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Capitolul 1
Introducere

1.1 Motivatie

Numarul mare al bolnavilor cronici la nivel global a
constituit din totdeauna o prioritate pentru cercetatori si pentru
toti cei implicati In domeniul asistentei medicale.

Bolile cronice cel mai des Tntalnite sunt: artrita, diabetul,
astmul, preinfarctul respectiv infarctul. Acest tip de boli pun o
amprentd semnificativa asupra vietii unei persoane si a familiei
acesteia, fiind proponderente odatd cu finaintarea in varsta.
Totodatd, categoria persoanelor cu o varstd mai inaintatd sunt
consumatori importanti ai resurselor asigurarilor sociale.

Sistemele (Mobile Patient Monitoring System — MPMS)
au capacitatea de a furniza servicii de inaltd calitate in domeniul
asistentei medicale. Disparitatea dintre cerinte si resurse, In cazul
sistemului constituie un impediment Tn dezvoltarea sistemelor de
monitorizare de la distantd a pacientilor. In spetd, sistemele de
telemonitorizare ale pacientilor reprezinta o solutie a problemelor
generate de procesul de imbatranire a populatiei. In consecint,
faciliteazd o diagnosticare si un tratament mai eficient al
pacientului, cu implicatii majore privind reducerea costurile cu
asigurdrile de sanatate.

1.2 Obiective

Astazi, din ce in ce mai mult, se impune o maxima
exigenta referitoare la calitatea asigurdrii sanatatii. Se impun
cerinte deosebite in vederea ameliorarii diagnosticului, a
tratamentelor pentru asigurarea confortului pacientului, evitarea
durerii si a traumatismelor. Convertirea unui semnal fiziologic
intr-un semnal electric face posibila extragerea, prin utilizarea
unor prelucrari corespunzatoare, a semnalului si a unui mod
corect de vizualizare a rezultatelor, a maximului de informatie.

In acest context, obiectivul lucririi de fatdi constd in
proiectarea, respectiv implementarea unei solutii eficiente de
monitorizare de la distantd, in timp real, a parametrilor vitali ai
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pacientilor, alarmand serviciile medicale in cazul anomaliilor
aparute, facilitdnd interventia rapida a cadrelor medicale. Pe de
alta parte, sistemul propus alerteazd insusi pacientul prin emiterea
unui semnal sonor, Tn scopul de a-si lua masurile de prevenire ce
se impun. Tn acest sens, legat de alimentarea cu energie a
sistemului de monitorizare si transmisie la distantd a parametrilor
vitali, am realizat o analizd a doua tipuri de baterii - cunoscute
sub numele de baterii cu Litiu-ion, respectiv NiMH (hidrura de
nichel-metal), privind comportarea in timp si in sarcina.

Pentru implementarea sistemului de monitorizare si
transmisie la distantd a parametrilor vitali, am urmarit utilizarea
de dispozitive (componente) electronice cu un consum mic de
energie electricdi precum si, implementarea unui algoritm de
functionare optim Tn acest sens.

1.3 Structura lucrarii

Lucrarea este structuratd in sase capitole in care sunt
redate aspecte dupa cum urmeaza:

Capitolul 1 cuprinde notiuni introductive cu referire la
problematica impusd de necesitatea tinerii sub observatie si a
tratdrii persoanelor suferinde, cu probleme cardiace, a mijloacelor
tehnice necesare Tn vederea reducerii timpului pentru acordarea
ajutorului medical, a reducerii cheltuielilor dedicate asistentei
sociale, folosind perspectivele create de dezvoltatea tehnologiei
ce a determinat o crestere rapida in utilizarea aplicatiilor ICT in
cadrul serviciilor de sanitate, cunoscute sub denumirea comuna
de e-Health, tele-Health, telemedicina, teleasistenta medicala.

Capitolul 2 - intitulat ,,Senzori si circuite electrice
pentru monitorizarea §i transmisia parametrilor vitali”, cuprinde
detalii despre parametrii functiilor vitale, achizitia acestora, tipuri
de senzori utilizati pentru conversia si prelucrarea semnalelor.

In acest capitol se are in vedere caracterizarea
performantelor senzorilor utilizati pentru achizitia biosemnalelor.

Deasemenea sunt prezentate aspecte referitoare la
semnalele electrice si caracterizarea acestora, precum S$i O
clasificare a biosemnalelor, o descriere a fenomenelor electrice la
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nivel celular si a propagarii potentialului de actiune la nivel
celular. In finalul capitolului se prezintd metode de conversie a
semnalelor si circuite de amplificare si transmitere a semnalelor
corespunzatoare parametrilor functiilor vitale.

Capitolul 3 - denumit ,,Dispozitive de monitorizare si
transmitere a parametrilor functiilor vitale” face referire la
tipuri de dispozitive si sisteme de monitorizare si transmitere a
parametrilor functiilor vitale existente la nivel international si
national, bazate pe tehnologia informationald si serviciile de
telecomunicatii.

Tn acest context se poate definii conceptul de
Telemedicind ce presupune o gama de tehnologii avansate,
moderne care sunt capabile de a transmite toate informatiile si
datele medicale caracteristice. In cadrul acestei varietiti de
tehnologii avansate, se includ urmatoarele: telemonitorizare,
teleconsultatie, teledermatologie, teleoftalmologie, telepatologie
si teleradiologie; din aceasta categorie fiind exclusa telechirurgia.

Tn acest capitol sunt prezentate tipuri de dispozitive
pentru masurarea parametrilor vitali precum ritmul cardiac,
concentratia de oxigen din sange, tensiunea arteriala(EKG).

Este prezentat semnalul EKG ca raspunsul electric al
inimii. Pe final se prezintd un studiu de caz (Vesta electronicd),
realizat de o echipa de cercetatori de la universitati din SUA si
India ca urmare a unor analize si statistici realizate In SUA, ce
au concluzionat ca, printre cele mai importate cauze ale
mortalitatii se afla asa zisul Sindrom ,,atacul cardiac brusc,
instantaneu” (SCD). Acest sistem ,,vesta” electronicd, a fost
realizatd dintr-un material textil, fibre conductoare elastice,
materiale speciale, ce poate fi purtatd de catre pacienti, fiind
compusa din: Materiale Electronice, Circuite analogice, Circuite
de radiofrecventd, Antene flexibile, Senzori si Procesoare de
semnal, de a alerta serviciile medicale in cazul aparitiei
sindromului SCD.

Capitolul 4 - denumit ,Surse de alimentare a
sistemelor de monitorizare a parametrilor functiilor vitale”
constituie una din contributiile personale din aceastad lucrare in
care am realizat o analizd a comportarii unor tipuri de baterii, In
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sarcind constanta respectiv in sarcina variabila, implementand un
algoritm pentru monitorizarea bateriilor, si un dispozitiv pentru
monitorizarea parametrilor (U,I) ai bateriei. In scopul prelucririi
datelor am utilizand aplicatia Matlab si o functie de interpolare
pentru aproximarea rezultatelor obtinute. Acest demers a avut ca
scop alegerea tipului de baterie corespunzator pentru alimentarea
(eficientd) a sistemului de monitorizare a parametrilor vitali si
transmisie prin GSM a unui semnal de alertd catre serviciile
medicale.

Capitolul 5 — denumit ,,Sistem de monitorizare a
parametrilor vitali si de transmitere a avertizarilor cdtre
centrele medicale de urgentd” cuprinde contributiile personale 1n
implementarea unui sistem de monitorizare a parametrilor vitali
(ritm cardiac, tensiune arteriald) si transmisie la distantd a unui
semnal SOS in caz de urgentd(valori periculoase ale parametrilor
vitali pentru viata pacientului), cu un consum redus de energie.
Sistemul contine un dispozitiv de mésurare a ritmului cardiac, un
dispozitiv EKG cu trei electrozi si un dispozitiv GPRS/GSM de
transmisie a unui mesaj SMS.

Tn cadrul acestui capitol autorul a propus o noua metoda de
prelucrare a semnalelor analogice corespunzitoare parametrilor
(ritm cardiac, presiune arteriald) activitatii cardiace, pentru a
deveni compatibile cu un semnal de tip GSM.

Tn Capitolul 6 sunt prezentate concluziile rezultate in urma
cercetarii si directiile viitoare de cercetare.



Capitolul 2
Senzori si circuite electrice pentru monitorizarea
si transmisia parametrilor vitali

2.1 Parametrii functiilor vitale

Semnele vitale sunt masuratori ale functiilor de baza
specifice corpului uman. Semnele vitale principale monitorizate,
in mod curent de catre profesionistii din domeniul medical si
furnizorii de servicii medicale, includ urmatoarele:

= temperatura corpului;

= pulsul (ritmul cardiac);

= rata de respiratie;

= concentratia de oxigen din sange (SpO,);

» tensiunea arteriald (tensiunea arteriald nu este
consideratd un semn vital, dar este adesea masuratd impreuna cu
semnele vitale).

Monitorizarea semnalelor vitale reprezintd un rol
important Tn detectarea problemelor medicale. Semnele vitale pot
fi masurate atdt Intr-un mediu clinic, cat si la domiciliu, la locul
unei urgente medicale sau direct pe pacientul care isi desfagoara
activitatea zilnica.



Capitolul 111
Dispozitive de monitorizare si transmitere a
parametrilor functiilor vitale

Prin intermediul serviciilor de telecomunicatii, atat
monitorizarea, cat si recuperarea diversilor pacienti, reprezinta un
obiectiv major in contextul serviciilor medicinei actuale.

Asadar, se poate defini conceptul de telemedicina — care
furnizeaza diverse servicii de naturd medicald avand la baza
tehnologia informationala si telecomunicatiile.

3.1 Masurarea oxigenului din singe si ritmului cardiac
(Pulsoximetru)

Un pulsoximetru este un dispozitiv non-invaziv care
masoard saturatia oxigenului in sdngele unei persoane, precum si
pulsul inimii (ritmul cardiac). Un Pulsoximetru este usor de
recunoscut dupd sonda asociatid, care de obicei se aplica
pacientului pe deget. Un pulsoximetru poate fi un dispozitiv
autonom, ce poate constitui parte a unui sistem de monitorizare a
pacientului, sau integrat intr-un sistem portabil de masurare a
parametrilor vitali ai pacientului. In consecintd, pulsoximetrele
sunt folosite cu precadere de asistente in spitale, ambulatoriu la
domiciliu, amatorii de fitness la sala de sport, si chiar de piloti in
aeronavd. In general, in spitale majoritatea sistemelor de
monitorizare ale pacientului au un pulsoximetru integrat
transmisiv. Pe de altd parte, in salile de fitness se folosesc cu
precadere  dispozitive portabile ce utilizeazi metoda
pulsoximetriei reflexive.Tipul de puloximetru este definit de tipul
de sensor utilizat. In timpul masuritorii lumina emisi de dioda
LED traverseaza practic tesuturile degetului cétre o fotodioda.

Astfel intdlnim doua tipuri de senzori. Senzor tip degetar
(ce intrd pe deget), la care dioda Led se afla situata pe o parte iar
receptorul (fotodioda) pe partea opusd, denumit senzor transmisiv
(figura 3.1).

Cel de al doilea tip de senzor numit reflexiv la care dioda
Led si fotodioda se afla pozitionate pe aceeasi parte, alaturat, iar
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semnalul receptionat de fotodioda este reflectat de catre tesut.
Pozitionarea acestuia se face pe deget sau pe altad zona a corpului
cum ar fi palma, zona gatului unde tesuturile sunt intens
vascularizate. Figura 3.2 reprezinta un astfel de senzor..

Detector

I }

v,

XN
T

Dioda Led

a b

Figura 3.1 Senzor optic tip degetar (transmisiv): a) capsula,
b) structura functionala

-

NN\

Dioda Led Detector
a b

Figura 3.2 Senzor optic reflexiv: a) - capsula sensor, b) - structura
functionala

Cu aceste tipuri de senzori se poate determina atat
concentratia de oxigen din sange cat si ritmul cardiac (bataile
inimii).
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Figura 3.3 Schema bloc pulsoximetru

3.2 Masurarea tensiunii arteriale si EKG

Introducerea in practica medicald de catre medicul
Willem Einthoven, in anul 1903 a electrocardiografiei (EKG), a
constituit Tnceputul unei noi ere in tehnica diagnosticarii cu
implicarea electronicii. Din acel moment echipamentele
electronice, tehnica de calcul, au devenit elemente indispensabile
in sistemul de sanatate.

