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YnevOvvn Ajloon @ovent

Befaiovw ot eluon ovyypapéag ovthg e pyacios ka1 ot kale fonbeio tyy omoio.
Elyo. Y10 TNV TPOETOWUOTIO THS EIVAL TANPOS OVAYVWPLOUEVH KOL AVOPEPETAL OTHY
epyaoio. Emions Ew ovapépel TIGC OTOIES TNYES OO TIG OTOIEG EKAVO. YpHon
0ed0UEVQYV, 10V 1] AeLev, €lTte AVTES avapepovTaL aKpLBMS EITE TOPOPPATUEVES.
Eriong fefoucove ot avthn n Epyacio TpoETOLGTTNKE ATTO EUEVO, TPOTWTIKG, ELOLKO,
YLO. TH GUYKEKPLUEVY] EPYOTIOL.

H éyrpron s dimdawpornixng epyaciog amo to Tunuo Hiektpoloywv Myyovikdy ko
Muyovikodv Ymoloyiotwv tov Iovemotyuiov Ilelomovvioov dev vmodniwver
ATOPOITHTIS KOL ATOOOYH TV ATOWEWY TOVD GUYYPAPEN EK UEPOVS Tov Tunuorog.

H rapodoo epyocio amotelel mvevuotiky 1010KTHOI0. TOV QOLTHTH TOV THV EKTOVHTE.
270 TAAIO10 THS TOMTIKHG QVOIKTHG TPOTHACHS O GUYYPAPEAS/ONUIOVPYOS EKYXWPET
oo [avemariuio Ilelomovvijoov, un amokieloTiky GOEI0 YPHONGS TOV OIKOIWUOTOS
AVATOPAYWYNS, TPOGOPUOVHS, ONUOTIOD OGVEIGUOD, TOPOVCLOCHS GTO KOIVO KOl
WHPLOKNG OLGYDOIS TOVG 01EOVAS, 08 NAEKTPOVIKY LLOPQN KOI € OTOLOONTOTE UETO,
VL0 OLOOKTIKOUG K01 EPEVVHTIKOVS OKOTOVG, GVED OVIOAAGYUOTOS KOI YIa. OA0 TO
XPOVO O1GPKELOS TV IIKOIWUATOV TVEVUOTIKNS 1010KTHolog. H avoixtn mpoofoon
070 TANPES KEIUEVO YLo. UEAETN Kal avayvwan Jgv onuaivel ko’ o10vonmote tpomo
TOPOYWOPNOY OLKOLWUATOV OLOVONTIKAS LOLOKTNOIOS TOD GUYYPOPER/ONUIODPYOD
OVTE ETITPETEL TNV  OVOTOPOYWYY, OVAONUOTIELTY, OVTIYPaPY, omoBnKevon,
TOINCY, EUTOPIKY YPHON, UETAOOGH, O1OVOUY], EKOOCY, EKTELEDH, CUETOPOPTWTH»
(downloading), «ovaptnon»  (uploading), uetdppoon, tpomomoinon  ue
OTOI0VONTOTE TPOTO, TUNUOTIKG 1] TEPIANTTIKG THG EPYATIOS, XWPIS TH PHTH
mponyoduevy  Eyypagn  ovvaiveon 00  GLYYPAPEA/ONULODPYOD. (0]
OVYYPOPEAS/ONUIOVPYOS OLOTHPEL TO GUVOAO TV NOKOV KOl TEPIOVTIOKDY TOD
OIKALWUATWV.



IHepiinyn

H nopovca sumhopotikny epyacio apopd ) pekétn, oxedioon kot
vAomoinomn &vog GLOTNUATOS TopaKoAoVONoNG acbevdv, TO
omoio ypnowomolel VAKO yioo TV Kotaypoen COTIKOV
Aertovpyuwv (ECG, o&opetpo) kot vmoloylotiky] Opaot, e
epapuroyég oe E&umvec mOAES. XTHYOG TOV GLOTNUOTOC €lvar M
OTTOUOKPVUGHEVT] TOPAKOAOVONON NAMKIOUEVOV Kol ATOU®V UE
xPOVIES TAONOELS, TOL SOUEVOVVY, GE OOTIKEG, UN-00TNKEG 1| OF
OTTOUOKPVGUEVEG TTEPLOYES, OOV dEV £XOVV EDKOAN TPOGPaoT GE
VYELOVOUIKEG VTN PECTES.

To ocbotua amoteleitor Eeywplotd amd €vav ocOnTpa oL
HETPA  TOLG KOPOLoKOVS TaAUoVS Kat o emineda 0ELyOVOL GTO
aipa, Evav oeOnTpa KapdloypaeLatog, Kafde Kot o Képepo
mov avoyvopiler ™ otdon Tov copatog (0pblog, Kab1oTOG,
Eamlopévog). Ta dedopéva  tov  awcOnmpov  pétpnong
KOPOOKAOV TOAU®VY, LETPNONS 0EVYOGVOL Kot KOPO10YPAPTLLATOG
LETAOIO0VTOL LECH OLAOIKTVOV GE EPOPLOYN KIVNTOD THAEQP®VOU,
EMTPEMOVIOG TNV  OMOUOKPUGUEVI]  TOPAKOAOVONGT  T®V
acBevdv. T v vAomoinon ypMNoLoTOOHVTOL Ol TAUKETES
Arduino Nano 33 BLE Sense kat ESP-8266 Wemos D1 Mini, ot
omoileg  MPOGPEPOVY  OLVOTOTNTEG EVOMUATOONG  TEXVNTNG
VONUOGUVTG KO 0GVPUOATNG ETIKOVOVING.

H gmkowvovia tov acteOnmpov pe mv epapuoyn Pociletor oto
npotokoAlo MQTT, 10 omoio emutpémer TV OCQEOAN Kol
amodoTIKN peTadoon Oedopévav. EmmAéov, ypnotpomolovvtal
TEYVIKEG UNYOVIKNG HAONOoNG KOl VEVPOVIK®V OIKTO®V Y10 TNV
avdilvon Tov Oedouévev NG KAUEPOS, EMITPEMOVTOG TNV
aviyvevon g 6TAonS TOL COUOTOG.

To cvomua cVUPArAEL 6TV TPOANYN GOPUPAV KATAGTAGEWYV,
BeAtidvoviog v mowdtmra  {ong TtV acBevadv kot
OLELKOADVOVTOG TNV OTOUOKPVUGUEVT] LOTPIKY] TOPAKOAOVON ).

To amoteléopato TG HeAETNg delyvouv OTL N TPOGEYYIoN OV



umopel vo amoteAécEL ONUOVTIKO €PYAAEID Yo TNV VITOCTNPIEN
TOV GLOTNUOTOC VYEiNG o€ £EVTTVEG TOAELS, LELDVOVTOG TOV YPOHVO
andKpIoNG OE EMEIYOVIO TMEPIOTATIKA KOl EVIGYDOVIAG TNV

OVTOVOUIL TV 0CHEVODV.



Abstract

This thesis focuses on the study, design, and implementation of a
patient monitoring system that utilizes hardware for recording
vital signs (ECG, oximeter) and computer vision, with
applications in smart cities. The system aims to enable remote
monitoring of elderly individuals and patients with chronic
illnesses who live in urban, as well in rural and remote areas and
lack easy access to healthcare services.

The system consists of separate sensors for measuring heart rate,
blood oxygen levels, and electrocardiograms, as well as a camera
that detects body posture (standing, sitting, lying down). The data
from the heart rate, oxygen level, and ECG sensors are
transmitted via the internet to a mobile application, allowing
remote monitoring of patients. The implementation is based on
the Arduino Nano 33 BLE Sense and ESP-8266 Wemos D1 Mini
boards, which provide capabilities for artificial intelligence
integration and wireless communication.

Sensor communication with the application is based on the
MQTT protocol, ensuring secure and efficient data transmission.
Additionally, machine learning techniques and neural networks
are employed for analyzing camera data, enabling accurate body
posture detection.

The system contributes to the prevention of critical conditions,
improving patients' quality of life and facilitating remote medical
monitoring. The findings of this study indicate that this approach
can serve as a valuable tool in supporting healthcare systems
within smart cities, reducing response times in emergencies and

enhancing patient autonomy.
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Ewayoym

2TV KoOnuepvoTTa TV NAKIOUEVOY avOpOT®V 1 aclevdv 1
avOpOTOV pHE HOKPOXPOVIEG TOONGCELS, 1 ATOpHO 7oL gival
OTOUOKPLGHEVE, OO T KEVTO VYeiog, voookopeio 1 dgv €xouv
bpeon mpocPoon oe avtd, Onwc oe €va vnoi, sivor cvyvo
(QOVOLEVO VO UMV TAPOKOAOLOOVVTOL 1OTPIKE OVEL TOKTE YPOVIKE
OLGTNHOTO KO TO 1GTOPIKO TOVG Vo eivort EAMMmég. Ztig éEumveg
TOAELS, 1 LROGTNPIEN TOV NAKIOUEVEOV KOl TOV OTOU®V E
xpoVieg mabnoelg amotelel Bacikn TpotepaldTNTa, 0EOTOIDVTG
TEYVOLOYIEG OTT®MG M TNAEITPIKY, Ol POPNTEG GLOKEVEG Kol M
OTOUOKPLUGUEVT TapakolovOnon vyelag. Xtnv EAAGSa, éva
YOPOKTNPOTIKO Tapdoetypa eivor 1o e-Trikala[l], to omoio
epapuolel  Avoelg  Omwg  TNAEITPIKEG  VANPECiES Kol
OTTOUOKPLGHEVT] TTOPaKOAOVON O acbevdy, TV TpOGRacT TOvg
0Tl vanpeocieg vysiog Pertidvovtag v mowdtnto {mNg TV
TOMT®V, YEVIKOTEPO.

H Abon mov mapatiBeton givar n vAomoinomn evog GLGTHLATOG TO
omoio mapakoAovbel Tov acbevn pe pia Kdpepa ylo TNV 0peo
OTAONG COUATOG, dNAAdN av otékeTol Opblog, av kdbetar N av
Bpioketoar CoamAwpévog, o€ cuVOLOCUO pe €vav  aicOntipa
KOPOOKAOV TOAU®OV Kol VoL ELPAVICEL Evo LVOLLOL OTOTEAECLLATOG
TV asntpov otov xpnot. Exiong, vhomomdnkav epappoyég
Yy ™ MHETPMON TOL KOPESUEVOL 0&LYOGVOL TOL OUOTOG, TN
HETPMNON  KOPOWK®V — TOAUMV Kol TNV TOPOKOAOLON oM
Kapdoypaenatog oe {ovtavn Hetddoon dedopEVOV HEGH TOV
SLdIKTVOV OmeKOVILOVTAG T OE L0, EPOPLLOYT GTO KIvNTd Yo v
umopel 0 avayvootng vo to. OoPAcel amopuaKpLGHEVA. APOV
etvar amoapaitnm 1 Covrovn petadmorn dedopévov, Yoo TV
avayvoplon kot wapokolovdnon cofapov kotactdoemv. Ot
EPUPLOYEG OVTEG EYOVV MG ATOTEAEGLOL TNV TPOANYT ETELYOVCDV
KOTOOTACE®Y, TPOWN  oviyxvevon  mpofAnudtov  OTmg
KOPOOAOYIKA, OVOTVEVCTIKG Kot TapakolovOnon aceveldv g

Kpio1ES KOTOOTAGEL.
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1 IIeprypoagn Arduino

To Arduino[2] etvon piar avorytod Kddika TAaTeOpLo Baciopévn
OTNV €UKOAN YPNON TOV VAIKOV Kot Aoyiopikov. Ot mAakéteg
Arduino pmopovv va dtafdoovy Tig £16600VG OTMS TO PMOS Ao
évav acOnmpa 1 10 OAYTLAO GE €vo KOLUTL Kot Vo TIg
petatpéyouvv oe e£0dovg omiilovtag vav peré, avafovtag Eva
LED, evepyomoiwvrag évav kivnmpa. Eriong, o ypriotg éxet v
SVVATOTNTO VO, YPAWEL 0L GELPA EVTOADYV KoL VO TIG GTEILEL GTOV
LIKPOEAEYKTY TNG TAOKETOGC, Y10 VO VAOTOW|GEL 0L EPAPLOYY.
IMoa tov mpoypappatiopd tov Arduino ypnoylonoteite n yAdooo
Arduino mov givan Paciopévn oto Wiring [3] kot 10 Aoyiopiko

Arduino (IDE) mov Baciletor oto Processing [4].

Me v mhpodo twv yxpoévev, 1o Arduino £€yel KWNoEL TNV
MEPLEPYEIDL.  GE  QOUINTEG,  YOUTMIOTEG,  MPOYPOUUOTIOTES,
emoyyeApatieg Kot kaAMtéxves. Ol CUVEICQOPES TOVG EXOUV
npocBéoel £va TepAoTIO GYKO TPOGRAGIUNG YVAONS TOV Umopel
va BonBnoet Tovg apydplovs Kot TOLG o TPOYWPNUEVOVG E1TE VOl
e€eMEouV Lo EQOPLOY E1TE VO ATOKTOOVY YVMOGN TOV® GTO

OVTIKEILEVO VAOTTOINGOTG.
1.1 Xxomog onuovpyiog Tov Arduino

To Arduino dnpovpynonke oto idpvpa oyedtacuov g [Ppéa
(Ivrea) ot Itaio, og éva edkoho gpyadeio Yo tnv dnuovpyio
YPNYOPOV TPMOTOTLTIMV KOl GTOYEVE TOLS UAONTEG OV dev giyov
YVOOYN OTNV MAEKTPOVIK] M OTOV TPOYPOUUOTIGHO. MOAg
owdodnke o€ p gupvdTEP KOWOTNTOL TOTE GPYLoE Vo
npocappoletor  oTIG  vEEC  OVOYKES  KOlL  TIPOKANGELG.
Al0popoToI®VTAG TIG SOLVOTOTNTEG TG OO AMAEG TAAKETEG TMOV
8-bit, oe mpoidvta y 10 dadiktvo TV mpayudtov (IoT) ko

EQUPUOYES, 3D EKTUTIMTEG KO EVOOUATMOUEVO GUGTILLOTO.

11



1.2 Avvatotnteg Arduino

H @uAhikn mtpog tov ypnotn Kot 1 omAOTNTO TOL £XEL 001 YNOEL OGN
YPNON TOL O€ QUETPNTA £pya Kol €Qappoyés. To Aoyiopikod
Arduino £yet oyedraotel Yo va ival TposPAciiLo Yo apydplovg,
EVOD TPOCEEPEL emiong oapket eveMéion Yo TO EUTMELPOVS
ypnotes. Eivor ovpPatd pe Asrtovpykd cvotipate Mac,
Windows kot Linux. Ot ekmoudevtikol ko ot pabntéc to
YPNCLOTOLOVV Y10l VO SNULOVPYNGOVV OIKOVOULKA ETIGTIHOVIKA
opyava, vo emdeiEovv apyéc TG YNUENG Kot TG QUGIKNG 1| va
Eexvnoovv 1o ToEIOl0L TOLG OTOV TPOYPOUUOTICHO KOL TN
POUTOTIKY. APYITEKTOVEG KOl OYEONOTEG  KATOOKEVALOLV
OldpaCTIKA TPMTOTLTO, EVO HOVOIKOL KOl KOAATEYVEG TO
YPNOLOTOOVV Y10 E£YKOATACTACELS KOl Yo Vo €EEPELVIICOVY
KowvoTopo, Hovoikd Opyoava. Ot KOTOOKELOGTEC, (PLGIKA, TO
a&l0ToovY Y10 VO KOTOAGKELAGOLV TOAAG amd To €Pyd MOV
napovctalovtal oe ekdNAmaoels Onwg 1o Maker Faire. To Arduino
YPNOLEVEL OC Pactkd epyalelo Yio TV amdOKTNON VEOS YVAOOTG.
Atopo OA®V TOV MAIKIOV, oKOUN Kot Toudld UmTOpovv Vo
apyicovv va mepopatifovtal amhd akoAovB®OVTAG TIG 00MYieg
Bruo Tpog Prpna evog KT 1 GAANAOETIOPMOVTOS e GALD PEAT TNG

Kowotntag Tov Arduino oto dtadiktvo.
1.3 ITAcovektpata Arduino

Yrmdpyoov moAAOl OKOUN UIKPOEAEYKTEC KOU TAOTOOPLES
pikpogheyktov oabéoies yuoo to Physical Computing, 6mtmg ot
Parallax Basic Stamp, Netmedia’s BX-24, Phidgets kot dAAec pe
Tapopoln yopakmplotikd. Oleg avtég ot ADoELg dlevkoAvvovy
TIG TOAVTAOKEG TTVYEG TOL TPOYPOLUATICUOD HIKPOEAEYKTAV,
TPOCPEPOVTOG £VOL PLAMKO Kol e0ypNoTo TepPdriov. To Arduino
eniong omlomotlel TV epyocion pe UIKPOEAEYKTEC, TOPEXOVTOG
OUMG EMTAEOV TAEOVEKTILOTA Y10, EKTOOEVTIKOVG, LoONTESG Kol

EPOCITEYVEG, GE GVUYKPLON UE AALEG TAATPOPLES:
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Owovopukd: Ot mhakéteg Arduino givot olkovopIKOTEPES
oe oyxéon Me GAAeG TAATEOPUES MKpoeAeykT®v. H
eOnvotepn  ékdoon  tov  Arduino  pmopsi  va
ocvovopporoynBel  pe 10 Yxépt  akOun Kol Ot
TPOCLVOPUOAOYNUEVES TAAKETES KOGTILOVV AYdTEPO OO
TEVIVTIO EVPD.

[MoAamAéc mhateopues: To Aoyiwopkd Arduino (IDE)
Aertovpyel o OAeg Tig mhateoppes Windows, Mac ko
Linux.

Aoyiopukd  avoyrtod kdOwo kol enektdoywo:  To
Aoyiopikd Tov Arduino dMpoclevETOL ®G £va. PYOAEID
avOLYTOV KMOJKO Kol gival SoBECIHO O8 EUMELPOVS KOt
emayyeipatieg mpoypappatiotéc. H yAdooo pmopel va
emextabel pe Prprodnreg C++ N pe AVR-C, ot Pdaon
¢ omotog gival ytiopévo 1o Arduino.

YAuo avorytov kmotko kot enektdoipo: To oyéon Tmv
nAokeTtdv Tov Arduino eivar dnpocia pe doeto Creative
Commons pe 6KOTO TNV ENEKTACT] TOVS OO ATOLO TOV
&yovv gumelpia otn oyedioon kKuklopdtwov. Tovg divetat
N dvvatdTTa Vo oXESIAGOVY TNV SIKT TOVG £KJOCT| TOV

eCaptnparog [2].

1.4 Exdoyég Arduino

Yndpyovv mToAréG exdoyég Tov Arduino Ko kéfe pio kaAdmTEL

Kdmoteg ovykekpluéveg avdykes. Kanoteg katnyopieg Arduino

sivo:

Arduino Uno

Arduino Nano

Arduino Micro

Arduino Mega
Arduino MKR Shield
Arduino Shield
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H «éBe wxoatnyopia €yer vmoxoatnyopiec pe Arduino yuwo vo
vAomowohv €vav cvykekpiuévo okomd. o mapddetypo, To
Arduino Uno R3 vAiomotet anhd cvothpata, evéd to Arduino Uno
R4 Wi-Fi éxet kot ) duvatdtnra Ty 6UVOEST GTO S1adiKTLO, Y10
TNV EMEKTOON TOV OTADV EPAPULOYDOV 6T0 dtadikTvo. H katnyopia
tov Arduino Nano, ce oyéon pe Arduino Uno, mapdro mov gival
o pikpd oe péyebog £0Tialel 6TV LIOAOYIOTIKN 16XV KOl GE
epapproyég tov dradiktvov mpoyudtov (IoT). Avaroya pe Tig
avlykeg mov 0éAel M epappoyn LAOTOINONG, EMAEYETOL TO
katdAAnAo Arduino. EmumAéov, dwatiBevron makéta Arduino, wov
ovopdlovtot Kit, Kol T Omoio TEPLEYOVV O1dpopa. EEAPTNLLOTOL

onwg tpaviiotop, avtiotdoels, LED, koddota kot aucOntipec.
1.5 Mlapadeiypota ypnong Arduino og Smart City

Ta tedkevtaio ypdvia, 1 ypPNOT TAATPOPUOV 0TS To Arduino et
avadey el og facikdc TuAdvag og Epya EEuTvev ToAemV (Smart

Cities). Evowtikd, epappoyég Arduino 6mwg:

e H mopaxorovBion modtmrog aépa, 6mov efetdletan M
moldTNTOL TOL AP, OviyveLTAl T mMypocio Kot M
Bepurokpacio [6].

e H é&Enmvn dwyipion @oTICHOV OpOU®V 6TV omoio 1M
QOTNVOTNTA OVIYVELTAL KOl avaAoYa oviyouv Kot KAivouv
To PAOTO GTOVG dpOLOLG [7].

e ZVOTNHO TPOEWONOINCNG TANUUOPAS, OTOL HE Evav
acOnmpa aviyvevetor 1 6TaOUN TOV VEPOD Kot GTEAVEL

070 TNAEPOVO €va pivopa gwdoroinong [8].
1.6 Emioyf Arduino nano 33 Ble Sense

To mepapotikd pépog viomomdnke pe v mAakéto Arduino
Nano 33 Ble Sense. EmiAéyOnke to cvykexpipévo Arduino 10Tt
elvar éva amd 1o AMyo mov pmopel vo vmooTnpi&el Unyovikn
pdonon Kot vroAoYIGTIKY OpacT). AKOU, VITAPYEL dlELKOAVVOT
oV TPOSPacT Kot ¥PNoT TS KAUEPAS, apov glvatl cupPato pe

o mAokéta (Arduino Tiny Machine Learning Shield) mov
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ocuvdéel v Kauepa pe to Arduino Nano 33 Ble Sense o
dwbéter emmiéov BOpeg SCL, SDA, VCC, GND, A6, A7, D11
kot D12 yio v mpocsOnkmn dAAng mhakétag 1 axcOntipa. Eniong,
oG e€nyeiton Ko TAPOKAT®, VITAPYOVV APKETOL acONTHPES TOV

UTOPOLV VO GLVOLOGTOLV Y10 TNV €EEMEN TOL HOVTEAOVL.

OEQPIA

2 Arduino Nano 33 BLE Sense

Ewoéva 2.1: Arduino Nano 33 BLE sense [9]

RGB LED
BUILT_IN LED| P0.13 [INEICIHIRST))

Yynupa 2.1: Arduino Nano 33 BLE sense pin out [10].

2.1 Avvarétnteg Arduino Nano 33 Ble Sense

I"oa 1o meipapa ypnoponomOnke to Arduino Nano 33 BLE Sense

10 01010 €)Yl TOALOVG S1APOPOLS aucONnTpeC TEPPAALOVTOC Kol
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Koplog emAéyOnke O10TL vapyel dSvvatoTNTO Vo TPEEEL
npoypappata teyvng vonuoovvng (TinyML, TensorFlow Lite)
oe ouvvovaopo pe  kapepa OV7675. Emiong vmootnpilet
Bluetooth 5 Low Energy 2,4 GHz pe eocwtepikn kepaio mwov
pmopet va ypnoyoronel yio Tnv HETAPOPE dESOUEVOV HETAED
OLOKEL®V  ypnolponowwvtoag T  Prprodnkn  ArduinoBLE.
Awbéter  évav  nRF52840 pukpoeleykt| kot Tpéxel o€

eneEepyaot) Arm Cortex-M4F [11].

AxoOpo TpocPépel deKaTEGTEPLG YNOLakég BUpeg Yo €i6odo kot
¢€060. Ex tov omoiwv ot dVo &ival yio Geplokn emkovovio
onAadn vrdpyet po akido RX yuo va oéyxeton ko pia axido TX
v vo otéhvel to. dgdopéva. Avtég vmootnpilovior amd TO
npmtokolho USART. Eniong, vroompiler mpwtdékoiro PWM
o115 akideg D3, D5, D6, D9, D10 kot tpmtokorio SPI MOSI, SPI
MISO o115 D11 kou D12 avrictorya. To tpotéxorro SPT MOSI
(Master Out - Slave In) emtpénel otov (kvpiopyo) kKOuPog va
otéhvel dedopéva kol AopPdver omd OAovg TOLG KOUPOLG
(oxraPor). Opoimg, o tpwtdokorro SPI MISO (Master In - Slave

Out) emitpénet o€ Evav (oKAGPOo) KOUPo vo oTEAVEL dedopEVa GTOV
(xvpiapyo) kouPo [12].

[Mopéyer evvéa avaloywés axidec ek twv omoiwv pio Bvpa
vrootpiler SDA (Serial Data) kot pio yio SCL (Serial Clock) pe
10 mpwtokoiro I12C. EmmpooBeta, dwnbéter o axido AERF
(Analog Reference) mov umopei va ypnoipomombei yow v
Tapoyn €EMTEPIKNG TAOMNG AVOPOPAS Yo TNV OVOAOYIKY GF
YNOWIKY  PETATPOT] TOV  E600®V  GTOVS  OVOAOYIKOVG
aKpPOdEKTEC. AnAadn, N téom avapopds kabopilel v TN Yo
TNV KOPLYTN TOV €0POC €16000V UE AMOTEAECUA KAOE OLOKPLTO

uo ot petatpemduevn £€odo [13].
2.1 Mvipn

H pvmun mov éxet eivor pun mmmtikn (non-volatile Ram),

yopntikoétnrog 1 MB. X pun nntikn) pviun vedpyet duvatdtnto
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T dgdopéva v amonkedovTol LOVIHO KoL VO TOPAUEVOLV EKEL
aKoOua Kot av dgv vapyel Tpo@odocio pevpatog [14]. EmmAidvy,
éxel 256 KB pviun mov ypnoyomoteital omd Tov HKPOEAEYKTN
YL TNV TPOCMOPVH OmoBNKeELON TV OedOUEVOV KOTA TNV

extédeon Omwg tvar ol petaPfAntéc [9].
2.2 EneCepyootig

O kbOprog emeepyaotnc mov dtabétet eivar o Arm Cortex-M4F ko
&xet ouyvotnta Agttovpyiog ta 64 MHz . Ow neprocdtepeg axideg
elvar ovvdedepéveg pe eEmTepkég KEPAAEG, ®WOTOGO KATOLES
GAheg dratiBevran yio ecmTepkég emkotvavieg pali pe acOppota
eCapmuota  kow v evoopatouévny  12C  emkowovia
neprpepelokadv 6mog IMU. EmnAéov, oe avtiBeon pe tig dheg
mhokéteg Arduino Nano ot okxideg AS ko A4 €yovv o
eontepikn  avtiotaon  (pull-up) xor  amd  mpoemhoyn
ypnoponooHv 1o [2C kavdil. Me amotéhesio, COLEMOVA LLE TOV
KOTOOKEVOGTH, 1) (P01 TOVS OG OVOAOYIKOV GIULATOG EIGOO0V VO,

unv ocvvictatatl [9].
2.3 Inertial Measurement Unit (IMU)

To Arduino Nano 33 Ble Sence mepiéyet évav eveouaT®OUEVO
awcnmpa IMU 9 a&dvev mov propel va ypnoyromoindel yio tov
TPocavatoMopd ¢ mAakéTog (e&etalovtag to dvuspo TNg
emtdyvvong ™ Papdmrog N ™ xpnon g 3D mu&idag) 1 ™
HETPNON KPOSAGU®OV, TNG EMTAYLVONG, TOV dOVIGEMY Kol TNV

TayvTNTO TEPLGTPOPNS [9].
2.4 Tpogodocia

H mhoxéta pmopel vo tpopodotmBet pe USB 1 pe xdmowo
eEotepkn myn pevpotog amevdeiog otig katdAAnieg axideg. To
Arduino Nano 33 Ble Sense vmoompiler 3.3V  yuw
€16600v¢/e£6d0v¢ (1/0s) kot dev givar ovuPatod pe SV. Enopévag
TPEMEL VO VILAPYEL TPOGOYN OTO CNUATO VO UV cuvoedoldv
amevbeiog omv mhakéta, yioti o mpokAndel {nuad. Eniong oe

avtiBeon pe Tig dAlec mhokéteg mov vmootnpilovv 5V, om
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ovykekplpévn mhakéto 1 akido SV wov Agttovpyei cav £i6000g,

dev dabétel Téom kot cvvdéetal pe v Tpogodocio USB [9].
2.5 IMU Aviyvevon kiviiong

AwBéter auontpa adpdvelong LSMIDS1 o onoiog €xet Wwaitepa
YOPAKTNPIOTIKA 0TS 3D EMTOYVVGIOUETPO, YVPOGKOTIO KO
HoyvnTopeTpo. Me 10 Tapamived YopaKTNPIOTIKG EMTPETETOL 1

€0pEON TPOCAVATOAIGHOV, Kivnong 1 66vnong [15].
2.6 Mikpogwvo

Yrdpyer pkpdédoovo MP34DTO0S5 mov AopPdver oe Oleg Tig
KatevBOVoELS, Yo cLAAOYN Kol avdAvon nMyov oe Cwvtovn
HETAO00N Yol TN OMovPYio GOVNTIKNAG JIETAPNS, LE TNV KANOT
¢ PBProdnkng PDM [16].

2.7 AwOnmipog MKPNHS OTOGTEONS KOL  GVIYVELGT

YEPOVOpLaG

O awoOnmpag APDS9960 pmopei va ypnowwonomdei yo va
EKTUTAOGCEL (ol amAn odnyio pog yewpovopiog kot vo ehéyEet
avédroya pe 1o RGB LED g mhokétag. EmumAiéov, pmopet va
npoypappatiotel o Arduino €161 ®ote 0 eveouatopévo LED
va aAralel ypopata oto RGB LED ocouemva pe v katevbuvon
g xewovouiag. O kmdikag pmopel va dafdlel amiég Kivnoelg

YEPLDV OTMG TAVO-KATM-0e&1d-apiotepd [17].
2.8 AweOnmpog Osppokpaciog ko vypaciog

Me m gprion ¢ PPprodnkng HTS221 amotvmdverar m
Bepuokpacio kot n vypacio o TPAYUATIKO YPOGVO TOL d®UATIOV.
O awebntpog Beppokpaciog pmopel vo kopavOet amd -40 €wg
120 BaBuovc Keloiov, avrtictoyya yio v vypacio amd 0 €wg

100% [18].
2.9 Bapopetpikoc amoOntipog micong

Me tov awoOnmipa LP22HB aviyvevetar koatd mpocéyyion to

vyouetpo oand To emimedo TG OAAOGGOC HE TN XPNOM TNG
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atpoo@opikng mieong. Emumiéov pmopetl vo mpoPAréyet tov Kapod

o€ Bpayvrpodbecpo xpovo [19].
2.10 Kpuvntoypo@uko toun

Me 1O KPLATOYPOQPIKO TOUT TOPEYETOL OGPAANG  TPOTO
OTOONKEVONG OTMG TIGTOTOTIKA KOl SIEVKOAVVEL TNV EKTEAEOT

ACPOADV TPMOTOKOAA®V, Y®PIC VO ATOKOADTTEL TO, WOGTIKE GE U

KpuITOYpOPnuUEVN Hop@t [9].

