permanentnej bakteriostatickej ucinnosti podfa normy
AATCC TM 100 na urovni cca 20 % redukcie poc¢tu baktérii Staphylococcus aureus. Z
potahovej textilie bol pripraveny ochranny snimatelny potah pouzity v konstrukcii finalneho
prototypu matracoveho toppera ,EKG-SmartSheet®. Vysledky antibakterialnej u¢innosti
garantuju permanentné hygienické vlastnosti a zdravotnu nezavadnost podfla predpisov
medzinarodného zdruzenia OEKO-TEX® prototypov inteligentnych matracovych topperov
,EKG SmartSheet” pri dodrzani odporu¢anych symbolov udrzby (min. 15 cykloch) pocas
dlhodobého uzivania toppera. Ciel bol splneny.

Ciel €.2 - Modelové rieSenie snimacieho systému, so zabudovanymi aktivnymi textilnymi
kapacitnymi EKG elektrodami, senzormi na zistenie pritomnosti a polohy leziacej osoby,
elektrickymi obvodmi, riadiacou jednotkou a komunika¢nou jednotkou s komunikacnym
rozhranim, integrovaného do kons&trukcie matracového toppera ,EKG-SmartSheet®:
Optimalizaciou rieSenia snimacieho systému na meranie elektrickej aktivity srdca
generovanej telom Eloveka boli pripravené funkéné prototypy linearne prepojenych
odnimatelnych aktivnych EKG kapacitnych elektrod, referenénej aktivnej odnimatelnej EKG
kapacitnej textilnej elektrody a pasivnej DRL elektrody. RieSenie v oblasti snimacieho
systému na detekciu pritomnosti a polohy pacienta na 16zku prebiehalo subezne
technolégiou naSivania tlakovych kapacitnych senzorov (Variant A) a technolégiou vySivania
tlakovych odporovych senzorov (Variant B). Overeny bol sp6sob zobrazenia vysledkov
merania kapacity pomocou farebnej mapy a pre zobrazovanie stavu tlakovych senzorov
bola vytvorena webova aplikacia. Realizovana bola vyroba dosiek plodnych spojov riadiaco-
komunikacnej jednotky s modulom pre snimanie EKG, jednotky pre snimanie kapacity,
zbernice na prepojenie riadiaco-komunikacno-snimacej jednotky s topperom zbernicova
jednotka a pripravky na prepojenie kapacitnych senzorov prepojovacich jednotiek a
zbernicovej jednotky. Potvrdené bolo prepojenie funkénych prvkov matracového toppera,
komunikacného retazca, modularneho softvéru a prototypovej mobilnej aplikacie pre
analyzu, vyhodnotenie, zobrazenie a archivaciu nasnimanych signalov. Vytvoreny bol
hardvérovy a softvérovy modul na meranie odporu vyvinutych tlakovych senzorov. Ciel bol
spineny.

Ciel €.3 - Konstrukéné rieSenie a priprava prototypu inteligentného matracového toppera
+,EKG-SmartSheet* so zvySenymi hygienickymi vlastnostami, uréeného pre monitoring
biomedicinskych dat ¢loveka v realnom €ase: Pripravené boli 2 varianty finalnych prototypov
inteligentného matracového toppera EKG-SmartSheet” so zvySenymi hygienickymi
vlastnostami, uréeného pre monitoring biomedicinskych dat ¢loveka v realnom Case:
Variant A: Matracovy topper s odnimatelfnymi textiinymi kapacitnymi EKG elektrédami a
nasivanymi textilnymi kapacitnymi tlakovymi senzormi. Prototyp umoznuje meranie
elektrickej aktivity srdca v realnom Case a taktieZ monitoruje polohu resp. pritomnost
pacienta na |6zku pomocou matice textilnych senzorov pracujucich na kapacitnom principe.
Funké&nost’ prototypu inteligentného matracového toppera bola potvrdena pomocou
pacientskych simulatorov a aj za pomoci realnych osdb. Vysledkom je jasne viditelny
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priebeh EKG signalu namerany bezkontaktnym spésobom vhodny pre dalSiu analyzu a
grafické zobrazenie pritomnosti pacienta na 16zku, ktory potvrdil funkénost' prototypu
matracoveho toppera Variant A.

Variant B: Matracovy topper s odnimatelnymi textilnymi kapacitnymi EKG elektrodami a
vySivanymi textilnymi odporovymi tlakovymi senzormi. Snimacia €ast' potahu jadra
matracového toppera je zalozena na vySivanych odporovych tlakovych senzoroch.
Funké&nosti prototypového rieSenia bola potvrdena inteligentnym systémom detekcie a
klasifikacie polohy leziaceho ¢loveka pomocou neurdnovej siete. Vytvorena automaticka
aplikacia pre ukladanie nameranych anotovanych dat do databazy. Vysledky potvrdzuiju
funk&nost vysitych tlakovych odporovych senzorov snimacieho systému detekcie polohy
pacienta na I6Zku integrovaného do prototypu inteligentného matracového toppera — Variant
B. Vystupom rieSenia projektu su aj prototypové aplikacie / zdrojové kédy: MqttTestApp,
TopperApp, TopperEmulator, TopperMonitor a TopperSignalGenerator. Ciel bol spineny.
Pripraveny bol navrh patentovej prihlasky ,Inteligentny matracovy topper ,EKG-SmartSheet”
so zvySenymi hygienickymi vlastnostami, ureného pre monitoring biomedicinskych dat
¢loveka v realnom Case®. Vysledky vyskumu boli priebezne publikované v odbornych a
vedeckych karentovanych, nekarentovanych, recenzovanych aj nerecenzovanych
Casopisoch a zbornikoch z odbornych konferencii na narodnej a medzinarodnej urovni.
Uvedené vysledky potvrdzuju splnenie vSetkych cielov projektu.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The main result of the project is two prototypes of intelligent mattress topper “ECG-
SmartSheet” with increased hygiene properties (Variant A, Variant B), designed for real-time
monitoring of human biomedical data. Intelligent mattress topper “ECG-SmartSheet” is the
result of the use of advanced technologies such as plasma modification, nanotechnology
and smart technologies. The technical solution of the project was carried out in accordance
with the objective of the project and envisaged three basic objectives:

Goal No.1: Research of application of antimicrobial nanosol on plasma initiated textile
surfaces and development of basic textile material with improved hygiene, used in
construction of the mattress topper ,ECG-SmartSheet®. As part of the project solution, the
technological conditions of application of surface nanotreatment using antimicrobial
nanosole AMB-9 with a concentration of 15 ppm Ag+ on plasma-initiated coating fabric
made of 100 % polyester were established. The permanentity of the antibacterial nano-
treatment was confirmed after 15 maintenance cycles, establishing permanent bacteriostatic
efficacy according to AATCC TM 100 at a level of 20 % reduction in Staphylococcus aureus
count. Protective removable coating was prepared from the treated fabric, used in the
construction of the final prototype mattress topper “* ECG-SmartSheet ”. The results of
antibacterial efficiency guarantee permanent hygiene properties and health innocence of
prototype intelligent mattress topper “ ECG-SmartSheet”, according to international
regulations OEKO-TEX®. The durability of antibacterial efficacy was also demonstrated
after 15 maintenance cycles. The goal has been met.

Goal No.2: Model solution of sensing system with incorporated active textile capacitive ECG
electrodes, sensors for detection of presence of a laying person, electrical circuits circuits,
control unit and communication unit with communication interface, integrated into
construction of the mattress topper ,ECG-SmartSheet®. By optimising the solution of the
scanning system to measure the electrical activity of the heart generated by the human
body, functional prototypes connected linearly were prepared removable active ECG
capacitive electrodes, reference active removable ECG capacity textile electrode and
passive DRL electrode. In the area of the scanning system to detect the presence and
position of the patient on the bed, it has been run concurrently with the technology of suture
capacity sensors (Variant A) and embroidery technology pressure resistance sensors
(Variant B). The method of displaying the results of capacity measurement using a color
map was verified. For displaying the state of pressure sensors a web application has been
created.

The production of printed circuit boards of the control-communication unit with the module
for ECG sensing, units for capacity sensing, bus for connecting the control-communication-
sensing unit with the topper, bus unit and jigs for connecting capacitive sensors, connection
units and bus unit was realized. The connection of functional elements of the mattress
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topper, communication chain, modular software and prototype mobile application for
analysis, evaluation, display and archiving of scanned signals was confirmed. A hardware
and software module was created to measure resistance of developed pressure sensors.
The goal has been met.

Goal No.3: Design concept and development of prototype of the smart mattress topper
,ECG-SmartSheet* with improved hygienic properties designed for monitoring of human
biomedical data in real time. 2 variants of the final prototypes of the intelligent mattress
topper ECG-SmartSheet were prepared with increased hygiene properties designed for real-
time monitoring of human biomedical data:

Variant A: Mattress topper with removable textile capacity ECG electrodes and stitched
textile capacity pressure sensors. Prototype allows measurement electrical activity of the
heart in real time and also monitors the position or presence of the patient on the bed using
a matrix of textile sensors working on capacity principle. The functionality of the prototype of
the smart mattress topper was confirmed by patient simulators and also with the help of real
persons. The result is a clearly visible process of the ECG signal measured in a contactless
way suitable for further analysis and graphical representation of the patient’s presence on
the bed, which confirmed the functionality of the prototype mattress Variant A.

Variant B: Mattress topper with removable textile capacity ECG electrodes and embroidered
textile resistance pressure sensors. Core cover sensing part the mattress topper is based on
embroidered resistance pressure sensors. The functionality of the prototype solution was
confirmed by an intelligent system for detecting and classifying of the position of the laying
person by a neuron network. Created automatic application for storing measured annotated
data into a database. The results confirm the functionality of the high pressure resistance
sensors of the scanning system to detect the position of the patient on the bed integrated
into the prototype of intelligent mattress topper — Variant B. The project solution output is
also prototype applications / source codes: MqttTestApp, TopperApp, TopperEmulator,
TopperMonitor and TopperSignalGenerator. The goal has been met.

A proposal for a patent application was prepared for "Intelligent mattress topper "ECG-
SmartSheet" with increased hygiene properties, designed for real-time monitoring of human
biomedical data. The results of the research have been continuously published in
professional and scientific peer-reviewed, peer-reviewed and unreviewed journals and
proceedings from professional conferences at national and international level.

The above results confirm the fulfilment of all project objectives.
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