3.2.1 Presiunea arteriala

Presiunea arteriald reda presiunea cu care sangele circuld
prin vase, ce se datoreaza inimii ce pompeazd sangele prin
sistemul circulator. Tensiunea arterialda este exprimata prin
presiunea sistolica (maximul in timpul unei batdi a inimii) si
presiunea diastolicd (minima intre doud batéi ale inimii) si este
masurata In milimetri coloanad de mercur (mmHg).

Presiunea arteriald constituie un parametru vital
important, de interes 1n practica medicala si fiziologica.
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Determinarea valorilor extreme (a maximului si a
minimului) pe perioada unui ciclu cardiac, corelatd cu alte
informatii  fiziologice, constituie un reper in vederea
diagnosticarii afectiunilor cardiovasculare.

3.2.2 Semnalul EKG

Electrocardiograma — inregistrare a activitatii electrice
specificd fibrelor musculare ale inimii, cu ajutorul unor electrozi
de suprafata, fiind plasati la nivelul membrelor sau a pieptului.
Electrocardiografia este o tehnicd de inregistrare a activitatii
muschiului cardiac. Aceasta activitate electricd a inimii reprezinta
suma vectoriala a activitatilor electrice a tuturor fibrelor
musculare care compun inima.

Ca oricare muschi, pentru a se contracta are nevoie de un
impuls de comanda de naturd electrica cu rolul de a declansa
contractia. Unitatea de baza a muschiului cardiac este sarcomelul,
celula musculard cardiacd a carei activitate electricd este
caracterizata de impulsuri (stimuli) (figura 3.4).

A

7\-max_ i H
sn ) N\

Fig.3.4 Reprezentarea unui stimul

La aplicarea unui stimul, celula musculara cardiacd mai
intai depolarizeaza. Potentialul creste brusc de la -90 mV la +20
mV. O perioada ramane stabil, dupa care revine singur la valoarea
de repaus. In intervalul corespunzitor depolarizarii, incepe si
procesul mecanic de contractie a fibrelor musculare.

Forma tipica a unei electrocardiograme este prezentatd in
figura 3.5.
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Figura 3.5 Forma tipica a unei electrocardiograme
n care:

unda P - corespunde depolarizarii atriilor;
unda T - corespunde repolarizarii celulelor din masa ventriculara;
complexul QRS - corespunde depolarizarii ventriculare.
Caracteristici ale semnalului ECG (electrocardiografic):

- amplitudinea varf la varf;

- durata la unda P este de 80 ms.

- intarzierea intre P si QRS este de 200 ms.

3.3 Dispozitive/Sisteme pentru transmisia
parametrilor functiilor vitale
Telemonitorizarea reprezintd o metoda viabila, certificata

de numeroase studii efectuate, din care unele incd mai sunt in
desfasurare. Cele mai importante sisteme de telemonitorizare
existente la nivel international si national sunt:

= Sistemul "EPI-MEDICS” (Enhanced Personal,
Intelligent and Mobile System for Early Detection and
Interpretation of Cardiological Syndromes);

= Code Blue este cel mai mediatizat sistem de
telemonitorizare si se bazeaza pe o retea de senzori wireless,
capabili de a comunica radio;

= Proiectul AMON (Advanced Care and Alert Portable
Telemedical MONitor);

= Proiectul MobiHealth, aplicat in Germania, Tn cadrul
programului FP5 (2002 — 2003);

= La nivelul tarii noastre a fost implementat proiectul
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national, CardioNET (Sistem Integrat pentru Supraveghere
Continua in Retea Inteligenta e-Health a Pacientilor cu Afectiuni
Cardiologice);

= Proiectul "TELEASIS” (Sistem complex, pe suport
NGN pentru teleasistenta la domiciliu in cazul persoanelor in
varsta);

= Sistemul MEDCARE (sistem de monitorizare a
activitatii cardiace);

=  Sistemul "TELMES" ce constituie o platforma
multimedia dedicata teleserviciilor medicale complexe.

3.4 Studiu de caz — vesta electronici

In urma urma unor analize si statistici realizate in SUA, s-
a constatat ca printre cele mai importate cauze ale mortalitatii se
afld asa zisul Sindrom ,,atacul cardiac brusc, instantaneu” (SCD
— Sudden Cardiac Death). Riscul SCD este semnalat cu
preciadere in randul adultilor, avand o ratd de crestere direct
proportional cu vérsta.

Circuit analogic

\ 7

\ ol Tricou N

I | J o electronic I
‘ y

Prototyping

6 canale 14 Procesare semnal



Capitolul 4
Surse de alimentare a sistemelor de
monitorizare a parametrilor functiilor vitale

4.1 Sisteme de alimentare. Tipuri

In general dispozitivele, sistemele de monitorizare si
transmisie date necesitd surse de alimentare de tensiune continua
cu valori mici ale tensiunilor si curentilor.

Sistemul de monitorizare si transmisie a semnalului
utilizeaza circuite electronice cu un consum mic de curent, ceea
ce face posibila alimentarea cu energie electrica de la un grup de
baterii/acumulatori cu valori ale tensiunii si curentului
corespunzatoare.

4.2 Modelarea, analiza caracteristicilor si comportarii
bateriilor in sarcina

Acest aspect propune analiza si simularea functionarii
unui sistem de monitorizare si transmisie a parametrilor vitali si
modelarea caracteristicilor sale electrice pe baza unui set complet
de masurdtori. Sistemul pentru caracterizarea bateriilor este
proiectat pentru a determina tensiunea de iesire, curentul si
puterea consumatd cu mare precizie. O aplicatie Matlab este
folosita pentru analiza si interpretarea datelor obtinute. Este pusa
in evidenta limitarea in timp a functiondrii nominale a sistemului
datorata duratei de viata a bateriei de alimentare.

4.2.1 Modelarea caracteristicilor de descarcare a
bateriilor in sarcina

Avand in vedere alegerea tipului de baterii pentru
alimentarea sistemului de monitorizare si transmisie la distanta a
parametrilor vitali, am utilizat doud metode de analiza a modului
de descarcare 1n sarcina pentru diferite tipuri de baterii, in speta o
baterie LiPO (Litiu-ion) respectiv, NIMH (hidrurd de nichel-
metal). Tn primul caz, am conectat cele doua tipuri de baterii la o
sarcina constantd, urmarind descarcarea completa a acestora, iar
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in cel de al doilea caz, am utilizat o sarcind variabila
corespunzatoare starii de functionare reald a sistemului.

Testarea a fost efectuata pe doud tipuri de baterii: o
baterie LiPO de 3.6V si o baterie NiMH de 3.6V. Schema bloc a
sistemului de testare cuprinde un dispozitiv de monitorizare a
tensiunii bateriilor, rezistententele de sarcind si un PC (figura
4.1).

Baterie 1

Sarcina 1 T PC
baterii
| a1
Sarcina 2 ° U, Bat 1- LiPO
| T Bat 2-NiMH

Baterie 2

Figure 4.1 Schema bloc dispozitiv monitorizare baterii cu sarcina
constanta

Dispozitivul de monitorizare consta intr-un datalogger
compatibil cu o placd de dezvoltare Arduino Uno, prevdzut cu un
slot SD card pentru stocarea datelor. Datele sunt apoi interpretate
si analizate cu ajutorul unui PC. Dispozitivul de monitorizare este
prezentat n figura 4.2.
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Placa
- datalogger

Slot SD card

Placa dezvoltare
Arduino Uno

Figure 4.2 Dispozitiv monitorizare baterii cu data logger si
Arduino Uno, reprezentare module
Metoda I
In acest caz, cele doua tipuri de baterii au fost conectate
la o sarcind (constantd) rezistiva cu o valoare a rezistentei
corespunzatoare absortiei din baterii a unui curent de 300mA.
Valoarea tensiunii bateriilor este citita la un interval de 3 secunde,
rezultind un numar foarte mare de valori ale tensiunii (20 valori
pe o perioadd de un minut). Pe un interval considerabil de timp,
valorile tensiunii sunt foarte apropiate, fapt pentru care am facut o
medie a valorilor citite pe un interval de 30 secunde, obtinand 2
valori ale tensiunii pe un interval de 1 minut. Aceste valori au fost
utilizate pentru realizarea graficului de variatie in timp a valorii
tensiunii bateriilor. Comportarea celor doud tipuri de baterii in
sarcind este reprezentata prin graficele de mai jos:

% Baterie LiPO

35

3

2.5

2

TENSIUNE (V)

1.5

1

0os

o]
Jul 19, 12:00 Jul 19, 15:00 Jul 19, 18:00 Jul 19, 21:00 Jul 20, 00:00

R TIMP
Figure 4.3 Graficul de descarcare a bateriei LiPo
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Baterie NiMH
3.5

25

TENSTUNE (V)

5
Jul 19, 12:00 Jul 19, 15:00 Jul 19, 18:00 Jul 19, 21:00 Jul 20, 00:00
TIMP

Figure 4.4 Graficul de descarcare a bateriei NiMH

In cazul bateriei LiPO, constatim cd, perioada de timp in
care tensiunea scade de la 3.6V la 2.5V este mare, in timp ce n
cazul acumulatorului NiMH, observim o scadere a valorii
tensiunii de la 3.6V la 2.5V intr-o perioada scurti de timp. In
concluzie bateria LiPO este mai eficienta. Acest tip de baterie are,
de asemenea, avantajul unui ecartament mai mic, care este un
punct forte pentru alimentarea echipamentelor electronice, in
special a celor portabile.

Metoda I1

In acest caz, studiul a fost realizat tot pe doua tipuri de
baterii (LiPO, NiMH), in conditii de functionare reald a
sistemului de monitorizare a parametriilor vitali si transmisia la
distanta prin GSM a semnalelor de alertd in cazuri critice. Practic,
sistemul se afld in stadiul de monitorizare a parametrilor vitali
precum ritmul cardiac si tensiunea arteriala (EKG), situatie 1n
care curentul absorbit din baterie/accumulator este mic (de
ordinul miliamperilor-zecilor de miliamperi).

La aparitia situatiilor critice, valori anormale (periculoase
pentru viata pacientului) a parametriilor vitali, sistemul
declangeaza starea de alarmad, situatie in care se activeaza
dispozitivul GSM avand ca efect cresterea curentului absorbit din
baterie.
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Schema bloc a sistemului de testare al bateriilor din
figura 4.5 contine blocul de achizitie date (tensiune, current),
senzorul de curent, un divisor de tensiune, elementele de sarcina
rezistiva ( Rs;Rsy) si blocul de comutatare al elementelor de
sarcind. In prima etapd, achizitia valorilor pentru tensiune si
curent se realizeaza cu sarcina Rs; conectata la baterie pentru un
timp de 60 minute, dupa care este conectatd sarcind Rg, pentru un
timp de 15 secunde. Tn primul caz, curentul absorbit de sarcina
Rs; corespunde valorii curentului absorbit de sistem n timpul
monitorizarii parametrilor vitali, iar in cel de-al doilea caz
curentul absorbit de sarcina (Rs, conectata in paralel cu Rg;),
corespunde situatiei cand este activat dispozitivul GSM de
transmisie a datelor.

Battery BE“EW Senzor torr = 60min
IMH |.IPO ton = 15sec

current

Taes l
BE | e

divider
U |
Microcontroller Rs2 Rs1 the
—— load
and i
Data logger coupling

Measurement
results

Figura 4.5 Schema bloc a sistemului de monitorizare a
bateriilor

S-au realizat masuratori independente pentru fiecare tip
de acumulator. Tn cazul acumulatorului NiMH (4.8V) am folosit
un divizor de tensiune pentru avea aceeasi valoare a tensiunii
(4.2V) la intrarea blocului de masurare si achizitie date, ca si in
cazul acumulatorului LiPO. Bateria LiPO avand o valoare a
tensiuii in stadiul de incarcare de 4.2V.
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Figura 4.6 Schema divizorului tensiune
Tensiunea la iesire este:
Uri=Vi*(R1/ R1+R2) (4.1)

Valoarea curentului de sarcind este obtinutd cu un senzor de
curent ce contine un sunt si un circuit amplificator, vezi figura

4.7,
| Baterie I
R3
Lshunt 4.7k
| <0050
R6&
B AAA

Rs1 4.TkO
300

A

G630k

Figura 4.7 Schema electrica a senzorului de curent
Valoarea tensiunii citite pe shunt, datoratad trecerii
curentului de sarcind este foarte micd si a fost necesar un

amplificator (AO) pentru a obtine un semnal masurabil.