3 ESP-8266 Wemos D1 mini

O 9

—e Ze

[ criors AW 50

| SQK J GPIO14 SeAVEO) se
[ MisO_Jf GPiO12 oelVROl 3o
J MOS! Jl GPIO13 WO 30
[G ) criois ZaAVa0) go
EF— z0

B rover SN ono SN crio BN UART -\, PWM
B roc N sei B 2c Control

Zympa 3.1: Esp-8266 Wemos D1 mini [20]

3.1 Heprypaen mhaxétag Esp-8266

To Esp-8266 eivar o mhokéto m  omola  pmopel va
TPOYPOUUOTIOTEL EDKOAD KO £YEL TNV IKOVOTNTO VO GLVOEDEL e
10 Jwdiktvo. Emiong ypnowomoteiton yioo epoapuoyéc o©to
dwdiktvo TV mpaypdtov. EmmAéov dwbétel o kepaio Wi-Fi
oto towr ESP8266EX [21] kot vmoomnpiler 10 acHpuato
TPOTOKOAAO emkovmviag 802.11b/g/n emtpénoviag chvdeoT pe
acVpuato router HOAIG evepyomomBel. Mmopel va tpopodotn el

ypnoonowwvtag T 0bpa USB gite péow g axidag 3.3V 1 5V
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and kdamolo efwtepwkn mnyn pevpatos.  Ta  dedopéva
eoptdvovtol pécw ¢ Bupoag USB kot eivor ovpPoatd pe to
Arduino IDE mpoypoppa. Tlapéxst 11 ymoeioxés oakioeg
€160000/6£000v (ektOg amd ™ DO) vrootnpilovv mpwTOKOAAL

interrupt, PWM, 12C, 1 Wire kot eivoan copfotd pe SPI[22].
3.2 Interrupt

Oleg ot akideg GPIO (extdg amd v GPIO16) pumopovv va
PLOUIGTOVV MGTE VO EVEPYOTOLOVV 10 SIOKOTY| GE TMEPIMTMON
avénong, peioong N oAAayfg NG kaTtdoToonc. Avti 1
duvatotta gival KaBopioTiky Yo epyaciec mov eaptdvTol amd
YEYOVATQ, OTIMG 1| AVTIOPOCT G TATN O KOLUTOV 1 1] aviyvevon

onuatog and asontipa [20].
3.3 PWM (Pulse Width Modulation)

YxedOv Olec or ymolokég okideg €ktOg NG okidag DO
vrootpilovioar andé PWM odwpdpowon. H dwopdpemon avt
YPNOEVEL OTN OWXEIPIOT TOV OTPOPAOV €VOC KIVNTHPO, OTN
puBon potevdtrag evog LED kot oty petagopd 0ed00UEVDV
oe ovotnuato pe actnmpeg N eheyktég [20]. H dwopopemon
nAdtovg maApov (Pulse Width Modulation - PWM) eivon o
TEYVIKN Y. TNV €MiTELEN OVOAOYIKAOV OmOTELECUATOV HECH
ynoewkov  onuatov.  Asttovpyel  dnpovpydvtag  €va
TETPAYOVIKO KOM, dNAadY| £va OO TOV EVOALAGGETOL LETAED
TOV KOTOOTACE®V €vEPYOTOinong (on) Kol OmEVEPYOTOINONG
(off). Avtd 10 potifo evepyomoinong-amevepyomoinong pmopel
VO TPOGOUOIDGEL TAGELS PeTalh TG Héylotng tdong Asttovpyiog
mg mAakétog (my., SV oe wo miakéto UNO, 3.3V og o
mhokéta Nano) ko tov 0V, pvBuilovtag tv avaioyio tov
YPOVOL TOV TO GNUOL TOPOAUEVEL EVEPYO GE GYECT UE TOV YPOVO
mov mopapével ovevepyd. H  ddpkewn g  Kotdotoomng
gvepyomoinong ovopdaletal mAdtog moApov. o va mopaybovv
OLOPOPETIKES AVOAOYIKES TILES, TPOTOTOLELTAL (1) SLUUOPPADOVETOL)

10 wAGTOg avtov Tov ToApov. Otav  ovtdg o KOKAOG
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EVEPYOTOINONC-OMEVEPYOTOINONG EMAVAAALUPAVETOL YPTIYOPOL, Y10l
napadetypa oe éva LED, omuovpyel v evivmmorn piog

otabepng Taong petasd 0 kot Vee (5V 1 3.3V) [23].
3.412C

To 12C elvar éva mpOTOKOALO emiKov@Viog mov epapudletal
Kuplog peTa&hd CLOKELVOV HE UIKPEG OMOCTAGELS Kol YOUNAEG
tayvmtes. To mpwtokorro 12C emtpénet v KatevBuvouevn
emkowvmvia. pe omobnkevon. Avtd emtvyydvetalr pe O6vo
axpodéktec, 1o SCL (Serial Clock) mov cuyypovilet ™ petapopd
dedopévev peta&d Tv dvo toug kot to SDA (Serial Data) mov
petapépet dedopéva. To TAEOVEKTNLATO CVTOD TOV TPMOTOKOALOV
elvar 1 pelpévn KotavdAmon pedUATOS Kol O HKPOTEPOG

aplOpdC Ypapp®Vv erikovoviog [24].
3.5 SPI (Serial Peripheral Interface)

To SPI (Serial Peripheral Interface) eivon éva mpwtdéKoArlo TOL
EMUIPEMEL TN OEPWOKN, COYXPOVY CUQIOPOUN  EMKOVOVIAL.
XpNoonoteiTor Yoo TNV EMKOWOVIKL HETOED TEPLPEPELOKADY
GLGKELMV KOl UIKPOEAEYKTMV Y10 TN HETOPOPE TOV dESOUEVMV

pe vynAég tovtnteg [25].
3.6 1-Wire

To 1-Wire givor éva TpmOTOKOALO 7OV YPNCIUOTOLEl HOVO €val

KOAMO10 HeTAED MKPOEAEYKTY| KO TTEPLPEPELAKNG CLOKELNG [26].

3.7 UART (Universal Asynchronous Receiver/Transmitter)
aKidEg

AwBétn o okido OEKTN Kot o oKido, TOUTOV Yol v

EMTUYYAVETOAL 1) ATOCTOAN 1| 1] ANYN SEOUEVOV HEGM GEPLOKNG

EMKOWVOVING amd KoL TPOg EvVoV alcsOnTipa 1) VTOAOYIOTY.
3.8 Avaroykn axkidoa

Axopo mapéyet pia avaroyikn eilcodo A0 Tov pmopet vo PeTpnoet
Tipég amd 0 éog 3.3V. H A0 eivor ocuvdedepuévn pe évov

EVOOUATOUEVO PETOTPOTEN aVaAOYLKOD 6g ynelakod (SAR ADC)
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pe ovéivorn 10-bit, emrpémovrog v avayvoplon 1024
OLPOPETIKMV EMTEd®V TAONG. ANAodn, HETATPENEL TIC TAGELS
€16660v and 0 g 3.3V (v 1don Aertovpyiog TOV) 6e OKEPALES
Tipég amd 0 émg 1024. Avtd mapéyet avaivon mepimov 0.0032V
(3.2mV) avd povdda, vroroyiopévo g 3.3V dwa 1024 [20].

3.9 Mviijpn ESP-8266

To ESP-8266 mpoceépet 4AMB un nmntwkn pvnun [27], (BAére
pviun Arduino Nano 33 Ble Sence).

4 Max 30102

4.1 Heprypapn modntipa Max30102

O awtnmpa Max30102 ypnowomoteitar ywoo v pérpnon
KapdloKdV ToAUGV Kot Tov o&uyoévov oto aipa. Baciletar ot
[2C ynowoxn Olemagn emKow®mviag HE TOV HIKPOEAEYKTH.
Yuvovdler dvo LED, éva owtooviyvevt, PeAtiotomompuévn
omTIKN Ko enegepyasio avoloykoy GNUATOS YoUnAoL BopvBov
Yo TNV - aviyvevon ONUAT®V  KOPEGUOV  TEPLPEPELOKOV

Tprroedovg o&uydvou (SpO2) kot kapdiakov pvBuov (HR).

Photodetector

i -
VIN SCL SDAINT IRD RD GND
I I )

Zynmua 4.1: Max30102
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2to de€d Tov aoOnTpa Max30100 vrdpyovv dvo LED éva
koxkwvo (RED) kot pia 8iodo ekmoumig vaépubpo ewtdc (IR).

270 0pLoTEPO PEPOS VILAPYEL O POTOOVLYVEVTY|G.

O aweOntpog pumopet va tpogodotnfel pe 5V, 3.3V 11 1.8V
(£16000/6£000). Avtd cvpuPaiver 61011 10 IC amartel Tpopodocio
1.8V kat 3.3V tpogodoacia yro ta 600 LED (RED & IR LED). To
YOPOKINPIOTIKO TOL TOV KAVEL 10laitepo  eivor 1 younAn
kataviilmon evépyelag. Katavaiaver 600pA katd v didpkeio
pog HETPNONG Kot LIdpyEL duvatdHTNTO Vo TebEl 68 KOTAGTAON
OVOLPLOVNG IOV M KatovéAmon tov glvar 0.7pA. E&attiag avtig g
YOUNANG KoTovaioong pmopel vo. ypnowwomomBel  @opntég

OLOKEVES, OGS EEVTTVaL poAdY1a[28].

To Max30102 dwbétel oto Toum Ko ausOntipa Beppoxpaciog o
omoiog petpd Bepuokpaciec and -40°C émg +85°C pe axpifeta
+1°C.

To Max30102 pmopel va pvBuiotel TANpOG HECH AOYIGUIKOV
KOTOYOPNTOV Kol T0. YNOLoKa dedopéva €£000V ToL Umopohv vo
aroOnkevtovv o o Tposwpvi pviun FIFO (First In, First Out)
32 6éocewv. H mpocwpwvn pvinun (buffer) FIFO emitpénel oto
Max30102 va elvar ouvOederévo e €vav  HIKPOEAEYKTY| 1
eneEepyaotn o€ Koo diavAo, Omov ta dedopéva dev drafalovtal
CLUVEYDG amd TOug koToywpntég tov  Max30102 [29]. Me

amoTEAEG O TNV €E0IKOVOUN G EVEPYELOG.
4.2 FIFO - First In First Out

To FIFO &givon pia ovpd €var €i60¢ TOTOV TPOSWPIVAG UVIAUNG
(buffer). To FIFO onpaivet “First In, First Out”, dnAadn o tpdtog
nov Ba ewoaybel oy ovpd, Ba eEEADEL ko TpdToc. H ovpd giva
H0 YPOUIKT OO OEJOUEVMV OTNV OMoi0. TO. OEOOUEVO TNG
amoOnkevovtal S1000y1Kd, TO éva Letd To GAA0. Me amotéAesia,
M ovpd va givar po Lovodldotatn dour SE00UEVODV OGOV apopd

MV omobnkevon g oV KOplo Pviun. XTtnv ovpd Lrdpyet
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dVVaATOTNTO EI0AYMOYNG Kot doypapns, EEXOPIOTA GTNV 0Py Ko

010 T€)0g NG Alotag [30].
4.3 Awoxortég (Interrupts)

To Max30102 vrootnpilet dwoukdnteg (Interrupts). Ot draxomTTEG
EMTPEMOVV OTOV UIKPOEAEKTN VO €KTEAEL SO 1| MEPLGGOTEPES
dlepyacieg avdioyo pe v mpotepotdOTNTO TG KAOe piog. H
dlokonn gival €évo G TOV EKTEUTETOL OO TO AOYICHKO 1) TO
VA Otav o depyacio 1 cupuPav yperaletan dpeon extédeon
[31]. Mg amotélecpa, O HUKPOEAEYKTNG VO E100TTOLEITOL YO TNV
OlKOTY NG eKTEAOVUEVG Olepyaciog Kot TNV eEummpétnon g
véag Olepyaciog mov mpémel vo ekteleotel. Metd amd v
EKTELEON TNG VENG OlEPYUTIOG, O IMKPOEAEKTNG EMOTPEPEL OTNV
nponyovpevn depyocio. To Max30102, cvykekpiuéva mopEyet

TEVTE OL0POPETIKES OLUKOTES, TOV TEPLYPAPOVTOL TOPOKAT®.
4.3.1 FIFO Almost full flag

2 pétpnon kopecspov tov o&uyovov (SpO2) kot KapdloKdV
naip®v (HR) n drakonn| evepyomoteitan Otav 0 deikTng £yypoeng
g ovpdg FIFO €xel kdmolo cuykekpiuévo aplBpd erehbepwv

0écewv [29].
4.3.2 New FIFO Data Ready

Xt pétpnon SpO2 kot HR n dwkomn evepyomoteiton Otav

VIapyeL £va véo detypa dedopévmv oty ovpd FIFO.
4.3.3 Ambient Light Cancellation Overflow

Ymv mepintwon avt] 1M OKOT evepYomolEiTal  OTOV M
Aertovpyio drakomng mePPAALOVIOS POTICUOD TNG PMOTOIOO0V
and SpO2/HR éyer otdost oto péyioto o6pro mg. Emiong, to
nepipdArovia eog emnpedler v €€odo Analog to Digital
Converter (ADC) .

4.3.4 Power Ready Flag

Koatd v evepyomoinon 1 petd omd pio ttdom Tdong 0tav n anyn

tdong Vop petafaivel amd K4To ond TV Aol younin tdon
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o€ eminedo MOV Amd TNV AGQUAN YOUNAN TAoM, M Sokomn
evepyomoteitor otélvovtog €vo onua. 0Tt 1 povado  €xel

evepyomomBet ko givar EToyun va GuAAEEEL dedopEvaL.
4.3.5 Internal Temperature Ready Flag

Otoav oAokAnpwbel pio ecmTEPIKN peTaTpony) Beplokpaciog Tov
oAokANpopévoy cuotipatog (die), n dlakomn evepyomoteitat yio
va pmopel o emefepyactig vo OofdoEl TOLG KATOXWPNTEG

dedopévmv Bepuokpaciog [29].
4.4 Ynowkég Ovpec modnTipa

[Mopéyer ovo ynowkés BOpeg SCL (serial clock), SDA (serial
data) yio Tov GLYYpOVIGUO TOL POAOYOD KOl TNV aueidopoun
LETAPOPA TOV OEOOUEVAOV HEGH TOV TPOTOKOAALOV ETIKOVAOVIOG
I2C. M Bvpa yeimong, pa Bopa INT (Active-Low Interrupt)
ypnowonolel avoryt anootpdyyion (Open-Drain) didtaén mov
onuaiver 6Tt 6tav 1 OlaKomn evepyomoteitoan 1o onpa 6660V
yiveton Loywo 0 1 xapnAn tdon. To Open-Drain eivar évag tTomog
€€600L KOl Yo Vo AEITOVPYNOEL amatteiTol pio eEMTEPIKN TNYN
tdong kot avtictaon pull-up, dote 1 €£0d0g dtav 1 dtakonn| dev
elvar evepyomompévn va yivetan Aoywkd 1 1 1don tpopodociog
VDD. Emutdéov €xel o Bvpa RD (RED LED) yia v pvBuion
oV KOKKIvoL emTOg Kot o IRD (Infrared RED) yio v pvBpion
tov vrépupov ewtdc [30,31]. 10 TEWPApATIKO HEPOG deV
ypnoonoovvtar ot B0peg RD kot IRD v 11 avtiotoryeg
pvluicelg, apov 10 TPpwTOKOAAo [2C (SCL,SDA) diver Tig

amopaitnTeg puOUcELS Yoo TNV LAOTOINGN TOVL.
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5 Agutovpyio ot poVv pETPNONS KOPOLOKAOV TAAUDV,

o&uyovov Ko Kapooypaenpa

COVER GLASS NG INK -

) iy [V~
$

CONTROL SIGNAL
HbO; { PROCESSING
Hb
0.1
ED IR

R

el

Zyua 5.1: Adypoppa  Asttovpyiog  oawoOntipoa  péTpnong

KOPEGHOV 0ELYOVOL Kol KOPIOK®V TAAU®V [32].

5.1 Avo@opd KapoLeKoD TEAROD KOl GOUYHOD

O kapdiokdc moipdc (Heart Rate) sivor moceg @opéc 1 Kopotd
oLOTEALETOL (YTVTLA) OVEL AETTTO, EVMD O GOLYUOG EIVOL TOGEG POPES
ot aptnpieg dactéAloviat ava Aemtd eEantiog TG GLGTOANG TNG
kapdiac. H dtapopd Toug givatl oty TparyatikdTNTo TOAD HIKp,
0€ OTAVIEG TEPUTTMOELS OTMG 01 KOPOLaKkEG appulpieg pumopel va
napopnOel amodxhon. Ymhpyovv SVO TPOTOL avixveLONG
KopSLOKOL TaALOD Kot GOLYHOV: 1 nAekTpokapdioypagia (ECG)
Kot 1 potonAndvspoypoeia (PPG) [33].

5.2 ®otoninBvopoypagio ko Kapowakog Iaipdg

H gpotoninbvopoypapio (PPG) sivor o dwadikacio kotd v
omoiao aviyveDeTOL 0 KOPESUOG TOV 0EVYOVOL KOl Ol KopdtKol

AP0l XVYKEKPIUEVO ¥PNOLOTOLELTAL Eval VTEPVOPO POC Yl
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v aviyvevon oSuyovopévng aposeapivng (HbO2) oto aipa.
Katd v kopdiakn cuGTOAN, 1 GUYKEVTPMOT| TNG LOCOUPIvIG
o€ U0 TTEPLOYN NG aptnpiog avEAVETOL Kol KOTA GULVETEWD 1
ouyovouévn aoc@atlpivn eivarl meplocdtepn Hetd and kdbe
OLGTOAN NG Kapdwds. H aposeapivn eivar vrehBovn yuo v
HETAPOPA TOL 0&VYOVOL TOV TEPLEXETE OTO OIMM, OO TOVG
nwvedpoveg o6to vmoéAowmo oopo. Oco mepiocdtepn eivar 1
ofuyovouévn  apoceopiv 6t0  aipo 1000  TEPLOCOTEPO
amoppoPaTe omd To0 VIEPLOPO PG, GPa 1 POTOSI0J0G aviyveDEL
Myotepo  owg. H  emovoropPavopevn ooty  dadikacio

npocdopilel tov kapdroko moipd (HR) [28, 33, 34,35,36].

Blood vessel

(Artery) Hemoglobin

Zyua 5.2: Anewcovion aptnpiog Kot kapdiokov oot [28].

O KopdtoKdc TOAIOG pmopel va ypnoiponomdel yia tn ddyvoon
KapdlokdV ovopolMov omwg toyvkapdio 1 Ppadvkapdio. Ot
Kapdlokol TaApOTl TOV KLpOivOVTOL GE PUGIOAOYIKE TAaicL Yo
évav eviidika gtvor peta&y 60 émg 100 maipovg o Aentd. Kdatw
and 60 maipovc vmdpyet Ppadvkapdio kot mave amd 100

A0S VIapyeL Tayvkapdio [33,37].
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5.3 Aviyvevon kor Métpnon tov Kopeopov OSvydvov (SpO:)

o710 Aipa

H aviyvevon 1ov xopeopod o&vyoévov (SpO2) oto aipo
npaypatonoleitor  péow  odyopibumv. Ot aiyopiBuot
YPNOLOTOOHV TN S10popd amoppdPNoNg HeTAED TOV KOKKIVOV
oto 660nm Kot VEEPLOPOL PWTOHG 6Ta 940NM Y10, TOV VTOAOYIGUO
™G avoAoyiog — oSuYOVOUEVNG KOl OoOELYOVOUEVNG
apooeapiving. O Kopeopdg tov 0ELYOVOL GE (PLGLOAOYIKE
mlaica yio ka0e dvBpwmo kopaiveral amd 94% émg 100%, n o
ocvvnOiopévn pétpnon etvan 97%. H pétpnon tov kopecspov tov
o&uyovou 610 aipa fondd v aroevyet TG virolatptio. AnAadn N
vro&opia givot 0Tav To T0c06TO 0EVYOVOUL Eivat YoUnAoTEPO 0md
T0. uoloAoywkd mAaicwa. H vmofopio pumopei va mpokoAécet
CUUTTOUATO OO TOVOKEPOAAD, SVGTVOLML, TOYVKOPIIL, GUYYLON
Kot pUmAE ypdpo 6to 0épua, ota voyw kot oto yeida. Ommg
amelkovileTal Kol 6TO TOPUKAT® SLAYPOLLN, TOPATNPEITE OTL M
aroo&uyovouévn apoceapivny (Hb) amoppoed mepiocdtepo
KOKKIVO Q®G, €V 1 0&uyovepévn ooc@alpiviy amoppoed

TEPLocOTEPO LITEPLOPO Pwg [28,38,39].

10

RED IR

Zyua 5.3: Aldypappo amoppdenong vaEPLOPOL Kol KOKKIVOL
owg [32].
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H potortAnbucpoypaeio ypnoyLonoleitor 6e @OpNTEG GLOKEVEG
omwg €Evmva poAdylo yuoo kaBnuepv) mapokoAovdnon g

vyelag.
5.4 Hlexktpokapdroypagio kot Kapowokn Asttovpyia

H nlextpokapdoypoeio (ECG) eivor o omdn kot ypryopn
dwdkacio. O okomdg avtig TG dradikaciag ival vo Kataypayet
TIG OLOTOAEG KOL TNV EMOVOQOPA TOV HLGV NG KopPSiG.
AvoduTikotepa, Kopdld eivar Eva dpyavo mov avtAel aijo o€ OA0
10 ocopa. Awbéter dvo kOAmovg, 600 KOWieg Kol TEGGEPLG
BaiPidec. O ParPideg eEacparilovv Tt cwoT KatehBuvon Tov
aipatog pHetald Tov BoAGU®VY (KOAT®V Kol KOUM®OV) TG Kopdldgs.
Eniong dvo AéPec (v kot KAt KOIAN) HETOQEPOVV aiplo [E
YOUNAY meptektikdt o 68 0&uyovo otov 0e€ld kKOAmo. H dvo
KOIAN HETOQEPEL aiplo amd TO v UEPOG TOV GAOUATOG, EVO M
KAT® KolAn PAEPa pEpveEL aipa amd TO KAT® HEPOG TOV CAOUATOG.
‘Eneita to aipa petagépetor oty 6e&1d kKotlia. H de€id kokia
avtAel aipo pe younAn meplektikotnTo 68 0&LYOVO GTOVG
TVELUOVEC LEGM TNG TVELHOVIKNG apTNPilog. XTN GLUVEXELWD, Ol
vedpoveg oSVYOVMOVOUY TO Oiplo KOl Ol TVELHOVIKEG QAEPES
LETAPEPOLV TO Qe GTOV OPloTEPO KOATO. AQOV TO aipa €xel
petapepfel amd TOV 0ploTEPd KOATO OTNV OPLOTEPY KOWAidM,
avtAeiton aipo pe peydin meplektikdtnto o€ 0Euyovo e OAO TO

volowmo copo [40-43].
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-
Aorta )
Pulmonary )
artery ) [

Right
Atrium

Right
Ventricle

Septum

Zyua 5.4: Amewcovion kopodg [40].

Me 10 nAextpoKapdoyplenue mopakoiovdeitar 1 Asttovpyio
TOV KWNGE®V NG Kapdds, dniadn tov BarPidwv, KOAT®V Kot
KoV [40-43]. To mapakdto ypaonuo teptypdeet £En KOKAOVG
™G KOPOdG pe Tpio nAEKTPOIIAL.

21
2.0

1.9

. ‘_WJ\“”’\“- A &

1.7
16

ECG Output Voltage (V)

Time (s)

Zyua 5.5: Kapdoypaenua pe tpeic emaymyovg [46].

H nlextpokapdoypaeioc Bonbd ommv avayvopion KopdloKov
AVOLOAM®V, OTO¢ appuiuieg oTovg KOATOLG Kol  KOMALES,

petopévn - pony  aipatog  otn  otepoviwoio  aptmpio Kot
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nAektpoAvtiKég dratapayés [42]. T'ia To nhekTpokapdoypaen Lo
ypelalovtal MAEKTPOSL TOL TPOGKOAAOVVTOL GE OPIGUEVOL
onueln TOV CONOTOS OTMG Ta. O, ¥EPo kKot To othfog. Ta
NAEKTPHOL OE d10YETEVOVV PEVILOL GTO GO, OAAL OVIYVEHOLV TOL
NAEKTPIKA KOUATO 7TOL OnMuovpyel M Kopdd HEC® TNg
owdkaciog eKmOAmoNG. Xtn JdKacio avT 1 KLTTOPIKN
pHeuPpdvn ot vevpkég itveg damepvartal amd Ta 1OVTO TOL
vatpiov (NAY), empénoviog ™ Oudyvon OTIKOV 10VIOV TOV
vatpiov (NA) ot0 gomtepikd a&ova. H kavoviky molwuévn
Katdotoon gival ota -70mV e£ovdeTep®VOVTOG Omd TNV E10PON
TOV OETIKOV QOPTIGUEVOV 1OVTOV vATPiov, HE TO JVVOLKO VO
av&avetol ypnyopa mpog T BeTikn katevbuvon. AnAadn otnv
EKTOAWDGT LILAPYEL S1OPOPE NAEKTPIKOV SLUVOULKOV, TO KAPOLOKEL
KOTTOPO PETOPaivouy amd o KoTaoTaon Npepiog o€ po vepyn
katdotoaon. To niektpokapdoypaenua oviyvedel P kbpota wov
AVTUTPOCOTEVOVV TNV EKTOAMOY| TOV KOAT®OV, TO GOUTAEYLLO
QRS mov avtimpocmrevel TV EKTOANMOT TOV KOWM®Y KOl TO.
KOopota T Tov avIImpos®IEHOLY TNV EXAVATOAMGCT) TOV KOIAIDV.
H ernavandiwon eivar  avtiotpoen dadikasio TG eKTOA®ONG,
ONAadN vILapyEL aALOYT KOTAGTACNG Od BETIKO GE TO APVNTIKO
Suvapkd NG HEUPPAVNG  TOL  KLTTAPOL NG  KAPOLAg
[42,45,46,47,48]. EmmAéov, n miektpokapdloypaia eivar puo
xpAown dwyvoviotiky péfodoc g kapdidg, oAAd yuo TnV

KOADTEPT AMEIKOVIOT) TG KOPILIS GUVIGTATOL O VILEPNYOC.
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6 ADS8232 Heart Monitor

Heartﬂomtorp r D

/.

Ewova 6.1: AwsOntmpoag AD8232.

6.1 Ieprypapn moOntipa AD8232

To ADS8232 givar éva eVoOOUOTOUEVO UTAOK PpOOUIOTG O|LLOTOG
v epappoyég péETpnong niektpokapdioypapnuatog (ECG) kot
AoV Brodvvapkadv onudatov. Exel oxediaotel yuo va e&dyet, va
EVIOYVEL KoL VO QIATPApEl UIKpG Plodvvapikd onuato Ue
ocuvinkeg mapovciag BopHPov, Om®G dNUOLVPYOVVTOL KATA TN
OugpKEL NG KIVNoMG TOL GOUATOG M TNV OTOUAKPLGUEV
tonofétnon Twv NAekTpodinv and 1o onueio pétpnons. Avtodg o
OXEOGUOC EMITPEMEL TN YOUNAN KATAVAA®ON PEOUOTOS TOV
petatponén ovarloyikod oe ynotakob onpatog (ADC) 1 og évav
EVOOUATOUEVO LUKPOELEKTN Vo AapPdverl Ta onpato e£0d0v pe
evkoAia [49]. Ta Brodvvapkd orpoto givor NAEKTPIKE oMot
7oV Tapdyovtal amd TV Kopdio | amd dALN HEPEL TOL COUATOG
[50]. EmmAéov, to AD8232 umopet va vAomomoet £va SumoAkd
vyimepatd eiktpo (two — pole high-pass) yuo v e&dhenym tov

KIVIGEMV 7OV UTOPOLV VO TPOKANBovv amd tnv kivnorn tov
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avOpOTOL KOl TO SLVOUIKO HGOD KLTTAPOL TOV MAEKTPOSI®MV
péypt kot £300 mV. To ¢iktpo avtd cvoyetiletor pe v
OPYLTEKTOVIKT] TOV EVIGYVLTN HETPNONG EMTPEMOVIONS VYNAO
Kk€POOG (gain) Kot LVYIEPATO PIATPAPIGHO o€ €vo. LOVO GTAdL0,
e€0KOVOUDVTOG £TOL YMPO KoL KOGTOGS. [l TNV Tpocapoyn tmv
TPV NAekTpodinv otnv mhakéto AD8232 ypnoomoteitan o
Bvpa jack, aAAG £xel Kol GUUTANPOUOTIKG TNV ETAOYN TPUOV
akidov RA (6e&10 yépy), LA (apiotepd xépr), RL (8e&1d moor)
[49].

6.2 HiekTtpO0o10, NAEKTPOADTES KUL PLATPAPLONO CPUATOV

2NV EMPAVELL TOV NAEKTPOOIOV TPOG TOV NAEKTPOAVTN, LILAPYEL
po otabepn pon niektpoviov pésa kot E£® amd To NAEKTPOSIO.
Otov 10 pedpo péet mpog v pa KatevBovorn, givor 6o Ko
OKVPOVEL TO PEVIO TOV PEEL TPOG TNV KatevBuvorn avth. Avtd
etvar yvooto o¢ woppomia. To duvapukd cg ovt TV 160ppoTio.
pumopel va glval emiong yvootd ¢ SUVOUKO 1GOPPOTING,
avTotpéyio 1 woov kuttdpov (Half-cell). Avtd 1o duvapuxod
e€aptdtar amd ™ ohvOeon Kol TN 10VIIKY GLYKEVIPMGY TOL
NAEKTPOADTN KO 0td TOV TPOTO OAANAETIOPAONG LUE TO PHETAALO
oV NAekTpodiov [51]. O nrektpoAidng Tomobeteitan endved 61O

NAEKTPHOL0 Y10 KAAVTEPT AYOYIUOTN T,

Y10 vyiepatd ¢idtpo (High Pass) m {ovn amaydpevong
cuyvotntev gival ard ® =0 Hz £é0¢ © = ®¢, evad 1 {dvn diédevong
cuyvotntov elvar and ® = o £0¢ dnepo. To o ovopdaleral
ocuyvotnta amokomng [52]. To odwmolkd @ilktpo TpoceEpel
peyodvtepn okpifela ot0  @UATpAplopa. AkOpo  €vag  un
OeOoUEVUEVOG EVIGYVTNG divel TV duvatdtta oto AD8232 va
onuovpynoet €va EIATPo YoUnNANG JEAELONS TPLOV TOA®V Yid
akopa peyoAvtepn peiwon tov BopHfov. EmmAéov, o ypnomg
&xel TV duvatdTNTO VoL EMAEEEL TN GLYVOTNTO OMOKOTNG GE OAM

T piATpa Yo vo uropei va vAomolel didpopeg epappoyég [49].
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6.3 Evioyvutig 6€E100 100100

To ADS8232 mapéyet évav evioypty odnynong 6e&od modon
(RLD), o omolog ovTioTpépEl TO ONUO. KOWNG AglTovpyiog
(common-mode) mov givor TapdV OTIS €1GOG0VE TOL EVIGYLTN
opybvaov. Otav amd 1o 010 mHOL odnyeitar 10 PedUA TOL
EYYXEETOL OTO OMUO TOV OVTIKEWWEVOD, aviiotaduiloviar ot
petaforéc Tov duvapukolh kowng Asttovpyiag (common-mode),
€101 fEATIOVETAL T ATOPPLYT] TOL CGYLLOTOG TNG KOWVIG AELTOVpYiag
(common-mode) tov ovotuotog [49]. To onua Kowng
Aertovpyiog givarl n 101 GLVIGTOOCHA TNG TACNG TOL VILAPYEL KOl
GTOVG VO aKPOodEKTES £10000V [50]. E1dikodTepa, TO ONPO KOWNG
Aertovpyiog OV VILAPYEL OTIG €1GOG0VG TOV EVIGYVLTH OPYAvVOV
TpoépyeTol amd Tov gvioyvtn dwywyotntas, GMI1. ‘Eneita
cuvdéetal pe MV ovtiotpoen €icodo tov A2 pécw puog
avtiotaong 150 kQ. "Evag olokAnpwong pmopet va dnpovpyn el
ocuvdéovtag évav mukvet) petoé® tov RLD FB kot RLD
axpodekt®v. Omov RLD FB givat 0 akpodéktng avadpaocng tov
KUKA®UOTOG 00nyNnong tov de€lov modov (RLD). Mmopel va
viomomBel pe évav mokveoty 1 nF, mwov n ovyvomrta
dwotavpwong eivar mepimov 1 kHz, 6mov oe avtiv v
GLYVOTNTA O EVICYLTNG EYEL OVTICTPEMTIKN LOVAda KEPOOVG (gain
-1 db).

