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NepiAnwin:

To akoAouBo yypado Bacidetal o Epeuva OXETIKA LE TO TIPWTOKOANO ETIIKOVWVIAC TOU

Bluetooth Low Energy (BLE), yla tn Xxprion Tou o€ latplkEG ePaAPHOYEC. ZUYKEKPLUEVA, YA
TN XPon o€ IPaypPatikn tapakoAovbnon acBevwy kat kataypadpn ded0PEVWY, HECW
TNC dnUoupyiag evog mpooappoopevou HAektpokapdloypaupatog (HKI) pe xpnon
£101KOU UALKOU Kal AOYLOUIKOU, CUVOJEVOEVOU ATIO TIPOCUPHOCHEVEC EPAPUOYEC YL
Kwvnta (app).

Méow TNC €peuvacg oe TIPWTOKOAAA eTtKOVWViaC (6Ttwe to BLE, 10 KAaoko Bluetooth
(BT), To Wi-Fi kat to Zigbee), amoktnOnkav ocnuavtikeg mAnpodopieg OXETIKA UE TN
peBodoAoyia tou akoAouBnRBnke, KABWCE Kat yla Ta JETPLIKA TIOU ATAV oNUAvTKA OxL Hovo
yla TN CUYKPLON TWV TIPWTOKOAWY, AAAA Kal yia va BewpnBouv arnodoTika yia pla
edappoyn he evaiobnta dedopeva, Ta omola eav aAAolwBOoUV UTtopoUV va 0dNynoouY o€
O0oBapPEC CUVETELEG.

MNanv eniteuvén tou teAlkol otoxou, dnNAadr tng dnuloupyiag plag epapuoyng
tapakoAoLBnong HKT, mpayuatomolifnkav apkeTEG anapaitnteg SOKIHMES. ZEKWVWVTAG
pe dokipeg ouvdeonc kat artodoong tou BLE, o otoxog ntav n Afyn HETPIKWY LTIO
dladopeTIKEC ouvOnKeg Katl pubpuioelg. Auto Bonbnoe otn cuveExela otnv agloAdynon
TWYV W aviKwy cuVONKWYV Kat Tng Wdavikng pubuLong yia tnv teAkn watpikn epapuoyn BLE.
Me Bdon 1o cuvOUAGHO AUTWY TWV JOKIPWY, KABWC KAL TNV EPELVA OE ETIAYYEAUATIKA
HKT, dnuoupynbnke n teAlkn edapuoyn yla mpaypatikn tapakoiovdnon HKI peow
BLE.

MNa kdBe doKiun TIoL TIpaypAToTIoBNKE Kal yla KAabe epappoyn Ttou dnUloupyndnke,
Xpnolgotonke pla dtapopetik dlapopdwan LAKOU/AOYICHLKOU, GUVOJEVOEVN ATIO
UTTOAOYLOTIKA epyaAeia (Tt.x. MATLAB) étav ntav anapaitnto. EmumAgoy, o oxedlacuog tng
PONC EPYACLWY KAl TOU oXediou EMALEE ONUAVTIKO POAO OTA ATIOTEAECHATA TWV OOKIHWY,
TOOO YA TA HETPLKA OGO KAl YLA TNV ETMOPEVN POK EPYACLWV.

TEANOC, N €pELVA TIOU TIPAYHATOTIOONKE, EKTOC ATIO TN dladLTION TOU TIPWTOKOAOU
emikolvwviag BLE, Bornbnoe emiong otn dnuoupyia tng Oavikng pong Epyaciwy, n omoia
OXL HOVO TIPOCEDEPE TA TEAIKA CUUTIEPACHATA, AAAA KAl cUUTIEPACHATA Yia OAOKANPN TN
dladkacia, cupTEPIAAUBAVOUEVWY TWV dOKLIHWYV HETPIKWY BLE TTou Atav amapaitnteg
yla TNV TEALKR UAOTIOINGHN TOU £pYOU.



Summary:

The following paper is based on research on the communication protocol of Bluetooth Low
Energy (BLE), for its use in medical applications. Specifically, for the use in live patient
monitoring and data logging, by creating a custom Electrocardiogram (ECG) using specific
hardware and software, accompanied by custom made mobile applications (app).

Through background research on communication protocols (like BLE, Bluetooth Classic
(BT) Wi-Fi and Zigbee), which offered insights on how to proceed with the methodology as
well as what metrics were important, not only to compare communication protocols, but to also
consider them efficient for an application with sensitive data, which if corrupted can even lead
to dire consequences.

To achieve the final goal of creating an ECG monitoring app, a few necessary tests took place.
Starting off with tests on BLE connectivity and performance, the goal was to retrieve metrics
under different conditions and setups. This would later help evaluate the ideal conditions and
set-up for the final BLE medical application. Based on the combination of these tests as well
as research on medical grade ECGs, the final application for a BLE live ECG monitor was
created.

For each test performed and application created, a different hardware/software setup was
used accompanied by computational tools (e.g. MATLAB) when necessary. Additionally, the
planning of the workflow and design played a major role in the results of the tests both for the
metrics and for the following workflow.

Finally, the background research while offering insights into the BLE communication
protocol also helped in creating the ideal workflow which not only offered the final conclusions
but also offered conclusion for the whole process including the BLE metrics tests which were
necessary for the final implementation of the project.



Abstract:

With the rapid advancements of technological development especially in data science and
telecommunications, we take the comfort of being able to communicate nearly anywhere for
granted. Whether we are in the comfort of our home or in a public space using our Wi-Fi, data
roaming or using our providers network, we could never imagine how we would be able to
communicate without these.

Taking the above into consideration, one would have to think how this could affect vital parts
of our infrastructure such as healthcare facilities or even emergency calls. Where patient
monitoring is continuous and data exchange is important how could a network disruption affect
monitoring systems?

Although there are already existing technologies which are vastly used for remote patient
monitoring, vital signs monitoring (i.e. blood pressure,) and data exchange [3][4], it would be
tremendously helpful or even lifesaving, in some situations, if more, smaller portable devices
with the capability to work offline or without a network, were developed.

This would solve problems such as transportation and space management, as well as main
problems such as network connectivity issues, indoors and outdoors, due to a multitude of
factors (e.g. network malfunction, Limited network access, obstacles, power cuts etc.).

Here is where the BLE ECG monitor would be useful. A small device, with a BLE module
and an ECG sensor, capable of transmitting live ECG data to a smartphone in order to monitor
a patient with a visual graph on the spot. A device like this would be easy to transport, easily
handled and with a visual monitor comprehendible to medical staff. In addition, it relies on the
BLE communication protocol for relatively short proximity and node to node communication.

This device could prove useful in cases where a fast precautionary diagnosis is needed, such
as to be used by paramedics in any scenario, whether it’s in a moving ambulance, where both
time and space are crucial for both the patients’ and paramedics’ safety, or whether accessibility
is needed to provide health services in a remote area for an emergency!

The use of this device though, would not be limited to emergency use only. Since it could
provide an alternative way of point to point (patient to medical staff) data monitoring, where
immediate observation is needed. By not relying on mainstream communication protocols (i.e.
Wi-Fi), data acquisition and patient monitoring could withdraw itself from any network
problems that may arise due to multiple factors as mentioned previously. Additionally, the use
of more than one communication protocol for data acquisition in the medical field will isolate
communication issues, creating a more private connection between targeted devices.

As a result, this could change the way emergency correspondents and medical infrastructure
respond and operate in a variety of situations, especially unexpected ones. Where medical staff
would have to respond fast in outdoor settings, or indoors after inconvenient network failures.