Castigul amplificatorului este:
G = R2/R6=144.68 (4.2)
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Blocul de achizitie si procesare a datelor este realizat cu o
placd Arduino Uno si un shield data logger prevdzut cu un card
SD pentru stocarea datelor in format CSV.

5 Digtal 10 pins (ood Relay)

31 SD-data storage (CSV 8es)

e Azaliog ps (vollage & cuent measwemest)

. RTC DS1307 (seal Sme clock for rimestamp)

4 USB poet foc senial programming and moestor

— lsternal 3V Bamtery (for RTC axtoooay)

7] DC jack-12V external power sspply

Figura 4.8 Arduino Uno-Shield data logger

Voltage &

Conditioning —< i —0[ DAQ ]
. AD & AL
Circuit

Figura 4.9 Schema bloc a sistemului de achizitie, procesare si
stocare a datelor

Schema logicd (organigrama) algoritmului de

functionare a sistemului de achizitie si stocare a datelor este
prezentata in figura 4.10.
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if (now.minute()==1) &&

(now.second()<=15))

Figura 4.10 Diagrama functionala a sistemului de monitorizare a
bateriilor
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Algoritmul dezvoltat contine mai multe blocuri logice
care citesc datele analogice, transformate n valori digitale de
catre un ADC de 10 biti, apoi stocate intr-un fisier de tip CSV.
Datele pot fi afisate si pe portul serial al placii Arduino si sunt
reprezentate de functiile algoritmului: BV (tensiunea bateriei), LC
(curentul de incarcare) respectiv, Timestamp (data/timp).
Variabila BV este desemnatd pinului analogic A0 al placii
Arduino Uno in timp ce, variabila LC este desemnatd pinului
analogic Al.

Exista doua valori ale curentului citit, corespunzitoare
celor doud sarcini (Rsl si Rsl in paralel cu Rs2). Functia
Timestamp citeste RTC-ul 1n bucld (ceasul in timp real) si
inregistreazd data si timpul pentru fiecare citire, la momentul
respectiv (in fisierul CSV). Citirile sunt efecutate si stocate la
fiecare 5 secunde, iar dupd fiecare 60 de minute, algoritmul
activeazd  functia RELAY PIN (pinul digital D7), cupland
sarcina Rs2 timp de 15 secunde, pentru a simula curentul
consumat in momentul transmisiei datelor de catre modulul
GPRS/GSM.

4.2.2 Modelarea caracteristicilor U(t), I(t) si P(t) ale
bateriilor Li-Po si Ni-Mh

In procesul de monitorizare al descarcarii bateriilor a fost
achizitionat un numar 23512 esantioane. Datele obtinute au
condus la urmatoarele rezultate:

Cazul 1
Caracterizarea bateriei LiPO

In figura 4.11a este reprezentatd variatia curentului in timp
(I=f(t)), iar in figura 4.11b este reprezentata functia I=f(t) ca
rezultat al aproximarii, folosind o functie de interpolare Matlab
pentru a elimina varfurile considerate nesemnificative in raport cu
numarul total de esantioane obtinut.
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Figura 4.11 a) Caracteristica I=f(t); b) Caracteristica I=f(t)
caurmare a interpolarii

Din numarul total de probe prelevate, doar 0,38%
reprezinta valorile maxime ale curentului consumat de sistem.
Functia de interpolare:

—538.1591F — 6t + 158.8944E0,if t < 2000

I(t) ={—-14.7187E — 6t% + 617.1339E — 3t — 6.3185E3,
if 20000 < t < 23512

RMSE = 0.972 (4.3)
Variatia tensiunii bateriei U={(t) este reprezentata in

figura 4.12a si caracteristica aproximativa U=f (t) obtinuta prin
interpolare este reprezentata in figura 4.12b.
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Figura 4.12 a) Caracteristica U=f(t); b) Caracteristica U=f(t) in
urma interpolarii

Functia de interpolare este:

—20.3529E — 6 - t + 3.8062E0, ift < 2000
U(t) =1 —421.3251E —9-t% + 17.6637E — 3 -t — 181.6444E0,

if 20000 < t < 23512

Avand in vedere caracteristica de variatie a curentului, cit
si a tensiunii se constata, dupa o perioada de 20 000 de
esantioane, o scadere brusca a valorilor celor doi parametrii.

Perioada de 20 000 de esantioane corespunde unui interval
de timp de 28 de ore, dupa care bateria suferd o descarcare
completa, ce constituie o informatie importantd privind analiza
functionarii normale a sistemului.

Pentru o functionare, in conditii optime, ale sistemului de
monitorizare si transmisie este necesar ca bateria sa furnizeze o
tensiune de alimentare o perioadd cat mai mare de timp, a carei
valoare sa nu scada sub pragul de 10% din valoare initiala a
tensiunii bateriei incarcate.

Sub un nivel, starea de incdrcare a bateriei de 10%,
sistemul nu mai poate functiona in conditii optime.
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I[mA]

Tindnd cont de acest aspect, constatam ca bateria LiPO
poate asigura pe o perioada de 10 ore alimentarea cu tensiune a
sistemului. Puterea(P) dezvoltatd de baterie este determinatd cu
relatia:

P = UI(W)

(4.5)

1400

1200

1000 |

800

P[mW]

600
400 -

200

o
o

0.5 1

1.5

samples

2 2.5
x10%

Figura 4.13 Caracteristica de variatie a puterii pentru
bateria LiPO

Cazul 2
Caracterizarea bateriei NiIMH
Bateria NiMH a fost testatd in aceleasi conditii ca si bateria
LiPO. Graficul de variatie al curentului este reprezentat in figura
4.14a iar in figura 4.14b reprezinta caracteristica de aproximare
prin interpolare.
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=3

20

=3
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—— 1 Measured
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0.5 1
samples

a)

1.5 2
x10*

450
400
350
300
250

200
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+ Measured '
— Fitted

0.5 1 1.5 2
samples x10*
h

Figura 4.14 a) Caracteristica I=f(t); b) Caracteristica I=f(t)
in urma interpolarii
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Functia de interpolare:

—531.2711E — 6 - t + 185.1882E0, if t < 14000
I(t) =7 —7.9355E — 6 - t%+ 211.1607E —3 -t — 1.2301E3,

if 14000 < t < 17250
RMSE = 0.975 (4.6)

Variatia tensiunii bateriei U={(t) este reprezentata in
figura 4.15a si caracteristica aproximativa U = f(t) obtinuta prin
interpolare este prezentata in figura 4.15b.

0 0

0 05 1 15 2 0 0.5 1 1.5 :
samples «10° samples x10
a) b)

Figura 4.15 a) Caracteristica U=f(t); b) Caracteristica
U=f(t) in urma interpolarii

Functia de interpolare este:

—19.6957E — 6 - t + 4.6350E0, ift < 14000
U(t) =4 —104.7051E — 9 - t2 + 2.1740FE — 3 -t — 5.6738E0,

if 17250 <t < 17250

Perioada de esantionare a bateriei NiMH este considerabil
mai scazutd, bateria atingand pragul de descarcare mult mai rapid.
In acest caz, dupa o perioada de 14000 de esantione, are loc o
scadere brusca a valorilor parametrilor (U,I).
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Perioada de esantionare (14000) corespunde cu un
interval de timp de 19 ore, dupi care bateria sufera o descarcare
completa. Puterea(P) generata de baterie este data de relatia (4.5)
si reprezentata in figura 4.16.

2000
1500 b
=
= 1000 1
o
500 | 1
o]
o 0.5 1 1.5 2
samples =< 104

Figura 4.16 Caracteristica de variatie a puterii pentru
bateria NiMH

Sistemul de achizitie date propus, a fost realizat pentru a
determina tensiunea de iesire, curentul si puterea consumata cu o
mare precizie. Datele achizitionate au fost prelucrate cu o
aplicatie Matlab utilizdnd o functie polinomiald de interpolare a
datelor masurate, reliefand astfel precizia metodei propuse.

Avand 1n vedere reprezentdrile grafice ale evolutiei
descarcarii acumulatoarelor 1n timp si datoritd proprietatilor celor
doua tipuri de tehnologii utilizate In constructia bateriilor, putem
trage o concluzie asupra utilizarii acestora in dispozitivele de
monitorizare si transmitere a datelor vitale. In acest context putem
spune cu certitudine cd bateria tip LiPO, asigurd functionarea
sistemului de monitorizare pentru o perioada mai lunga de timp
decét bateria NiMH, in aceleasi conditii de functionare.
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Capitolul 5
Sistem de monitorizare a parametrilor vitali si
de transmitere a avertizarilor catre centrele

medicale de urgenta

Obiectivul acestei lucrari consta In realizarea unui sistem
compact, ce poate fi purtat de cdtre un pacient cu probleme
cardiace, aflat sub observatie medicala, chiar si atunci cénd
practica o activitate zilnica. Sistemul monitorizeaza ritmul cardiac
si tensiunea arteriald ale pacientului si Tn momentul aparitiei de
valori anormale ale acestor parametrii, valori periculoase pentru
viata persoanei in cauza, activeaza dispozitivul de transmisie date,
trimitand un semnal de alarma catre medicul curant respectiv
serviciului medical de supraveghere la care este arondat pacientul.

Sistemul propus este compus dintr-un dispozitiv de
masurare a ritmului cardiac, un dispozitiv de masurare EKG
prevazut cu 3 electrozi si un communicator GPRS/GSM
gestionate de catre o platformd Arduino Uno bazatd pe
microcontroler figura 5.1.

Sistemul de monitorizare parametrii vitali si amplasarea
senzorilor
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supraveghere

Figura 5.1 Schema bloc sistem monitorizare parametrii
vitali si transmisie la distanta

5.1 Sistem de monitorizare puls (ritm cardiac) si EKG
folosind Arduino Uno

Sistemul de monitorizare a ritmului cardiac si EKG consta
intr-un dispozitiv de monitorizare a pulsului prin metoda
fotoplastimografiei folosind un senzor de tip transmisiv sau de tip
reflexiv, un dispozitiv EKG cu trei electrozi respectiv o placa
Arduino Uno pentru achizitia si prelucrarea semnalelor.

5.1.1 Dispozitivul de monitorizare a ritmului cardiac

Masurarea ritmului cardiac se realizeazd cu un senzor
constituit dintr-o sursda de lumind si un detector in baza
principiului fotoplastimografiei(PPG), ce constituie o metoda
noninvazivd de masurare a variatiei fluxului sangvin in tesuturi.
Modificarea volumului de sange in tesuturi este in concordanta cu
bataile inimii, aspect ce poate fi utilizat pentru a calcula frecventa
cardiaca. Transmiterea si reflexia sunt doua tipuri fundamentale
ale fotoplatismografiei.

Putem utiliza 0 metoda de masurare transmisiva.

Datorita adancimii limitate de penetrare a luminii prin
tesutul organelor, metoda poate fi aplicatd numai anumitor parti
ale corpului, cum ar fi degetul sau lobul urechii. Cu toate acestea,
putem utiliza si o metoda reflexivd. Biosemnalul obtinut fiind de
valoare foarte micéd, se impune amplificarea sa si in acest scop,
am folosit un amplificator operational MCP6004, tehnologie
CMOS fabricat de Microchip.

30



Circuitul realizat (figura 5.2) contine doua blocuri
identice, contindnd fiecare un (AO) pentru filtrarea si
amplificarea biosemnalului.

)
= » o < P 6T,
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Figura 5.2 Schema electrica a circuitului pentru prelucrarea
biosemnalului

lesirea senzorului este cuplatd la primul canal de
amplificare printr-un filtru trece sus (HPF), avand frecventa de
taiere de 0,7Hz destinatd elimindrii componentei continue (DC).
Urmatorul bloc este un filtru activ trece-jos (LPF), cu frecventa
de taiere 2,34Hz. Pentru calculul frecventei filtrului am folosit
relatia (5.1):
1

fc(LPF/HPF) = %
Amplificarea blocului (filtru amplificator) este calculata
cu relatia (5.2):

(Hz) (5.1)

6,9 15
Ay =1+—= k=12 (5.2)
5,8
iar, amplificarea totald a celor doua blocuri conectate in serie
reprezintd produsul amplificarilor individuale, data de relatia

(5.3):
A =TTA« (5.3)

k=1.2
Castigul total (A,) al circuitului este 10201 si valoarea
maxima poate fi ajustatd din rezistorul semireglabil P1.
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Blocul trei al circuitului foloseste un (AQO) conectat intr-
o configuratie neinversoare utilizat pentru adaptarea impedantei la
urmatorul circuit de achizitie, in spetd microcontrolerul de pe
placa de dezvoltare Arduino Uno. Trenul de impulsuri al
semnalului obtinut are o frecventd proportionald cu a ritmului
cardiac.