6.4 uyvoTnTO 010OTAVPMOIS KOl 6TAOEPOTNTU KUKAONATOG

H ocvyvomta dwoctavpmong sivor éva kpictpo onpeio yuo v
otafepdTTo Kot TNV amdO0CN TOV KLUKAMUOTOS. ALt 1
Slpopemon €xel og amotélecua mepinov 26dB képdog Ppodyov
nov dwtifetanl og 0pog cvyvotntev and S0Hz ¢wg 60 Hz yu
amOppPYN  YPOUUNG KOWNG Aettovpyiog. MeyaAvtepeg TIég
TUKVOTAOV  UEIOVOLY TNV ouxvoTNnTo.  Jl00TOVP®OONS, e
amoTéAeoo LelmoT Tov daBEésov KEPAOLE oL OlatifeTal pe

v amdppyn Kol koTd ovvémeln ovéavetor o BO6pvpoc.
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Mipotepeg TWEG TLKVOTOV UETAPAAAOLY TNV  cvyvoTNnTO
JlOTOVPMONG GE VYNAOTEPEG GLYVOTNTEC, EMTPEMOVIOS VO
avéndei to képdog. Emiong, 6tav 1 T Tov KEPSOLS etvat apKeTd
peYaAn tote T0 cVoTNUO pmopel va yivel aotafég Kot umopei va
@téost o€ KOpeopod 1 €£000G TOL gvVioyLTh 0e&loL TOO10V.
EmunpocOétmc, 6tav ypnowonoleitor o evioyutg avtog (RLD)
Yoo TNV 0dNynorm Tov MAEKTPOSIOL, TPEMEL VO VIAPYEL Lol
avtiotaon o€ ogpd pe v £6000 Mote va mepopilel to pedua

Kkéto omd 10 uA, axdua kot oe cuvOnkeg PAAPNG [49].

RLDFB
o
l N
inF
Vem
- 150kQ
TO DRIVEN R* 1

ELECTRODE REFOUT é
g

“LIMIT CURRENT TO LESS THAN 10pA.

Zyua 6.1: Mia cuvnbiopévn Stopdpemon KuKAOUATOG 35100
moo100 [49].

6.5 Agrtovpyia ypyopns 0mTOKATACTACS

E&attiog ™g younAng ocuyvotnTog amoKong Tov ¥PNoLoTotEiTal
OTO VYITEPATH GIATPO GE EPAPLOYES NAEKTPOKOPIIOYPAPTLLALTOG,
TO. CTLOTO. UTOPEL VAL YPEOCTOVY OPKETE OEVTEPOLETTA Y10, VO
otabepomomBovv. Avtdc o ¥pdvog OMOKATACTUCNG UTOPEl va
npokaAécel Kabvotépnon oto onua. To AD8232 mepihapfavet
pio Agttovpyio ypNRyopns OMOKATACTOCNG 7OV UEUDVEL TNV
OLIPKELL TOV UEYAAWDV YPOVOV OTOKATAGTOONG GE VYITEPATA
¢oidtpa (high-pass). Metd and pio ardtoun alhoyn mov tpokael
TOV KOPESUO TOL EVIGYVTN OTMG 1 ATOGHVIEST TOV NAEKTPOSI®YV,

10 AD8232 npocappolel avtdpato tTnv GuYvOTNTO OITOKOTTG TOV
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QIATPOV Gg pio HeyaAuTEPN TIUN. AVTH 1 SLVATOTNTO EMITPEMEL
oto ADS8232 vao emavagéper TN Aettovpyia TOL Kol v
TPAYUOTOTOlEL £YKVPES UETPNOEIS AlYyO HETA TN GUVOEST TOV

NAekTpodimv oto avtikeipevo [49].

6.6 Agrtovpyia Kol aviyvevon amocHvoEsS NAEKTPOSIMV 6TO

ADS8232

To kOokAopo tov AD8232 6nw¢ eaivetor Kot otnv gikova 6.1
Tpogodoteitol pe péylom taon 3.6V, to gvpog Beppokpaciog
Aertovpyiog wopoiveror amd -40°C émg +85°C. Ymdpyet
duvaTOTNTO  AETOLPYIDV YO OVIXVELON  OMOGVVOEGNG
niextpodiov AC (Analog Current) xor DC (Digital Current), ot
omoieg elvan PeATioTOTOMUEVES Y10 SIOUOPPAOCELS e dVO 1| Tpia
NAEKTPOOI. TNV TTEPIMTOON SAUOPP®ONG TPLOV NAEKTPOdi®V
ypnowonoteitor  povo mn DC  aviyvevong amocHvoeomng.
Ewdwotepa, Aettovpyel aviyveboviag TNV TAGN OTOLGONTOTE
€16000V TOL aViYVELTH 0pYavmV Tov PBpioketatl evioc 0.5 V amnd
Vv BTk Ypappn Tpo@odociog. X auTnV TNV TEPInTOoT, Kabe
eloodog mpémet va £xet o pull-up avtictaon cuvdedepévn pe v
Betkn Tpopodocio. Katd v Kavovikn Agttovpyia, T0 Suvopuko
TOV OVTIKEWWEVOL TPEMEL Vo, €ivol 6TO0 €DPOG NG KOG
Aertovpyiog Tov EVIGYLTN 0pYavEV. AVTO £lval EPIKTO HOVO OV TO
Tpito MAeKTPOSO givar cuvdedepnévo oty ££000 TOV EVIGYLTH

odnynong 6e&1ov modov [49].
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Zua 6.2: Kdkkopo dwpopeoong ywoo DC  aviyvevong
amocvvoeong [49]

E&aitiog g DC Sapdppwong aviyvevong omocOVOEoNs o
ADS8232 eléyyel Tic €16000v¢ Egxwplotd. Me amotédeoua vo
aviyveDel TO  MAEKTPOSO 7OV  Elval  amOGLVOESEUEVO,
gvepyomolmvtog v avtictoyn £€0do LOD- 1) LOD+ ot Betikn
tpogodocia. ['ia va ypnoiponombei 1 Aettovpyio avt mpémel N
akida AC/DC vo eivor ocvvdedepévn oty yeimon. Xtnv
nepintoon g dpdpemong aviyvevong amocvvoeons AC
xpnoponotovvtar poévo 6vo niektpddwa [49]. To LOD (Leads off

Detection) onpaivel aviyvenTng omocOVOEST|G NAEKTPOSIWV.
6.7 Evioyutig opyavov

O evioyutig opybvwv (instrumentation amplifier) sivor éva
CUUTAEYUO, EVICYVTOV, QGIATP®V, OVIIGTACE®V KOl TUKVOTOV.
Yvuykekpluévo  amotedeitor amd 600 petaymyeig evioyvong
(transconductance amplifier), £évav evioyvTn 0moKonng GuVEYOHS
pevpatog DC (HPA), évav oAokAnpot] Stopdpemong Kot Evov
evioyvt Aettovpyiag (operational amplifier) [49]. O evioyvtig
0pYAVOV EYXEL TNV KAVOTNTO VO EVIOYVEL TAL HIKPOL CUOTO LE

axpifeta, vd ™MV Tapovsio Bopvov.
6.8 "'E£0d0g onfpatog 6to AD8232

H akido OUTPUT oty ewcova 6.1 1 aAMdg €£000G Aettovpytkon
EVIOYLTY, OvOQEPETAL GTNV ££000 TOV TANP®G ENEEEPYACUEVOL
onuatog kapdiakov puBpov. H éE0doc avt pmopel va cuvoedel
oV &icodo evog ADC (avaioyuolh 6g ynelokd PETATPOTER).
Axopa, 1 akida avéotpopog SDN (Shutdown Control Input) pe
Vv gvepyomoinon g To KOKA®UO Umaivel og Agttovpyio
YoUNAOTEPNG Katavdiwonc. Ewdikdtepa, pe v odqynon tov
SDN ot younAnq otédbun to ADS8232 umaivel oe xotdotaom
OEVEPYOTOINOTG KOl KOTOVOADVEL LIKPOTEPO pevpa amd 200 nA,

TPOCOEPOVTOG onuovTiky egotkovounon evépyswoc. Katd v
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OugpKeL TNV KATAOTOONG omevepyonoinong, to AD8232 dev
umopei va dtatnproet v tdon REFOUT, aAAd dev koTavoldvel
v 1a0om REFIN. Atatnpdvtog étot vty v tpdcsbetn ypouun

ayoyoéTToS 0md TV TpoPodocia ot yeimon [49].
6.9 Reference Buffer

To ADS8232 Aewtovpysi pe poévo pio tpoodoocio, Yoo va
amAomomBel o oyedaopdg TG HOVAG AVTAG TPOPOdOGiag TO
ADS8232 meprhapfaver évav evioyuty ovoeopds (reference
buffer) yio v dnuovpyia piag eikovikng yeiwong petald g
tdong Tpopodociag kat g yeiwong. Ta ofjuata mov Ppickovral
oV €£000 OO TOV EVIGYVLTN OPYAVOV OvapEPOVTOL YOPO amd
avtv TV téon. [ mapdderypa, av vdpyel UNdEVIKY S10POPIKN
Tdon €166500V T0TE 1) Tdon oV €050 AO TOV EVIGYVLTN OPYaVOV

Ba etvor ) Taon avapopdg [49].

R
1 REFIN b
18
R C4

Yynpa 6.3: Reference Buffer [49].

6.10 Avrictaceirg Pull-up kou Pull-down

H Pull-up 1 Pull-down avtictaon ypnoyonoteitar cuvinbwg yo
vo  dltnphosl  po  Kotdotoon €vog  onuotoc.  Emiong,
YPNOWOTOOHVIOL G€ oLVOVACHO HE KATO  dSkOTTN 1
tpoviictop, To. omoio. SKOTTOLV TN CUVOEST TV EMOUEVOV
eCapmmuatov pe ) yeloon 1 pue v myn Vee. Xopig avtég Tig
avtiotdoelg Oo vanpye omevdeing cvvdeon peTa&y TyNG Ve kot
velwong, pe amotéhespo va vrapéer Ppayvkdxiopa. Otoav o

dlKOmTNG elvar ovolytog Ypig va vdpyet o avtiotacn Pull-
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up TOTE TO KUKAMUA JEV €XEL KATOLO TPOGOLOPIGUEVT TAGT, TOV
dgv etvar embountd. Me v ypnon g Pull-up avtictaong
dwoc@aiileTon o koBopiopévn tdon Otav o SlaKomTNg £ival
avolkToc. Otav o dakomtng elvar kKAelotoc toTE M €E000C €lvart

ouvoedepévn e  yeloon [53].
Vin

Pullup
Resistor

I\ Vout
l Logic Gate
(Buffer)

Switch

Ground

Zymua 6.4: Kdklopa areikdéviong Pull-up avtictaong [53].
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NOTES
1. CONNECT THE EXPOSED PAD TO GND OR
LEAVE UNCONNECTED.

Zynuoa 6.5: Anewkovion towr AD8232 [49].

39



Pin No. | Mnemonic | Description

0NV A WN

15
16
17
18
19
20

HPDRIVE High-Pass Driver Output. Connect HPDRIVE to the capacitor in the first high-pass filter. The AD8232 drives this pin
to keep HPSENSE at the same level as the reference voltage.

+IN Instrumentation Amplifier Positive Input. +IN is typically connected to the left arm (LA) electrode.

-IN Instrumentation Amplifier Negative Input. —IN is typically connected to the right arm (RA) electrode.

RLDFB Right Leg Drive Feedback Input. RLDFB is the feedback terminal for the right leg drive circuit.

RLD Right Leg Drive Output. Connect the driven electrode (typically, right leg) to the RLD pin.

Sw Fast Restore Switch Terminal. Connect this terminal to the output of the second high-pass filter.

OPAMP+ Operational Amplifier Noninverting Input.

REFOUT Reference Buffer Output. The instrumentation amplifier output is referenced to this potential. Use REFOUT as a
virtual ground for any point in the circuit that needs a signal reference.

OPAMP- Operational Amplifier Inverting Input.

ouT Operational Amplifier Output. The fully conditioned heart rate signal is present at this output. OUT can be
connected to the input of an ADC.

LOD- Leads Off Comparator Output. In dc leads off detection mode, LOD- is high when the electrode to —IN is
disconnected, and it is low when connected. In ac leads off detection mode, LOD- is always low.

LOD+ Leads Off Comparator Output. In dc leads off detection mode, LOD+ is high when the +IN electrode is

disconnected, and it is low when connected. In ac leads off detection mode, LOD+ is high when either the —IN
or +IN electrode is disconnected, and it is low when both electrodes are connected.

SDN Shutdown Control Input. Drive SDN low to enter the low power shutdown mode.

AC/DC Leads Off Mode Control Input. Drive the AC/DC pin low for dc leads off mode. Drive the AC/DC pin high for ac leads
off mode.

FR Fast Restore Control Input. Drive FR high to enable fast recovery mode; otherwise, drive it low.

GND Power Supply Ground.

+Vs Power Supply Terminal.

REFIN Reference Buffer Input. Use REFIN, a high impedance input terminal, to set the level of the reference buffer.

IAOUT Instrumentation Amplifier Output Terminal.

HPSENSE High-Pass Sense Input for Instrumentation Amplifier. Connect HPSENSE to the junction of R and C that sets the
corner frequency of the dc blocking circuit.
EP Exposed Pad. Connect the exposed pad to GND or leave it unconnected.

7.

[Tivaxkag 6.1: Ene&nynon tov axidov tov 1ot AD8232 [49].

7 Message Queuing Telemetry Transport (MQTT)

TPOTOKOLAO

1 Heprypagn apotokériov MQTT

To MQTT eivat évo ehappd TP®TOKOALO TOL Agttovpyel e fdon

TO HOVTEAO OMpocicvong Kot eyypaens. ‘Exet otiaytel edwkd yuo

OUGKEVEG LE TEPLOPICUEVEG OLVATOTNTEG KOl Yol OIKTLO UE

YOUNAY ToyvmnTo Kou vynAn kabvotépnon. Xpnoylomoteital

ouyva oe gpappoyég Internet of Things (IoT), dievkoAdvovtog

TV amodoTIKY]  EMKOWVOVIKL  OVAUESH GE  OoONTAPES,

EVEPYOTOMTEG KOl AAAEC GLOKEVES [54].

7.

2 Apprektovik too MQTT

To MQTT Aertovpyel wévo and to TCP/IP ypnoyomoidvag tnv
tonoroyia PUSH/SUBSCRIBE. v apyttektovikn too MQTT

vapyovv Ov0 TOMOL cvoTNUATOG: meAdteg (clients) ko

dwpecorapntéc  (brokers). O  dwapecorafntig eivor o

OlKOUGTAG (server) pe tov omoio emkowvmvovy ot merdtes. O

dwpecorafnmge Aopfdver pnvopote amd TOvg TEAATEG KOl
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otéhvel unvopoto oe  GAAovg meAdteg. Ot meldteg dev
emKowvovouy  oamevBeiog petad tovg, oAAL  pécw  evig
dwpecorapn. Kdabe meddng prnopet va etvon gite ekdoOtNG, €ite
ocuvdpountng, ite kat ta 00o. To MQTT elvan éva mpwTdKoALO
nov Pacileton og yeyovota (event-driven protocol). AnAiaon dev
VILAPYEL TEPLOOIKN 1] GUVEYNG UETAO0ON OEOOUEV®V, KATL TOL
Kpotd TV emkovaovio 6to ghdytoto. O meldtng otédvel udvo

otav vmdpyel TANPoPopio. Kot 0 StapeGOAAPn TG O1adidel v

TANPOPOPI0 GTOVG GLVOPOUNTEG OTOV PTAGOLV TO, VEX JEGOUEVOL

[55].

o
4

Pu“\‘sh 0

MQTT- Broker @

Zynua 7.1: MQTT- broker [55]

Axoépo 1o TCP/IP ©y Transmission Control Protocol/Internet
Protocol &ival évo TpOTOKOAAO EMIKOWMVIOG OV EMITPEMEL GE
TPOYPAUIOTO KOL VTOAOYIOTIKEG GUOKEVEG VO OVIOAAAGCOLY
pnvopato péow tov diktvov. ‘Exet oyediootel yloo vo oTéAveL
TOKETO PHECH® TOV SLOOIKTVOV Kot Vo d10c@aAilel tnv emtuyn

TAPAS00T| TOV dEGOUEVMV KOl LVNUATOV HEG® OKTHOVL [56].

‘Evag dAlog tpoémog pe tov omoio 1o MQTT ghayiotomotel Tig
LETAOOGELS TOL €ival HEG® TOL AVGTNPOD KAHBOPIGUEVOL HKPOV

peyébovg tov  pnvopdtov.  KébBe pqvopo  éxer o
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npokabopiopévn  kepoAido tov 2 bytes. Mmopel  va
YPNOLOTOMOEL [io TPOAPETIKY EMKEPAAIDA, aALd Ba avEnOel
10 péyeboc. To péyebog Tov uNvopaTOC gival TEPLOPIGUEVO EMG
256 MB. Ymapyovv tpio eminedo moidtntog eSummpétnong
(Quality of Service, QoS) yia v ghayiotomoinon g Hetdooong

dgdopévev N TV peyiotomoinon g aglomaotiog.

e QoS 0 — To omolo mpocPEPeEL TNV WKPOTEPT UETAOOOT
dedopévmv. Xe avtd To eminedo KABe URVLHO ToPAdidETOL
oTov cuvdpount) pio eopd ympic va vrapyet emPefaionon.
Enedn oe avtd 10 eninedo vmobétel 1L M MOPASOOEL EXEL
yivel, ta unvopoto dev amobnkedovtal ylo. Tapadoct GTov
TOPOANTT TOL €lval OMOGLVIEdEUEVOG Kot Bo cuvoebet
apydtepa.

e QoS 1 — O odwpecorafntng mpoomabel vo TAPAdMSGEL TO
pivope kol émerta mepyével  emPefaioon  amd  tov
ocuvopountn. Av dev AdPel emPePaioon péco o€ KAmTOlo
CULYKEKPLUEVO XPpOVIKO TAaiclo TOTE TO OTéAVEL EOova. Me
avtv ™ PEB0do 0 GVVIPOUNTNG popel vo AaPel To uRvopo
TapOmave amd pic eopd ov o dtopecolapnng oev AdPet
gyxkapa v emPefaimon Tov GuVIPOUNTY.

¢ QoS 2 -0 mehdtng Ko 0 SIUUECOAUPNTAG YPNOLOTOLOVV LiLa
dwdwkacio emPefainong teccdpov Pnudtov (handshake)
vy va. e&acpaiobel 6TL To pPipvopa £xel mopadobel Kot €xet

otaABel pia popd.
7.3 Oépata (Topics)

Ta pnvopata oto MQTT dnpocievovror og 6épata (Topics). Ta
Oépato ivar dopég o€ L LEPAPYIKT LOPON XPTCLLOTOLDVTOS TOV
yopokmpa kdéOetog (/) og Odwywpotikd. Avty n  doun
napopotdlel ™ doun evog 0évipov oe éva cHoTNU apyeiov
vrohoyoty. T mapdderypa, pwe doun sensor/heartRate
enupénel oe €vav ovvopountn va kabopicel OTL mpémel va
Aoppdver dedopéva povo omd TEAATEG TOV SNUOGIEVOVV Y10, TO

0¢pa heartRate. Emiong, av évag dtapesorafnig AdPet dedopéva
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mov dnuooctevovtal o€ Eva Bépa Tov dev vdpyel, Tote 0 MQTT
70 dnpovpyel. AnAaodn dev amorteiton va yivel pio 101K evEpyELo
vy ™ Onovpyio. Tov BEHOTOC, apKeEl 0 TPMTOG TEAATNG VO
oteidel dedopéva o éva véo Bépa. To MQTT to avayvopilet kot
T0 TPOcHETEL OTOV JUEGOAUPNT] KOL OTN GLUVEXEW GALOL

TEAATEG LTOPOVV VAL EYYPAPOLV GE 0VTO TO BENQL.
7.4 Awatnjpovpevo pfiivopa (retained message)

Mo va datnpnbel 10 WKpOd amOTOTOO, TO. UNVOUOTO TOV
Aappdavovtal dev amobnkehoviol 6Tov JapeESOLAPN T EKTOC OV
onAwBodv pe ™ onpoio Swtnpovpévov. Avtd amokaAeitol
dttnpovpevo pnvopo. XpNnoteg mov enBLHOVV To, VOLLOTO TOV
Aappdvovv vo amofnkedoviol TPENEL Vo YPNCLOTO GOV GALO
TpOmo ekt TV mMpwTOKOAAovL MQTT. Axdpo 7y vo
e€ao@aMotel 0TL 0 VEOG GLVIPOUN TG AapPdavel Ta unvipoTo amd
10 010, 01 SIPECOAAPNTES LTOPOVV VO KPATHGOLVV TO TEAELTOLO
pivope mov otdAdnke omd to kdbe 6Oépa. ‘Etor o kdbe
Kovovpylog meAdtng mov Ba eyypagel oto Bépa 1 6TV KATO10G
eAd NG emavocuvoedel, Bo Aapfdavel To dlatnpodEVO PVLLLAL.
Awoporlovtog €161 Ol GLVOPOUNTEG €yovv TNV TEAELTOiN

TAnpoeopia.
7.5 Téooeprg Pacikéc evépyereg Tov TpwTokOA oo MQTT

Yrdpyovov téc0eplg PACIKES €VEPYEIEG OTNV EMKOWVOVIOL TOV

npmTokOAiov MQTT.

¢ Anuocievon (Publish) — Ztédver éva maxéto OedopéEV@V
TEPEXOVTOG TO UNVOUO TTOV TPEMEL VO ATOCTOAEL amd Evav
neAdtn  otov  SwpecoAafnty. X OLVEXEW, O
dwopecorafnge pmopet va o ONPOGIEvEL 68 KATOOV dALOV
neddtn. Ta dedopéva elvar cuykekpipéva yio KOs epapoyn,
ONAadn propobv va etvat yio Tapdostypo o Tiun omd Evov
aoOnmpa N pia £voeiEn evepyomnoinong/anevepyonoinomng.

¢ Eyypaon (Subscribe) —'Evag mehdtng yiveTor GuvOpoung o

éva Béua, onlodn pmopel vo AdPer dedopéva amd TOV
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dwpecorapnm. To Oépato pmopodv  vo  gyypopovv
OLYKEKPLUEVA N LECH KATOL®V Yopaktpwv (wildcards) mov
EMTPETOVY TNV EYYPOAPT GE OAOKANPO TOV KAAJO 1) LEPOG TOV.
INo va eyypagel o meddng otédver éva maxéto SUBSCRIBE
kot AapPaver éva mokéto SUBACK o¢ emBefaimon. Av
VILAPYEL KATOLO OtatnpodEVO uivope yuo. to Béua 1dte T0
Aoppdvet.

Ping —"Evog meldng propel va oteidet éva onpa (ping) otov
dwpecorapn. Ta ofjuata (pings) ¥pNoYLOTOIOVVTOL Yi0l VO
eEooparicovv av 1 cOvdeon eival akOua evepyn kot OTL M
ovvedpia TCP dev éyxel kheioel and kdmolo GAAN GuoKeELN
dkTVOV OTC €vag dpoporoyntng (Router).

Amocvvdeon (Disconnect) — O cuvopountic 1 0 €kdOTNG
pumopovv vo. BéAovv va amocuvoebovy TtOtE GTEAVOLV €val
pvopoe Disconnect otov dtapecorafnty. ‘Etot, pe avtd 1o
VUL O S10UECOAAPN TG EVIUEPDVETOL Ko OgV YpeLaleTal
va otélvel dedopéva otov cuvopounty 1 va AapPdvet
dgdopéva amd Evav €kdOT. AVTOG O TPOTOG TEPUATICUOD
EMUTPENEL GTOV TEAAT Vo EovacuvoeDel ypnolomoldvTog TV

{010 TOVTOTNTA LE TPOTNYOVUEVMC.

7.6 Acpdrera TpoTokdoirov MQTT

To mpwtéxkoAro MQTT dev Swabétel KAmolo OMOTEAEGUOTIKN

acQaAeLn, O10TL £yl GYEAOOTEL VOL EMTUYEL TN KPOTEPT KoL TTLO

0modoTIK  petdooon Osdopévav  pPECH  domavnpdv - Kol

ava&lomoTeov ypouudv emkowvoviag. Qotdco, vmdpyovv ot

TOPOKAT® EMAOYEG.

Acpdiela diktHov — Av 10 1510 TO dikTVO Eival acParés ToTE
dgv ypeldletor vo LTAPYEL OCOAAEL TOL TPOTOKOAAOV
MQTT. Avty m oocedielo pmopet vo  emtevydei, Yo
napadetypa, pe éva  Virtual Private Network (VPN) movu

eEoo@aAlel TNV KPLTTOYPAPN OGN OAWV TOV OESOUEVMV.
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o  Ovopa kot kowdwkdg Xpnom — To MQTT emrpémet T ypnon
OVOLOTOG KOl KOJIKOV ¥pNOTY TPOSPUCNS Y10 TOVG TEAATES
Yoo TV dnNpovpyio pag cHVOESNG e TOV OLOUEGOAAPNTY.
Qot6c0 avtd petadidovtor oe KobBapd keipevo kol oyt
Kpurroypapnuéva. Me amotélecpa 1 Tpoctacio va yivetot
Gypno™ Kot 0 TPOTOG AVTAC VO AEITOVPYEL MG ATOPLYY| Yl
0KOVGIEC GUVOEGELC.

e SSL/TLS — Ago® 10 MQTT Aertovpyet méve amnd to TCP/IP,
umopel vo vmdpyel ao@IAEl TOV HETAdOCEWV  peTAED
TeATOV Kot Stapecorafnt péocw tov SSL/TLS. Avtd dpmg
TPocHéTel onuavtikn emPdpuvon oy entkovovia. Emiong
1o SSL/TLS 7 Secure Sockets Layer/Transport Layer Security

etvat éva TpTOKOAAO KpuTTOYpdenomng [55].

8 Teyvnti Nonpooivn

H Teyvnm| Nonpoovvn (Artificial Intelligence) avaeépetor otnv
IKOVOTNTO. TV  VTOAOYIOTIKOV GUGTNUATOV Vo EKTEAOVV
gpyocieg MoV TOPASOCIOKA OTOLTOVV avOpOTIVY vonuooHv,
omwg n pdonon, n katovonon, n eniivon TpofAnudtoy, n ANy
ATOQACE®V, 1 ONUIOVPYIKOTNTO Kot 1 avtovopio. Eivar évag
TOUENG TNG EMOTHUNG TOV LTOAOYIGTAOV 7OV AVATTOGGEL KOl
peAetd pefdo0vg Kot AOYIGHIKO TOV EMTPEMOVY GTIG UNYOVES VO
avtihappavovtal o mepifdiiov tovg, vo pabaivouv amd véeg
TANPoeopieg Kol Vo AaUPEvVouV OmTOQAGEIS TOV HEYIGTOTOLOVV

v emtvyio Tov otoxwv T0u6 [57, 58].
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8.1 Iotopia Yrmoloyrotikng Opaong
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Ewova 8.1: Yroloyiotikn 6paon [59].

H vroAoyiotikn épaon amotedel Evov amd TOVG GNUAVTIKOTEPOVG
KAASOLG TNG TEYVNTAG VONUOGUVIG, LE GTOYO VO EMTPEYEL GTOVG
VIOAOYIOTEG VO «PAETOVY» KO VO KOTOVOOUV OTLTIKA dedopéval,
Omwg khvel o avBpamivog eyképaroc. H avamtuén g Eexivnoe
™ Odekoetioc Tov 1960, Otav gpevvntéc  emwdiwEov  vo
TPOCOUOIDGOLV TO avOp®OTIVO onTIKOd cvoTua, eAmiCovtag Ott
avtd Bo 0dnynoet o mo EEvmveg unyavéc. H mpmtn tpoomdbeia
&ywve 1o 1966 pe éva @otnTikd £pyo, OTOL £VOG VTOAOYIGTHG LE

Kkdpepa Oa wep€ypoee 6,T1 EPAene.

Tn dexoaetio Tov 1970, 01 EMGTAHOVEG APYLOOV VO OVOTTOGGOVY
OepeMmodelg  adyopiBpovg, OT®MG M aviyvevorn OKU®OV, 1
EMICTLLOVOT] YPOUUAV KOL 1] OVOTOPAGTOCT] OVTIKEILEVOV LECH
YEOUETPIKOV oynudtov. X dekaetio Tov 1980, | €pguva Eywve
o podnuoTikd avotpn, elodyovtag pebddovg 6mwg 1 Bempio
™G  KMpokag-ydpov kot to  Maopkoflovd  toyoaio  medio
(Markovian random fields). Méypt t dexoetio tov 1990,
BeAtidbnkav ot teyvikég avokataokevng 3D ewkdvov, 1
Babuovounon Kopepmdv Kol 1 avayvoplon TPOSHOT®Y, OTMG 1

teyvikn Eigenface[60].
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21 apyés tov 21ov audva, 1 VTOAOYIGTIKY) OPOCT YVOPLOE
paydaio avamTuén, Kupimg YApT OTN UNYOVIKH padnon kot
Babid panon (Deep learning). To 2012, to vevpmvikd dikTvo
AlexNet[61] onpeimoe eVILIOGLOKY EMLTLYIO GTNV OVAYVOPLOT
EIKOVAV, LELOVOVTOAG OPACTIKA TO T0c06TO GPaALdTOV. EKToTE,
N TeXVoroYia TV GLVEMKTIKOV VELPOVIKGOV diktOmv (CNNs)

EXEL KLPLOPYTOEL GTNV OVOLYVMDPLOT KOl KATAVOT|OT] EIKOVAV.

ZHUEPQ, N LTOAOYIOTIKY OpacM YPNOLOToLEiTal o Eva gvpv
QACUO EPOPULOYDV, OTMG 1 OVOYVAOPLOT] TPOCAOTMOV, T LOTPIKN
dlyvewon, 1 autovoun odnynon kot 1 enefepyosio ewovov. H
TP60d0¢ TG Pabidg pdbnong cvveyilel va BeAtidvel v axpifeio
KOl TNV 1KAvOTNTO TOV GLUGTNUATOV VO EPUNVEVOVY OMTIKA
OedopEV, QEPVOVTOG TNV TEYVNTN VONUOCHVN O KOVTE oTnv

avBpomivn 6paon [62, 63].

8.1.1 ZXnpoocic Tng vVTOAOYIGTIKNG OpacTg

— — —— — —— — i

Ewova 8.2 IMapddetrypo vworoylotikng 0paong [64].

H vroloyiotikn 6paon 1) adiung Computer Vision givor Eva medio
™G TEYVNTNG VONUOGUVNG TOL YPNCOTOEL TNV UNYAVIKY
pdonon kot to vevpwvikd diktva. Qote vo pdbet évog
VTOAOYIOTNG N va cVOTN A VA avTAEL TANpo@opieg amd ynelokd
dedopéva OTme pmtoypapieg kot Bivieo Kot va KAVOLV GLGTAGELS

N va avaiapPavovv evépyeleg O6tav avtihappdvovtol KAmolo
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erdttopa | TpdfAnpa. Me TV LTOAOYIOTIKY OpaCT EMITPEMEL
oTOV LROAOYIOTH va. PAEmel, mopatnpel kot vo KotaAaPaivet,
TAPOAANAG M TEYVNTY VonuoolLvn divel v duvoTdTNTA GTOV
vroloyloty va. oképtetal. H vmoloyiotikny Opaocmn Aettovpysi
TAPOUOLNL LLE TNV avOp®OTIVY OpaoT, OAAGL LEOVEKTEL GE GUYKPION
pHe avThy, KoOMG ot AvOpmmol £Y0VV TO TAEOVEKTNUO TNG
EUMEPIOG Kol TNG EKMOIOELONG OO TN YEVVION TOVG, OTNV
extiunon pg omdoTaonS, oviyvevong pwo Kivnong Kot otnv

oopbaomn atereidv [63].

8.1.2 Mnyoviky pdadnon kKot vELVPOVIKA OIKTLO OTNV

VTOAOYIOTIKY OpacT

H vroloyiotikn 6poon amattel peydres moodtnteg dedopévay,
(MOTE VO TPALYLLOTOTOLOVVTOL GUVEYEIG AVOADGELG Y10 TNV EVTOTION
TOV HoTiPwV Kot avayvapilon Tov eikoveav. [a tapdostypa, yuo
™V eKmaidevon  &vog vmoloyloty va  avayvopilet  évov
mupocfectnpa, Tpénel va datifeton £va peydro aptBpd eiovov
amtd TUPOCPESTIPEG KOl GYETIKAOV OVTIIKEILEV®V, MOTE Vo LAbeL
va dtakpivel kot waitepa 0TV LIAPYEL KOO0 eAdTTmp. AVO

Baocikég Texvoroyieg KaB1oTOHV 0VTO EPIKTO:

e H Babié padnon (Deep learning), évog TOTOG UNYOVIKNG
pabnong,
e Toa cvvehiktikd vevpwvikd diktva (CNNs - Convolutional

Neural Networks).

H pnyoviky péabnon ypnoyomotel aiyoptuikd poviéAo mwov
EMTPEMOVY OTOV VTOAOYIOTH VO KOTOVOEL OMTIKA Oedopéva
avtoévopa. Eqv tpo@odotnBovv apketd dedopévo PECOVL TOL
LOVTEAOV TOTE 0 VITOAOYIOTNG Ba avatpéEet ota dedopéva Kot Oa
pdbel va daympilel Tig eikdveg. Xe avtifeon, To GUVEAMKTIKA
VELPOVIKA SiKTLA S1ELKOAHVOLV TNV JdIKAGi, OVOADOVTOG
ewoveg oe eminedo pixel kot omodidovidg Tovg ETIKETEG 1
YOPOKTNPIOUOVG.  XTr  GLVEYEWL, €PapUOlovy  cuveAi&elg

(convolutions), o podnupotiky  7wpdén  mov  cvvovdalet
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CLUVOPTNOELG Yoo v eEdyel véeg mAnpopopiec. To vevpwvikd
OikTvo ekTElEl TOAAEG EMOVOANYELS, PEATIOVOVTOS GTASIOKA TV
axpifela Tov TpoPAéyedv Tov, PEXPL Vo pTOpEl va avayvopilet

EIKOVEG LLE TPOTO TOPOLOL0 LE TNV avOpdTIvy dpaon).

Onwg évag dvBpomoc apyikd Stakpivel Evioveg YPOUUESG KoL
Boaocikd oyUaTe TPOTOL SOUOPPMOCEL LK TAN PN EIKOVA, £TCL KOL
éva CNN Eekvd pe amhég dopég kot epmAovTtilet Tig TAnpopopieg
00 péow Swdoyikdv emavarnyemv. Eveo 1o CNNs
e€edwebovior oty avdAvon  HEHOVOUEVOV  EIKOVOV, TO
avaopoutkd vevpwvikd diktva (RNNs - Recurrent Neural
Networks) ypnoomolovvrat yio eneéepyosio fivieo, Bondovrag
TOVG VTOAOYIOTES VAL KATAVONGOLV T oX£0m UETAED S1000 KOV

Kape [63].

8.2 Mnyovik MaOnon

MAEHINE LEARNING

Ewova 8.3: Mnyavikn Mdébnon [65].

H pnyovikn pdbnon eivan €vag kKAGS0G TG TEXVNTAG VONUOGUVIG
OV EMIKEVIPOVETOL GTNV OVATTLEN CLGTNUATOV IKOVOV VoL
pofaivouv Kot vo BEATIOVOVTOL OVTONOTE HEGH TNG EUTEPLOC.

Atvel ™ duvatOTNTO GE VTOAOYIOTEG KO UNYOVES VO LLOVVTOL
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oV avBp®mvo Tpodmo ndbnong, va eKTEAOVV EPYaCieg VTOVOLLL

Kot vo, ov&avouv v akpifela Ko v amddocn Toug Kabmg

extifevron og mepiocodtepa dedopéva. To Ilavemotiuio g

KolMoeopvia 6to Mréprhel avardel to cHotnua pddnong evog

alyopiBpov pnyavikng pabnong oe tpia Pacikd Koplo pépn:

8.2.1

Awdkacio AMyng Atdéeaconc: Ot aAyopiBpot punyovikng
paonong Exovv ¢ 6TOHYO VO TPOYUATOTOLOVV TPOPAEWYELS
N tawounoelg. Me Bdaon dedopéva €16600v TO. OTTOiN
pumopel va gival emonuoacpéva M un o aAyopiduog
aviyveveL TPOTLTO. Kot ONIIOVPYEl pia ektipumon pe Pdon
oTA.

Yvvaptnon Zedipatog: H cuvdpmon avt) a&toroyei tnv
axpifeia Tov TpoPréyemv tov poviéhov. Otav vapyovv
dwbéoa  emonuacpéve  dedopéva,  CLYKpivel  Ta
OTOTEAEGLOTO TOV HOVTEAOV UE TIC TPOYHOTIKEG TIUES,
TPOKEYWEVOD VO EKTIUNGEL TNV 0AS00T TOV.

Awdwkacio Beltiotomoinong tov Movtéhov: T va
BeAtidoet v akpifeld Tov, T0 HOVTELO TPOoAPUOLEL TIg
E0MTEPIKES TOV TAPOUUETPOVG (OTMG TaL fAPT)), LELDVOVTOG
™  Opopd petald TV TPoPAéyemv Kol TOV
TPOYUOTIKOV — TILOV. Avty 1 Jwdikacio  eivon
EMOVOAMTITIKY] Kot cvveyiletar oG OTOL TO HOVTEAO

@Tdoel o€ £vo amodekTd enimedo akpifelag [66].

M£00oo0r pnyavikng padnong

Ynrdpyovv dtapopot péBodot unyavikng pabnong mTov KeAVTTouY

dwpopetikég avaykes. Ilapokdtw oavordovror m kdbe pio

pébodoc Eexwpilotd.

Enmontevopevy  péOnon  (supervised  learning),
yopoktnpileTor omd TN ¥PNon EMCNUACUEVOV CUVOA®DY
dgdopévev yo v ekmaidevon aAyopiBuwv, ®ote va
pumopovv va, tagvopodv mAnpoeopieg N va TpofAémovy

arotedéopato  pe  okpifela. Koatd 1t dwdwkaocio
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EKTTAIOEVONG, TO LOVTELO AapPdvet dedopéva 16050V Kot
npocappolel otadlakd to Bapn Tov, £mg dtov emtevyDel
1 oWOTH TPOGOPLUOYN. Avt 1 dudikacio mepthapPdver
M Swotavpopévn emkbpwon (cross-validation) yuo va
dlc@oMotel 0Tl T0 pOVTEAO Oev vmepmPocaproleTan
(overfitting) 7N vmompocapudletar  (underfitting).
Emmiéov n emPrendpevn pdbnon ypnoiponoleitor yio
TNV OVTILETOTIOT SAPOP®V TPAYHOTIKOV TPOKANGEMV
o€ pHeydAn wkApoko, OTMG 1 CVTOUWTY OVIXVELSY KoL
Sywpopdc avemBountov punvopdtov (spam) amd o
eloegpyopeva email. Kdmoleg and 11 Mo Stoded0opéVe
TEYVIKEG NG emPAemOUEVNS LaONoNGg TepAapfavouy ta
vevpwvikd oiktva, Tov aAyopiBuo Naive Bayes, 1)
YPOLLIKY KOl AOYIGTIKY] TOAVOpOUN oY, To Tuyaio ddom
(random forest) kot TIG VIWOGTNPIKTIKEG OLOVUGLOTIKEG
punyovég (Support Vector Machine - SVM).

H pn empirenépevn pdOnon ( unsupervised learning),
xpnowonolel  oAyopibpuovg Yy TNV avaivon Kot
OLLOOOTTOINGT UN EMONUOCUEVOV GUVOL®V O£30UEVOV GE
ovotdoeg (clusters). Avtoi ot aAdydpiBuor evromilovv
Kpued potifa kot oyéoelg oto dedopéva yopic TV
avaykn oavOpomivng mapépPacns. H wavotta g un
emPrendpevng pabnong va avayvopilelt opodTreg Ko
OPOpES TV KaO1oTA 10104TEPOL XPNOLUN GE EQAPUOYES
Om®wg M OlEPELVNTIKY  OVOALGN  OE0OUEVODV, M|
TUNUOTOTTOINGN TEANTAOV, Ol GTPOINYIKEG TPOomONoNg
npotévtwv (cross-selling), kabBdg kot M ovayvopion
EWOVOV Kot TpoTtuev. Emumiéov, ypnoiponoteitar cuyva
vy 1t peiwon g Swotatikdémrog (dimensionality
reduction), omAadn 1t pelwon ToL APBPOL TV
YOPOKTNPIOTIKOV — €VOC  HOVTEAOL. A0  gupémg
YPNOYLOTOIOVUEVES TEYVIKEG Yl VTOV TOV OKOTLO givon M
Avaivon Kopiwv Zvvictwomv (Principal Component

Analysis, PCA) kot 1 Movadwio AtocvuvBeon Tyumv
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(Singular Value Decomposition, SVD). AALot akydpiBpot
OV YPNOHOTOOVVTOL OTN N emPAemouevn pdonon
nepAaUPavouy Ta veupmvikd dikTua, T GVGTAIOTOINoT
(clustering k-means) kot Tic mBavotTikég peBOIOVG
oLGTAOOTOINONG,.

e H mnu-empPremoépevny  (semi-supervised) pébnon
TPOCPOEPEL L0l EVOLAUEST] AVOT HLETAED EMPAETOUEVG KO
un  emPrendpevng pabnonce. Kotd v ekmaidevon,
xpnowonotel  éva  KpO  OOVOAO  EMICUACUEVOV
ogdopévev vy va  koBodnynost T ddikacio
tagwvounong kot eE0ymyNnsg YOPAKTNPICTIKOV oo £va
TOAD PEYOAVTEPO, UN EMICUAGHEVO GOVOAO OES0UEVOV.
Avt n mpocéyyon avieTonilet o TPOPANUO NG
ENAEWYNG EMOPKADV EMCUAGUEVOV OEGOUEVMOV Y10, TOVG
alyopiBuovg emPrendpevng pabnone. EmmAéov, eivon
wwitepa ypoyn Otav 1 EMCHUOVOT HEYAAOVL OYKOL
dedopévmv givar oA damavnpn 1 ypovoPopa.

e H evioyutiki pdOnon (reinforcement learning) eivau
L0 TPOGEYYIoT OTN UNYavikn pdonon mov potdlet pe v
emPrendpevn pdbnon, oAAd dev  Poociletar  og
npokabopiopéva dedopéva exmaidsvong. Avtifeta, To
povtéAo  poboaivel  Suvopukd  péco  SOKIUNAG Kot
o@aipatog. Evioydovtog [ oepd  emTUYNUEVOV
OTOTEAECUATOV, BEATIOVEL GTASIOKA TN GTPUTNYIKH TOL
MOTE VO TPOGOLOPIGEL TNV 1OAVIKT GVGTAGT 1) TOALTIKY] Y10

éva GLYKEKPIUEVO TPOPANLA [66].
8.2.2 AlyoprOpoi pnyoavikig pddnong

Mo v viomoinom tov poviéAov NG uUNYAvVIKNG pddnong

YPNOLOTOLOVVTL KATO101 0AYOP1OLLOL.

e Nevpovikd diktva (neural networks)
o TI'popukr omoBodpoéunon (linear regression), mov

YPNOOTOLEITOL Yiot TV TPOPAEYT OPOUNTIKOV TIUOV.
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Boociletor otnv pn ypoppukn oy€om HETAED SLopOPETIKMY
TILOV.

Aoyotikr] omeBodpoéunon  (logistic  regression),
Katatdooetor oty emPAemduevny  pdbnon ko
YPNOWOTOLEITOL  Yiw TNV TPOPAEYN  KATNYOPIK®DV
OTOTEAEGUATOV, OTTMG dVAOIKES amavtnoelg (NavOy).
Yvotadonoinon (clustering) Omwg ovaeépOnke Kot
TopOmAve ovikel ot un emPrenduevry pdonon. O
alyoppoc avtdg evromilel potifa ota dedopéva doTE va
yiveton opadomoinon. Xpnolomoteital 6TV avayvopion
Spopav petalhd ototyeimv.

Aévtpa  amdeaong (decision trees) pmopoldv  va
YPNOOTOMBOOV Yoo TV ToAvOpoOuNncon mpoPAEmoviag
oplOunTiKés TG  0AAd  Kor oty Tagwvounon
KOTNYOPLOmoldvToS Oedopéva. AgTovpyodv HECH oG
aKOAOVOl0G  JLOKANOOVUEVOV  OTOPACE®DY, Ol ONOIES
UTOPOLV VO OMEIKOVIGTOUV  UE  €VO  OEVOPOELDEG
owypappo. To mheovéknuo Tovg €ival M SEAVELD,
kaOdg To KaBoTd €0KOA otV emainfevon Kot GTovV
éleyyo.

Tuyaio ddoog (random forest), avtdc o alydpOuOC
mpofAémel o T M kamnyopion cvvdvdalovtag o
OTOTEAEGUOTO OO TOAAUTAGL OEVIPO OMOPAGEW®V. 1|
npocéyylon Pertidvel ™V okpifelo kol HELOVEL TOV
KIVOLUVO VITEPTPOGAPLOYNG OE GVYKPLON LE TN XPNOT EVOG

povo dEvtpov amopdcemv [66].

8.3 Nevpovika Aiktva

"Eva vevpaovikd diktvo amotedel £va LOVTEAD Unyovikng Labnong

nmov enelepydletor dedopéva e TPOMO AVTIGTOL(O HE 1N

Aertovpyio ToL avOpOTIVOL £yKePAAOL. Mipeitan T cuvepyacio

TOV PLOAOYIKOV VELPOVOV Y10, TNV OVOYVOPLCT] TPOTVT®V, TNV

extipnon mbavotTeV Kot T ANy anopdcemy [67].
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‘Eva vevpovikd diktvo amoteleiton amd Oadoyikd emimeda
KOUPOV M TEYVNTOV veELpOV@V: €va eminedo €10600v, €va 1
TEPLOCOTEPO KPLPE emimeda kol €va emimedo e£O60ov. Kdabe
KOpuPog cvvdéetan pe dALlovg KOUPovg Kot dtabéTel To dkd TOV
Bapog kat KatdeAl gvepyomoinong. Otav 1 ££0d0¢ evag KOUPov
vrepPaivel o kabopiopévo KatdEAL, 0 KOUPOG evepyomoteitat
kot petoPifaler doedopéva oto emdpevo emimedo. Av  dgv
EemepAoel TO KATOQAL, dev peTadidoovtal 0edopéva 6TO ETOUEVO

o61a010.

Hidden

[nput

Output

Zynpa 8.2: Nevpwvikod diktvo [68].

Ta vevpoviKd diKTLO YPTCLLOTOOVV JEGOUEVO EKTOIOELONG Y10l
va pdBovv kot va acvEeovy v akpifeld Tovg pe TV TEPodo Tov
xpévov. Otav pubuictodv cwotd, yivovtal ioyvpd epyareio otnv
EMOTAUN TOV VTOAOYIOTOV KOL TNV TEXYNTH VOnuUoovHv,
enmupénoviag v toyela  tafvounon kot opadomoinom
dedopévmv. Xapn o€ auTd, EPYACieg OTMS 1) AVayvOPLoT OA0G
N EKOVOV PropoOV va EKTEAEGTOVV GE Alyo AeTTd, avTi yio MpPEG,

av yivovtav yepokivnto and avlpomovs. ‘Eva ond 1o mo
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oo TopodEIYUATO EPAPUOYNG VEVPOVIKMV SIKTV®V £ivat o

alyopBpoc avalntnong g Google.

Ta vevpwvikd SiKTLO AVOQEPOVTOL ETIONG MG TEXVNTE VELPOVIKE
diktva (ANNs - Artificial Neural Networks) 11 mpocopotwpéva
vevpovikd oiktva (SNNs - Simulated Neural Networks).
AVINKOUV TN pnyovikn pddnon kot amotedovv n Pdon tov

oLYYPOVOV HOVTEA®V Pabidg nabnong [67].
8.3.1 Tvmol veupOVIK®OV SIKTV®V

Ta vevpovikd diktva dwokpivovior e 016popovs THTOVG,
KaBévag amd Tovg 0mOioVE YPNCILOTOLEITOL Y10l GUYKEKPUUEVES
EQOPUOYES. AV kol M Tapokdt® Alota dev glvar wANPMG,
nepAaUPAvEL  OPIGUEVOLS O  TOLG 7O  KOWOULG TOTOVG

VELPOVIK®OV OIKTO®V Kot TIG BaGIKEG TOVG YPNOELS.

e To vevpwvikd diktva mpoddnong (Feedforward Neural
Networks), 7yvootd kot ©G vevpovikd dikTva
moAveninedng  avtiinyng (MLPs - Multi-Layer
Perceptrons), amotelobvtar amd éva eninedo 16000V, Eva
1 TEPLEGOTEPQ KPLPA eimeda kot Eva eminedo e£600v. Av
Kol ovyva avaeépovtol o MLPs, oty mpaypatikdtnta
amoTeAOVVTOL  omd  OlYHOEWElS vevpdveg avti Y
avtiiinmtég  (perceptron), KoBdS TO  TEPLGGOTEPQ
TPOPANLLOTA TOV TPOLYUATIKOD KOGLOV EIVOL [T YPOLLLLLKAL.
Avtd 1o poviého  ekmoudevovton - emeCepyaldpeva
dgdopéva Kol amoteAoV T Bdon Yo QaproYEG OTTMG 1
VTOAOYIOTIKY Opaot, N enefepyasio. PLOIKNG YADGGOG
Kot GAAo cvotiuato mov Paciloviol 6e VELPOVIKE
dikroa.

e To cvveliktikd vevpovikd diktvo (CNNs - Convolutional
Neural Networks) powalovv pe 1o vevpwvikd diktva
TpomOnoNg, OoAAL  XPNOLUOTOOVVTOL  KLpiwg Yo
avayvoplon  eKOvev,  avoyvoplon  potifov kot

VTOAOYIOTIKY Opoot). Avtd Ta diktva a&lomotovv apyés
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™mg YPOLLLUKNG dAyeBpag, €101KOTEPQL OV
TOAALOTAQCIAGLO TIVAK®OV, Y10 TNV avixvevon HoTiPwv og
EIKOVEG.

e To avadpoukd vevpovikd diktva (RNNs - Recurrent
Neural Networks) Eexyopilovv Adyom tov Ppodymv
avadpaoN S TOV TEPLEYOVV. XPNOLUOTOLOVVTAL KVPIMG Yo
Vv avéAlvuon  xpovoceEpOV kol TNV TPOPAeym
HEALOVTIKOV TAGE®V, ONMMG Ol  OIKLUAVOELS TNG
YPNUOTIOTNPLOKNAG ayopds 1 ol TPoPAEYELS TOANGE®MY
[67].

8.4 Ba0wd padnon

Artificial Machine [ Deep

intelligence learning learning

Zyquo 8.3: Babud pdonon [69].

H Boabud pabnon (Deep learning) eivor évag eEeidicevpévog
KAAd0G TG pnyavikng pébnong mov Pacileton oe moAveninedo
VELPOVIKG diKTLO, YVOoTd G PBabid vevpwvikd diktva (Deep
neural networks), yia vo avamapdyst Tic mepimiokeg dadkocieg
MyYMG amo@dcemv Tov avOp®OTIVOL £YKEQAAOVL. X1uepa, 1 fadid
pdonon amotedel T Pdaom Yoo TOAAEG EQPAPUOYEG TEXVNTNG
vonuoovvng (Al — Artificial intelligence) mov ocvvavtdpe

KaOnuepva.
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8.4.1 Awg@opéc pnyovikng pe fadiac padnong

H Poown dopopd peta&d Padiag pdbnong Kot mopadoclokng
UNYOVIKNG  HABNoNG  €yKertal oTnV  TOALTAOKOTNTO  TNG
OPYLTEKTOVIKNG TOV VELPOVIKAOV JIKTV®V Tovc. Ta cupfotikd,
OTAOVOTEPO LOVTEAL UNYOVIKNG HAONONG XPNOLUOTO00UV AL
VEVPOVIKA OikTva, pe pioe M 000 VTOAOYIOTIKEG OTPMOGELS.
Avtifeta, to povtélo Pabidg pabnong owbétovv Tpelg 1
TEPIOCOTEPES OTPMOELS KOl GLVIOWOS EKATOVTAOES N Kol YIALAOEG
v va BEATIOTOTO00V TN dtadtKacio eKpdOnong Kot va avédvouvy

™V omndS0G6T TOVG.

Ye ovtifeon pe to emomtevOpEve LOVTEAD LABNnong, ta omoio
OmoLTOVV  SOUNUEVO KOl HE ETIKETEG OedOpEVA €16O00V Yo
axpiPeic mpoPAéyelc, o poviéda Pabidg padnong pmopodv va
Aettovpyobhv pécm pn emomtevOpEVNG HAOnong. Avtd Tovg
emupénel vo  avoayvopiCoov potifa, vo eEdyovv  Poacikd
YOPOKINPIOTIKA Kot vo  evtomilovv oyéoelg péca  amd
aKatépyaota, un dounuévo dedopévo. EmmAéov, to povtéia
Babidg pédnong £xovv v tkavoTnTa vo BEATIOVOLY GTUIIOKA TIG
TpoPAréyelg Toug, avEdvovtag v akpifeld Toug pe v mapodo

TOV YPOVOL.

Machine Learning

G &

Input Feature extraction Classification Output

Deep Learning

Input Feature extraction + Classification Output

Zymua 8.4: Awagopd unyoavikng pe padiiag padnong [70].
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8.4.2 Ba0wd padnon km wponypéve veupmvika dikTva

H Pabid pdOnon ypnowomotel vevpwvikd oiktoo kol 7o
ovykekpipéva fadid vevpmvikd diktova Yo TV ekmaidevon evog
HOVTEAOV. AV TOL VEVP®VIKA diKTLO £YOVV TOAAG emimeda ToTE
ovopdlovioar Pobud vevpwvikd Jiktva, Omov KAOe emimedo
Baciletal oto mponyodevo yio vo BeAtidcet Ty akpifeta ™G
TpoPAreyng N ¢ Tagvounons. Avti n dwdoyikn enegepyacio
péosa oto dikTvo ovopdletol TpomOnom mpog ta epunpodg (forward
propagation). Ta enineda £16000V kat €000V, YVOGTH WG 0paTH
emineda (visible layers), éxovv dtapopetikodg pOAOVG, TO EMITESO
€16000V AapPavel ta dedoUEVaL Y10 ETEEEPYOTIO, EVD TO EMIMEDO

e€6dov apdyetl v teAKN TPoOPAeyn N taSvounon [71].

Mo dAAN dedikacia, elvar n omeBodiadoon (backpropagation),
ypnoonolel adyopibpovg 6mwg 1 kotdpaon Pabuidag (gradient
descent) yia va vToAoYyicEL TO GEAAUATO OTIG TPOPAEYELS KOl VL
TPOCAPUOCEL T BAPT KO TIC TPOKATAANYELS, KIVOVUEVN TTPOG TO.
miow ota enineda Tov diktHov. O cVVIVAGUOS TS TPoM®ON oG
TPOG TOL EUTPOG KOl TG OTIGH0O1A000NG EMLTPENEL GTOL VEVPMVIKAL
diktva va Bertidvouy Tig TPOPAEYELS TOVG KoL VO LELOVOLV TOL
oQAApOT [E TNV TAPOd0 TOL Xpovov. EmmAémv, vrapyovv kot
Ao povtéda Tov ypnoorotovviot oty fadid pabnon, kémoto

ortd ovtTa eival:

e (NN:s.

e RNNs.

o Avtokmdokomomtés mopairayov (VAEs - variational
autoencoders). Ot QLTOLATOL KOOKOTOMNTEG AELTOVPYOHV
KOOIKOTOUOVTOS  O€00UEVO,  Yopic ETIKETOL O Ui
GUUTIEGUEVT]  OVOTOPAOTOGT  KOU  OTN  GUVEXEL
OTTOKMITKOTOIMVTAG T OEOOUEVE TG GTNV OPYLKT TOVG
popon. H Asttovpyeia avt) ypnoipomombnke yuo v
OVOKOTOOKEVT]  KOTESTPOUUEVOV 1) BOA®dV  eKOVEDV.

Ao, Ol QVTOKMOKOTOMNTEG TOPUAAAYDV TPOCcHECHY
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EMMALWV TNV TOPOY®YN TOPOAAOY®V OTO  OPYIKA
dedopéva.

o Tevetikd avtmopabetikd oiktva (GANs - Generative
adversarial networks) eivar vevpovikd odlktvo OV
YPNOOTOLEITOL Yo TNV Onpovpyio YedTik®v oAAL
PEAMOTIKOV dES0UEVOV.

o Movtého Ouqyvong elvar  yevetwkd  povtélo. OV
EKTTOLOEVOVTOL YPTCLULOTOLDVTOS TN OAOIKOGT0 d1éyLONG
TPOG TO EUMPOC KOU TPOG TO TC®, HEGH LIOG
TPOOJEVTIKNG TPOGHNKNG Kot apaipeons Bopvfov.

e To povtélo Transformers eivar mponyuévo vevpwVIK
diktva mov emelepydlovtar dedopéva mapdAinAo Ko
&yovv mpodyel T @uown Eneéepyasio ['Adocag (NLP -
Natural Language Processing) kot OGAAEG €QOPUOYES.
Xpnowonoohv U, OPYLTEKTOVIKY  KMOIKOTOWTH-
OTOKMOTKOTOM T OTTOV:

e 0 Kmdwkomomg (encoder) petatpémel ToO
axKotépyaoto keipevo oe embeddings, pio
GUUTVKVOUEVT OVOTTAPAGTOOT ™mg
oNUaGiog TOL KEWWEVOU.

e O amokmowkoromtng (decoder) AopPdvet
avtd to  embeddings kot mpoPAémel
dwdoyikd Tnv emduevn AEEN M @paon,

dnpovpymvtog katavontd keipevo [71].
8.4.3 Ammtiosig ko gpappoyis padiag padnong

H eknaidevon povrédwv Pabidag pdbnong amaitel tepdotio
VIOAOYIOTIKY oyV. Ot povadeg enelepyaciog ypapikdv (GPUs)
elvar Wwitepa KATAAANAEG Yoo OUTEG TIG €pyaoies, kabdg
UTOPOLV Vo €KTEAODV  TOADTAOKOLG  VLTOAOYIGHOVS  OF
TOALOTTAOVG TUPVES Kot dtob€Touy peydAn pviun. Emmiéov,
KOTOVEUNUEVT] VTOAOYIOTIKY 16Y0¢ ot1o cloud pmopel va
vrootpi&el mepattépm avTéc Tig depyacies. Agdopévov OTL I

exmaioevon Pabidv aAdyopiBuwv amottel VYNAR VTOAOYIGTIKN
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amodoon, 1 dwyeipton moAlomiwv GPUs tomwkd pmopel va
eMPAPOVEL OMNUAVTIKA TOVG EGMOTEPIKOVS TOPOVG KoL Vo, gival
wWwitepa damavnpn yuo KApdkwon. Ocov agopd To AOYIGUIKO,
ol TEPLOGOTEPES €PapPUOYES Poblag pabnong avamtdccovtol

ypnoonowwvtag JAX, PyTorch | TensorFlow.

H Babid pabnon dwdpapatifer kevipikd poOAO0 GtV EMCTHUN
OedOUEVMV, TPOMODVTOS SLAPOPES EPAPLOYES KOL VTN PEGIEG TOV
JlEVKOAVVOLY TNV auTtopotonoinot. Emtpénet otig tevoloyieg
TEYVNTAG VONUOOULVNG VO EKTEAOVV OVOAVTIKEG KOl QUOIKEG
epyaocieg pe eldyomn avOpomwvn  moapéuPoon.  [ToArég
KOVOTOUEG TTOV YPTCLUOTOIOVUE KOONUEPIVA OTOS OL YNlaKol
Bonboi, To cvoTNUATO OViXVELONG OTATNG KOl TO OVTOVOLO

oynuota Bacifovrar ot Pabid pabnon [71].

HHEIPAMATIKO MEPOX

9 Xkomndg Iepapatikov pépovg

O oKOmOC TOL TEWPAUATIKOV HEPOVG €ivar 1 vAomoinon &vig
GULGTNUOTOG Y10, OMOUOKPUCHEV UETPNOT  €vOG acBevols pe
oo mMpeg mov kataypapovy v LoTikn Asttovpyia. Ewdwkdtepa
KATOYPAPOLY T0 TOGOGTO 0EVYOVOL GTO L0, TOVG TOALOVG TNG
Kapdilog Kol Yivete omekovIoN TOV NAEKTPOKOPIIOYPUPTLATOG
g kapdiog. Ot petprioelg avtéc éywav Eeywplotd. Axkdua,
avamtHooETOL €vol LOVTEAD TEYVNTNG vonuoovvng Al (artificial
intelligent) pe v ypnon KAUEPOS YLoL TNV VITOAOYIGTIKT OPOOT

Kot e ouvOLaoUO TOV cenTHPO LETPNONG TAAUDV.

9.1 Yhomoinon KuKAOPOTOS PETPNOGNS KUPOLUKAV TAANDV

Kol 0&uyovou

Mo mv pétpnon moAudv ypnotporombnke 1o Arduino nano 33
Ble Sence wg évag pikpobmoAoylotig Yoo TV @OpT®ON KO

EKTELEOT TOV KMOOWKA Kot TV vtootnpi&n tov Max30102 kot to
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ESP-8266 Wemos D1 mini. To Max30102 &ivol o aioOnmpag
oV avayvepilel Toug Kapdlokos TAAUOVS Kol GTEAVEL GEIPLUKA
ta dedopéva 610 Arduino nano 33 Ble péow kaAwdimv chvdeong
(jumper wires). Xvykekpiévo 1 oOvdeon yivetar PETOED TMV
axidov tov MAX30102 kou To Arduino nano 33 Ble Sence wg
e&ng Vin — 3.3V, SCL — A5 (SCL), SDA — A4 (SDA) kot GND -
GND. Avtictoya to ESP-8266 cuvdéetan oeprakd pe Arduino
33 Ble péow tov axidov TX - RX kot RX — TX. Ot akideg mpémet
va gtvat pe oty v 6Ovdeot d10TtL o Arduino Tpémel vo 6TEAVEL
dedopéva kot to ESP va Aappdvet dedopéva kot avtiotpopa. H
Tpo@odoacia Tov ESP-8266 pnopet va yivel pécm tng 00pag thmov
C, 6mov Ba yivel kot n EOPT®ON TOL KOdKA 1 amd 10 Arduino
nano 33 péow tov axidov 3.3V kot GRN. H tpopodocia kot n
@OpT®ON TOV KOdKa 610 Arduino Ba yivet pe mv BOpa micro mov
dwbét, aAidg Bo pmopovoe va ypnowomondel po myn SV
ouveyolg pevpatog (DC) otig akideg Vin yia tov Oetikd mOLo Kot
GRN yw 10 apynrtikd méro. Emumdéov, n ido cuvdesporoyio

YPNCLOTOMONKE Kat Yo TNV HETPNON TOL 0ELYOVOU.

BT =
e

ey -
UIN SCI SNATNT TRN RO BN

SN N IR AN
Vin =3.3V

Zyua 9.1: Kdkhopa pétpnong kopdlokmdv TaAUGY Kot

o&uydvov.
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H epoppoyn mov ypnowomomdnke vy tnv onmpiovpyia,
eneEepyacia Kot @OPTOON TOV KOJKO 0TS TAaKETES (Arduino
kot ESP) etvar 1o Agrtovpyikd mepipdArov tov Arduino, t0

Arduino IDE. O k®dikag ival og yAdooa C++.

To Aoyiopko tov Arduino pmopet va Bpebei oty 16T0GEAS0 TOV
Arduino [49]. Eméyovtag 10 katdAAnio Aoyopikd (Windows,

macOS, Linux) ylo eykotdotaon.
9.2 YA0moinon KUKA®UATOS UTEIKOVIGNS KOPILOYPOUPNNATOG

Mo v angwdvion Tov KapdloyPaENLLOTOG ¥PNOLOTOONKE Eval
Arduino Nano 33 Ble Sense o¢ évog pukpogiektng, éva ESP-8266
YL TNV GVVOEST 6TO dikTLO Kot évag aucOntipag AD8232 mov
avtAel dedopéva amd v Kopdd. H cuvdeoporoyia daxpivetal
oto oynua 1.55. Ewwdtepa, n akido OUTPUT 1ov AD8232
ouvdéete pe v avaroyikn okidoa A0 tov Arduino. Ot akideg Lo-
kot Lo+ pe tig ymowkés axideg D10 ko D11. H tpogodocio
vivete pe 3.3V. Oco agopd yia to ESP 1 ovvdeouoroyio

TaPOUEVEL 1) 10101

(LO-) - (D10)

LO+) - (D11

GND

Zyua 9.2: Kbklopo ameikdviong kapdloypoenotog.