Relatia matematicd pentru calculul ritmului cardiac
exprimat in batai pe minut (BMP) este:

BMP = 60f (5.4)

unde, f-reprezinta frecventa impulsurilor vizualizate cu ajutorul
osciloscopului, figura 5.3

Figura 5.3 Trenul de impulsuri obtinut la iesirea dispozitivului de
masurare a ritmului cardiac

5.1.2 Dispozitivul EKG cu 3 electrozi

Inima, este un tesut muscular care genereaza potentiale
electrice (bio-potentiale) odata cu fiecare bataie.

EKG-ul, este un proces prin care se realizeaza
monitorizarea activiatii electrice a inimii pe o anumitd perioada de
timp, folosind electrozi atasati pe piele cu rolul de a detecta
variatiile electrice. Dispozitivele pentru biosemnale, cum este
ECG-ul, masoara semnale electrice foarte mici emise de catre
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organismul uman (mV sau chiar pV). Acest semnal este de
asemenea, obstructionat de activitatea musculara din restul

corpului.
LL .
Circuit Pre :
X = HPF ==| HPF = LPE lesire
Electroz protectie || Amp s'?n}nal

RA

Electrod
DRL
LA

Figura 5.4 Schema bloc dispozitiv EKG

Un semnal EKG tipic unui ciclu cardiac, consta dintr-0
unda P, un complex QRS, o unda T si o unda U, care este in mod
normal invizibild in (50-75)% din EKG-uri, deoarece este ascunsa
de undele T si de noua undd P ce urmeazd linia de baza a
electrocardiogramei (segmentele orizontale plane. Semnalul EKG
este format dintr-o insiruire de cicluri cardiace, practic o repetare
a unei unde EKG.

Durata dintre doud unde consecutive (intervalul RR),
corespunde frecventei ritmului cardiac (figura 5.5).

R Intervatul RR R

Complex

Intervara PR @ Q
s s
| Intervatul QT

Figura 5.5 Forma unui semnal EKG normal
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5.1.3 Functionarea sistemului si prelucrarea semnalului

Semnalul de la iesirea dispozitivului de masurare a
ritmului  cardiac i semnalul EKG, sunt aplicate
microcontrolerului placii de dezvoltare Arduino Uno pentru
prelucrare si analizd, 1n vederea transmiterii catre modulul
GPRS/GSM a semnalelor corespunzatoare.

Sistemul va trasmite un semnal de alerta in cazul aparitiei
unui preinfarct sau infarct, ce contine informatii legate de
valoarea pulsului si EKG. Semnalul EKG (figura 5.5) furnizeaza
informatii despre pacient referitoare la tensiunea arteriald si
ritmul cardiac. In momentul aparitiei unei situatii de preinfarct
sau infarct, semnalul va suferi o modificare a formei de unda ce
va fi sesizata si interpretata de catre dispozitivul de prelucrare, iar
sistemul va transmite un semnal de alertd. Referitor la acest
aspect, in cazul desprinderii unui electrod sau a miscarii acestuia,
forma semnalului EKG va suferi modificdri ce pot pune in
functiune sistemul de alertare; in acest caz fiind vorba de o alarma
falsa. Pentru a face distinctia intre un semnal de alarma real si
unul fals am folosit in cadrul sistemului si un dispozitiv de
masurare ce functioneazd pe baza fotoplastimografiei pentru
determinarea ritmului cardiac.

Dacd in momentul monitorizdrii pacientului semnalul
EKG este afectat din cauza defectdrii/miscarii electrozilor,
informatiile legate de forma semnalului EKG vor fi alterate,
sistemul sesizdnd starea de alarma. In schimb, semnalul provenit
de la dispozitivul de masurare a rimului cardiac(puls), va fi
interpretat de sistem si transmis odatd cu semnalul de alarma.
Acest semnal nu va fi afectat de o functionare necorspunzitoare a
electrozilor. Operatorul sau medicul ce realizeaza interpretarea
mesajului de alarma, va sesiza existenta pulsului la momentul
respectiv, facand astfel distinctia intre o alarma falsa si una reala.
Existenta pulsului va confirma faptul ca exista batdi ale inimii si
ca viata pacientului nu se afla in pericol.
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Prelucrarea semnalului de la dispozitivul de masurare
a ritmului cardiac

Semnalul sub forma unui tren de impulsuri (figura 5.6)
obtinut la iesirea dispozitivului de masurarearitmului cardiac prin
metoda fotoplastimografiei este convertit de catre CAN-ul
microcontrolerului de pe placa Arduino ntr-o valoare numerica si
apoi transmisd odatd cu semnalul de alertdi. CAN-ul
microcontrolerului realizdnd o conversie a semnalului pe 10 biti.

“__._._.__.___\ Valoare

CAN numerica

(BPM)

Figura 5.6 Forma semnalului de masurare a ritmului cardiac,
vizualizat cu Osciloscopul si conversia acestuia in valoare
numerica

Prelucrarea semnalului EKG

Sistemul propus cuprinde elemente ce 1i confera acestuia
calitati functionale comparabile cu ale unor dispozitive medicale
certificate. Forma semnalului EKG pentru o functionare normala
a inimii este data in figura 5.7

R
L Intervalul

14=30s
Figura 5.7 Prelucrarea semnalului EKG
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Ca o0 noutate se constituie analiza caracteristicilor
semnalului EKG. Plecand de la premiza ca un sistem biomedical
normal, sandtos prezintd o complexitate ridicatd iar la aparitia
unei anomali complexitatea sa scade, caracteristicile extrase din
semnalele ECG contin informatii pretioase referitoare la tensiunea
arteriald. Acest semnal are o forma analogica, fiind necesara o
conversie analog-numerica in vederea prelucrarii si analizei.

Semnalul EKG este analizat pe o perioada de 30 secunde
n care realizam citiri ale amplitudinii semnalului la un interval de
20ms. Esantioanele obtinute cu valori corespunzitoare unui
anumit prag (considerate ca un nivel de 1 logic) sunt contorizate.
In cazul unui semnal EKG corespunzitor unei functioniri
normale a inimii am stabilit un interval de masurare al numarului
de esantioane cu valoarea 1, cuprins intre un prag minim (pmin
=15) si un prag maxim (pmax = 500) conform relatiei (5.5)

ta
Ppin = 7
(5.5)
t,1000
Prax = T

Acest interval a fost stabilit ca urmare a analizei unui numar
semnificativ de semnale EKG. Tn mod normal folosind valoarea de
prag (Vpmg) stabilitd din analiza unui semnal EKG va rezulta mai
mult de 1/3 de esantioane cu valoarea 1.

V;arag = Amaxl (5.6)
unde:
Anax - reprezintd amplitudinea maxima citita in intervalul tp
anterior;
u - coeficient caracteristic formei de unda EKG a fiecarui
pacient.
Coeficientul (p) ia valori in jurul pragului de 0,6, in functie
de amplitudinea semnalului EKG.
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De exemplu, forma semnalului EKG poate fi diferita de la
un pacient la altul, In functie de problemele de sadnitate ale
fiecaruia. Se poate observa ca distributia caracteristicilor se
schimba in functie de diferitele clase de tensiune arteriali. Tn
acest context, prin masuratorile efectuate asupra unor pacienti cu
probleme cardiace, am constatat urmatoarele:

1. In cazul pacientilor cu valori cuprinse in
limitele normale ale ritmului cardiac si a tensiunii arteriale forma
semnalului EKG arata ca in figura 5.8a.;
2. In  cazul pacientilor cu probleme cardiace
(Hipotensiune), semnalul EKG arata ca in figura 5.8b.;
3. In  cazul pacientilor cu probleme cardiace
(Hipertensiune), semnalul EKG arata ca in figura 5.8c.

a)Normal

b) Hipotensiune

c) Hipertensiune

Figura 5.8 Forma semnalului EKG pentru diferite probleme
cardiac
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Aceste forme ale semnalului EGK au fost obtinute cu
dispozitivul de monitorizare propus si vizualizate prin intermediul
unui PC. La aparitia unor probleme de natura cardiaca, precum
un infarct miocardic sau ischemie, forma semnalului EKG
implicit valoarea ritmului cardiac va prezenta modificari, vezi
figura 5.9.

In cazul unui ciclu cardiac, unda R se va micsora ca
amplitudine, unda Q va creste (in ~ valoare negativa), iar unda S
(segmentul ST) va suporta o deformare in sensul unei cresteri
pozitive Tn amplitudine, ca in figura 5.9a.

Supradenivelarea ST poate persista pe o perioadd de
ordinul minutelor, iar mai tarziu poate aparea o inversare a undei
T, ca in figura 5.9b. Aceastd forma a semnalului este analizata si
interpretatd de catre sistemul de monitorizare.

E RST
| 1
|I|,_.-H-ST P |'n_p-‘_‘\,'
A7 ANV
| ' [{_? T
Q a) b)

Figura 5.9 Forma de unda a complexului PQRST: a) infarct
miocardic, b) Ischemie

Daca numarul de esantioane corespunzitoare nivelului de 1
logic se va afla in intervalul (15-500), parametrii vitali sunt
catalogati ca avand valori in limitele normale si sistemul nu va
transmite. Dacd numarul esantioanelor cu valori de 1 este mai mic
de 15 sau mai mare de 500 (relatia 5.5), microcontrolerul placii
Arduino va activa modulul GSM pentru a transmite mesajul de
alerta. Pe de alta parte sistemul este capabil de a emite un semnal
sonor de avertizare a pacientului in momentul transmisiei
semnalului de alertare.
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5.2 Sistemul de transmisie prin GPRS/GSM

Sistemul de transmisie date consta intr-un comunicator
GPRS/GSM prevazut cu o micéd antena exterioara, compatibil cu
sistemele de telefonie mobila si transmite un semnal SOS printr-
un mesaj SMS ce contine date referitoare la identitatea
pacientului, valoarea ritmului cardiac si referinte cu privire la
presiunea arteriala. Modulul utilizat SM5100B-D este un modul
GSM/GPRS EGSM900/DCS1800, cu doud benzi frecventd si
acceptd clasa GPRS multi-slot10. Bazat pe o schemad de
proiectare avansatd, SM5100B-D integreazd banda de baza RF.
Poate 1ndeplini toate functiile de receptie si transmitere a
semnalului RF, prelucrarea semnalului de banda larga. Benzile de
lucru sunt specificate in tabelul 5.1.

Tabelul 5.1

Frecventa Receptie Transmisie

de lucru

EGSM900 925 MHz- 880 MHz-
960MHz 915MHz

DCS1800 1805 MHz- 1710 MHz-
1880MHz 1785MHz

Modulul GSM va transmite semnalul SOS transmis de
placa Arduino Uno ca urmare a unui semnal de comanda primit
tot de la Arduino. In momentul punerii in functiune a sistemului
de monitorizare, modulul GSM va transmite un mesaj de
confirmare prin care informeaza serviciul medical (medicul) de
faptul ca pacientul se afld in proces de monitorizare, figura 5.10.

Figura 5.10 Mesaj de confirmare functionare sistem de
monitorizare
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5.2.1 Transmiterea mesajului de alertare
Sistemul realizeaza o monitorizare permanentd a EKG-
ului si a ritmului cardiac al pacientului.

Senzori
X ITel

EKG
_ UC/GSM | —> Mol
Sensor IR

cardiac

Figura 5.11 Sistem monitorizare parametrii vitali
(Puls, EKQG) si transmisie semnal de alerta

Semnalul primit de la senzori si prelucrat de dispozitivele
corespunzatoare este supus unei conversii digitale si transmis de
modulul GSM citre serviciul medical. In momentul aparitiei a
unei anomalii in functionarea inimii apar modificari semnificative
ale formei semnalului EKG, evidentiate de sistemul de
monitorizare si ca urmare este declansatd procedura de
transmitere a semnalului SOS spre un terminal tip telefon mobil.
In cazul unei situatii de acest gen mesajul transmis contine
numele pacientului si informatii cu referire la EKG si puls. Ca un
exemplu in figura 5.12 este prezentat un astfel de mesaj.