270 TOPAKATO CYNUo dlakpivovtal To. onpeio mov pmopoldv vo

tonofetnBovv T tpio NAektpddia ( Aprotepd, Tlave de&id kot
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Kdto 6e&1d) amd Tov arctnmpa AD8232. TTave ota nAektpddio
tomofetovvian avtokOAAnTa (Pads) piog ypriong kot mepiéyovv
VYPO SIAVUA NAEKTPOAVLTOV, MOTE VO YIVETOL KOADTEPT ETOPN

070 Oéplo petmvovtag Tov 06pufo.

Ewova 9.1: Evoeiktikd pépn tomobétnong nAektpodiov 6to

GO0

9.3 AT0TEAEGPUATO KUKAMPATOV

Ta dedopéva pumopodv va eueoviotovy oto serial Monitor av
etvar ovuvdedepévo to Arduino 6tov VTOAOYIGTYH, OAAL Kot HECH
mg epappoyng [oTMQTTPanel. Me avtiv v e€poppoyn
viomoteitor M €€ amootdoemc TNAepETpia, OpKEL Vo VITAPYEL

oLVOEDN GTO J1ABTIKTVLO Kot Od TOLG OVO YPNOTEC.
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9.3.1 Amotehéicopnatao £QUPUOYNS KOPOLOKAV TAAUDV

¥ Arduino Nano 33 BLE

Ble_send_data_ESP_heart_sensor.ino

MAX301085 particleSensor;

byte RATE_SIZE =
byte RATE_SIZE];

Serial Monitor X

in—vus, weev.vy, v Linges:
BEM=0.00, finger?
BEM=0.00, finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

IR=581, finger?
IR=660, finger?
IR=516, finger?
finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

finger?

IR=718, finger?

Ewova 9.2: Amoteléopata yopig va aviyvedel o aictntpog

KOPOOKAV TOAUDV.



¢ ArduinoNano33BLE ~

Ble_send_data_ESP_heart_sensor.ino

MAX30105 particleSensor;

byte RATE_SIZE = 4;
byte ATE_SIZE];

t  Serial Monitor X

I S0 Cm SOty | 08 2D o
IR=130864, ., Avg BEM=66
IR=130836, ., Avg BEM=66
IR=130764, Avg BPM=66
IR=130695, vg BEM=66
IR=130533, vg BEM=66
IR=130522, .28, Avg BEM=66
IR=130458, ., Avg BPM=66
IR=130469, .28, Avg BEM=66
IR=130483, , Avg BPM=66
IR=130474, Avg BPM=66
IR=130563, vg BPM=66
IR=130533, vg BEM=66
IR=130552, , Avg BPM=66
IR=130560, , Avg BPM=66
IR=130523, , Avg BPM=66
IR=130610, ., Avg BPM=66
IR=130570, Avg BPM=66
IR=130594, vg BEM=66
IR=130607, vg BEM=66
IR=130582, .28, Avg BEM=66
IR=130642, ., Avg BEM=66
IR=130596, , Avg BPM=66
IR=130628, , Avg BPM=66
IR=130606, Avg BPM=66
IR=130625, vg BEM=66
IR=130692, vg BPM=66
IR=130656, vg BPM=66
IR=130696, , BAvg BPM=66
Sending data: 66

IR=130665, B , Avg BPM=66
IR=-130696, B , Avg BPM=66
IR=130734, B .28, Avg BPM=66

Ewova 9.3: Amoteléopata pe dGKTVAO Thve oTov ausOntipa.

[Mopatnpeitor 611 6tav dev €xel TonobetnBel 10 ddkTLAO TTAV®D
otov awontpo to vIépubdpo em¢ eivar pikpd, evd yivetal
peydio o6tav tomobetnBel 10 ddkTLVAO GTOV OUCONTAPA. AVTO
ocuppaivet 616t T0 VLEPLOPO PG KOVOKAATO OO TO SAKTVAO.
Ta dedopéva oTéEAVOVTOL HECH TNG CEPLIKNG ETKOVOVING GTO

Esp kd0e 8 degvtepodrenta.

65



¥ LOLIN(WEMOS) D1R2... ¥

ESP_send Data MQTT.ino

de <ESP8266WiFi.h>
#include <PubSubClient.h>

Serial Monitor X

WiFi connected

IP address:

172.20.10.4

Attempting MQOTT connection...connected
Received data: 58

Data sent to MQIT broker

Attempting MOTT connection...connected

Ewova 9.4: Amotéleopa tov Esp.

210 ewcova 9.4 mapatnpovpe 6tL To Esp £xel cuvdebel oto diktvo,
oto MQTT odwapecorafntn kot £xel AdPet Ta dedopéva and to
Arduino. 'Emeita to Esp otédver 1o dedopéva otov MQTT
dwpecorafnt) (otnv ovykekpylevn mepitwon givolr  To
mosquito.org), 6mov ta dedopéva Ba AneOBovV amd TV EQOPLOYN

[oTMQTTPanel mov Aettovpyei wg meAdTNC.

HeartRate

58 BPM

Ewova 9.5: Ameicovion dedopuévav HEGH TN EPAPUOYNG

[oTMQTTPanel.

To onpa Tov GVVVEQPOL TAV® oTnV gkova 9.5 de&id, dnAdvet 6Tt

vapyel ovvoeon pe tov MQTT dwapesorafnr.

66



9.3.2 Amoteréiopata TG HETPNOIS TOV 0EVYOVOL

Kotd v exkivnon tov kddwka ot mpdteg 100 petpnoelg eivan
delypata mov amodnkevoviar oty mpocwpiviy pviun (buffer).

"Etol mpoodiopiletar To €DPOg TOL GUATOG.

nano_spo2_sending_data.ino

<Wire.h>
MAX30105.h"
spo2_algorithm.h"

MAX30105 particleSensor;

Serial Monitor X

red=2950, ir=2392
red=2978, ir=2388
red=2968, ir=2401
red=2958, ir=2414
red=3016, ir=2439
red=3020, ir=2416
red=3035, ir=2442
red=3037, ir=2418
red=2977, ir=2375
red=2991, ir=2395
red=2954, ir=2358
red=2943, ir=2359
red=2966, ir=2391
red=2963, ir=2367
red=2980, ir=2387
red=2980, ir=2384
red=2945, ir=2343
red=2960, ir=2374
red=2947, ir=2391

Ewova 9.6: ATecoviorn anoTteAEGUATOV EQAPLOYNG EVPECTS

o&uydvov.
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nano_spo2_sending_data.ino

<Wire.h>
"MAX30105.h"
ude "spo2_algorithm.h"

MAX30105 particleSensor;

ne MAX BRIGHTN
Serial Monitor x

red=217456, ir=260887, SP02=100, SPO2Valid=1
red=217059, ir=259312, SP02=100, SPO2Valid=1
red=216883, ir=259261, SP02=100, SPO2Valid=1
red=216965, ir=259467, SP02=100, SPO2Valid=1
red=216948, ir=259418, SP02=100, SPO2Valid=1
red=216995, ir=259793, SP02=100, SPO2Valid=1
red=217098, ir=260058, SP02=100, SPO2Valid=1
red=217201, ir=260383, SP02=100, SPO2Valid=1
Sending data: 100

red=217258, ir=260663, SP02=100, SPO2Valid=1

Ewova 9.7: Aneicdvion dedopévav o&uyovou.

Mopatnpeitar 6tL T0 KOKKIVO Kol TO LVAEPLVOPO PG £yl PEYAAN
. To o&uydvo eivar oto péyieto 6pro 100% ko n petafant
Spo2Valid vrodnimver av £xel tomobetnBel to SAKTLVAO TAV®

otov aicOnmpa. Eniong otéAvovral ta dedopéva oto ESP.

H Aertovpyia tov ESP givar 1 idta pe tnv mponyovpévn epopproyn
HETPNONG KOPOK®Y TOARDV. AnAadn cvvdéetal Pe To diKTLO
kot pe Tov MQTT dwopecorapntn, Aappdavet and to Arduino kot
otélvel Ta dedopéva otov MQTT dwapecsorapnth. Amo to Serial
Monitor emBefoidvovpe 60TL N Topamdve dtadikacio Aettovpyel

oMOTA.
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HeartRate
BPM

Spo2
99 %

Ewova 9.7: Aneicovion dedopévav oEuyovou HECH TG

epappoyng locTMQTTPanel.

9.3.3 Amoteréopata OTEIKOVION G

NAEKTPOKAPILOYPAPLOTOS

Ta amoteréopata amd to Serial Plotter tov mpoypdupatog

Arduino IDE angwovifovtot 6Tig Tapakdt® EKOVES.
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Ewova 9.8: Ameucovion nhektpokapdioypaenuatog péco Serial

Plotter.

O d&ovag X £xet povada peTpnong tov ypovo, evd o dovag Y
&xel povado pETpnong Vv Taon. Alakpivetar 0Tt vVIapyeL {yvog
BopvPov oto onpa. Avtd pmopel va VILAPYEL Yo SIAPOPOVS

AdyoLG OTMG:

e H «xolwdiwon, vo pnv vadpyel Ko emaen oTnv
ocuvdesporoyia peta&y asntpa AD8232 kot Arduino.

o Elotepwkég mapepforéc, oamd AAAEC GCLOKEVEG TOV
Bpiockovtat Kovtd.

o Tlapepporés amd v oeplokn B0pa chvdoeong pe tov

VTOAOYIOTY.
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yata Sent TO MULL Droxer

Attempting MQOTT connection...connected
Received data: 514

Data sent to MOTT broker

Received data: 501

Data sent to MOTT broker

Received data: 515

Data sent to MOTT broker

Received data: 490

Data sent to MOTT broker

Attempting MQOTT connection...connected
Attempting MQTT connection...connected
Received data: 462

Data sent to MOTT broker

Attempting MQOTT connection...connected
Attempting MQTT connection...connected
Received data: 491

Data sent to MOTT broker

Attempting MQOTT connection...connected
Attempting MQTT connection...connected
Received data: 495

Data sent to MOTT broker

Attempting MQOTT connection...connected
Attempting MQTT connection...connected
Attempting MQOTT connection...connected
Received data: 518

Failed to send data to MOIT broker
Attempting MQTT connection...connected
Attempting MQTT connection...connected
Received data: 504

Data sent to MOTT broker

Attempting MQTT connection...connected
Attempting MQTT connection...connected
Attempting MQTT connection...connected
Received data: 501

Data sent to MOTT broker

Attempting MQTT connection...connected
Attempting MQTT connection...connected
Received data: 484

Data sent to MQTT broker

Attempting MQTT connection...connected

Received data: 508

Ewova 9.9: Agdopéva Serial Monitor ESP.

[Mopatnpeiton 6T1 T0 dedopéva Aappdvoviot amd 1o Arduino,
otéhvoviat 610 MQTT Swopecorafnt Kot amocuvoseTan
apketég eopéc and tov MQTT dwapecorafnti. Avtd pmopel va
ocvppaivel Adym eEotkovounong TOPmV Kot KATAVAA®GNG 1)

KOKNG GUVOESNG LLE TO SIKTVO.
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%

HeartRate

BPM

heart Ploter

Ewova 9.10: Hiektpokapdioypdenuo HEGH TG EQUPLOYNG
[oTMQTTPanel.

Mopatnpeitar 6T VEGPYOLY TOAAEG am®AELES oTa dedopéva amd
10 ESP otv gpappoyn IloTMQTTPanel. Avtd pmopet va
ouuPével Adyo kaKkNg oVVIESTG e TO dtadikTvo 1| AOYO TV

ATOCLVOEG®V amd TOV GEPPEp.

9.3.4 Amoteréicopoto TOL POVTELOV GVOYVOPLGNS OTAGNG

avlpomov

To poviého avayvopiong otdong  (kabiotdg,  6pbog,
EamAopévog) avBpdmov dnovpyndnke pe TN ypAon G
mhoteopuag Edge Impulse, 6mov exmaidedrat and v apyn 1e
detypata dedopévev mov cLAAEXONKoy péow kapepag. o v
avayvaopion ypnoyonomdnke 1o FOMO (Faster Objects, More
Objects), éva  eloepd HOVTEAD OVIXVELONG  OVTIKEILEVOV
Bacwopévo  oe  vevpovikd  diktve, TO  omoio  elvon
BEATICTOTOMUEVO Y10 GUGKEVEG YOUNANG VITOAOYIGTIKNG 1GYVOC.
[Tepiocodtepeg Aemtopuépeleg Yoo T S100IKOGI0 EKTAIOELONG KO

ta dedopéva avarvovtal oto [Hapdpmmua A.
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Starting inferencing in 2 seconds...

Taking photo...

Predictions (DSP: 3 ms., Classification: 208
Object detection bounding boxes:

Starting inferencing in 2 seconds...
Taking photo...
Predictions (DSP: 3 ms., Classification: 209 ms., Anomaly: 0
Object detection bounding boxes:
standing (0.503906) [ x: 16, y: 24, width: height: 8 ]

Starting inferencing in 2 seconds...
Taking photo...
Predictions (DSP: 3 ms., Classification: 209 ms., Anomaly: 0
Object detection bounding boxes:
standing (0.941406) [ x: 16, y: 24, width: height: 8 ]

Starting inferencing in 2 seconds...

Taking photo...

Predictions (DSP: 3 ms., Classification: 209
Object detection bounding boxes:
standing (0.957031) [ x: 16, y: 24, width:

Ewova 9.11: Anotéhespo LOVTEAOL avayvdPLoNS GTACONG.

Awokpivetor 0Tt 6TV apyn LIAPYEL LIKPO TOGOGTO OVOYVAOPLOTG
etvar 50.3%, evd 0G0 mepvael o ypdvog kot Aappdvovrtol
TEPLOCOTEPEG POTOYPAPIEG TO TOGOGTO awEdvetal. Avtd pmopel
vo pewwbel pe éva KoAOTEPO VITOAOYIGTIKE VAGIIKO 1 pe TV
viomoinon evéc Peitiopévov  povtéAov  aviyvevong  Ue
peyodvtepn okpifela. Emiong mapammphbnke o6t vmdpyet
kaBvotépnon ot KApepa G€ GYECN HE TNV TPOYHOTIKOTNTA.
Av16 pmopel va copfaivel Adyo KaKNng GUVOESNG LE TO d100TKTLO

N AOY0 HIKPNG VITOAOYIGTIKNG 1Y 0C.
9.4 Movtého avayvapLlong 6TAoNS Kol HETPI O TOARAOV

[paypatonoteitot 1o mopamdve povtédo dnAadn avayvopilel ov
évag dvBpmmog otéketor 6pBlog, kabetan M givar Eamhmpévog, e
oLVOLOoUO Tov ausOnTpa Kapdokdv ToApudy MAX30102 ot
enpaviCel éva pPvope omoTeEAEGUOTOS OTO TEPPAAAOV NG
epappoyng IDE. 'Eywe eneéepyacio Kot mposONkn KOSKO GTO
LOVTEAO TTOL QTIAYTNKE TOPATAV®D, DCTE VO WTOPEL VOL IKOVOTIOLEL

TIG OVALYKEG.
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Emumiéov, £yve mpoomdBeia Yo suvoeon tov ESP pe to Arduino,
®ote vo, umopéoet vo. ouvdebel oto dikTvo, aAAE avTd dev MTav
ePIKTO, 01011 1 BVUpa TX tov Arduino eivon pn dwbéoiun Adyw
¢ kdpepag. Kabmng n xépepa ypnowonotel  0vpa TX yo va
peTaddaoet dedopéva Kat, 0tav evepyomnoteitor and To ESP 1 60pa
RX vy va AdPet doedopéva amd 1o Arduino, speavifovtol
ocopupora kot mepiepya ypappato. Akopa £ywve Tpootadsio yio
v evepyomoinom tov BlueTooth aAAd Adyo pn emapkovg pviung
RAM dev eivon epikto, eéontiog tov Al povtéhov mov tpéyet

TopOAAN QL.

,_GND - GND

SDA - SDA

SCL -SCL

|
e

=] H
o Pty
g W

L1

Zymua 9.3: Zyedwdypoppo kokAdpatog Arduino-Képepag-
Max30102.

H Swdwoacio ektéleong tov KddKo givor 1 101 dniodn,
avotyovpe to apyeio, emAéyovps v Bvpa mov PpiokeTon TO
Arduino kot matdpe Upload. o vo pmopodue va dovue to
dedopéva mpénet va avoi&ovpe to mapdbvpo tov Serial Monitor.
[Motape Menu - > Tools - > Serial Monitor. Axopa pmopei vo

YPEWGTEL VO TOTHGOLE dVO POpPES To Kovumi Reset tov Arduino
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yw va urel og Boot Mode, mpv matcovpe 1o Upload. Xe avtnyv
v mepintwon to Arduino Oa PBpioketon oe dAAn BOpa, dpa
pvOuifovpe Eava v Bupa g1c660v ToVv Arduino. ITdA and to

Menu - > Tools - > Port kot emdéyovpe v 0Opa.

Ewova 9.12: Ewova mpdfreyng povtéiov.
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IR=943,
IR=945,
IR=957,
IR=951,
IR=948,
IR=947,
IR=949,
IR=947,
IR=950,
IR=952,
IR=948,
IR=946,
IR=953,
IR=953,
IR=941,
IR=940,
IR=966,
IR=947,
IR=950,
IR=941,
IR=952,
IR=937,
IR=949,
IR=960,
IR=942,
IR=949,
IR=945, BPM=96.15, BPM=77

Starting inferencing in 2 seconds...
Taking photo. ..
Predictions (DSP: 3 ms assification: 232 ms., Anomaly: O ms.):
Object detection bounding boxes:
sitting (0.878906) [ x: 24, 24, width: 8, height: 8
Position: sitting, Heart Rate = 77

IR=950, BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EBPM=77
BPM=96. Avg EBPM=77
BPM=96. Avg BPM=77
BEM=96. Rvg EEM=T77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96.15, Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96.15, Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77

. RPM=0A_15, RPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EPM=77
BPM=96. Avg EBPM=77

IR=953, BPM=96. Avg BPM=77

Starting inferencing in 2 seconds...
Taking photo...
Predictions (DSP: 3 ms., Classification: 232 ms., Enomaly: 0 ms.):

Object detection bounding boxas:
sitting (0.816406) [ x: 24, y: 24, width: 8, height: 8 ]
Position: sitting, Heart Rate = 77

Ewoéva 9.13: AnoteAéopoto Tov LOVTELOL.

To povtédo €xel mPOYPOUUOTIOTEL VL EKTEAEL TEVTOKOGIEG POPES
TNV GLVAPTNON Yo TNV HETPNOT TOV KOPO1oKOD TOANOV, Vo
pofd po potoypagio m omoio avayvopiler edv kdaBsoat,
Bpiokeosot 6pOloc 1 Eamhmpévog kat va epeaviCet Eva pivopua, yio
10 TOGOVG TOALOVS StoPAlel, TO OMOTEAEGHO TG OVOYVAPLONG
Kot av ol TaApol fpiokovat oe kpioipeg TePLOYES OTOS TAV® Ao
eK0TO 1 KAT® amd copdvta maApovs, epeaviCel éva puvoua

npocoyns. Xto oynua 1.101 moapatnpeitor 6tL 10 pOVTELO
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avayvopiler 01t kdBetor Ko 1M dapopd mov €yovv ot Vo
QOTOYPOQieS gival To TOGO0TO akpifelag dNAadN oV TPOT
e { ) 560 5 87,8%

éyel avayvopiost 01t kdbetonw pe mocootd 87,8% kol otnv

devtepn pe 81,6% mocootd emttuyiog.

IR=2435, BPM=3.19, Avg BPM=0
IR=2453, BPM=3.19, Avg BPM=0
IR=2416, BPM=3.19, Avg BPM=0
IR=2471, BPM=3.19, Avg BPM=0
IR=2446, BPM=3.19, Avg BPM=0
IR=2411, BPM=3.19, Avg BPM=0
IR=2450, BPM=3.19, Avg BPM=0
IR=2498, BPM=3.19, Avg BPM=0
IR=2469, BPM=3.19, Avg BPM=0
IR=2430, BPM=3.19, Avg BPM=0
IR=2423, BPM=3.19, Avg BPM=0
IR=2497, BPM=3.19, Avg BPM=0
IR=2394, BPM=3.19, Avg BPM=0
IR=2448, BPM=3.19, Avg BPM=0
IR=2468, BPM=3.19, Avg BPM=0
IR=2489, BPM=3.19, Avg BPM=0
IR=2445, BPM=3.19, Avg BPM=0
IR=2455, BPM=3.19, Avg BPM=0
IR=2421, BPM=3.19, Avg BPM=0
IR=2475, BPM=3.19, Avg BPM=0
IR=2427, BPM=3.19, Avg BPM=0
IR=2469, BPM=3.19, Avg BPM=0
IR=2466, BPM=3.19, Avg BPM=0
IR=2433, BPM=3.19, Avg BPM=0
IR=2457, BPM=3.19, Avg BPM=0

Starting inferencing in 2 seconds...

Taking photo...
Predictions (DSP: 3 ms., Classification: 233 ms., Anomaly: 0 ms.):
Object detection bounding boxes:

lying Down (0.656250) [ x: 24, y: 24, width: 8, height: 8 ]
Attention!! Position: lying Down, Low Heart Rate = 0

Ewoéva 9.14: Anotédespo LOVTELOV aVOyvVOPLONG

270 TOPATAVD YN0 ELEOVILETAL TO ATOTEAEGO TOV LOVTEAOD
avayvaopLong oAAd kot to pivopa tpocoyne. Emiong vrapyet pio
amoKAlon oty pétpnon tov moipuov BPM = 3,19 oAAd dev
emnpedletl 10 TEMKO AmOTEAEGHO KAOMG YPNOLOTOIEITE O HECOG
0pog TV moAumv. O pécog OPOg TPOKITTEL aMd TIG TEAELTEES
LETPNOELG TOV TOAUDV TNG Kopdiag, avaioya av 1 Kapdid ¥Turd

ypOyopo N apyd.
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10 Xvpnepdopata

Xmv  mopodoo SmMAGUOTIKY  gpyoacio  avamtOyOnke  éva
0AOKANPOUEVO GUOTNHO TOpaKOoAOVONoN G ac0evdvy, TOo 0omoio
ocuvovalel actntpeg Kataypaens LOTIKOV AEITOLPYIOV Kol
VTOAOYIOTIKY Opacn. To cuotnua amodeiydnke Asttovpyikd Kot
Omod0TIKO, TPOGPEPOVTOS TN OLVOTOTNTA  OTOUOKPVOUEVNS
TapoKolovONoNg HEGH GUYYPOVOV TEYVOAOYIDV ETIKOVOVING

KO UNYOVIKNG Labnonge.

Ta amotedéopoto TG peEAETNG €3€1Eav OTL TO TPOTEWVOUEVO
GUOTNUO UTOPEL VO EVIGYVOEL TNV £YKaApN oviyvevon Kpiciumv
KATOOTACE®V, OLUPAAAOVTOG otV TTPOANYN  cofapidv
emmlok®v oe acbeveig mov ypnlovv ocLVEXOVS 1TPIKNG
napokorovOnong. H oakpifela tov awoOnmpov kKot TV
olyopiBumv avayvopiong oTtdong TOL  COUOTOC  KpiOnke
IKOVOTIOUTIKT], OV KOl TOpoTNpnOnNKay opioréVES TPOKANGELS,
Om®G M avhykn yuo BEATIOON TS AmOKPIOTG TOV GLUGTHLLOTOG GE

TPUYUOTIKEG CLVONKES.

Mio amd TIGg ONUOVTIKEG TPOKANGEIS TOV TPOEKLYAV NTOV 1
a&lomoTtio TV aetNTpV Ko 1 avdykn Babuovouncng Toug yio
akpipéotepeg petpnoels. Emumiéov, m vmoloyiotikn Opoon
TAPOLGIOcE TEPLOPICUOVS GE TEPIPAAAOVTA HE LETAPAAALOUEVO
QOTIGUO, YEYOVOS TTOV ENNPEALEL TNV AVAYVOPLOT TNS GTACTG TOV
ocopotoc. IMopdha ovtd, ov mpmTeg doKIHES €deEav BeTikd
OTOTEAEGUOTO, OTOOEIKVOOVTOS TN OLVOTOTNTA EVOOUATMOONG

TOV GUGTNHOTOG GE TPAYUATIKEG EQPOPLLOYES.

Mo peddoviikn eméktaomn TG  €pevvog, TPOTEIVETOL 1)
EVOOUATOON EMITAEOV POUETPIKOV ouoONTHP®V KOl 1 SOKIUN
TOV GLOTHUOTOG GE MEYOADTEPO Ogtypo ypnotav. Emmiéov, n
avamTuEn evog PeATiopévou Ypaptkod teptPdAiovtoc ypriotn Oa
UTOPOVGE VO KATOGTNOEL TNV TAATQOPHO 7o TPosPaoiun og

acBevelg Kot emoryyeApatieg vysiog.
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Yuvolikd, n epyacio avt amotehel Eva onuavtikd Prna Tpog ™

Beltioon

TOV  OTOUOKPUOUEVOV  1OTPIKOV  EQOPUOYDV,

amodeikvoovtag Ot M teYvoroyia umopel va copPdiel otnv

avaBaduon g vyelovoutkng mepifaiyng kot ot Pedtioon g

o0 TG (NG TV 0oHEVOV.

Hopaptpe A: Odnyisg piiong

Al Awdwkaoio gykatdotaong Biflodnkaov

Awdikacio katefacpotog Tov PAodnkav yve og €ENG:

Avorypa tov poypdppartog Arduino IDE.

Amo 1o pevov Tools yivete n emhoyn Manage Libraries.

& sketch_jan16a | Arduino IDE 2.3.4

File Edit

Sketch Tools

Help
Auto Format
Archive Sketch
Manage Libraries...
Serial Monitor

Serial Plotter

Firmware Updater

Upload SSL Root Certificates

Board: "LOLIN(WEMOS) D1 R2 & mini"
Port: "COM7

Reload Board Data

Get Board Info

Upload Speed: "115200"

Debug port: "Disabled”

Flash Size: "4MB (FS:1TMB OTA:~1019K8)"
Exceptions: "Disabled (new aborts on oom)"

IwlP Variant: "v2 Lower Memory"

32KB IRAM (balanced)”
"Use pgm_read macros for IRAM/PROGMEM"
SSL Support: "All SSL ciphers (most compatible)”
Stack Protection: “Disabled"

VTables: "Flash®

Erase Flash: "Only Sketch"

CPU Frequency: "80 MHz"

Burn Bootloader

Ewova A.1: Mevod Tools.
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Amd 1o véo mapdBvpo Library Manager, yivete avalntmon g
BBAodNKNG.
Eniéyovtag v éxdoormn tng PpAobnkng kot matdvtag To

«Install» apyiCet va kotePaivet.

=}

File Edit Sketch Tool elp

¢ LOLIN(WEMOS)D1R2 .. ~

LIBRARY MANAGER

Type: [Al v]

Topic: [All v]

AlPIc_Opta by Arduino

Arduino IDE PLC runtime library for Arduino Opta This is the runtime library and plugins for supporting the

Arduino Opta in the Arduino PLC IDE.

[120 v

AlIPIc_PMC by Arduino

Arduino IDE PLC runtime library for Arduino Portenta Machine Control This is the runtime library and plugins
for supporting the Arduino Portenta Machine Control in the Arduino PLC IDE.

[106 +]

Arduino Cloud Provider Examples by Arduino

Examples of how to connect various Arduino boards to cloud providers

[121 v

Arduino Low Power by Arduino

Power save primitives features for SAMD and nRF52 32bit boards With this library you can manage the low
power states of newer Arduino boards

[122 v

Ewova A.2: Library Manager.

Av kamota BipAodNKn dev VILAPYEL LEG® TOV TPOYPAULOTOS TOTE
vrapyel dvvatdTnto Yoo katéPacpo tov BipAodnkov and to
dadiKTLO.

A2 Oonyoi o IThaxéteg

H xé0e mhaxéta yperaletar kamowo mpdypappo odnyod (drivers)
Yo LITopel VoL avaryvoptoTel amd Tov VTOA0YIoTH. AkoAovBodv Ta

fruota yo to katéPfacpa Tov drives.

A@ov gipacte oto mepifdiiov Tov Arduino IDE, emidéyovpe and

10 pevov Tools to Board kot émerta to Board Manager.
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B sketch_jan16a | Arduino IDE 2.3.4
File Edit Sketch Tools Help
Auto Format

Archive Sketch

Manage Libraries

Serial Monitor
Serial Plotter

Firmware Updater

Upload SSL Root Certificates

Board: "LOLIN(WEMOS) D1 R2 & mini" Boards Manager.. Ctrl+Shift=8
Port: “COMT" Arduino AVR Boards

Reload Board Data Arduino ESP32 Boards

Get Board Info Arduino Mbed OS Nano Boards
Upload Speed: *115200" Arduine megadVR Boards
Debug port: "Disabled”
MB (FS:TMB OTA:~1019K8)"
ptions: “Dissbled (new aborts on oom)”

wer Memory’

32KB IRAM (balanced)”
se pgm_read macros for IRAM/PROGMEM"
All SSL ciphers (most compatible)*

n: "Disabled"

Burn Bootloader

Ewova A.3: Tools kot Boards Mevo.

Avolyet 1o TapdBvpo kot avalnrovue to Arduino Mbed OS Nano
Boards. X ouvéyer matdpe (install) xor mepuévoope vo
gykotaotafel. Avtd agopd v mhakéto Arduino nano 33 Ble
Sence.

File Edit Sketch Tools Help

g N(WEMOS

BOARDS MANAGER

arduino mbed os nano

Type: \AII v \
Arduino Mbed OS Nano Boards by A
Boards included in this package: Arduino Nano RP2040 Connect, Arduino Nano 33 BLE

‘ 421 ‘ REMOVE

[DEPRECATED - Please install standalone packages] Arduino Mbed OS Boards by
Arauino

Boards included in this package: Arduino Nano 33 BLE, Arduino Nano 33 BLE Sense, Arduino Nano RP2040
Connect, Arduino Portenta H7, Arduino Edge Control, Raspberry Pi Pico, Arduino Nicla Sense ME, Arduino Nicla
Vision

‘3,3.0 v ‘
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Ewova A.3: TlapaBvpo Boards Manager.

Mo v mhakéta ESP-8266 akolovBovvtal ta mopakdtom frpota.

* AvTlypa@r Tov GLVOEGHOV:

e https://arduino.esp8266.com/stable/package esp8266co
m_index.json

e 'Encita oty gpapuoyn Arduino, avoiyovpe amd to pevon
File - > Preferences.

e Emwoliovpe tov obvdecpo oto <Additional boards
manager URLs>

e [latdue OK

To npoypappa Oa Eekivioet va koteBdlel To makéTo esp8266.
A3 Awdkaoio ektéleong

H extéheon tov mpoypdupotog yio 1o Arduino givor:

e Avolypa tov apyeiov omd v 0éom mov 1O EYovpe
amodnkevon.

o Emiéyovpue v mhokéta amd to pevov Tools - > Board -
> Arduino Mbed OS Nano Boards - > Arduino Nano 33
Ble.

& Ble_send_data_ESP_heart_sensor | Arduino IDE 2.3.4
File Edit Sketch Tools Help

Auto Format

Archive Sketch

Manage Libraries...

Serial Monitor

Serial Plotter

Firmware Updater

Upload SSL Root Certificates

Board: "Arduino Nano 33 BLE" Boards Manager...
Port: "COMS" Arduino AVR Boards
Reload Board Data Arduino ESP32 Boards
Get Board Info o Arduino Mbed OS Nano Boards Arduino Nano RP2040 Connect
Programmer Arduino megaAVR Boards v/ Arduino Nano 33 BLE

Burn Bootloader esp8266

Windows 10 lot Core

beatAvg;

interval = 8600;
previousMillis = @;

(115200);
n(115200);
al);
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Ewoéva A.4: Emidoyn mAakétog.

AxoAiovBel m emloyn g BOpag mov eivar ocuvvdedepuévo TO

Arduino 61OV VTOAOYIOTH] HECH KAA®OIOL.

e Eméyovpe pevov Tools - > Port - > Com 4 ( Arduino

Nano 33 Ble) .

2V ocvykekplpévn mepintwon givor oty 6vpa 4, oAdd pmopel
va Bpioketor Kot o€ dGAAn B0pa aviroya pe v SbecoTnTO

TV Bupov.

& Ble_send_data_ESP_heart_sensor | Arduino IDE 2.3.4
File Edit Sketch Tools Help

Auto Format

Archive Sketch

Manage Libraries...

Serial Monitor

Serial Plotter

Firmware Updater

Upload SSL Root Certificates

Board: "Arduino Nano 33 BLE"
Port: "COM4* Serial ports
Reload Board Data v/ COM4 (Arduino Nano 33 BLE)

Get Board Info COM1

Programmer

Burn Bootloader

beatAvg;

Ewova A.5: Entoyn Ovpag.

Ymv ovvéyela motdpe Verify. Me avtiv v Agrtovpyio. T0
hoywopkd Arduino IDE avayvepiler av vrdpyet kdmoio AdBog
ommv opBdtrTa Tov Kk®dwKa. TéAog KAvovpe KAIK TO Kovumi

upload ywo va poptdcovpe Tov KOdika 6to Arduino.
I'o to Eps8266 1 diadwcocio stvor n e&ng:

e Avoiyovpe to apyeio, emA&yovpe amd LeEVOL
e Tools - > Boards - > esp8266 - > LOLIN(WEMOS) D1
R2 & mini
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& ESP_send Data MQTT| Arduino IDE 2.3.4

ard: "LOLIN(WEMOS) D1 R2 & mini”
Port: “COM7

ESPre:
ITEAD Sonoff

»
for IRAM/PROGMEM"

ssid, password);

1= WL_CONNECTED) {

Ewova A.6: Emhoyn mhaxétog Esp8266.

Mo mmv emoyn g 00pag avtictoyyo Pruota eivor pe To

Arduino.

210 Esp8266 mpémer vo yivouv Ol TOPOKATO OmOPOITNTES

pUOIONG Y100 TNV COOTN Agttovpyia.

e Mevov Tools - > Upload speed - > 115200

e Mevov Tools - > Flash Size - > 4MB (FS:1MB OTA ~
1019KB)

¢ 'Encuta matdpe Verify xor Upload ywo va eheyyBeil kot va

eoptwbei 0 kDG 610 Esp8266.
A4 Ilpoypoppotiopdg epappoyns lotMQTTPanel

IMo v anewcdvion ToV 000UEVOV YPELALETAL L0 EPAPLLOYT KO

ovykekpipéva ypnoyoromdnke n lotMQTTPanel.

Eykabiotodpe v epoappoyn péocom tov App Store, avti 1
epappoyn amevbivveror yio Aoywopkd i0S. Anupovpyovpe €va
pia ovvoeon motovtog Add Connection, cupmAnpadvovpe dvopa
g ovvoeong m.y. (HeartRate). Xto medio Broker Web/IP address,
Balovue eite 10 test.mosquitto.org eite to IP 142.93.191.12, 1o
omoio pmopei va Ppebet eite kAvovtag ping 610 test.mosquitto.org

elte ond v 1otocedida mosquito [73]. To Port eivon
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npokabopiopévo g 1883. Xt ouvvéyeln, smidéyovue Add

Dashboard, divovpe éva 6vopa kot tatdpe Create.

& Add Connection

Connection name

HeartRate

Client ID

Broker Web/IP address
test.mosquitto.org

Port Network protocol

1883 TCP

Add Dashboard

BS @ Heart Sensors

Additional options

CANCEL

Ewova A.7: Anpiovpyia obvdeong oto [otMQTTPanel.

AoV &xer dnuovpyndel 1 odvdeon, matdue to kovuni ADD
PANEL, dwoAéyovpe Tmg 0EAovpe va anetkoviCovtot ta dEd0oUEVaL
kot emAéyovpe Gauge. o v amewkdvion TV KopSOKOV
TaAp®v ot pubuicelg tov Gauge sivon n e&ng, ovoudlovpe T0
nével, oto Topic copumAnpdvov e OTWS TO £XOVLLE OVOLAGEL GTOV
kddwca sensor/heartRate. Xtnv povada pétpnong Unit BElovpe
TOVG KTOTOLG TNG KOPOdg ovo Aemntd oniadn bpm. To gvpog
TV givar amd 0 éwg 150 Taipovg, oto ypoua Balovue 60 oto

pactvo kot 100 610 KOKKIVO Kot Totdpe dnpovpyia.
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< Add a Gauge panel

Panel name

Heart Rate

[[] Disable dashboard prefix topic

Topic
sensor/heartRate

Payload min Payload max

0 150

Unit Factor

bpm 1

Arc color

60 @ o

[[] Payload is JSON Data
[T] Show received timestamp

QoS

CANCEL

Ewova A.8: Anpiovpyio Gauge mavel yio kopdiokoH ToALoVE.

O mpoypappaticpog tov Gauge yo TV LETPNOT TOL TOGOGTOV
o&uyovou o1o aipa elvarl Tapopolog. Xtnv ewova A.9 eaivovral

Ol TOPAETPOL Y10, TNV COGTOL AEITOLPYidL.
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< Add a Gauge panel

Panel name

Spo2

[[] Disable dashboard prefix topic @

Topic
sensor/Spo2

Payload min Payload max

0 100

Factor

% 1

Arc color

100 @ =«

[C] Payload is JSON Data
[C] Show received timestamp

QoS

CANCEL

Ewova A.9: PuBuiceig Gauge mavel yia pétpnon o&uyovov.

AS PoOmon e@appoynls Yy TNV OWEKOVION]  TOVL
NAEKTPOKAPILOYPUPT| LA TOC.

Mo mv onekdvion 1oL MAEKTPOKAPIOYPOPNLOTOS OCTNV

EQOPLOYN aKoAOVONON KOV Ta TOpaKAT® Pripota.

o Anuovpyia ypaenuatog (Add Graph)
e Ovopa - > Heart Plotter
e Topic - > sensor/heartPloter

e Max persistence - > 100

To Persistence avagépetor oe €vov aplBpud mov pmopoldv va
amoONKeLTOLV TO. JEJOUEVO OTOV 1) EPOPLOYN EKTEAEITE GTO
TOPOCKNVIO. TNV CLYKEKPLUEVN TEPImT®ON 1 dladtkacio yivete

o€ {ovtav PHeTadoon kot dev ennpedlel To YpaenaL.
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& Add a Line Graph panel < Add a Line Graph panel

Panel name Factor Graph color

Heart Plotter 1 #eal111

[] Disable dashboard prefix topic _
[ Show plot area
Topic for graph 1

sensor/heartPloter [C] Show points and tooltip Unit

LtlierE Eant [J Payload is JSON Data

Factor Graph color

1 #eal111 Add more graph

— Smooth curve
4 Show plot area O

Max persistence

[C] Show points and tooltip 100

[} Payload is JSON Data Max duration

Add more graph
QoS

[C] Smooth curve
CANCEL

Max persistence

Ewova A.10: PvBuiceic ypaonuatog.

H poBuon QoS ko ot tpeic mepintwong eivar 0 06Tt
xpNoonoleite Lovtov HETAODO® TOV OEOOUEVOV OTOTE TO
Tp®TOKOAAO QoS 0 emttpémel peyoddTEPES TOYVTNTES LETADOOTG,
oAAG  vmdpyel amoAeln  dedopévav. Emiong umopovv  va

xpNoonomBodv Kot ta vroAoma TpmTOKoAAa QoS (1,2).
A6 Movtého Yroroyrotikig Opaong

H onovpyia Tov pHoviéLov avayvmdpiong TpoyUoTonomonKe 1e
v gpappoyn Edge Impulse n omoia givor avouytel yia 1o koo
HEYPL KATOLOVG VROAOYIOTIKOVS ToOpovs. Ommwg ¢aiveton Ko
TOPOKAT®, Yoo va pumopel 10 Arduino vo kotoypdeel Kot vo
avayvopilel T @otoypapieg &xet mpootebel o kdpepa

OV7675.
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Ewova A.11: KukA®dpHoTog avoryvapiong goToypapudy.

Awdikacio dnpovpyiog poviéiov:

Anpovpyia Aoyaproopod Edge Impulse
Anovpyia evog [potlext

Apycd puBuilovpe ta yopaKINPIOTIKAE THG CLOKELNS INANOT TO

Arduino nano 33 ble sense.

Kévovpe khk dimha omd 10 gikovidlo tov Aoyaprocpot «Target»

Epoeavifetl éva mapdaBupo Kot GupUmAnpdvoLLLE T

YOPOKTNPLOTIKA.

Target device - > Cortex-M4F 80MHz
Processor family - > Cortex-M

Clock rate - > 80

Ram -> 156

Rom ->1

Latency - > 100

[Tatdpe Save
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# Configure your target device and application budget

Target device

nizations and performance calculations. No device

Define your t e nents to inform mod

yet? Use the hich you can change at a

Target device Cortex-M4F 80MHz v
Processor family Cortex-M A
Clock rate @ 80

Custom device name @

Application budget

Specify the available

with the maximum allowed latency for your
nodify them later on

specific application. Not

RAM 156

Latency ®

Ewova A.12: PvBuiceig Arduino Nano 33 Ble Sence yia v
epappoyn Edge Impulse.

IMo va pmopovpe va cuvoécovpe to Arduino Nano 33 Ble Sence

LE TNV EQOPUOYN TPETEL VO Yivouv Kamota Brjpotat:

e Devices - > Connect a new device - > Connect your device
or development board, k@vovpe KAk otnv avalijtnon Kot
Bpiokovpe to Arduino, émeita motdue View installation
docs. Exel pog diver avolvtikd Tic odnyieg yww v
ovvdeon Tov Arduino oty gpappoyn Edge impulse.

¢ Eykatdotaon Python 3.

¢ Eykatdotaon Node.js v20 1 peyodvtepn €kdoon).

e Av dgv vmhpyel n evtoAn (npm) v eykadioTovpE HECH
NG YPOUUNG EVTOADV.

o Extéleon oty ypapur evioh®v «npm install -g edge-
impulse-cli»

¢ Eykabiotodpe amd v 1otocerida [74] to cli, eidwdtepa

10 apyeio Windows exe 64 bit.
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o Kdévovue avtiypapr to apyeio Arduino-cli  mov
EYKOTACTNGALLE

¢ EykaBiotodpe T0 VMKOAOYIGUIKO amd TNV 16TOGEMON [E
T1G 00Myieg [75], kbvovtag KAk oto «Download the latest
Edge Impulse firmwarey.

e Kdavoupe emkoiinon otov pdkero Arduino-nano-33-ble-
sense

e Xuvdéovpue to Arduino 6tov VITOAOYIOTH Kot TaTdpEe SVO
@opéc to kovumi Reset yuo va pumel o Boot mode.

e Avoiyovpe 10 flash windows and tov @dkero Arduino-
nano-33-ble-sense.

e  A@ov¥ poptwbei 010 Arduino t0TE AvOiyoLLE TNV YPOUUN
EVTOA®V Kot TANKTpoAloyoOue «edge-impulse-daemony.

e Qo pog PdAet vo GOUTANPADOGOVE TO OVOUX YPOTI Kol
Kodwd amd Tov Aoyoplacpd poc oto Edge impulse,
emAéyovpie TV BOpa ov £yovpe cvuvoeon 1o Arduino Ko

t0 ovopatifovpe.

[Mopatnpodpe amd to pevod apiotepd oto Edge impulse Device

ot Ttapovotdlete To Arduino.

Your devices + Connect a new device

These are devices that are connected to the Edge Impulse remote management API, or have posted data to the ingest SD

Arduino_NANO_BLE

Ewova A.13: Zuvdedepévn cvokevn oto Edge impulse

Me avtv Vv o0Ovdeon UmOopoOUE Vo AAUPAVOLUE dedOUEVOL

ypnoonotwvtag To Arduino. Ztn cvvéyela yio v vAOToinon

TOV HOVTEAOV 0KOAOVONONKE:

e Mevo? - > Data acquisition
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e AxoAiovBolpe Tig Tapakdtm pubuicelg ya va tpoafrgovpe

QoToYpoeies and 10 Arduino.

Collect data

Device @

Arduino_NANO_BLE v

Name

Sensor

Camera (128x96) v

Ewova A.14: PvBuicelg cuokevmg yio GuALOYT dedopEvarv

e To 6voua oArdlel oe oyxéon pe TNV QOTOYPOPiC. TOV
0élovpe va tpapnéovpe, onradn av eivor EomAmpévog
oV eOTOYpOeia ToTE Ypagpovpe lying Down.

e [Ilatdpe 1o Start sampling yio vo oamoBnkevtel 1

QoToYpoQio 6TV Pdon dedopévov.

AVTOG givat 0 £vag TPOTOG TOL YPMGLULOTOMONKE Yo TV GVAAOYN

dedopévmv. O devtepog TpOMOG tvat:

o TpaPriymkav eoToypapicg HECOV TOV KIVINTOL KOl TO
Edge impulse £&yet v emoyn vo avePdoovpe TIg
QOTOYpOQiec otV Pdon.

o Tlatdvrog to ekovidio (Berdxt Tavew) mov Ppiokete dimAa

antd to Dataset

I+

Dataset

Ewova A.15: AvéBacpa dedopévav.
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o Emléyovpe TG Qotoypopiec elte pepovouéva  gite
EMAEYOVTOG £vaV OMOKAN PO PAKEAO.

o XpnowomoOnKe 1 avTOUATN SLYDPIEN TOV OEGOUEVOV
o€ dedopéva eKTaidELONG KOl OOKIUNG.

e Tlatdpe Upload data.

DATA COLLEC.. ‘ TRAIN / TES...
147 items T\ 80%.. @

Dataset X & B
Training (117 Test 20 o Y
SAMPLE NAME LABELS ADDED
sitting.jpg.5igf8ss2.ingest... - Today, 16:...
sitting.jpg.5igf9oe8.ingest... - Today, 16:...
sitting.jpg.5igf1lje.ingesti... - Today, 16:...
sitting.jpg.5igf4up3.inges... - Today, 16:...
sitting.jpg.5igeu671.inges... - Today, 16:...

Ewova A.16: Aneicovion dedopévav oty Baon.

[Ipémet ota dedopéva avtd va d0BobV eTikéTeg KoL vaL yopa&ovpie

T OPlO. TOV OVTIKELUEVOU.

e [latdpe Labeling queue.
e Edd gppavifovtar OAeg ol OTOYpOPieg OV deV EYovV
ETIKETAL

o  Xapdalovpe Ta 6plo TOL AVTIKEWEVOD Kot dIVOLUE OVOLLOL

ETIKETOG, OTMG POIVETOL KO TOPOKATE.
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Dataset Datasources | NELSIIFRUNON Al labeling

#  Tired of labeling by hand? Try out Al labeling - our new LLM-powered labeling tool, available for everyone.

Labeling 'sitting.jpg.Sigetps8.ingestion-57b9b4c56b-4b8xs' (8 items lef  Label suggestions:

Use your mouse to drag a box around an object to add a label. Then click Save labels to advance to the next item,

Delete sample Save labels

Ewova A.17: Xapa&n kot ovopatoroyio TIKETAG O

QPOTOYPAPIES.

Enavoiappdvoope v dwdwkacio yioo OAeg TIG QOTOYPAPIES.
Yuvolkd ypnotporombnkay 270 ewtoypapies. To 80% avtdv
YPNOLOTOMONKE ylo. TNV EKTOIOELON TOV HOVTEAOV, EVD TO
vrorowmo 20% yio Tov €Aeyyo (validation/testing) tng amddoomng
TOV.
e Amob 10 pevol apiotepd emdéyovpe Impulse design - >
Create impulse.

Ot puBpicelg aivovtol 6To TOPAKAT® GYNLLOL.

Output °
features

Image data e Image ° Object 0
Detection

(Images)
Input axes Name 3 (lying Down, sitting,
image Image Name standing)
Image ... Image h... Object detection
Input axes (1)
Image B Save Impulse

Resize mode

A-H

image v R

Output features

3 (lying Down, sitting,
standing)

Ewoéva A.18: PvBuiceig dnuovpyiag impulse.

Mmnopovpe va emréovpe ddotaon ewdvoag 96 X 96, aild
YPELETAL TEPIGGOTEPOVG VIOAOYIGTIKOVG TOpovs. Emetta
natdpe Save Kot emiéyovpe Image and 10 pevov aplotepd. Xe

avtd TO OTASIO ONUIOVPYOLVTAL KATOLL YOPOKTNPIOTIKG TOL
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BonBobv oty avayvopion. And TIC TOPAUETPOVS JIAEYOVUE
Color depth - > Grayscale, kafdg katavalmdvel AydTEPOLS
nopovg and 10 RGB kot motdpe Save parameters. o pog
TPpowONoEL 6TV dNoLPYiL YOPAKTNPICTIKMV KOl KAVOLLE KAIK

oto Generate features.

Feature explorer

@® lying Down
@ sitting
@ standing ’;

& o i

£

Ewéva A.19: T'pdonua xopoktnploTikov.

[Mopatnpodpe 611 dev elvar 1660 dwakprtég ot kKAdoelg (lying
Down, sitting, standing). ['io va Ntav téAe0 10 ypdonua Ho
énpeme ot Tpelg KAGOES va NTov 1 pio oméVOVTL amd TV GAAN
Eexyoplotd kol Oyl kdmola Oedopéva vor tavtiCovior Kot v

EQATTOVTOLL.

Eniong matdue Object detection kol KAVOLUE TIS amopaitnTeg

pudpicels.

e Number of training cycles - > 30, apopd tov apBud evodg
TANPOVG KOKAOV EKTOUOEVOTG.

e Learning rate - > 0.005, apopd TV ToQ0OTNTO LLE TV OO0
pobaivet 10 vevpovikd diktvo. Av 10 dikTvo
TpocapproleTaL YpNnyopa, TOTE TPEMEL VAL LetmBel o puBudg

pabnong.
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e Choose a different model - > Fomo ( Faster Objects, Mor

Objects) MobileNetV2 0.1.

e Tlatdpe Save & train.

To povtého FOMO (Faster Objects, More Objects) eivar éva

eraepy KOl OmOd0TIKO HOVIEAO OVIYVELONG  OVTIKEWEVOYV,

OYEOGEVO EOIKA Y10, GUOKEVEG LE TEPLOPICUEVOVS TOPOLG,

OMMG KPOEAEYKTEG Ko edge GLGTHLLOTAL.

Neural Network settings

Training settings
Number of training cycles @ 30

Use learned optimizer @

Learning rate @ 0.005

Training processor @ CcPU v
Data augmentation ®

Advanced training settings -

Neural network architecture

Input layer (2.304 features)

FOMO (Faster Objects, More Objects) MobileNetv2 0.1
Choose a different model
Output layer (3 classes)
[ covesiain | |

Training output RO -

Model Model version: ® | Quantized (int8) ~

Last training performance (validation set)

F1 SCORE®
0 100.0%

Confusion matrix (validation set)

STANDING

F1 SCORE

Metrics (validation set) X

METRIC VALUE

Precision (non-background) @ 1.00

Recall (non-background) @ 1.00

F1 Score (non-background) @ 1.00

On-device performance@

Engine: ® | EON™ Compiler -
INFERE. PEAK RA... FLASH U.
167 e 71.3K e 65.10
ms.

Ewova A.20: PvBuiceig kot amoteAéopata Object detection.

@atvetar 0t vdpyer 100% F1 Score mov avtimpocmnevetl Evav

oLuVOLOoUO aKpifelag Kot avaKANoNC.

AoV PTIaYTNKE TO LOVTELO, B0l TO SOKIUAGOVUE |LE TO. SESOUEVOL

7oV €yovpe otV PACT Kot TO EYOVIE KATOTAGGEL GTO dEGOUEVOL

doxkyune. Kavovrag kiik Model testing - > Classify all.
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Test data Classify al . Model testing output R (0) -

le to the desired

Set the 'expected outcome' for
pulse. Results Model version: @ | Unoptimized (float32) ~

outcome to automatically sc

image0.. lying Down 100% 92.73%
image0...  lying Down 100% Metrics for Object detection
image0... lying Down 100%
0.9
image0.. lying Down 100% - 0.9
image0...  standing 100% F1 Score (non-background) @ 0.95
image0... standing 100% Feature explorer ®
image0... standing 100%
[ ]
image0.. standing 100%
°
image0... standing 100%
[ ]
L]

Ewova A.21: Aokiun| poviélov.

Awkpivete 611 Téocepa amd To TEVIVTA TEVTE OEOOUEVQL
avayvopioe Aavlaospéva. To moc6ootd axpifetog Tov HoviEAov

givon 92,73 %.
I"o va katefdoovpe kdduka Tov Arduino:

e Deployment - > Avalntoope Arduino library - > ITatdpe
Build

Oa pog katepdost éva apyeio og zip.
IMo va puropovpe vo, o TpEEOVIE TOV KMOKOL:

e Avoiyovpe v gpappoynq Arduino Ide

o Emiléyovue and 1o pevoo Sketch - > Include Library - >
Add ZIP Library

e AwAéyovpe 10 apyeio Zip mov kotefAcaLE.

e File - > Examples - > Onwg 1o £yovpe ovoudost m.y.
CV_Detection - > nano_ble sense - >

nano_ble sense camera.
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§ nano_bless_sense_camera | Arduino IL
ile Edit Sketch Tools Help

Sketchbook
Examples
Close

Save

Save As
Preferences.
Advanced
Quit

sitting (0.972656) [|

Starting infe
Taking photo.
Predictions (DSP
Object detect:

Starting infe

Taking photo.

Predictions (

Object detect.
standing (0.503906)

 TensorFlowlite

Starting inferencing il
Taking photo. ..
Predictions (DSP: 3 ms Audio - Adafruit Fork
Object det
standing

CircularBuffer
CV_Detection_inferencing
ESP_AT Lib
MAX301001ib
MIDI Library

PubSubClient
RTClib

Taking photo. ..
Predictions (DSP: 3 ms|
Object detection bound|

sitting (0.500000) [|

10x Pulse and Proximity Sensor Library

Starting inferencing il
Taking photo. ..
Predictions (DSP: 3 ms|

WIFiNINA_Generic Ln 26, Col 48 Arduino Nano 3:

Ewova A.22: Doptdcel LOVTELOL avayVOPIGEIS 6TV EQPOPLOYN

Arduino Ide.

Hoapdaptnpo B: K®odwkoag

Bl Kodwkog Arduino KukKAOPOTOG HETPNONNS KOPILOKAOV

TOAPOV

O k®dwog yo v opdn Aertovpyion tov Arduino nano 33 Ble
Sence oamodideton mopokdtw pe TO amopoitnTo GYOA OTO
Ayyhkd yuo v katovonon tov. Kdamowo xoppdtt tov kmduko
etvat avtovo1o and to mapddetypa 5 g Ppiodnkng «SparkFun

Max3010x Pulse and Sensor library» [76].

//libraries
#include <Wire.h>
#include "MAX30105.h"

#include "heartRate.h"
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MAX30105 particleSensor; // Class to set the Max30102 sensor

const byte RATE SIZE = 4; // Increase this for more averaging.
4 is good.

byte rates]RATE SIZE]; // Array of heart rates
byte rateSpot = 0;

long lastBeat = 0; // Time at which the last beat occurred

float beatsPerMinute;

int beatAvg;

const long interval = 8000; // 8 second

unsigned long previousMillis = 0;

void setup() {
Serial.begin(115200); // Serial monitor (baund rate (bps))
Seriall.begin(115200); // Serial communication with ESP8266

while (!Serial);

Serial.println("Initializing...");

// Initialize sensor
if (!particleSensor.begin(Wire, 2C_SPEED FAST)) {
Serial.println("MAX30105 was not found. Please check

wiring/power.");
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while (1);

Serial.println("Place your index finger on the sensor with steady

pressure.");

particleSensor.setup();

particleSensor.setPulseAmplitudeRed(0x0A); // Turn Red LED

to low to indicate sensor is running

particleSensor.setPulseAmplitudeGreen(0); // Turn off Green
LED

}

void loop() {

long irValue = particleSensor.getIR(); // reading the value of
InfraRed LED

if (checkForBeat(irValue) == true) {

long delta = millis() - lastBeat; // Calculate the difference

between the present heartbeat and the last heartbeat

lastBeat = millis();

beatsPerMinute = 60 / (delta / 1000.0); // Calculate the beats

per minute
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if (beatsPerMinute < 255 && beatsPerMinute > 20) {

rates[rateSpot++] = (byte)beatsPerMinute; // Array which

store the mesurements

rateSpot %= RATE_SIZE; // Determines in which position of

the array the new mesurement will be stored and increase by 1

// Calculation of Average BPM

beatAvg = 0;

for (byte x = 0; x <RATE_SIZE; x++) {
beatAvg += rates[x];

}

beatAvg /= RATE_SIZE;

}

// Print Values
Serial.print("IR=");
Serial.print(irValue);
Serial.print(", BPM=");
Serial.print(beatsPerMinute);
Serial.print(", Avg BPM=");

Serial.print(beatAvg);

if (irValue < 50000) {

Serial.print(" No finger?");
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Serial.println();

// Sanding data every 8 seconds to ESP8266
unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= interval) {

previousMillis = currentMillis;

String data = String(beatAvg);

Serial.println("Sending data: " + data);

// Send data via Serial to ESP8266

Seriall.println(data);

}
B1.1 Kodwkag ESP-8266 kokAoOpatog pETPNONGS TAARDV

‘Emerta, akoAovBel o kddkag yio 1o ESP-8266, dote va pmopel
va ouvdebel pe dradiktvo, va otédvel dedopéva péoo MQTT og
évav MQTT broker kot ceprakd vo cvvdéetarl pe Arduino. H
BBAodNK”n mov ypnopwonombnke eivor «PubSubClienty kot 1
«ESP8266WiFi». Kanow otoyeioo 7Tov  mopadeiypotog
«mqtt_esp8266» ypnoipomombnkayv Yy TNV VAOTOINCY TOL
Kkodwka [77].

// libraries
#include <ESP8266WiFi.h>

#include <PubSubClient.h>
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// Network imformation
const char* ssid = "Odyn";

const char* password = "ody123456";

// MQTT broker information

const char* mgqtt server = '"test.mosquitto.org"; //

142.93.191.12
const char* HeartRate topic = "sensor/heartRate"; //topic

const int mqtt port = 1883; // Port

1P

WiFiClient espClient; // Class TCP communication to MQTT

Server

PubSubClient client(espClient); // class for Publish and subscribe

using TCP communication

void setup() {
Serial.begin(115200);

setup wifi(); // Call function

client.setServer(mqtt_server, mgqtt port); // Set for MQTT

Server

}

//Connect to wifi
void setup wifi() {

delay(200);
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Serial.println();
Serial.print("Connecting to ");

Serial.println(ssid);

WiFi.begin(ssid, password); // starting the connection

while (WiFi.status() '= WL_CONNECTED) {
delay(500);

Serial.print(".");

Serial.println("");
Serial.printIn("WiFi connected");
Serial.println("IP address: ");
Serial.println(WiFi.locallP());
}
// Function for reconnecting
void reconnect() {
while (!client.connected()) {
Serial.print("Attempting MQTT connection...");
if (client.connect("ESP8266Client")) {
Serial.println("connected");
} else {

Serial.print("failed, rc=");

104



Serial.print(client.state());
Serial.println(" try again in 5 seconds");

delay(5000);

void loop() {
if (!client.connected()) {
reconnect();

}

client.loop();

if (Serial.available() > 0) {

String data = Serial.readStringUntil("\n'); // Receive data from

arduino
Serial.print("Received data: ");

Serial.println(data);

if (client.publish(HeartRate topic, data.c str())) { / sending
data via MQTT

Serial.println("Data sent to MQTT broker");
} else {

Serial.println("Failed to send data to MQTT broker");
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}

B2 K®owog Arduino pétpnon m1o606tov 05uyovov 610 aipa

H pétpnon mocootod o&uydvov oto aipo yivetor pe TOV

TOPOKATO KOOKAL.

H Bdon tov kddka yia 1o Arduine givol and v fifArodnkn tov
SparkFun MAX3010x_Pulse and Proximity Sensor Library

TO TOPASELY L OKT.

// Libraries

#include <Wire.h>
#include "MAX30105.h"

#include "spo2_algorithm.h"

MAX30105 particleSensor; // Call class

#define MAX BRIGHTNESS 255

// For serial connection

unsigned long previousMillis = 0;

const long interval = 8000;

uint32_t irBuffer[100]; // infrared LED sensor data

uint32_t redBuffer[100]; // red LED sensor data

int32_t bufferLength; // data length
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int32_t spo2; // SPO2 value

int8 t validSPO?2; // indicator to show if the SPO2 calculation is

valid

uint8 t readLED =4; // PWM pin for onboard LED indication

void setup()

{

Serial.begin(115200); // initialize serial communication at

115200 bits per second:
Seriall.begin(115200); // serial ESP

while (!Serial);

pinMode(readLED, OUTPUT);

// Initialize sensor

if (!particleSensor.begin(Wire, 12C_SPEED FAST)) // Use
default 12C port, 400kHz speed

{

Serial.println(F("MAX30105 was not found. Please check

wiring/power."));

while (1);

uint8_t ledBrightness = 60; // Options: 0=Off to 255=50mA

uint8 t sampleAverage =4; // Options: 1, 2, 4, 8, 16, 32
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uint8 t ledMode = 2; // Options: 1 = Red only, 2 = Red +
IR, 3 =Red + IR + Green

uint8 t sampleRate = 100; // Options: 50, 100, 200, 400, 800,
1000, 1600, 3200

int pulseWidth = 411; // Options: 69, 118, 215, 411

int adcRange = 4096; // Options: 2048, 4096, 8192, 16384

particleSensor.setup(ledBrightness, sampleAverage, ledMode,
sampleRate, pulseWidth, adcRange); // Configure sensor

}

void loop()

{

bufferLength = 100; // buffer length of 100 stores 4 seconds of

samples running at 25sps

// Read the first 100 samples, and determine the signal range
for (uint8 ti=0 ;i <bufferLength ; i++)

{

while (particleSensor.available() == false) / Do we have new

data?

particleSensor.check(); // Check the sensor for new data

redBuffer[i] = particleSensor.getRed();

irBuffer[i] = particleSensor.getIR();
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particleSensor.nextSample(); // We're finished with this sample

so move to next sample
// Print ir and red values
Serial.print(F("red="));
Serial.print(redBuffer[i], DEC);
Serial.print(F(", ir="));

Serial.println(irBuffer[i], DEC);

// Calculate SpO2 after the first 100 samples

maxim_heart rate_and oxygen_saturation(irBuffer,

bufferLength, redBuffer, &spo2, &validSPO2, nullptr, nullptr);

// Continuously take samples from MAX30102 and recalculate
SpO2 every 1 second

while (1)
{

// Dump the first 25 sets of samples in memory and shift the
last 75 sets to the top

for (uint8 ti=25;1<100; i++)
{
redBuffer[i - 25] = redBuffer][i];

irBuffer[i - 25] = irBuffer][i];

// Take 25 sets of samples before recalculating SpO2
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for (uint8 ti=75;1<100; i++)

{

while (particleSensor.available() == false) // Do we have new

data?

particleSensor.check(); // Check the sensor for new data

digitalWrite(readLED, !digitalRead(readLED)); // Blink
onboard LED with every data read

redBuffer[i] = particleSensor.getRed();
irBuffer[i] = particleSensor.getIR();

particleSensor.nextSample(); // Move to next sample

//'Send SpO2 calculation result to terminal program through
UART

Serial.print(F("red="));
Serial.print(redBuffer[i], DEC);
Serial.print(F(", ir="));

Serial.print(irBuffer[i], DEC);

Serial.print(F(", SPO2="));

Serial.print(spo2, DEC);

Serial.print(F(", SPO2Valid="));

Serial.println(validSPO2, DEC);
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/I After gathering 25 new samples recalculate SpO2

maxim_heart rate_and oxygen_saturation(irBuffer,

bufferLength, redBuffer, &spo2, &validSPO2, nullptr, nullptr);

// Send SpO2 data via Serial to ESP8266 every 8 seconds
unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= interval) {

previousMillis = currentMillis;

String data = String(spo2);

Serial.println("Sending data: " + data);

// Send data via Serial to ESP8266

Seriall.println(data);

}
B2.1 Kodwkag ESP-8266 kukhopatog pétpnong oSvyovov

INa 1o ESP8266 civol mapOo10 LE TIG TPOTYOVLEVT] EPOPLLOYT,

T0 LOVO oL aAAGEEL Elval TOo Ovopa Tov BEpaTOC.
// libraries
#include <ESP8266WiFi.h>

#include <PubSubClient.h>
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// Network imformation
const char* ssid = "Odyn";

const char* password = "ody123456";

// MQTT broker information

const char* mgqtt server = '"test.mosquitto.org"; // IP

142.93.191.12
const char* HeartRate topic = "sensor/Spo2"; //topic

const int mqtt port = 1883;

WiFiClient espClient; // Class TCP communication to MQTT

Server

PubSubClient client(espClient); // class for Publish and subscribe

using TCP communication

void setup() {
Serial.begin(115200);
setup wifi(); // Call function for the Connection to wifi

client.setServer(mqtt_server, mqtt port); // Set-up for MQTT

Server

}

//Connect to wifi

void setup wifi() {
delay(200);

Serial.println();
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Serial.print("Connecting to ");

Serial.println(ssid);

WiFi.begin(ssid, password);

while (WiFi.status() '= WL_CONNECTED) {
delay(500);

Serial.print(".");

Serial.println("");
Serial.println("WiFi connected");
Serial.println("IP address: ");
Serial.println(WiFi.locallP());
}
// starting the connection
void reconnect() {
while (!client.connected()) {
Serial.print("Attempting MQTT connection...");
if (client.connect("ESP8266Client")) {
Serial.println("connected");
} else {
Serial.print("failed, rc=");

Serial.print(client.state());
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Serial.println(" try again in 5 seconds");

delay(5000);

void loop() {
if (!client.connected()) {
reconnect();//reconnect

}

client.loop();

if (Serial.available() > 0) {

String data = Serial.readStringUntil("\n"); // recive data from

arduino
Serial.print("Received data: ");

Serial.println(data);

if (client.publish(HeartRate topic, data.c_str())) { // sending
data via MQTT

Serial.println("Data sent to MQTT broker");
} else {

Serial.println("Failed to send data to MQTT broker");
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}

B3 Koowag Arduino OTEIKOVION G

NAEKTPOKAPILOYPAPLOTOS

211 GUVEKELD AVAYPAPETOL O KOJIKAG TOV atoOntpa AD8232 yo

TNV ATEKOVIOT] TOV NAEKTPOKAPILOYPUPN LATOG.

o 10 Arduino ypnoponombnke n Pipiobnkn ECG and 10

kovél Viral science [43].
// Declaration varable
const long interval = 100;

unsigned long previousMillis = 0;

void setup() {

// Initialize the serial communication:

Serial.begin(9600);

Seriall.begin(9600);

pinMode(10, INPUT); // Setup for leads off detection LO +

pinMode(11, INPUT); // Setup for leads off detection LO -

void loop() {

if((digitalRead(10) == 1)||(digitalRead(11) == 1)){
Serial.println('!");

}

115



else{
// send the value of analog input 0:
Serial.println(analogRead(A0));

}

//Wait for a bit to keep serial data from saturating

delay(1);

unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= interval) {

previousMillis = currentMillis;

int data = analogRead(A0);

//Serial.println("Sending data: " + data);

// Send data via Serial to ESP8266

Seriall.println(data);

}

B3.1 Koowag 0 T0 ESP8266
NAEKTPOKAPILOYPAPLOTOS

EQAPPOYNS

I'o 10 ESP8266 0 k®ddkag ivot mapdpolog Le TV TponyovEV

EPOPUOYN NG HETPNONG KapPIoKDV ToApdv. Ot dtoupopd gival

OTL 1 oEpLoKT] emkovavia yivetoar ota 9600 kot aAlalel To B€pa

(Topic).