Pacient-1 <---_________
ekg value counted:625 +_ /’7[ Nume |
Pulse value:62.00 BPM vy -7~ _

N ,’[ Referinte ]

4
- ¥
- PARN

Pacient-2 ol .’ /,>[ PULS ]
ekg value counted:623 ’ R
Pulse value:68.00 BPM

Figura 5.12 Mesaje SOS transmise de modulul GSM pe
telefonul mobil
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Mesajele SOS prezentate 1n figura 5.12 au fost transmise
n urma simularii unor probleme cardiace ale pacientului. Tn cazul
de fatd am procedat la schimbarea pozitiei respectiv, desprinderea
electrozilor de pe suprafata corpului, modificandu-se astfel forma
semnalului EKG.

Informatia transmisda pune in evidentd anomalii in
functionarea inimii iar pe de alta parte faptul ca valoarea pulsului
transmisa se afla in limitele normale confirma faptul ca semnalul
SOS este fals, datordndu-se unei functionari anormale ale
senzorilor (electrozilor EKG).

Operatorul (medicul) va contacta  pacientul pentru
remedierea eventualelor probleme de naturd tehnica.

5.2.2 Analiza puterii consumate de baterie in timpul
monitorizarii parametrilor vitali si a transmiterii
mesajului de alertare

Puterea consumata de la baterie in decursul procesului de
monitorizare a parametrilor vitali si de transmisie a semnalului de
alarmare este variabild in functie de starea de functionare in care
se afla sistemul la un anumit timp. In prima faza sistemul se afla
in starea de monitorizare cand practic citeste valorile ritmului
cardiac, semnalul EKG si realizeaza analiza acestora. Consumul
de curent al sistemului 1n aceasta etapa variaza intre 140 si 160 de
miliamperi, Tncadrdndu-se intr-un consum mediu de 150 de
miliamperi. Tn acest caz, puterea absorbita din baterie este de dati
de relatia (5.7), fiind de 630 mW.

P =UI =630mW (5.7)

In momentul detectirii a unor valori periculoase ale
parametrilor vitali, sistemul va activa dispozitivul de transmisie
(GSM) al mesajului de alertare situatie in care consumul de
curent al sistemului va creste considerabil la o valoare de circa
300 de miliamperi. Puterea absorbitd de la baterie conform
relatiei (5.7) este in aceasta situatie de 1260 mW, deci de doud ori
mai mare decét in starea de monitorizare. Timpul de transmisie a
mesajului este foarte mic de ordinul a zecilor de milisecunde asa
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incat energia consumata de sistem nu este foarte ridicatd, ceea ce
face ca o baterie de LiPO sa poatd sa transmita circa 15 semnale
de alertare in perioada sa de utilizare.

Variatia puterii consumate de sistemul de monitorizare si

transmisie a mesajului de alertate este reprezentata in figura 5.13.

P(mW)
P(mW)
300 - o _~7 Transmisie
[\ ll \\
200
’j \ l \ =—Seriesl
150 T = i — Series?
100
50 \ PmW)
Monitorizare
G T T T T T T T T T T T T T T T T T T T 1

12534567 8 91011121314151617181920

Timp

Figura 5.13 Variatia puterii consumate de la baterie de sistemul
de monitorizare si transmisie a mesajului de alertare.
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Capitolul 6
Concluzii si Contributii personale

In aceasta lucrare, am prezentat aspecte referitoare la
asigurarea de asistentd medicald, de la distantd a pacientilor cu
probleme cardiace. Pacientii vizati sunt cei fara posibilitatea de a
avea un insotitor, cei imobilizati intr-un carucior precum si cei
care sunt nevoiti a se deplasa in vederea desfasurdrii a diverse
activitati. In acest context, am avut in vedere abordarea
mijloacelor tehnice (circuite, sisteme, tehnologii) de ultima
generatie, metode si tehnologii de monitorizare a functiilor vitale
ale unei persoane, in scopul de a reduce (elimina) pe cat posibil
primului ajutor Tn timp util.

Tema abordatd a constat In implementarea unui sistem,
cat mai fiabil, de monitorizare a unui numir minim de
parametrilor vitali (ritm cardiac, presiune arteriald). Valorile
anormale ale parametriilor vitali (situatiile critice) sunt semnalate
si astfel, se va interveni in timp util, salvand viata pacientului.

Sistemul de monitorizare si transmisie a semnalului de
alertd a serviciului medical utilizeaza circuite electronice cu un
consum mic de curent, ceea ce 1l face practicabil (sa poata fi
purtat de cétre pacient) prin faptul ca, se poate alimenta de la o
baterie, un grup de acumulatori cu o tensiune de (4-5)V. Datorita
consumului redus de energie, sistemul ce contine dispozitivul de
achizitie date, constituit din senzor, blocul - filtru/amplificator si
blocul de transmisie al semnalului are o autonomie mare de timp.

De asemenea, consumul redus de energie se datoreaza in
mare parte algoritmului de functionare, sistemul aflandu-se
permanent in stadiul de monitorizare, situatie in care consumul de
curent este relativ mic (de ordinul miliamperilor, zecilor de
miliamperi). Consumul mare de curent apare in momentul
transmisiei semnalului de alertare cand acesta poate ajunge la
ordinul amperilor. Perioada de transmisie este foarte scurtd. Pe
parcursul unei zile, persoana (pacientul) poate sa isi desfasoare
activitatea zilnica, fiind astfel monitorizata permanent.
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De remarcat este faptul ca, sistemul transmite semnalul
catre un serviciu medical stabilit, numai in momentul aparitiei
unui nivel mare al valorilor parametrilor vitali de interes (valori
de risc).

Avand Tn vedere sursa de alimentare, am realizat un
studiu al comportarii unor tipuri de baterii cu scopul de a pune in
evidenta capacitatea acestora de a asigura alimentarea cu energie
electricd pe o perioada cat mai mare de timp a sistemului. In urma
studiului realizat, am concluzionat ca - tipul de baterie LiPO ar
avea o eficietd mai mare dacat celelalte tipuri.

Pentru  concretizarea rezultatelor obtinute in urma
functiilor de interpolare corespunzitoare.

In consecintd, sistemul realizat, in urma testelor
functionale, poate fi 1ncadrat cu succes 1in categoria
sistemelor/dispozitivelor de monitorizare a pacientilor si alertare a
serviciilor medicale. De remarcat este costul mic de realizare al
acestui tip de sistem de monitorizare, parametrii vitali si
avertizare comparativ cu alte sisteme din aceasta categorie.

O caracteristica a acestui tip de sistem este posibilitatea
de a fi Tmbunatatit, prin atasarea de senzori si alte dispozitive,
obtinandu-se un sistem mult mai complex si mult mai fiabil n a
furniza serviciilor medicale, mult mai multe date referitoare la
starea de sdnatate a pacientilor, chiar si localizarea rapida a
acestuia.

Contributiile personale aduse 1n aceastd tezd de doctorat
sunt urmatoarele:

1. Elaborarea unui amplu si de actualitate raport, intins
pe primele doua capitole si in prima parte a capitolului al 3-lea,
despre dispozitivele si tehnologiile utilizate Tn  domeniul
monitorizarii §i transmiterii parametrilor vitali ai activitatii
cardiace, un domeniu de mare interes la nivel mondial si cu o
dinamica rapida a inovarii.

2. Realizarea wunui dispozitiv de monitorizare si
transmitere a parametrilor (ritm cardiac, presiune arteriald)
activitatii cardiace, cu un consum redus de energie, datorat
optimizarii algoritmului de achizitie si stocare de date
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implementat cu un procesor de tip Arduino. Principiul de
functionare, schema si modalitatea de masurare sunt prezentate pe
larg in capitolul al 4-lea.

3. Simularea functiondrii, modelarea si, in final, analiza
variatiei in timp a tensiunii si puterii consumata de diferitele
baterii utilizate In dispozitivele de monitorizare si transmitere a
parametrilor activitatii cardiace. Se poate, astfel, deduce care este
durata optima de functionare a unei baterii ce este utilizata pentru
alimentarea unui dispozitiv de monitorizare a parametrilor vitali,
contributie care se introduce in capitolul al 4-lea al lucrarii.

4. n capitolul al 5-lea, se prezinti o noud metodi de
prelucrare a semnalelor analogice corespunzitoare parametrilor
(ritm cardiac, presiune arteriald) activitatii cardiace, pentru a
deveni compatibile cu un semnal de tip GSM.

5. Realizarea unui sistem de transmisie de date care
constd intr-un comunicator GPRS/GSM prevazut cu o mica
antena exterioara, compatibil cu sistemele de telefonie mobila si
care transmite un semnal de avertizare (un mesaj SMS) ce contine
date referitoare la identitatea pacientului, valoarea ritmului
cardiac si referinte cu privire la presiunea arteriala.

6. Transmisia acestor semnale de avertizare si validarea
lor la receptorul care este unitatea medicald de urgenta sunt
prezentate in capitolul 5 al lucrarii.

Prezenta teza de doctorat constituie un punct de plecare al
activitatii stiintifice viitoare, din care se poate dezvolta o
monitorizare concretd a unor pacienti cu boli cardiace cronice si
se poate realiza transmiterea unor date reale ale parametrilor vitali
(ritmul cardiac si presiunea arteriald). Un important aspect pentru
aplicarea 1n practica a dispozitivului si metodei propuse, este
legat de conexiunea ce trebuie facutd cu sistemul medical de
urgenta si cu sistemele de telefonie mobila.
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Chapter 1
Introduction

1.1 Motivation

The large number of chronic illnesses worldwide has
always been a priority for researchers and for all those involved in
healthcare. The most common chronic diseases are arthritis,
diabetes, asthma, pre-infarction, and infarction. This type of
illness puts a significant footprint on the life of a person and his
family, being propounded with the aging. At the same time, the
category of older people is an important consumer of social
security resources.

The Mobile Patient Monitoring System (MPMS) has the
capacity to provide high-quality healthcare services. The disparity
between requirements and resources in the system is an
impediment to the development of patients' remote monitoring
systems. In this case, patients' telemonitoring systems are a
solution to the problems of aging populations. Consequently, it
facilitates a more efficient diagnosis and treatment of the patient,
with major implications for reducing health insurance costs.

1.2 Objectives

Today, more and more, it is imperative that the quality of
health insurance be maximized. Special requirements are required
to improve diagnosis, treatments to ensure patient comfort, avoid
pain and trauma. Converting a physiological signal into an
electrical signal makes it possible to extract, by using appropriate
processing, the signal and a correct way to visualize the results,
the maximum of information.

In this context, the objective of this paper is to design and
implement an efficient remote monitoring of patients' vital
parameters in real time, alarming the medical services in case of
anomalies, facilitating the rapid intervention of the medical staff.
On the other hand, the proposed system alerts the patient himself
by issuing a beep, in order to take the necessary preventive
measures. In this regard, regarding the power supply of the
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monitoring and remote transmission of vital parameters, we
conducted an analysis of two types of batteries - known as
lithium-ion and NiMH (nickel-metal hydride), on behavior in
time and in pregnancy. In order to implement the monitoring and
remote transmission of vital parameters, we have followed the use
of low-power electronic devices (components) as well as the
implementation of an optimal algorithm for this purpose.

1.3 Thesis content

The thesis is structured in six chapters in which the
following are presented:

Chapter 1 contains introductory notions on the issue of
the need to observe and treat sufferers with heart problems, the
necessary technical means to reduce the time for medical
assistance, to reduce the expenditures for social assistance, using
the perspectives created by the development technology that has
led to rapid growth in the use of ICT applications in health
services, commonly known as e-Health, tele-health, telemedicine,
tele-health

Chapter 2, entitled "Sensors and Electrical Circuits for
Monitoring and Transmitting Vital Parameters”, details about
vital function parameters, their acquisition, and the types of
sensors used to convert and process the signals. In this chapter, it
is intended to characterize the performance of sensors used to
purchase biosensors.

There are also issues related to electrical signals and their
characterization, as well as a classification of biosensors, a
description of electrical phenomena at cellular level and a
propagation of cellular potential. At the end of the chapter are
presented methods of signal conversion and signal amplification
and transmission circuits corresponding to the vital function’s
parameters.

Chapter 3 - "Devices for monitoring and transmitting
vital functions parameters” refers to the types of devices and
systems for monitoring and transmitting the vital functions
parameters existing at international and national levels, based on
information technology and telecommunication services.
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In this context, it is possible to define the concept of
Telemedicine, which assumes a range of advanced, modern
technologies that can transmit all the information and medical
data characteristic. Within this variety of advanced technologies,
the following are included: telemonitoring, teleconsultation, tele
dermatology, teleophthalmology, telepathology and teleradiology;
of this category being excluded tele chirurgic.