// libraries
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#include <ESP8266WiFi.h>

#include <PubSubClient.h>

// Network imformation
const char* ssid = "Odyn";

const char* password = "ody123456";

// MQTT broker information

const char* mgqtt server = '"test.mosquitto.org"; // IP

142.93.191.12
const char* HeartRate topic = "sensor/heartPloter"; // Topic

const int mqtt port = 1883; // Port

WiFiClient espClient; // Class TCP communication to MQTT

Server

PubSubClient client(espClient); // class for Publish and subscribe

using TCP communication

void setup() {
Serial.begin(9600);
setup wifi(); //Connect to wifi

client.setServer(mqtt_server, mqtt port); // Set for MQTT

Server

}

void setup wifi() {
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delay(200);
Serial.println();
Serial.print("Connecting to ");

Serial.println(ssid);

WiFi.begin(ssid, password); // starting the connection

while (WiFi.status() '= WL_CONNECTED) {
delay(500);

Serial.print(".");

Serial.println("");
Serial.printIn("WiFi connected");
Serial.println("IP address: ");
Serial.println(WiFi.locallP());
b
// starting the connection
void reconnect() {
while (!client.connected()) {
Serial.print("Attempting MQTT connection...");
if (client.connect("ESP8266Client")) {
Serial.println("connected");

} else {
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Serial.print("failed, rc=");
Serial.print(client.state());
Serial.println(" try again in 5 seconds");

delay(5000);

void loop() {
if (!client.connected()) {
reconnect();//reconnect

}

client.loop();

if (Serial.available() > 0) {

String data = Serial.readStringUntil("\n"); // recive data from

arduino
Serial.print("Received data: ");

Serial.println(data);

if (client.publish(HeartRate topic, data.c_str())) { // sending
data via MQTT

Serial.println("Data sent to MQTT broker");
} else {

Serial.println("Failed to send data to MQTT broker");
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}

B4 K®owoag Arduino povtérlov avayvopiong 6taong

O xmowkag eEnydn and v epappoyn Edge Impulse, evd n
dtodkacio Kot To ETUEPOVG PALLOTO OVAAVOVTOL AVOAVTIKA GTO

[Hapaptnuo A6.

/* Edge Impulse ingestion SDK

* Copyright (c) 2022 Edgelmpulse Inc.

*

* Licensed under the Apache License, Version 2.0 (the
"License");

* you may not use this file except in compliance with the License.
* You may obtain a copy of the License at

* http://www.apache.org/licenses/LICENSE-2.0

%
* Unless required by applicable law or agreed to in writing,
software

* distributed under the License is distributed on an "AS IS"

BASIS,

* WITHOUT WARRANTIES OR CONDITIONS OF ANY
KIND, either express or implied.

* See the License for the specific language governing

permissions and

* limitations under the License.

*

*/
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/* Includes

*/
#include <CV_Detection_inferencing.h>

#include <Arduino OV767X.h> //Click here to get the library:

https://www.arduino.cc/reference/en/libraries/arduino_ov767x/

#include <stdint.h>

#include <stdlib.h>

/* Constant variables

¥

#define EI CAMERA RAW_FRAME BUFFER COLS 160

#define EL CAMERA RAW FRAME BUFFER ROWS 120

#define DWORD_ALIGN PTR(a) ((a & 0x3) ?(((uintptr_t)a +
0x4) & ~(uintptr_t)0x3) : a)

/ %

** NOTE: If you run into TFLite arena allocation issue.

k3k

** This may be due to may dynamic memory fragmentation.

*x Try defining
DEI CLASSIFIER ALLOCATION_STATIC" in

boards.local.txt (create

** if it doesn't exist) and copy this file to
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k3k
'<ARDUINO_CORE INSTALL PATH>/arduino/hardware/<m
bed core>/<core version>/".

k3k

** See

**  (https://support.arduino.cc/hc/en-us/articles/360012076960-

Where-are-the-installed-cores-located-)
** to find where Arduino installs cores on your machine.

k3

** If the problem persists then there's not enough memory for

this model and application.

*/

/* Edge Impulse

¥/

class OV7675 : public OV767X {
public:
int begin(int resolution, int format, int fps);

void readFrame(void* buffer);

private:
int vsyncPin;
int hrefPin;
int pclkPin;

int xclkPin;

volatile uint32_t* vsyncPort;
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uint32 t vsyncMask;
volatile uint32_t* hrefPort;
uint32_t hrefMask;

volatile uint32_t* pclkPort;

uint32_t pclkMask;

uintl6_t width;

uintl6_t height;

uint8_t bytes per pixel;
uint16_t bytes per row;
uint8 t buf rows;
uintl6_t buf size;
uint8_t resize height;
uint8 t *raw_buf;

void *buf mem,;
uint8_t *intrp_buf;

uint8_t *buf limit;

void readBuf();
int allocate scratch buffs();

int deallocate scratch buffs();

typedef struct {
size t width;

size t height;
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} ei_device resize resolutions _t;

/**
* @brief  Check if new serial data is available

*

* @return  Returns number of available bytes
*/
int ei_get serial available(void) {

return Serial.available();

/**

* @brief  Get next available byte
*

* @return  byte

*/

char ei_get serial byte(void) {

return Serial.read();

/* Private variables

- %/
static OV7675 Cam;

static bool is_initialised = false;

/*
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** (@brief points to the output of the capture

*/

static uint8 t *ei_camera_ capture out = NULL;
uint32_tresize col sz;

uint32 tresize row_ sz

bool do_resize = false;

bool do_crop = false;

static bool debug_nn = false; // Set this to true to see e.g. features

generated from the raw signal

/* Function definitions

bool ei_camera_init(void);
void ei_camera_deinit(void);

bool  ei camera capture(uint32 t  img width, uint32 t

img_height, uint8 t *out buf) ;

int calculate resize dimensions(uint32 t out width, uint32 t
out height, uint32 t *resize col sz, uint32 t *resize row sz,

bool *do_resize);

void resizelmage(int srcWidth, int srcHeight, uint8 t *srclmage,

int dstWidth, int dstHeight, uint8 t *dstImage, int iBpp);

void cropImage(int srcWidth, int srcHeight, uint8 t *srcImage,
int startX, int startY, int dstWidth, int dstHeight, uint8 t

*dstImage, int iBpp);

/**

* @brief  Arduino setup function
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*/

void setup()

{
// put your setup code here, to run once:
Serial.begin(115200);

// comment out the below line to cancel the wait for USB

connection (needed for native USB)
while (!Serial);

Serial.println("Edge Impulse Inferencing Demo");

// summary of inferencing settings (from model metadata.h)
ei_printf("Inferencing settings:\n");

ei_printf("\tImage resolution: %dx%d\n",
EI CLASSIFIER INPUT WIDTH,
EI CLASSIFIER INPUT HEIGHT);

ei_printf("\tFrame size: %d\n",
EI CLASSIFIER DSP INPUT FRAME SIZE);

ei_printf("\tNo. of classes: %d\n",
sizeof(ei_classifier inferencing categories) /

sizeof(ei_classifier inferencing categories[0]));

}

/**

* @brief  Get data and run inferencing

*

* @param[in] debug Get debug info if true
*/

void loop()
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bool stop_inferencing = false;

while(stop_inferencing == false) {

ei_printf("\nStarting inferencing in 2 seconds...\n");

// instead of wait_ms, we'll wait on the signal, this allows

threads to cancel us...
if (ei_sleep(2000) !'= EI IMPULSE OK) {

break;

ei_printf("Taking photo...\n");

if (ei_camera_init() == false) {
ei_printf("ERR: Failed to initialize image sensor\r\n");

break;

// choose resize dimensions
uint32_tresize col sz;
uint32_tresize row_ sz
bool do_resize = false;

int res =
calculate resize dimensions(EI_ CLASSIFIER INPUT WIDT
H, EI CLASSIFIER INPUT HEIGHT, &resize col sz,

&resize row_sz, &do_resize);
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if (res) {

ei_printf("ERR: Failed to calculate resize dimensions

(%d)\r\n", res);

break;

void *snapshot mem = NULL;
uint8 t *snapshot buf= NULL,;

snapshot mem =

ei_malloc(resize col sz*resize row sz*2);
if(snapshot mem == NULL) {
ei_printf("failed to create snapshot mem\r\n");

break;

snapshot_buf = (uint8 t
*)DWORD ALIGN PTR((uintptr_t)snapshot mem);

if (ei_camera_capture(El_CLASSIFIER INPUT WIDTH,
EI CLASSIFIER INPUT HEIGHT, snapshot buf) == false) {

ei_printf("Failed to capture image\r\n");
if (snapshot mem) ei_free(snapshot mem);

break;

ei::signal t signal;

signal.total length = EI CLASSIFIER INPUT WIDTH *
EI CLASSIFIER INPUT HEIGHT;
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signal.get data = &ei_camera_cutout get data;

// run the impulse: DSP, neural network and the Anomaly

algorithm

ei_impulse result tresult= {0 };

EI IMPULSE ERROR ei_error = run_classifier(&signal,
&result, debug nn);

if (ei_error != EI IMPULSE OK) {
ei_printf("Failed to run impulse (%d)\n", ei_error);
ei_free(snapshot mem);

break;

// print the predictions

ei_printf("Predictions (DSP: %d ms., Classification: %d ms.,
Anomaly: %d ms.): \n",

result.timing.dsp, result.timing.classification,

result.timing.anomaly);

#if EI CLASSIFIER OBJECT DETECTION ==
ei_printf("Object detection bounding boxes:\r\n");
for (uint32 ti=0; i <result.bounding boxes count; i++) {

ei_impulse result bounding box t bb =

result.bounding_boxes][i];
if (bb.value == 0) {

continue;
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ei_printf(" %s (%f) [ x: %u, y: %u, width: %u, height:
%u J\r\n",

bb.label,
bb.value,
bb.x,
bb.y,
bb.width,

bb.height);

// Print the prediction results (classification)
#else
ei_printf("Predictions:\r\n");

for (uintl6_ti=0;1<EI CLASSIFIER LABEL COUNT;
i++) {

ei_printf(" %s: ", ei_classifier inferencing_categories[i]);
ei_printf("%.5f\r\n", result.classification[i].value);

}
#endif

// Print anomaly result (if it exists)
#if EI. CLASSIFIER HAS ANOMALY
ei_printf(" Anomaly prediction: %.3f\r\n", result.anomaly);

#endif

#if EI. CLASSIFIER HAS VISUAL ANOMALY
ei_printf("Visual anomalies:\r\n");
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for (uint32 ti=0; 1 <result.visual ad count; i++) {

ei_impulse result bounding box t bb =

result.visual ad grid cells[i];
if (bb.value == 0) {
continue;

}

ei_printf(" %s (%f) [ x: %u, y: %u, width: %u, height:
%u J\r\n",

bb.label,
bb.value,
bb.x,
bb.y,
bb.width,

bb.height);

#endif

while (ei_get serial available() > 0) {
if (ei_get serial byte() =="b') {
ei_printf("Inferencing stopped by user\r\n");

stop_inferencing = true;

}

if (snapshot mem) ei_free(snapshot mem);

}

ei_camera_deinit();
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/**

* @brief  Determine whether to resize and to which dimension
*

* @param[in] out width  width of output image

* @param[in] out height height of output image

* (@param[out] resize col sz pointer to frame buffer's

column/width value

* (@param[out] resize row sz pointer to frame buffer's

rows/height value

* @param[out] do_resize returns whether to resize (or not)
*

*/

int calculate resize dimensions(uint32 t out width, uint32 t
out height, uint32 t *resize col sz, uint32 t *resize row sz,

bool *do_resize)
{
size tlist size = 2,

constei_device resize resolutions tlist[list size] = { {42,32},

(128,96} };

// (default) conditions

*resize col sz =

El CAMERA RAW FRAME BUFFER COLS;

*resize row_sz =

El CAMERA RAW FRAME BUFFER ROWS;

*do_resize = false;
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for (size tix =0;ix <list_size; ix++) {

if ((out width <= list[ix].width) && (out height <=
list[ix].height)) {

*resize_col sz = list[ix].width;
*resize_row_sz = list[ix].height;
*do_resize = true;

break;

return 0;

/**
* @brief Setup image sensor & start streaming

*

* @retval false if initialisation failed
*/
bool ei_camera_init(void) {

if (is_initialised) return true;

if (1Cam.begin(QQVGA, RGB565, 1)) { // VGA downsampled
to QQVGA (0OV7675)

ei_printf("ERR: Failed to initialize camera\r\n");
return false;

}

is_initialised = true;
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return true;

[k
* @brief  Stop streaming of sensor data
*/

void ei_camera_deinit(void) {

if (is_initialised) {
Cam.end();

is_initialised = false;

[k
* @brief  Capture, rescale and crop image

*

* @param[in] img width  width of output image
* @param[in] img_height height of output image

* @param[in] out buf  pointer to store output image, NULL

may be used

* when full resolution is expected.

* @retval  false if not initialised, image captured, rescaled or

cropped failed

*
*/
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bool  ei camera capture(uint32 t  img width,

img_height, uint8 t *out buf)
{
if (!is_initialised) {
ei_printf("ERR: Camera is not initialized\r\n");

return false;

if (lout_buf) {
ei_printf("ERR: invalid parameters\r\n");

return false;

// choose resize dimensions

uint32 t

int res = calculate resize dimensions(img_ width, img_height,

&resize col sz, &resize row sz, &do_resize);

if (res) {

ei_printf("ERR: Failed to calculate resize dimensions

(%d)\r\n", res);

return false;

if ((img_width != resize col sz)
|| (img_height !=resize row_sz)) {

do_crop = true;
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Cam.readFrame(out_buf); // captures image and resizes

if (do_crop) {
uint32 t crop col sz;
uint32 tcrop row_sz;
uint32 t crop col_start;
uint32 tcrop row_start;
crop_row_start = (resize_row_sz - img_height) / 2;
crop_col start = (resize col sz - img_ width) / 2;
crop_col sz =1img width;

crop_row_sz =img_height;

/lei_printf("crop cols:  %d, rows: %d\r\n",

crop_col_sz,crop_row_sz);
croplmage(resize col sz, resize row_sz,
out buf,
crop_col start, crop_row_start,
crop_col sz, crop row_sz,
out buf,

16);

// The following variables should always be assigned
// if this routine is to return true
// cutout values

//ei_camera_snapshot is resized = do_resize;
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//ei_camera_snapshot_is_cropped = do_crop;

ei_camera_capture out = out_buf;

return true;

/**

* @brief  Convert RGB565 raw camera buffer to RGB888
*
* @param[in] offset  pixel offset of raw buffer
* @param[in] length  number of pixels to convert
* @param[out] out buf  pointer to store output image
*/
int ei_camera cutout get data(size t offset, size t length, float
*out_ptr) {
size tpixel ix = offset * 2;
size t bytes left = length;

size tout ptr ix =0;

// read byte for byte
while (bytes_left |=0) {
// grab the value and convert to r/g/b

uintl6_t pixel = (ei_camera_capture out[pixel ix] << 38) |

ei_camera_capture out[pixel ix+1];
uint8 tr, g, b;
r=((pixel >> 11) & 0x1f) << 3;
g = ((pixel >> 5) & 0x3f) << 2;
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b = (pixel & 0x1f) << 3;

// then convert to out ptr format
float pixel f=(r<<16)+ (g<<8)+b;

out ptr[out ptr ix] = pixel f;

// and go to the next pixel
out ptr ix++;
pixel ix+=2;

bytes left--;

// and done!

return 0;

// This include file works in the Arduino environment
// to define the Cortex-M intrinsics

#ifdlef ARM FEATURE SIMD32

#include <device.h>

#endif

// This needs to be < 16 or it won't fit. Cortex-M4 only has SIMD

for signed multiplies
#define FRAC BITS 14
#define FRAC VAL (1<<FRAC BITS)

#define FRAC_MASK (FRAC VAL - 1)
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//

// Resize

//

// Assumes that the destination buffer is dword-aligned
// Can be used to resize the image smaller or larger

/I If resizing much smaller than 1/3 size, then a more rubust

algorithm should average all of the pixels

//" This algorithm uses bilinear interpolation - averages a 2x2

region to generate each new pixel
//

// Optimized for 32-bit MCUs

// supports 8 and 16-bit pixels

void resizelmage(int srcWidth, int srcHeight, uint8 t *srclmage,

int dstWidth, int dstHeight, uint8 t *dstImage, int iBpp)

{

uint32 t src X accum, src_y accum; // accumulators and

fractions for scaling the image
uint32 tx_ frac, nx_frac,y frac, ny frac;

int x, y, ty, tx;

if (iBpp != 8 && iBpp !=16)
return;

src_y accum =FRAC_ VAL/2;// start at 1/2 pixel in to account

for integer downsampling which might miss pixels

const uint32 t src x frac = (srcWidth * FRAC VAL) /
dstWidth;

const uint32 t src y frac = (srcHeight * FRAC VAL) /
dstHeight;
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const uint32 tr mask = 0xf800{800;

const uint32 t g mask = 0x07e007¢0;

const uint32 tb mask = 0x001f001f;

uint8 t *s, *d;

uintl6_t *s16, *d16;

uint32 tx frac2,y frac2;// for 16-bit SIMD

for (y=0; y < dstHeight; y++) {
ty = src_y accum >> FRAC BITS; //srcy
y_frac =src_y accum & FRAC MASK;
src_y _accum +=src_y frac;

ny frac = FRAC VAL -y frac; // y fraction and 1.0 -y

fraction
y_frac2 =ny frac| (y_frac << 16); // for M4/M4 SIMD
s = &srclmage[ty * srcWidth];
s16 = (uintl6_t *)&srclmage[ty * srcWidth * 2];
d = &dstImage[y * dstWidth];
d16 = (uintl6_t *)&dstlmage[y * dstWidth * 2];

src_x_accum = FRAC VAL/2; // start at 1/2 pixel in to

account for integer downsampling which might miss pixels
if (iBpp == 8) {
for (x=0; x < dstWidth; x++) {
uint32 t tx, p00,p01,p10,p11;
tx =src_x_accum >> FRAC BITS;
x_frac = src_x_accum & FRAC MASK;

nx_frac = FRAC VAL - x_frac; // x fraction and 1.0 - x

fraction

x_frac2 =nx_frac | (x_frac << 16);
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src_x_accum += src_x_frac;

p00 = s[tx]; p10 = s[tx+1];

p01 = s[tx+srcWidth]; p11 = s[tx+srcWidth+1];
#ifdef ARM FEATURE SIMD32

p00 =  SMLAD(p00 | (pl0<<16), x frac2,
FRAC VAL/2)>>FRAC BITS; // top line

p01 =  SMLAD(pO1 | (pll<<l6), x frac2,
FRAC VAL/2)>>FRAC BITS; // bottom line

p00 =  SMLAD(p00 | (p01<<16), y frac2,
FRAC VAL/2)>>FRAC BITS; // combine

#else // generic C code

p00 = ((p00 * nx_frac) + (p10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

p01 =((p01 * nx_frac) + (p11 * x_frac) + FRAC VAL/2)
>>FRAC _BITS; // bottom line

p00 = ((p00 * ny frac) + (pO1 * y frac) + FRAC VAL/2)
>>FRAC _ BITS; // combine top + bottom

#endif // Cortex-M4/M7
*d++ = (uint8_t)p00; // store new pixel
} // for x
} // 8-bpp
else
{ // RGB565
for (x=0; x < dstWidth; x++) {
uint32 _t tx, p00,p01,p10,p11;

uint32 t r00, r01, r10, r11, g00, g01, g10, g11, b00, bO1,
b10, bl1;

tx =src_x_accum >> FRAC BITS;
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x_frac =src_x accum & FRAC MASK;

nx_frac = FRAC VAL - x_frac; // x fraction and 1.0 - x

fraction
x_frac2 =nx_frac | (x_frac << 16);
src_x_accum += src_x_frac;

p00 = builtin bswapl6(sl6[tx]); pl0 =
__builtin_bswap16(s16[tx+1]);

p01 = _ builtin_bswapl6(s16[tx+srcWidth]); pll =
__builtin_bswap16(s16[tx+srcWidth+1]);

#ifdef ARM FEATURE SIMD32
{
p00 |= (p10 << 16);
pOl |= (pl1 << 16);

r00 = (p00 & r_mask) >> 1; g00 = p00 & g mask; b00 =
p00 & b_mask;

01 = (p01 & r mask) >>1; g01 = p01 & g mask; b01 =
p01 & b_mask;

00 = SMLAD(100, x_frac2, FRAC VAL/2) >>
FRAC BITS; // top line

01 = SMLAD(101, x_frac2, FRAC VAL/2) >>
FRAC BITS; // bottom line

r00=__ SMLAD(r00 | (r01<<16),y frac2, FRAC VAL/2)
>>FRAC _ BITS; // combine

g00 = SMLAD(g00, x frac2, FRAC VAL/2) >>
FRAC BITS; // top line

g0l = SMLAD(g01, x frac2, FRAC VAL/2) >>
FRAC BITS; // bottom line

g00 =  SMLAD(g00 | (g01<<16), y frac2,
FRAC VAL/2)>>FRAC BITS; // combine
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b00 = SMLAD(b00, x frac2, FRAC VAL/2) >>
FRAC BITS; // top line

b0l =  SMLAD(bO1, x_frac2, FRAC_VAL/2) >>
FRAC BITS; // bottom line

b00 =  SMLAD(b00 | (b01<<16), y frac2,
FRAC VAL/2)>>FRAC BITS; // combine
}
#else // generic C code
{

r00 = (p00 & r_mask) >> 1; g00 = p00 & g mask; b00 =
p00 & b_mask;

rl0 = (pl10 & r_mask) >> 1; gl0 =pl10 & g mask; b10 =
pl0 & b_mask;

01 = (p01 & r mask) >>1; g01 =p01 & g mask; b01 =
p01 & b_mask;

rll =(pll & r mask) >>1; g1l =pll & g mask; bll =
pll & b_mask;

r00 = ((r00 * nx_frac) + (r10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

r01 = ((r01 * nx_frac) + (r11 * x_frac) + FRAC VAL/2)
>>FRAC_BITS; // bottom line

r00 = ((r00 * ny_frac) + (r01 * y_frac) + FRAC VAL/2)
>>FRAC _ BITS; // combine top + bottom

200 = ((g00 * nx_frac) + (gl10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

201 = ((g01 * nx_frac) + (g1l * x_frac) + FRAC VAL/2)
>>FRAC_BITS; // bottom line

200 = ((g00 * ny_frac) + (g01 * y frac) + FRAC VAL/2)
>>FRAC _ BITS; // combine top + bottom
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b00 = ((b00 * nx_frac) + (b10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

b01 = ((b01 * nx_frac) + (b1l * x_frac) + FRAC VAL/2)
>>FRAC_BITS; // bottom line

b00 = ((b00 * ny frac) + (b0l *y frac) + FRAC VAL/2)
>>FRAC BITS; // combine top + bottom

}
#endif // Cortex-M4/M7
r00 = (r00 << 1) & r_mask;
200 = g00 & g mask;
b00 =b00 & b_mask;
p00 = (r00 | g00 | b00); // re-combine color components

*d16++ = (uint16_t) builtin_bswap16(p00); // store new

pixel

} // for x

} // 16-bpp

}// fory

} /* resizelmage() */
/1
// Crop
/1
// Assumes that the destination buffer is dword-aligned
// optimized for 32-bit MCUs
// Supports 8 and 16-bit pixels
/1

void cropImage(int srcWidth, int srcHeight, uint8 t *srcImage,
int startX, int startY, int dstWidth, int dstHeight, uint8 t
*dstImage, int iBpp)
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uint32_t *s32, *d32;

int x, y;

if (startX < 0 || startX >= srcWidth || startY < 0 || startY >=
srcHeight || (startX + dstWidth) > srcWidth || (startY + dstHeight)
> srcHeight)

return; // invalid parameters
if (iBpp != 8 && iBpp !=16)

return;

if (iBpp == 8) {
uint8 t *s, *d;
for (y=0; y<dstHeight; y++) {
s = &srclmage[srcWidth * (y + startY) + startX];
d = &dstIlmage[(dstWidth * y)];
x=0;

if ((intptr_t)s & 3 || (intptr_t)d & 3) { // either src or dst

pointer is not aligned
for (; x<dstWidth; x++) {
*d++ = *s++; // have to do it byte-by-byte

}

} else {

// move 4 bytes at a time if aligned or alignment not enforced
$32 = (uint32_t *)s;
d32 = (uint32_t *)d;

for (; x<dstWidth-3; x+=4) {
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*d32++ = *s32++;
}
// any remaining stragglers?
s = (uint8_t *)s32;
d = (uint8_t *)d32;
for (; x<dstWidth; x++) {

*dt++ = *g++;

} // fory
} // 8-bpp
else
{
uintl6_t *s, *d;
for (y=0; y<dstHeight; y++) {

s = (uintl6_t *)&srclmage[2 * srcWidth * (y + startY) +
startX * 2];

d = (uintl6_t *)&dstlmage[(dstWidth * y * 2)];
x =0;

if ((intptr_t)s & 2 || (intptr_t)d & 2) { // either src or dst

pointer is not aligned
for (; x<dstWidth; x++) {

*d++ = *s++; // have to do it 16-bits at a time

}

} else {

// move 4 bytes at a time if aligned or alignment no enforced
$32 = (uint32_t *)s;
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d32 = (uint32_t *)d;

for (; x<dstWidth-1; x+=2) { // we can move 2 pixels at a

time
*d32++ = *s32++;
}
// any remaining stragglers?
s = (uintl6_t *)s32;
d = (uintl6_t *)d32;
for (; x<dstWidth; x++) {

*dt++ = *g++;

}
} // fory

} // 16-bpp case

} /* croplmage() */

#if |defined(EI CLASSIFIER SENSOR) I
El CLASSIFIER SENSOR 1=
El CLASSIFIER SENSOR CAMERA

#error "Invalid model for current sensor"

#endif

// OV767X camera library override

#include <Arduino.h>

#include <Wire.h>
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#define digitalPinToBitMask(P) (1 << (digitalPinToPinName(P)
% 32))

#define portlnputRegister(P) (P == 0) ? &NRF PO->IN :
&NRF _P1->IN)

//
// OV7675::begin()
//

// ' Extends the OV767X library function. Some private variables

are needed

// to use the OV7675::readFrame function.

//

int OV7675::begin(int resolution, int format, int fps)

{
pinMode(OV7670_VSYNC, INPUT);
pinMode(OV7670_HREF, INPUT);
pinMode(OV7670_PLK, INPUT);

pinMode(OV7670 XCLK, OUTPUT);

vsyncPort =
portInputRegister(digitalPinToPort(OV7670 VSYNC));

vsyncMask = digitalPinToBitMask(OV7670 VSYNC);

hrefPort =
portInputRegister(digitalPinToPort(OV7670 HREF));

hrefMask = digitalPinToBitMask(OV7670 HREF);

pclkPort =
portInputRegister(digitalPinToPort(OV7670 PLK));

pclkMask = digitalPinToBitMask(OV7670 PLK);
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// init driver to use full image sensor size

bool ret = OV767X::begin(VGA, format, fps);
width = OV767X::width(); // full sensor width
height = OV767X::height(); // full sensor height
bytes per pixel = OV767X::bytesPerPixel();

bytes per row = width * bytes per pixel; / each pixel is 2
bytes

resize height = 2;

buf mem = NULL;
raw_buf=NULL;
intrp_buf=NULL;

//allocate scratch buffs();

return ret;

} /¥ OV7675::begin() */

int OV7675::allocate_scratch_buffs()

{
//ei_printf("allocating buffers..\r\n");

buf rows = height / resize_row_sz * resize height;

buf size = bytes per row * buf rows;

buf mem = ei_malloc(buf size);

if(buf mem == NULL) {
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ei_printf("failed to create buf mem\r\n");

return false;

raw_buf = (uint8 _t

*)DWORD_ ALIGN PTR((uintptr_t)buf mem);

/lei_printf("allocating buffers OK\r\n");

return 0;

int OV7675::deallocate scratch buffs()

{
//ei_printf("deallocating buffers...\r\n");
ei_free(buf mem);

buf mem = NULL;

//ei_printf("deallocating buffers OK\r\n");

return 0;

//
/I OV7675::readFrame()
//

/I Overrides the OV767X library function. Fixes the camera
output to be

//"a far more desirable image. This image utilizes the full sensor

size
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// and has the correct aspect ratio. Since there is limited memory

on the

// Nano we bring in only part of the entire sensor at a time and

then

// interpolate to a lower resolution.