In this chapter there are types of devices for measuring
vital parameters such as heart rate, blood oxygen concentration,
blood pressure (EKG).

The ECG signal is presented as the electrical response of
the heart. Finally, a case study (Electronic Vest), conducted by a
team of researchers from US and Indian universities, is presented
as a result of analyzes and statistics in the US, which concluded
that among the most important causes of mortality finds the so-
called "Sudden Cardiac Attack" (SCD) Syndrome.

This electronic "vest” was made of a textile material,
elastic conductive fibers, special materials that can be worn by
patients, consisting of: Electronic Materials, Analog Circuits,
Radio Frequency Circuits, Flexible Antennas, Sensors and Signal
Processors, to alert medical services in the event of SCD
syndrome.



Chapter 4, called "Power Supply Systems for Vital
Function Parameters Monitoring Systems", is one of the
personal contributions of this paper in which we analyzed the
behavior of certain types of batteries in constant load or variable
load, implementing an algorithm for battery monitoring, and a
device for monitoring battery parameters (U, I). For the purpose
of data processing we use the Matlab application and an
interpolation function to approximate the obtained results. This
was aimed at choosing the appropriate battery type to power
(efficiently) the vital parameter monitoring system and to transmit
an alert signal to medical services via GSM.

Chapter 5, called "System for monitoring vital
parameters and transmitting alerts to emergency medical
centers "includes personal contributions to the implementation of
a vital parameter monitoring system (heart rate, blood pressure)
and remote transmission of a SOS signal in case of emergency
(dangerous values of vital parameters for patient's life) with a
consumption low energy. The system contains a heart rate
measuring device, a three electrode ECG device and a GPRS /
GSM device for transmitting an SMS.

Within this chapter the author proposed a new method of
processing the analog signals corresponding to parameters (heart
rate, blood pressure) of cardiac activity, to become compatible
with a GSM type signal.

Chapter 6 presents the conclusion of research and future
research directions.



Chapter 2
Sensors and electrical circuits for monitoring
and transmitting vital parameters

2.1 Parameters of vital functions

Vital signs are measurements of the basic functions of the human
body. The main vital signs currently monitored by medical
profesional and healthcare providers include the following:

- body temperature;

- pulse (heart rate);

- breathing rate;

- oxygen concentration in the blood (Sp0O2);

- blood pressure (blood pressure is not considered a vital
sign, but is often measured along with vital signs)

Monitoring vital signs plays an important role in
detecting medical problems. Vital signs can be measured both in a
clinical setting and at home, at the site of a medical emergency or
directly on the patient's daily activity.



Chapter 111
Devices for monitoring and transmitting vital

functions parameters

Through telecommunication services, both monitoring
and recovery of various patients is a major objective in the
context of current medical services. This, the concept of
telemedicine - which provides various medical services based on
information technology and telecommunications.

3.1 Measurement of oxigen in the blood and heart rate
(Pulse Oximeter)
A pulse oximeter is a non-invasive device that measures
oxygen saturation in the blood of a person, as well as heart rate
(heart rate). A Pulse Oximeter is easy to recognize after the
associated probe, which is usually applied to the patient's finger.

A pulse oximeter may be an autonomous device that may
be part of a patient monitoring system or integrated into a
portable measurement system for vital patient parameters. As a
result, pulse oximeters are mainly used by nurses in outpatient
clinics, outpatients at the gym, and even pilots in the aircraft.

Generally, in hospitals most patient monitoring systems
have a transmissive integrated pulse oximeter. On the other hand,
fitness centers use mainly portable devices using the reflexive
pulse oximetry method. The pulse oximeter type is defined by the
type of sensor used. During light measurement the light emitted
by the LED passes through the tissues of the finger to a
photodiode.

Thus, we encounter two types of sensors. Finger-type
sensor, where the LED is located on one side and the receiver
(photodiode) on the opposite side, called the transmissive sensor
(Figure 3.1). The second type of sensor called reflexive in which
the LED and the photodiode are positioned on the same side, and
the photodiode received signal is reflected by the tissue.
Positioning is done on your finger or other area of the body such
as the palm, the neck area where the tissues are intensely
vascularized. Figure 3.2 represents such a sensor.
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Figure 3.1 Thrust-type optical sensor (transmissive): a) capsule,
b) the functional structure

o

DiodaLed Detector

a b

Figure 3.2 Reflective optical sensor: a) - sensor capsule,
b) - functional structure

These types of sensors can determine both the oxygen
concentration in the blood and the heart rate (heartbeat).
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Figure 3.3 Pulse oximeter block diagram

3.2 Measurement of blood pressure and ECG

The introduction into medical practice by physician
Willem Einthoven in 1903 of electrocardiography (ECG) was the
beginning of a new era in electronics diagnostics. Since that time,
electronic equipment, computing, have become indispensable
elements in the health system.

3.2.1 Blood pressure

Blood pressure releases blood pressure through the
vessels, which is due to the heart pumping blood through the
circulatory system. Blood pressure is expressed by systolic
pressure (maximum during a heartbeat) and diastolic
pressure (minimum between two heartbeats) and is
measured in millimeters of mercury (mmHg).
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Blood pressure is an important vital parameter of
interest in medical and physiological practice.

Determination of extreme (peak and minimum)
values over a heart cycle, correlated with other
physiological information, is a benchmark for the diagnosis
of cardiovascular disease

3.2.2 The ECG signal

Electrocardiogram - recording of electrical activity specific
to heart muscle fibers, using surface electrodes, placed on the
limbs or chest. Electrocardiography is a technique of recording
the activity of the heart muscle. This electrical activity of the
heart is the vector sum of the electrical activities of all the muscle
fibers that make up the heart.

Like any muscle, to contract it needs an electrical
command impulse to trigger contraction. The core unit of the
heart muscle is sarcoma, the heart muscle cell whose electrical
activity is characterized by pulses (stimuli) (Figure 3.4).

A

kmax__h

sor J —

Fig.3.4 Representing a stimulus

When a stimulus is applied, the heart muscle cell first
depolarizes. The potential increases sharply from -90 mV to +20
mV. A period remains stable, after which it returns to the rest. In
the period of depolarization, the mechanical muscle contraction
process begins. The typical form of an electrocardiogram is
shown in Figure 3.5.
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Figure 3.5 Typical form of an electrocardiogram in which:

P wave - corresponds to depolarization of atria;
T wave - corresponds to repolarization of cells in the
ventricular mass;
the QRS complex - corresponds to ventricular
depolarization.
Characteristics of the ECG (electrocardiographic) signal:
- peak to peak amplitude;
- P wavelength is 80 ms.
- The delay between P and QRS is 200 ms.

3.3 Devices / Systems for transmitting vital function
parameters
Telemonitoring is a viable method, certified by numerous
studies, some of which are still ongoing. The most important
telemonitoring systems existing at international and national level
are:
= "EPI-MEDICS" (Enhanced Personal, Intelligent and
Mobile System for Early Detection and Interpretation of
Cardiological Syndromes)
= Code Blue is the most publicized system telemonitoring
and based on a network of wireless sensors capable of
communicating radio;
=  AMON (Advanced Care and Alert Portable Telemedical
MON:itor);
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The MobiHealth project, applied in Germany within the
framework of the the FP5 program (2002-2003);

AMON (Advanced Care and Alert Portable Telemedical
MON:itor);

The MobiHealth project, applied in Germany within the
framework of the the FP5 program (2002-2003);

In our country the project was implemented national,
CardioNET  (Integrated System for  Continuous
Surveillance in Intelligent e-Health Network for Patients
with Cardiological Diseases);

The project "TELEASIS" (Complex system, supported
NGN for home tele-assistance for the elderly);

The MEDCARE system (monitoring system of the
cardiac activity);

"TELMES" system, which is a platform multimedia
dedicated to complex medical services.
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3.4 Case study - electronic vest

As a result of analyzes and statistics in the US, the so-
called "Sudden Cardiac Death" (SCD) Syndrome has been found
to be one of the most important causes of mortality. The risk of
SCD is mainly reported among adults, with a growth rate
proportional to age.
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Chapter 4

The power supply of vital parameter monitoring
systems

4.1 Power Systems. Types

In general, devices, monitoring systems, and data
transmission require continuous voltage supply with low voltage
and current.

The signal monitoring and transmission system uses low-
current electronic circuits, which makes it possible to supply
electricity from a group of batteries / accumulators with
corresponding voltage and current values.

4.2 Modeling, analysis of charging characteristics and
behavior of batteries

This aspect proposes to analyze and simulate the
operation of a system for monitoring and transmitting vital
parameters and modeling its electrical characteristics based on a
complete set of measurements. The battery characterization
system is designed to determine the output voltage, current and
power consumed with high precision. A Matlab application is
used to analyze and interpret the data obtained. It is necessary to
limit the rated operating time of the system due to the battery life
of the battery.

4.2.1 Modeling the discharge characteristics of batteries
in load

Given the choice of the battery type to supply the vital
parameter monitoring and transmission system, we used two
methods of load discharge analysis for different types of batteries,
namely a LiPO battery, respectively, NiMH (nickel-metal
hydride). In the first case, we connected the two types of batteries
to a constant load, following their full discharge, and in the
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second case, we used a variable load corresponding to the real
state of the system.

Testing was performed on two types of batteries: a 3.6V
LiPO battery and a 3.6V NiMH battery. The block diagram of the
test system includes a battery voltage monitoring device, load
resistances and a PC (Figure 4.1).

Batteryl
L
Load 1 Uy . PC
T Device
| Gnd IMonitorin
,T Batter
| L
Load 2 ) U, Bat 1- LiPO
| T Bat 2-NiMH
Battery 2

Figure 4.1 Device block diagram of constant charge
battery monitoring

The monitoring device consists of a data logger
compatible with an Arduino Uno development board, provided
with an SD card slot for data storage. The data is then interpreted
and analyzed using a PC. The monitoring device is shown in
Figure 4.2.
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Figure 4.2 Battery monitoring device with data logger and
Arduino Uno

Method |

In this case, the two types of batteries were connected to
a resistive (constant) load with a resistivity value corresponding
to the battery absorption of a 300mA current. The battery voltage
reading is read at 3 seconds, resulting in a very large number of
voltage values (20 values per minute). For a considerable time,
the voltage values are very close, so we averaged the readings
over a 30 second interval, obtaining 2 voltage values over a 1
minute interval. These values have been used to plot the time
difference of battery voltage. The behavior of the two types of
batteries in load is represented by the graphs below:

% Baterie LiPO

35

3

25

TENSIUNE (V)

05|

o L L
Jul 18, 12:00 Jul 18, 15:00 Jul 18, 18:00 Jul 18, 21:00 Jul 20, 00:00
TIMP

Figure 4.3 LiPo battery discharge chart
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Figure 4.4 NiMH battery discharge chart

In the case of the LiPO battery, we find that the period
of time when the voltage drops from 3.6V to 2.5V is high, while
in the NiMH battery, we notice a voltage drop from 3.6V to 2.5V
in a period short time. In conclusion, the LiPO battery is more
efficient. This type of battery also has the advantage of a smaller
gauge, which is a strong point for powering electronic equipment,
especially portable ones.

Method 11

In this case, the study was also carried out on two types
of batteries (LiPO, NiMH), under real-life conditions of the vital
parameter monitoring system and GSM transmission of critical
alarm signals. Basically, the system is in the stage of monitoring
vital parameters such as heart rate and blood pressure (EKG),
where the battery / accumulator current is low (in the order of
milliamps-tens of milliamps).

When critical situations, abnormal values (life-threatening
for the patient) of vital parameters occur, the system triggers the
alarm state, in which case the GSM device activates the increase
of the battery current.
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The block diagram of the battery test system in Figure 4.5
contains the data acquisition block (voltage, current), current
sensor, voltage divider, resistive load elements (RS1, RS2), and
load cell switching block. In the first step, the acquisition of the
voltage and current values is performed with the RS1 load
connected to the battery for a period of 60 minutes, after which
the RS2 load is connected for a period of 15 seconds. In the first
case, the current absorbed by the load RS1 corresponds to the
value of the current absorbed by the system during the monitoring
of the vital parameters, and in the second case the current
absorbed by the load (RS2 connected in parallel with the RS1)
corresponds to the situation when the GSM device is activated by
data transmission.

Battery Batterv Senzor tort = 60min
NIMH LlPo current ton = 15seC
Votoge l

BE | ey

divider
U |
Microcontroller Rs2 Rsl the
—— load
and "
Data logger coupling

Measurement
results
Figure 4.5 Block diagram of the battery monitoring system

Independent measurements have been made for each
type of battery. In the case of the NiMH battery (4.8V), we used a
voltage divider for the same voltage value (4.2V) at the input of
the measurement and data acquisition block as in the case of the
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LiPO battery. The LiPO battery has a voltage value at the 4.2V
charging state.

Figure 4.6 Schematic diagram of the voltage divider
Output voltage is:
UR1=V1*(R1/R1+R2) (4.1)

The load current value is obtained with a current sensor
containing a shunt and an amplifier circuit, see Figure 4.7.

| Baterie I
R3
Lshunt 4.7kQ
1s| So-050
RE
B AAA
Rs1 4.7KO

300

E80kQ

Figure 4.7 Electrical circuit diagram of the current sensor

The value of the voltage read on the shunt due to the
passing of the load current is very small and an amplifier (AO)
was needed to obtain a measurable signal.
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The gain of the amplifier is:
G = R2/R6=144.68 (4.2)

The data acquisition and processing block is made with
an Arduino Uno board and a shield data logger provided with an
SD card for data storage in CSV format.

> Digtal 10 pins (oad Rely)

| SD-data storage (CSV 8es)

> Asslog pes (volage & curent measwemest)

5 RTC DS1307 (real Sme clock foc rmestamp)

3 USB poet for serial programming and mositor J
> Isternal 3V Bamery (for RTC axtooonyy)
31 DC jack-12V external power sepply

Voltage &
. A
( olflitio,ling —<\0& Al —{ DAQ ]
Circuit

Figure 4.9 Block schema of data acquisition, processing and
storage system

The logical schema (organizational diagram) of the data
acquisition and storage system algorithm is shown in Figure 4.10.
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T ((now.minuteO==1) &&
(now.second()==15))

Figure 4.10 Functional diagram of the battery monitoring system
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The developed algorithm contains several logical blocks
that read analog data, converted to digital values by a 10-bit
ADC, then stored in a CSV file. The data can also be displayed on
the serial port of the Arduino board and are represented by the
functions of the algorithm: BV (battery voltage), LC (charging
current) and Timestamp respectively. The BV variable is assigned
to the analogue pin A0 of the Arduino Uno plate while the LC
variable is designated for the analogue pin Al.

There are two values of the current read, corresponding
to the two tasks (Rsl and Rsl in parallel with Rs2). The
Timestamp function reads the RTC in the loop (real time clock)
and records the date and time for each reading at that time (in the
CSV file). The readings are processed and stored every 5 seconds,
and after every 60 minutes the algorithm activates the
RELAY _PIN function (D7 digital pin) by coupling the Rs2 load
for 15 seconds to simulate the current consumed at the time of
data transmission by the GPRS / GSM module .

4.2.2 Modeling of U (t), I (t) and P (t) characteristics of
Li-Po and Ni-Mh

A total of 23512 samples were purchased in the battery
discharge monitoring process. The data obtained led to the
following results:

Case 1
Characterization of the LiPO battery

Figure 4.11a shows the change in current over time (I = f
(t)), and in Figure 4.11b the function I = f (t) is represented as a
result of the approximation, using a Matlab interpolation function
to eliminate the peaks considered insignificant in relation to the
total number of samples obtained.
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Figure 4.11 a) characteristic | = f (t); b) The characteristic | = f (t)
as a result of interpolation

Of the total sample taken, only 0.38% represents the
maximum values of the current consumed by the system.

The interpolation function is:

—538.1591F — 6t + 158.8944E0,if t < 2000
I(t) ={—-14.7187E — 6t* + 617.1339E — 3t — 6.3185E3,
if 20000 <t < 23512
RMSE = 0.972 (4.3)

The variation of the battery voltage U = f (1) is
represented in figure 4.12a and the approximate characteristic U =
f (t) obtained by interpolation is represented in figure 4.12b.
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Figure 4.12 a) Characteristic U = f (t); b) Characteristic U = f (t)
after interpolation

The interpolation function is:

—20.3529E — 6 - t + 3.8062E0, ift < 2000
U(t) =1 —421.3251E —9-t% + 17.6637E — 3 -t — 181.6444E0,
if 20000 < t < 23512

RMSE = 0.975 (4.4)

Taking into account the current and voltage variation
characteristic, after a period of 20 000 samples, a sudden drop of
the values of the two parameters is observed.

The 20000 sample period corresponds to a 28-hour
period, after which the battery undergoes a full discharge, which
is an important piece of information on the analysis of the normal
operation of the system.

For optimum operation of the monitoring and
transmission system, it is necessary for the battery to supply a
supply voltage for as long as the value does not fall below the
10% threshold of the initial value of the charged battery voltage .
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Under a level of 10% battery charge, the system can no
longer operate under optimum conditions.
Taking this into account, we can see that the LiPO battery can
provide a 10-hour power supply to the system. The power (P)
developed by the battery is determined by:

P = UI(W) (4.5)

1400

1200 |

1000 |

800 |

P[mW]

600

400

200

(o] 0.5 1 1.5 2 2.5
samples x10%

Figure 4.13 Power variation of the LiPO battery

Case 2
Characterization of the NiMH battery

The NiMH battery was tested under the same conditions as the
LiPO battery. The current variation graph is represented in figure
4.14a and in figure 4.14b represents the approximation by
interpolation characteristic.
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Figure 4.14 a) characteristic | = f (t); b) The characteristic | = f (t)
after interpolation

The interpolation function is:

—531.2711E — 6 - ¢t + 185.1882E0, if t < 14000
I(t) =4 —7.9355E — 6 - t2 + 211.1607E — 3 - t — 1.2301E3,
if 14000 < t < 17250

RMSE = 0975 (4.6)

The variation of the battery voltage U = f (1) is
represented in figure 4.15a and the approximate characteristic
U =f (t) obtained by interpolation is shown in figure 4.15b.
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Figure 4.15 a) characteristic U = f (t); b) Characteristic U = f (t)
after interpolation

The interpolation function is:

—19.6957E — 6 - t + 4.6350E0, if t < 14000
U(t) =1 —104.7051E — 9 - t?> 4+ 2.1740E — 3 -t — 5.6738E0,
if 17250 < t < 17250
Rysg = 0.98 4.7

The sampling period of the NiMH battery is considerably
lower, the battery reaching the download threshold much faster.
In this case, after a period of 14000 samples, a sudden drop of the
parameter values (U, 1) occurs.

The sampling period (14,000) corresponds to a 19-hour
time interval, after which the battery undergoes a full discharge.
The power (P) generated by the battery is given by the relation
(4.5) and represented in figure 4.16.
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Figure 4.16 Power variation characteristic for NiMH battery

The proposed data acquisition system was designed to
determine the output voltage, current and power consumed with
great precision. The acquired data was processed with a Matlab
application using a polynomial interpolation function of the
measured data, thus highlighting the precision of the proposed
method. Considering the graphical representations of the
evolution of battery discharge over time and the properties of the
two types of technologies used in battery construction, we can
draw a conclusion on their use in vital data monitoring and
transmission devices. In this context, we can say with certainty
that the LiPO battery, ensures the operation of the monitoring
system for a longer period of time than the NiMH battery under
the same operating condition.
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Chapter 5
Monitoring system of life parameters and
sending of warnings to the emergency medical

institutions

The objective of this project consists from manufacturing
of a compact system that can be wore by a pacient with heart
disease, that is under medical observation, even when he is
engaged in daily activities. The system is monitoring the heart
rate and blood pressure of the pacient and in the moment of
appearing of abnormal values of these parameters, dangerous
values for the subject, it activates the data transmission module,
thus sending a warning to the treating physician respectively to
the surveillance medical unit of the patient.

The system is made from a measuring device of the heart
rate, an EKG measuring device composed of 3 electrodes and a
GPRS/GSM communicator controlled by an Arduino Uno
platform based on a micro-contoler as shown in graphic 5.1.

\ﬂ

Monitoring system for vital parameters and sensor placement
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Figure 5.1 The design of the Schema bloc Monitoring system for
vital parameters and transmission

5.1 Heartbeat monitoring system (heart rate) and EKG
using Arduino Uno

The heart rate monitoring system and EKG consists from
a heart beat monitoring device through the photo plastism method
using a transmisive or reflexive type, an EKG device with 3
electrodes respectively an Arduino Uno board for receiving and
signal interpretation.

5.1.1 The heart rate monitoring device

Measuring of the heart rate is being done by a sensor
made from a light source and a detector based on photo plastism
method (PPG), which constitutes a non-invasive measure of
measuring the variation of blood flow in the tissues. The
modifying of the blood volume in the tissues is in accordance
with the heart beats, which can be used in order to calculate the
heart rate. Transmission and reflection are the 2 main types for
the photo plastism.

We can use a transmisive method.

Due to the limited light penetration depth through the
organ’s tissues, the method can be applied only to certain body
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parts, like the finger or ear lobe. Nonetheless, we can also utilise a
reflexive method. The achieved bio-signal being of low value,
must be amplified and in this purpose it was used an operational
amplifier MCP6004, CMOS technology, made by Microchip.

The circuit board (graphic 5.2) is made from 2 similar
blocks, each containing an (AO) for filtering and boosting of the
bio-signal.

Figure 5.2 Electrical design of the circuit board for amplifying of
the bio-signal

The sensor outlet is connected to the first amplyfying
channel through a filter going up (HPF), having the cutting
frequency at  0,7Hz destined for the removal of continuous
component  (DC). Next block is an active filter passing-down
(LPF), having the cutting frequency at 2,34Hz. For determining
the filter frequency the following formula have been used (5.1):

1

f =——(Hz
c(LPF/HPF) ZﬂRC( ) (5.1)

The block amplifier (amplifying filter) is determined by
the formula (5.2):
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R —
A, =1+ k=12 (5.2)
R5,8

and, the total amplifying value of the two serially connected
blocks representing the combined value of individual
amplification, is determined by the formula (5.3):

A =T1Ax (5.3)

=1..2

Total gain (A, of the circuit is 10201 and the
maximmum value can be adjusted by the semiadjustable resistor
P1.

The 3rd block of the circuit uses an  (AO) connected to a non-
inversor configuration and it is being used for adjusting the
impedance at the next gaining circuit, mainly the microcontroller
from the Arduino Uno developing board. The signal’s impulse
train has a proportional frequency to the heart rate.

The mathematical formula used for measuring the heart rate
which is measeured in heartbeats per minute (BMP) is:

BMP =60f (5.4)

where f-represents the visualised impulse frequency through an
oscilloscope , graphic 5.3
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Figure 5.3 Impulse train achieved of the measuring heart rate
device’s outlet

5.1.2 The 3 electrode EKG device

The heart is a muscle tissue that generates electrical
potentials (bio-potentials) with each beat.
The EKG is a process which achieves the monitoring of the
electrical activity of the heart over a certain amount of time, using
electrodes that are placed on the pacient’s skin in order to detect the
electrical variations. The bio-signal devices, as EKG, are measuring
the very low electrical signals made by the human body ( mV or
even uV). This signal is also obstructed by the muscle activity

throughout the entire body.
== HPF |= LPF Signal
outlet

LL
Protecti =

Pre
Electrod| on AmpI=> HPF

=== circuit
RA H
Electrod
DRL

LA
Figure 5.4 The ECG block design
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A typical EKG signal for a heart cycle is made from a P
wave, a QRS complex, a T wave and an U wave, which is
normally invisible in  (50-75)% of EKG-s, because is hidden
from the T waves and the new P wave which are making the base
line for the EKG (the plane horizontal signals). The ECG signal
consists of a series of cardiac cycles, basically a repetition of an
ECG wave.

The duration between two consecutive waves (RR
interval) corresponds to the heart rate (Figure 5.5).

R Intervalul RR

Complex

Intervalul PR s
| Intervatul QT

Figure 5.5 Form of a normal ECG signal
5.1.3 System operation and signal processing

The cardiac pacemaker output signal and the ECG signal
are applied to the Arduino Uno development board
microcontroller for processing and analysis to transmit the
appropriate signals to the GPRS / GSM module.

The system will send an alert signal in case of a pre-
infarction or infarction, containing information related to pulse
value and ECG. The ECG signal (Figure 5.5) provides patient
information on Dblood pressure and heart rate. Upon the
occurrence of a pre-infarct or infarction, the signal will undergo a
change in the waveform to be sensed and interpreted by the
processing device, and the system will send an alert signal.
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With respect to this aspect, in the event of an
electrode being detached or moved, the shape of the ECG signal
will undergo modifications that may trigger the alert system; in
this case, it is a false alarm. To distinguish between a real and a
fake alarm signal, we also used a measuring device based on
photoplasmography to determine the heart rate.

If the ECG signal is affected due to electrode failure /
movement at the time of patient monitoring, the information
about the ECG signal shape will be altered, the system detecting
the alarm status. Instead, the signal from the heart rate measuring
device (pulse) will be interpreted by the system and transmitted
with the alarm signal. This signal will not be affected by poor
electrode operation. The operator or physician interpreting the
alarm message will notice the pulse at the time, making a
distinction between a false alarm and a real alarm. The existence
of the pulse will confirm that there are heart beats and that the
patient's life is not in danger.

Signal processing device for measuring heart rate

The signal in the form of a pulse train (figure 5.6)
obtained at the output of the heart rate measuring device by the
photoplastigraphy method is converted by the CAN of the
microcontroller on the Arduino plate to a numerical value and
then transmitted with the alert signal. The microcontroller's CAN
can convert the 10-bit signal.
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Figure 5.6 Shape of the heart rate measurement signal, viewed
with the Oscilloscope and its conversion in numerical value

EKG signal processing

The proposed system includes elements that give it
functional qualities comparable to certified medical devices. The
shape of the ECG signal for normal heart function is shown in
Figure 5.7

Intervalul

Vprag

v_/\_,\__/'\_. V,_/l\_

20ms
t4=30s

Figure 5.7 Processing of the ECG signal

An analysis of the characteristics of the ECG signal is a
novelty. Starting from the premise that a normal, healthy
biomedical system presents a high complexity, and when
anomalies occur complexity decreases, the features extracted
from ECG signals contain valuable information about blood
pressure. This signal has an analogue shape, requiring an analog-
to-digital conversion for processing and analysis.
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The ECG signal is analyzed over a period of 30 seconds
in which we make readings of the amplitude of the signal at a
range of 20ms. Samples obtained with values corresponding to a
certain threshold (considered as a logical 1 level) are counted. In
the case of an ECG signal corresponding to a normal heart
function, we have set a measurement interval of the number of
samples with a value of 1, comprised between a minimum
threshold (pmin = 15) and a maximum threshold (pmax = 500)
according to the equation (5.5).

ta
Ppin = 7
(5.5)
t,1000
max — T

This interval was established as a result of the analysis of
a significant number of ECG signals. Normally using the
threshold value (Vprag) set in the analysis of an ECG signal will
result in more than 1/3 of the samples with the value 1.

Vprag = Amaxlt (5.6)

where:
Amax - is the maximum amplitude read in the previous ta

range;

u - a coefficient characteristic of the individual EKG
waveform of each patient.

The coefficient (pn) is around the threshold of 0.6,
depending on the magnitude of the ECG signal. For example, the
shape of the EKG signal may vary from one patient to another,
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depending on each person's health problems. It can be seen that
the distribution of the characteristics changes according to the
different classes of blood pressure. In this context, the
measurements made on patients with heart problems, we found
the following:

1. In the case of patients with the normal range of heart
rate and blood pressure in the shape of the EKG signal is shown
in Figure 5.8a;

2. For patients with cardiac problems (hypotension), the
ECG signal is shown in Figure 5.8b;

3. For patients with cardiac problems (Hypertension), the
ECG signal is shown in Figure 5.8c.

a)Normal

b) Hypotension

c) Hypertension

Figure 5.8 The shape of the ECG signal for various cardiac
problems
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These forms of the EGK signal were obtained with the
proposed monitoring device and viewed through a PC. When
cardiac problems such as myocardial infarction or ischaemia
occur, the shape of the ECG signal implicitly changes the cardiac
heart rate, see Figure 5.9.

In the case of a cardiac cycle, the R wave will decrease
as amplitude, the Q wave will increase (in negative value) and the
S-wave (ST segment) will withstand a strain in the sense of a
positive amplitude increase, as in Figure 5.9a. ST overdrive can
persist for a period of minutes, and later a T wave inversion may
occur, as in Figure 5.9b. This form of signal is analyzed and
interpreted by the monitoring system.

E E
N PN
P | 1‘.\ _.-""'-\._\_I! II'-\.-"
4 a) b)

Figure 5.9 Waveform of the PQRST complex: a) myocardial
infarction, b) Ischemia

If the number of samples corresponding to the logic level
1 is in the range (15-500), the vital parameters are listed as having
values within the normal range and the system will not transmit.
If the number of samples with values of 1 is less than 15 or
greater than 500 (relationship 5.5), the arduino plate
microcontroller will activate the GSM module to send the alert
message. On the other hand, the system is capable of emitting a
patient alert signal at the time of transmission of the alert signal.
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5.2 GPRS / GSM transmission system

The data transmission system consists of a GPRS / GSM
communicator provided with a small external antenna compatible
with the mobile telephony systems and transmits an SOS signal
through an SMS message containing patient identity data, heart
rate value, and reference at arterial pressure. The SM5100B-D
module is a two-band GSM / GPRS EGSM900 / DCS1800
module that supports the multi-slot GPRS class. Based on an
advanced design scheme, the SM5100B-D integrates the RF
baseband. It can perform all RF signal reception and transmission
functions, processing the broadband signal. Working bands are
specified in table 5.1.

Table 5.1

Frequency | Reception Transmision

of work

EGSM900 | 925 MHz- | 880 MHz-
960MHz 915MHz

DCS1800 1805 MHz- | 1710 MHz-
1880MHz 1785MHz

The GSM module will transmit the SOS signal
transmitted by the Arduino Uno board as a result of a command
signal received from Arduino as well. When the monitoring
system is put into operation, the GSM module will send a
confirmation message informing the medical service (physician)
that the patient is in the process of monitoring, Figure 5.10.
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Figure 5.10 Monitoring system operation confirmation message

5.2.1 Send the alert message
The system performs permanent monitoring of the
patient's EKG and heart rate.

Sensors Device

Tx
EKG EKG
CIGSM | —>
Rhythm H !

Cardiac

Sensor IR

Figure 5.11 Vital parameter monitoring system
(Pulse, ECG) and alert transmission

The signal received from the sensors and processed by
the corresponding devices is subjected to digital conversion and
transmitted by the GSM module to the medical service. When an
abnormality occurs in the functioning of the heart, there are
significant changes in the shape of the ECG signal, highlighted by
the monitoring system, and as a result, the procedure of
transmitting the SOS signal to a mobile telephone terminal is
triggered. In the event of such a situation, the transmitted message
contains the patient's name and information about ECG and pulse.

As an example in Figure 5.12, such a message is
presented.
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Figure 5.12 SOS messages transmitted by the GSM module on
mobile phone

The SOS messages presented in Figure 5.12 were
transmitted following simulation of patient's cardiac problems. In
the present case, we changed the position, releasing the electrodes
from the body surface, thus changing the shape of the EKG
signal.

The transmitted information reveals abnormalities in
heart operation and on the other hand that the transmitted pulse
value is within the normal range confirms that the SOS signal is
false, due to abnormal sensor operation (EKG electrodes).

The operator (the doctor) will contact the patient to
remedy any technical problems.

5.2.2 Battery Power Consumption Analysis During
Monitoring of Vital Parameters and Sending Alert
Message

The power consumed by the battery during the process of
monitoring the vital parameters and transmitting the alarm signal
is variable depending on the operating state of the system at a
certain time. In the first phase the system is in the monitoring
state when it basically reads the heart rate values, the ECG signal
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and performs their analysis. System current consumption varies
between 140 and 160 milliamps, falling to an average
consumption of 150 milliamps. In this case, the power absorbed
by the battery is given by the relationship (5.7), being 630 mW.

P =UI =630mW 5.7)

At the moment of detecting dangerous values of the
vital parameters, the system will activate the transmission system
(GSM) of the alert message where the current consumption of the
system will increase considerably to a value of about 300
milliamps. The power absorbed by the battery according to the
relation (5.7) is in this situation 1260 mW, twice as high as in the
monitoring state. The transmission time of the message is very
small in the order of tens of milliseconds so that the energy
consumed by the system is not very high, which makes a LiPO
battery capable of transmitting about 15 alerting signals during its
use. The variation in power consumed by the monitoring and
transmission system of the alert message is shown in Figure 5.13.

P(mW)
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300 /Transmisic
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200

Seriesl
150 Series2
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] .
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° 123 4567 8 91011121314151617181520
Timg
Figure 5.13 Variation of power consumed from the battery by the
monitoring and transmission system of the alert message.
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Chapter 6
Conclusions and Personal Contributions

In this paper, we presented aspects regarding the
provision of remote medical care for patients with heart problems.
The targeted patients are those without the possibility of having a
companion, those immobilized in a trolley and those who are
forced to move for various activities. In this context, we
considered the approach of state-of-the-art technical devices
(circuits, systems, technologies), methods and technologies to
monitor the vital functions of a person in order to reduce (as
much as possible) the risk of his death the inability to provide
first aid in a timely manner.

The topic addressed was the implementation of a more
reliable system for monitoring a minimum number of vital
parameters (cardiac rhythm, blood pressure). The abnormal
values of the vital parameters (critical situations) are signaled and
will intervene in a timely manner, saving the life of the patient.

The medical service alert monitoring and transmission
system uses low-power electronic circuits, which makes it
practical (can be worn by the patient) in that it can be powered by
a battery, a group of batteries with a voltage of (4-5) V. Due to
the low power consumption, the system containing the data
acquisition device, consisting of the sensor, the filter / amplifier
block and the signal transmission block, has a large amount of
time.

Also, the low power consumption is largely due to the
operating algorithm, the system being permanently in the
monitoring state, where the current consumption is relatively
small (in the order of milliamps, tens of milliamps). High power
consumption occurs when the alarm signal is transmitted when it
can reach the order of the amp. The transmission time is very
short. Over the course of a day, the person (the patient) can carry
out their daily work, being permanently monitored.

Of note that the system transmits the signal to a
designated medical service only when a high level of vital
parameter values of interest (risk values) occurs.
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Considering the power supply, we have conducted a
study of the behavior of some types of batteries in order to
highlight their capacity to ensure the power supply for as long as
possible the system. Following the study, we concluded that - the
type of LiPO battery would have a higher efficacy than the other
types.

In order to convey the results obtained from the study,
we used the possibilities offered by the Matlab application and
the corresponding interpolation functions. Consequently, the
system achieved through functional tests can be successfully
categorized as patient monitoring systems / devices and medical
service alerts. Of note is the low cost of achieving this kind of
monitoring system, vital parameters and warning compared to
other systems in this category.A feature of this type of system is
the ability to be improved by attaching sensors and other devices,
making it a much more complex and much more reliable system
to provide medical services, much more data on health of
patients, even its rapid location.

The personal contributions made in this PhD thesis are as

follows:

1. Develop an extensive and up-to-date report, outlined
in the first two chapters and in the first part of Chapter 3, on the
devices and technologies used in the field of monitoring and
transmission of vital parameters of cardiac activity, an area of
great interest worldwide and with a rapid dynamics of innovation.

2. Realization of a device for monitoring and
transmitting parameters (heart rate, blood pressure) of the cardiac
activity, with low energy consumption, due to the optimization of
the data acquisition and storage algorithm implemented with an
Arduino processor. The principle of operation, the scheme and the
way of measurement are presented in detail in Chapter 4.

3. Simulation of operation, modeling and finally
analysis of the time variation of the voltage and power consumed
by the different batteries used in the devices for monitoring and

47



transmitting the parameters of cardiac activity. It is thus possible
to infer what is the optimal lifetime of a battery that is used to
power a vital parameter monitor, a contribution that is introduced
in the 4th chapter of the paper

4. In Chapter 5, there is presented a new method of
processing the analog signals corresponding to parameters
(cardiac rhythm, blood pressure) of cardiac activity to become
compatible with a GSM type signal.

5. Realization of a data transmission system consisting
of a GPRS / GSM communicator provided with a small external
antenna compatible with the mobile telephony systems and
transmitting a warning signal (SMS) containing data relating to
the patient's identity, the value cardiac rhythm and references to
blood pressure.

6. The transmission of these warning signals and their
validation to the receiver which is the emergency medical unit are
presented in Chapter 5 of the paper.

This doctoral thesis is a starting point for future
scientific work, from which a concrete monitoring of patients
with chronic heart disease can be developed and real-life data
(heart rate and blood pressure) can be transmitted. An important
aspect for the practical application of the proposed device and
method is related to the connection to be made with the
emergency medical system and mobile telephony systems.
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