//

void OV7675::readFrame(void* buffer)

{

allocate_scratch_buffs();

uint8 t* out = (uint8_t*)buffer;

nolnterrupts();

// Falling edge indicates start of frame
while ((*vsyncPort & vsyncMask) == 0); // wait for HIGH

while ((*vsyncPort & vsyncMask) != 0); // wait for LOW

int out_row = 0;

for (int raw_height = 0; raw_height < height; raw_height +=
buf rows) {

// read in 640xbuf rows buffer to work with

readBuf();

resizelmage(width, buf rows,
raw_buf,
resize_col sz, resize height,

&(out[out_row]),
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16);

out row +=resize col sz * resize height * bytes per pixel;

/* resize_col sz * 2 * 2 */

}

interrupts();

deallocate scratch buffs();

} /* OV7675::readFrame() */

//
// OV7675::readBuf()
//

// ' Extends the OV767X library function. Reads buf rows VGA

rows from the

// image sensor.

//

void OV7675::readBuf()
{

int offset = 0;

uint32 tulPin=33;// P1.xx set of GPIO is in 'pin' 32 and above

NRF_GPIO_Type * port;

port =nrf gpio pin port decode(&ulPin);
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for (int i = 0; i < buf rows; i++) {
// rising edge indicates start of line

while ((*hrefPort & hrefMask) == 0); // wait for HIGH

for (int col = 0; col < bytes_per row; col++) {
// rising edges clock each data byte

while ((*pclkPort & pclkMask) != 0); // wait for LOW

uint32_t in = port->IN; // read all bits in parallel

in >>=2; // place bits 0 and 1 at the "bottom" of the register
in &= 0x3103; // isolate the 8 bits we care about

in |= (in >> 6); // combine the upper 6 and lower 2 bits

raw_buf]offset++] = in;

while ((*pclkPort & pclkMask) == 0); // wait for HIGH

while ((*hrefPort & hrefMask) != 0); // wait for LOW

}
} /¥ OV7675::readBuf() */

BS K®owkog Arduino povréiov avayvaplong Kot pETPNoNg

TOAPOV

[Mpékettar yoo TOV K®OWKO TOV HOVIEAOL OVOYVOPIONG KOl
HETPNONG TAAUDV, O OTOT0G ATOTEAEL GLVOVLOCUO TOV TOPATAVED

KOOIK®V: TOV HOVIEAOL OvVOYyVAOPIONG KOl NG  HETPNONG
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KOPOWKAOV TOAUDV, HE €MTALOV TWPOGONKN TNV EUPAVION

UNVOUOTOG TPOEWDOTOINGNG Y10 XOUNAOVG 1] VYNAOVS TAAUOVC.

#include <CV_Detection_inferencing.h>

#include <Arduino OV767X.h>

#include <stdint.h>

#include <stdlib.h>
T
//Max30102

#include <Wire.h>

#include "MAX30105.h"

#include "heartRate.h"

MAX30105 particleSensor; // Class to set the Max30102 sensor

const byte RATE SIZE = 4; // Increase this for more averaging.
4 is good.

byte ratesfRATE SIZE]; // Array of heart rates
byte rateSpot = 0;

long lastBeat = 0; // Time at which the last beat occurred

float beatsPerMinute;

int beatAvg;

unsigned long lastHeartRateRead = 0;

void readHeartRate(MAX30105 &particleSensor){
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long irValue = particleSensor.getIR(); // reading the value of
InfraRed LED

if (checkForBeat(irValue) == true) {

long delta = millis() - lastBeat; // Calculate the difference

between the present heartbeat and the last heartbeat

lastBeat = millis();

beatsPerMinute = 60 / (delta / 1000.0); // Calculate the beats

per minute

if (beatsPerMinute < 255 && beatsPerMinute > 20) {

rates[rateSpot++] = (byte)beatsPerMinute; // Array which

store the mesurements

rateSpot %= RATE SIZE; // Determines in which position of

the array the new mesurement will be stored and increase by 1

// Calculation of Average BPM

beatAvg = 0;

for (byte x = 0; x <RATE_SIZE; x++) {
beatAvg += rates[x];

}
beatAvg /= RATE_SIZE;
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// Print Values
Serial.print("IR=");
Serial.print(irValue);
Serial.print(", BPM=");
Serial.print(beatsPerMinute);
Serial.print(", Avg BPM=");

Serial.print(beatAvg);

Serial.println();

b
T T

unsigned long readingCamera = 0;

/* Constant variables

¥

#define EI CAMERA RAW _FRAME BUFFER COLS 160

#define E CAMERA RAW FRAME BUFFER ROWS 120

#define DWORD_ALIGN PTR(a) ((a & 0x3) ?(((uintptr_t)a +
0x4) & ~(uintptr_t)0x3) : a)

/* Edge Impulse

¥/

class OV7675 : public OV767X {
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public:
int begin(int resolution, int format, int fps);

void readFrame(void* buffer);

private:
int vsyncPin;
int hrefPin;
int pclkPin;

int xclkPin;

volatile uint32_t* vsyncPort;
uint32 t vsyncMask;
volatile uint32_t* hrefPort;
uint32 t hrefMask;

volatile uint32_t* pclkPort;

uint32_t pclkMask;

uintl6_t width;

uintl6_t height;

uint8_t bytes per pixel;
uint16_t bytes per row;
uint8 t buf rows;
uintl6_t buf size;
uint8_t resize height;
uint8 t *raw_buf;

void *buf mem,;
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uint8_t *intrp_buf;

uint8_t *buf limit;

void readBuf();
int allocate scratch buffs();

int deallocate scratch buffs();

typedef struct {
size t width;
size t height;

} ei_device resize resolutions _t;

/**

* @brief  Check if new serial data is available

*

* @return  Returns number of available bytes
*/
int ei_get serial available(void) {

return Serial.available();

/**

* @brief  Get next available byte

*

* @return  byte
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*/
char ei_get serial byte(void) {

return Serial.read();

/* Private variables

- */

static OV7675 Cam,;

static bool is_initialised = false;

/ %

** (@brief points to the output of the capture

*/

static uint8 t *ei_camera capture out = NULL;
uint32_tresize col sz;

uint32 tresize row_ sz

bool do_resize = false;

bool do_crop = false;

static bool debug_nn = false; // Set this to true to see e.g. features

generated from the raw signal

/* Function definitions

bool ei_camera_init(void);

void ei_camera_deinit(void);
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bool  ei camera capture(uint32 t  img width, uint32 t

img_height, uint8 t *out buf) ;

int calculate resize dimensions(uint32 t out width, uint32 t
out height, uint32 t *resize col sz, uint32 t *resize row sz,

bool *do_resize);

void resizelmage(int srcWidth, int srcHeight, uint8 t *srclmage,

int dstWidth, int dstHeight, uint8 t *dstImage, int iBpp);

void cropImage(int srcWidth, int srcHeight, uint8 t *srcImage,
int startX, int startY, int dstWidth, int dstHeight, uint8 t

*dstImage, int iBpp);

/**

* @brief  Arduino setup function
*/
void setup()
{
Serial.begin(115200);
Seriall.begin(115200); // Serial connetion for ESP

// comment out the below line to cancel the wait for USB

connection (needed for native USB)
while (!Serial);
I
Serial.println("Initializing...");
// Initialize sensor Max30102
if (!particleSensor.begin(Wire, 2C_SPEED FAST)) {

Serial.println("MAX30105 was not found. Please check

wiring/power.");

while (1);
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particleSensor.setup();

particleSensor.setPulseAmplitudeRed(0x0A); // Turn Red LED

to low to indicate sensor is running

particleSensor.setPulseAmplitudeGreen(0); // Turn off Green
LED

T

Serial.println("Edge Impulse Inferencing Demo");

Serial.println("Initializing...");

// summary of inferencing settings (from model metadata.h)
ei_printf("Inferencing settings:\n");

ei_printf("\tImage resolution: %dx%d\n",
EI CLASSIFIER INPUT WIDTH,
EI CLASSIFIER INPUT HEIGHT);

ei_printf("\tFrame size: %d\n",
EI CLASSIFIER DSP INPUT FRAME SIZE);

ei_printf("\tNo. of classes: %d\n",
sizeof(ei_classifier inferencing categories) /

sizeof(ei_classifier inferencing categories[0]));

/**

* @brief  Get data and run inferencing

*
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* @param[in] debug Get debug info if true
*/
void loop()

{

T T

bool stop_inferencing = false;

while(stop_inferencing == false) {

T T
//IMAX30102

for (int i = 0; i < 500; i++){

readHeartRate(particleSensor); // runs 500 times the pulse

Sensor

}

T

for (inty = 0; y < 1; y++){ // runs 1 time the diagnosis model

ei_printf("\nStarting inferencing in 2 seconds...\n");

// instead of wait_ms, we'll wait on the signal, this allows

threads to cancel us...
if (ei_sleep(2000) !'= EI IMPULSE OK) {
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break;

ei_printf("Taking photo...\n");

if (ei_camera_init() == false) {
ei_printf("ERR: Failed to initialize image sensor\r\n");

break;

// choose resize dimensions
uint32_tresize col sz;
uint32_tresize row_ sz
bool do_resize = false;

int res =
calculate resize dimensions(EI_ CLASSIFIER INPUT WIDT
H, EI CLASSIFIER INPUT HEIGHT, &resize col sz,

&resize row_sz, &do_resize);
if (res) {

ei_printf("ERR: Failed to calculate resize dimensions

(%d)\r\n", res);

break;

void *snapshot mem = NULL;

uint8 t *snapshot buf=NULL,;
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snapshot mem =

ei_malloc(resize col sz*resize row sz*2);
if(snapshot mem == NULL) {
ei_printf("failed to create snapshot mem\r\n");

break;

snapshot_buf = (uint8 t
*)DWORD ALIGN PTR((uintptr_t)snapshot mem);

if (ei_camera_capture(El_CLASSIFIER INPUT WIDTH,
EI CLASSIFIER INPUT HEIGHT, snapshot buf) == false) {

ei_printf("Failed to capture image\r\n");
if (snapshot mem) ei_free(snapshot mem);

break;

ei::signal t signal;

signal.total length = EI CLASSIFIER INPUT WIDTH *
EI CLASSIFIER INPUT HEIGHT;

signal.get data = &ei_camera_cutout get data;

// run the impulse: DSP, neural network and the Anomaly

algorithm

ei_impulse result tresult= {0 };

EI IMPULSE ERROR ei_error = run_classifier(&signal,
&result, debug nn);

if (ei_error != EI IMPULSE OK) {
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ei_printf("Failed to run impulse (%d)\n", ei_error);
ei_free(snapshot mem);

break;

// print the predictions

ei_printf("Predictions (DSP: %d ms., Classification: %d ms.,
Anomaly: %d ms.): \n",

result.timing.dsp, result.timing.classification,

result.timing.anomaly);
String detectedLabel ="";
#if EI CLASSIFIER OBJECT DETECTION ==
ei_printf("Object detection bounding boxes:\r\n");
for (uint32 ti=0; i <result.bounding boxes count; i++) {

ei_impulse result bounding box t bb =

result.bounding_boxes][i];
if (bb.value == 0) {
continue;

}

ei_printf(" %s (%f) [ x: %u, y: %u, width: %u, height:
%u J\r\n",

bb.label,
bb.value,
bb.x,
bb.y,
bb.width,

bb.height);
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i
String data;
// print a message
if (beatAvg <=40){

ei_printf("Attention!! Position: %s, Low Heart Rate =
%d\n", bb.label, beatAvg);

data = String("Position: ") + String(bb.label) + ", Low
Heart Rate =" + String(beatAvg);

}
else if (beatAvg >= 100){

ei_printf("Attention!! Position: %s, High Heart Rate =
%d\n", bb.label, beatAvg);

data = String("Position: ") + String(bb.label) + ", High
Heart Rate =" + String(beatAvg);

}
else{

ei_printf("Position: %s, Heart Rate = %d\n", bb.label,
beatAvg);

data = String("Position: ") + String(bb.label) + ", Heart
Rate =" + String(beatAvg);

}
delay(500);

// Print the prediction results (classification)
#else

ei_printf("Predictions:\r\n");

166



for (uint16_ti=0;i<El CLASSIFIER LABEL COUNT;

i++) {
ei_printf(" %s: ", ei_classifier inferencing_categories[i]);
ei_printf("%.5f\r\n", result.classification[i].value);

}
#endif

// Print anomaly result (if it exists)
#if EI. CLASSIFIER HAS ANOMALY
ei_printf(" Anomaly prediction: %.3f\r\n", result.anomaly);

#endif

#if EI. CLASSIFIER HAS VISUAL ANOMALY
ei_printf("Visual anomalies:\r\n");
for (uint32 ti=0; 1 <result.visual ad count; i++) {

ei_impulse result bounding box t bb =

result.visual ad grid cells[i];
if (bb.value == 0) {
continue;

}

ei_printf(" %s (%f) [ x: %u, y: %u, width: %u, height:
%u J\r\n",

bb.label,
bb.value,
bb.x,
bb.y,

bb.width,
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bb.height);

}
#endif

while (ei_get serial available() > 0) {
if (ei_get serial byte() =="b') {
ei_printf("Inferencing stopped by user\r\n");

stop_inferencing = true;

}
}
if (snapshot mem) ei_free(snapshot mem);
beatAvg = 0;
}
}

ei_camera_deinit();

} // end void loop

/**

* @brief  Determine whether to resize and to which dimension

*

* @param[in] out width  width of output image

* @param[in] out height height of output image
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* (@param[out] resize col sz pointer to frame buffer's

column/width value

* (@param[out] resize row sz pointer to frame buffer's

rows/height value

* @param[out] do_resize returns whether to resize (or not)
*

*/

int calculate resize dimensions(uint32 t out width, uint32 t
out height, uint32 t *resize col sz, uint32 t *resize row sz,

bool *do_resize)
{
size tlist size = 2,

constei_device resize resolutions tlist[list size] = { {42,32},

(128,96} };

// (default) conditions

*resize col sz =

El CAMERA RAW FRAME BUFFER COLS;

*resize row_sz =

El CAMERA RAW FRAME BUFFER ROWS;

*do_resize = false;

for (size _tix =0;ix <list_size; ix++) {

if ((out width <= list[ix].width) && (out height <=
list[ix].height)) {

*resize_col sz = list[ix].width;
*resize_row_sz = list[ix].height;

*do_resize = true;
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break;

return 0;

/**

* @brief Setup image sensor & start streaming

*

* @retval false if initialisation failed
*/

bool ei_camera_init(void) {

if (is_initialised) return true;

if (1Cam.begin(QQVGA, RGB565, 1)) { // VGA downsampled
to QQVGA (0OV7675)

ei_printf("ERR: Failed to initialize camera\r\n");

return false;

}

is_initialised = true;

return true;

/**
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* @brief  Stop streaming of sensor data
*/
void ei_camera_deinit(void) {
if (is_initialised) {
Cam.end();

is_initialised = false;

/**

* @brief  Capture, rescale and crop image

*

* @param[in] img width  width of output image
* @param[in] img_height height of output image

* @param[in] out buf  pointer to store output image, NULL

may be used

* when full resolution is expected.

* @retval  false if not initialised, image captured, rescaled or

cropped failed

*
*/

bool  ei camera capture(uint32 t  img width, uint32 t

img_height, uint8 t *out buf)

{
if (!is_initialised) {

ei_printf("ERR: Camera is not initialized\r\n");
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return false;

if (lout_buf) {
ei_printf("ERR: invalid parameters\r\n");

return false;

// choose resize dimensions

int res = calculate resize dimensions(img_ width, img_height,

&resize col sz, &resize row sz, &do_resize);

if (res) {

ei_printf("ERR: Failed to calculate resize dimensions

(%d)\r\n", res);

return false;

if ((img_width !=resize col sz)
|| (img_height !=resize row_sz)) {

do_crop = true;

Cam.readFrame(out_buf); // captures image and resizes

if (do_crop) {

uint32 t crop col sz;

uint32 tcrop row_sz;

172



uint32 t crop col start;

uint32 tcrop row_start;

crop_row_start = (resize_row_sz - img_height) / 2;
crop_col start = (resize col sz - img_ width) / 2;
crop_col sz =1img width;

crop_row_sz =img_height;

/lei_printf("crop cols:  %d, rows: %d\r\n",

crop_col_sz,crop_row_sz);
croplmage(resize col sz, resize row_sz,
out buf,
crop_col start, crop_row_start,
crop_col sz, crop row_sz,
out buf,

16);

// The following variables should always be assigned
// if this routine is to return true

// cutout values

//ei_camera snapshot is resized = do_resize;
//ei_camera_snapshot_is_cropped = do_crop;

ei_camera_capture out = out_buf;

return true;
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/**

* @brief  Convert RGB565 raw camera buffer to RGB888
*
* @param[in] offset  pixel offset of raw buffer
* @param[in] length  number of pixels to convert
* @param[out] out buf  pointer to store output image
*/
int ei_camera cutout get data(size t offset, size t length, float
*out_ptr) {
size tpixel ix = offset * 2;
size t bytes left = length;

size tout ptr ix =0;

// read byte for byte
while (bytes_left |=0) {
// grab the value and convert to r/g/b

uintl6_t pixel = (ei_camera_capture out[pixel ix] << 38) |

ei_camera_capture out[pixel ix+1];
uint8 tr, g, b;
r=((pixel >> 11) & 0x1f) << 3;
g = ((pixel >> 5) & 0x3f) << 2;

b = (pixel & 0x1f) << 3;

// then convert to out ptr format
float pixel f=(r<<16)+ (g<<8)+b;
out ptr[out ptr ix] = pixel f;
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// and go to the next pixel
out ptr ix++;
pixel ix+=2;

bytes left--;

// and done!

return 0;

// This include file works in the Arduino environment
// to define the Cortex-M intrinsics

#ifdlef ARM FEATURE SIMD32

#include <device.h>

#endif

// This needs to be < 16 or it won't fit. Cortex-M4 only has SIMD

for signed multiplies

#define FRAC BITS 14

#define FRAC VAL (1<<FRAC BITS)

#define FRAC_MASK (FRAC VAL -1)

/1

// Resize

/1

// Assumes that the destination buffer is dword-aligned

// Can be used to resize the image smaller or larger
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/I If resizing much smaller than 1/3 size, then a more rubust

algorithm should average all of the pixels

//" This algorithm uses bilinear interpolation - averages a 2x2

region to generate each new pixel
//

// Optimized for 32-bit MCUs

// supports 8 and 16-bit pixels

void resizelmage(int srcWidth, int srcHeight, uint8 t *srclmage,

int dstWidth, int dstHeight, uint8 t *dstImage, int iBpp)

{

uint32 t src X accum, src_y accum; // accumulators and

fractions for scaling the image
uint32 tx frac, nx_frac,y frac, ny frac;

int x, y, ty, tx;

if (iBpp != 8 && iBpp !=16)
return;

src_y accum =FRAC_ VAL/2;// start at 1/2 pixel in to account

for integer downsampling which might miss pixels

const uint32 t src x frac = (srcWidth * FRAC VAL) /
dstWidth;

const uint32 t src y frac = (srcHeight * FRAC VAL) /
dstHeight;

const uint32 tr mask = 0xf800{800;
const uint32 t g mask = 0x07e007¢0;
const uint32 tb mask = 0x001f001f;
uint8 t *s, *d;

uintl6_t *s16, *d16;
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uint32 tx frac2,y frac2;// for 16-bit SIMD
for (y=0; y < dstHeight; y++) {
ty = src_y accum >> FRAC BITS; //srcy
y_frac =src_y accum & FRAC MASK;
src_y_accum +=src_y frac;

ny frac = FRAC VAL -y frac; // y fraction and 1.0 -y

fraction
y_frac2 =ny frac| (y_frac << 16); // for M4/M4 SIMD
s = &srclmage[ty * srcWidth];
s16 = (uintl6_t *)&srclmage[ty * srcWidth * 2];
d = &dstlmage[y * dstWidth];
d16 = (uintl6_t *)&dstImage[y * dstWidth * 2];

src_x_accum = FRAC VAL/2; // start at 1/2 pixel in to

account for integer downsampling which might miss pixels
if (iBpp == 8) {
for (x=0; x < dstWidth; x++) {
uint32 t tx, p00,p01,p10,p11;
tx =src_x_accum >> FRAC BITS;
x_frac =src_x accum & FRAC MASK;

nx_frac = FRAC_ VAL - x_frac; // x fraction and 1.0 - x

fraction
x_frac2 =nx_frac | (x_frac << 16);
src_x_accum += src_x_frac;
p00 = s[tx]; p10 = s[tx+1];
p01 = s[tx+srcWidth]; p11 = s[tx+srcWidth+1];

#ifdef ARM _FEATURE SIMD32
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p00 =  SMLAD(p00 | (pl0<<16), x frac2,
FRAC VAL/2)>>FRAC BITS; // top line

p01 =  SMLAD(pO1 | (pll<<l6), x frac2,
FRAC VAL/2)>>FRAC BITS; // bottom line

p00 =  SMLAD(p00 | (p01<<16), y frac2,
FRAC VAL/2)>>FRAC BITS; // combine

#else // generic C code

p00 = ((p00 * nx_frac) + (p10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

p01 =((p01 * nx_frac) + (p11 * x_frac) + FRAC VAL/2)
>>FRAC _BITS; // bottom line

p00 = ((p00 * ny frac) + (p01 *y frac) + FRAC VAL/2)
>>FRAC _ BITS; // combine top + bottom

#endif // Cortex-M4/M7
*d++ = (uint8_t)p00; // store new pixel
} // for x
} // 8-bpp
else
{ // RGB565
for (x=0; x < dstWidth; x++) {
uint32 _t tx, p00,p01,p10,p11;

uint32 t r00, r01, r10, r11, g00, g01, g10, g11, b00, bO1,
b10, bll;

tx =src_x_accum >> FRAC BITS;
x_frac =src_x _accum & FRAC MASK;

nx_frac = FRAC VAL - x_frac; // x fraction and 1.0 - x

fraction

x_frac2 =nx_frac | (x_frac << 16);
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src_x_accum += src_x_frac;

p00 = builtin bswapl6(sl6[tx]); pl0 =
__builtin_bswap16(s16[tx+1]);

p01 = _ builtin_bswapl6(s16[tx+srcWidth]); pll
__builtin_bswap16(s16[tx+srcWidth+1]);

#ifdef ARM FEATURE SIMD32
{
p00 |= (p10 << 16);
pOl |= (pl1 << 16);

r00 = (p00 & r_mask) >> 1; g00 = p00 & g mask; b00 =
p00 & b_mask;

101 = (p01 & r mask) >>1; g01 =p01 & g mask; b01 =
p01 & b_mask;

100 =  SMLAD(r00, x_frac2, FRAC VAL/2) >>
FRAC BITS; // top line

01 = SMLAD(101, x_frac2, FRAC VAL/2) >>
FRAC BITS; // bottom line

r00=__ SMLAD(r00 | (r01<<16),y frac2, FRAC VAL/2)
>>FRAC _ BITS; // combine

g00 = SMLAD(g00, x frac2, FRAC VAL/2) >>
FRAC BITS; // top line

g0l = SMLAD(g01, x frac2, FRAC VAL/2) >>
FRAC BITS; // bottom line

g00 =  SMLAD(g00 | (g01<<16), y frac2,
FRAC VAL/2)>>FRAC BITS; // combine

b00 = SMLAD(b00, x_frac2, FRAC VAL/2) >>
FRAC BITS; // top line

b0l =  SMLAD(bO1, x_frac2, FRAC_VAL/2) >>
FRAC BITS; // bottom line
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b00 =  SMLAD(DO00 | (b01<<16), y frac2,
FRAC VAL/2)>>FRAC BITS; // combine

}

#else // generic C code

{

r00 = (p00 & r_mask) >> 1; g00 = p00 & g mask; b00 =
p00 & b_mask;

rl0 = (pl10 & r_mask) >> 1; gl0 = pl10 & g mask; b10 =
pl0 & b_mask;

101 = (p01 & r mask) >>1; g01 = p01 & g mask; b01 =
p01 & b_mask;

rll =(pll & r mask) >>1; g1l =pll & g mask; bll =
pll & b_mask;

r00 = ((r00 * nx_frac) + (r10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

r01 = ((r01 * nx_frac) + (r11 * x_frac) + FRAC VAL/2)
>>FRAC_BITS; // bottom line

r00 = ((r00 * ny_frac) + (r01 * y_frac) + FRAC VAL/2)
>>FRAC _BITS; // combine top + bottom

200 = ((g00 * nx_frac) + (gl10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

201 = ((g01 * nx_frac) + (g1l * x_frac) + FRAC VAL/2)
>>FRAC _BITS; // bottom line

200 = ((g00 * ny_frac) + (g01 * y frac) + FRAC VAL/2)
>>FRAC _BITS; // combine top + bottom

b00 = ((b00 * nx_frac) + (b10 * x_frac) + FRAC VAL/2)
>>FRAC BITS; // top line

b01 = ((b01 * nx_frac) + (b1l * x_frac) + FRAC VAL/2)
>>FRAC_BITS; // bottom line
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b00 = ((b00 * ny_frac) + (b0l *y frac) + FRAC VAL/2)
>>FRAC _ BITS; // combine top + bottom

}
#endif // Cortex-M4/M7
r00 = (r00 << 1) & r_mask;
200 = g00 & g mask;
b00 =b00 & b_mask;
p00 = (r00 | g00 | b00); // re-combine color components

*d16++ = (uint16_t) builtin_bswap16(p00); // store new

pixel

} // for x

} // 16-bpp

}// fory

} /* resizelmage() */
/1
// Crop
//
// Assumes that the destination buffer is dword-aligned
// optimized for 32-bit MCUs
// Supports 8 and 16-bit pixels
/1

void cropImage(int srcWidth, int srcHeight, uint8 t *srcImage,
int startX, int startY, int dstWidth, int dstHeight, uint8 t
*dstImage, int iBpp)

{
uint32_t *s32, *d32;

int x, y;
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if (startX < 0 || startX >= srcWidth || startY < 0 || startY >=
srcHeight || (startX + dstWidth) > srcWidth || (startY + dstHeight)
> srcHeight)

return; // invalid parameters
if (iBpp != 8 && iBpp !=16)

return;

if (iBpp == 8) {
uint8 t *s, *d;
for (y=0; y<dstHeight; y++) {
s = &srclmage[srcWidth * (y + startY) + startX];
d = &dstImage[(dstWidth * y)];
x=0;

if ((intptr_t)s & 3 || (intptr_t)d & 3) { // either src or dst

pointer is not aligned
for (; x<dstWidth; x++) {
*d++ = *s++; // have to do it byte-by-byte
}
} else {
// move 4 bytes at a time if aligned or alignment not enforced
$32 = (uint32_t *)s;
d32 = (uint32_t *)d;
for (; x<dstWidth-3; x+=4) {
*d32++ = *s32++;

}

// any remaining stragglers?
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s = (uint8_t *)s32;
d = (uint8 t *)d32;
for (; x<dstWidth; x++) {

*dt++ = *g++;

} // fory
} // 8-bpp
else
{
uintl6_t *s, *d;
for (y=0; y<dstHeight; y++) {

s = (uintl6_t *)&srclmage[2 * srcWidth * (y + startY) +
startX * 21;

d = (uintl6_t *)&dstlmage[(dstWidth * y * 2)];
x=0;

if ((intptr_t)s & 2 || (intptr_t)d & 2) { // either src or dst

pointer is not aligned
for (; x<dstWidth; x++) {
*d++ = *s++; // have to do it 16-bits at a time

}

} else {

// move 4 bytes at a time if aligned or alignment no enforced
$32 = (uint32_t *)s;
d32 = (uint32_t *)d;
for (; x<dstWidth-1; x+=2) { // we can move 2 pixels at a

time
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*d32++ = *s32++;
}
// any remaining stragglers?
s = (uintl6_t *)s32;
d = (uintl6_t *)d32;
for (; x<dstWidth; x++) {

*dt++ = *g++;

}
}// fory

} // 16-bpp case

} /* croplmage() */

#if |defined(EI CLASSIFIER SENSOR) I
El CLASSIFIER SENSOR 1=
El CLASSIFIER SENSOR CAMERA

#error "Invalid model for current sensor”

#endif

// OV767X camera library override
#include <Arduino.h>

#include <Wire.h>

#define digitalPinToBitMask(P) (1 << (digitalPinToPinName(P)
% 32))

#define portlnputRegister(P) (P == 0) ? &NRF _PO->IN :
&NRF _P1->IN)
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//
// OV7675::begin()
//

// ' Extends the OV767X library function. Some private variables

are needed

// to use the OV7675::readFrame function.

//

int OV7675::begin(int resolution, int format, int fps)

{
pinMode(OV7670_VSYNC, INPUT);
pinMode(OV7670_HREF, INPUT);
pinMode(OV7670_PLK, INPUT);

pinMode(OV7670 XCLK, OUTPUT);

vsyncPort =

portInputRegister(digitalPinToPort(OV7670 VSYNC));
vsyncMask = digitalPinToBitMask(OV7670 VSYNC);

hrefPort =
portInputRegister(digitalPinToPort(OV7670 HREF));

hrefMask = digitalPinToBitMask(OV7670 HREF);

pclkPort =
portInputRegister(digitalPinToPort(OV7670 PLK));

pclkMask = digitalPinToBitMask(OV7670 PLK);

// init driver to use full image sensor size

bool ret = OV767X::begin(VGA, format, fps);
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width = OV767X::width(); // full sensor width
height = OV767X::height(); // full sensor height
bytes per pixel = OV767X::bytesPerPixel();

bytes per row = width * bytes per pixel; / each pixel is 2
bytes

resize _height = 2;

buf mem = NULL;
raw_buf=NULL;
intrp_buf = NULL;

//allocate scratch buffs();

return ret;

} /¥ OV7675::begin() */

int OV7675::allocate_scratch buffs()
{
//ei_printf("allocating buffers..\r\n");
buf rows = height / resize_row_sz * resize height;

buf size = bytes per row * buf rows;

buf mem = ei_malloc(buf size);
if(buf mem == NULL) {
ei_printf("failed to create buf mem\r\n");

return false;

186



raw_buf = (uint8 _t

*)DWORD_ ALIGN PTR((uintptr_t)buf mem);

/lei_printf("allocating buffers OK\r\n");

return 0;

int OV7675::deallocate scratch buffs()

{
/lei_printf("deallocating buffers...\r\n");
ei_free(buf mem);

buf mem = NULL;

//ei_printf("deallocating buffers OK\r\n");

return O;

//
/I OV7675::readFrame()
//

/I Overrides the OV767X library function. Fixes the camera
output to be

//"a far more desirable image. This image utilizes the full sensor

size

// and has the correct aspect ratio. Since there is limited memory

on the
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// Nano we bring in only part of the entire sensor at a time and

then

// interpolate to a lower resolution.

//

void OV7675::readFrame(void* buffer)

{

allocate_scratch_buffs();

uint8 t* out = (uint8_t*)buffer;

nolnterrupts();

// Falling edge indicates start of frame
while ((*vsyncPort & vsyncMask) == 0); // wait for HIGH

while ((*vsyncPort & vsyncMask) != 0); // wait for LOW

int out_row = 0;

for (int raw_height = 0; raw_height < height; raw_height +=
buf rows) {

// read in 640xbuf rows buffer to work with

readBuf();

resizelmage(width, buf rows,
raw_buf,
resize col sz, resize height,
&(out[out_row]),

16);
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out row +=resize col sz * resize height * bytes per pixel;

/* resize_col sz * 2 * 2 */

}

interrupts();

deallocate scratch buffs();

} /* OV7675::readFrame() */

//
// OV7675::readBuf()
//

// ' Extends the OV767X library function. Reads buf rows VGA

rows from the

// image sensor.

/1

void OV7675::readBuf()

{

int offset = 0;

uint32 tulPin=33;// P1.xx set of GPIO is in 'pin' 32 and above

NRF_GPIO_Type * port;

port =nrf gpio pin port decode(&ulPin);

for (int i = 0; i < buf rows; i++) {

// rising edge indicates start of line
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while ((*hrefPort & hrefMask) == 0); // wait for HIGH

for (int col = 0; col < bytes per row; col++) {
// rising edges clock each data byte
while ((*pclkPort & pclkMask) != 0); // wait for LOW
uint32 t in = port->IN; // read all bits in parallel
in >>=2; // place bits 0 and 1 at the "bottom" of the register
in &= 0x3103; // isolate the 8 bits we care about
in |= (in >> 6); // combine the upper 6 and lower 2 bits
raw_buf]offset++] = in;
while ((*pclkPort & pclkMask) == 0); // wait for HIGH

}
while ((*hrefPort & hrefMask) != 0); // wait for LOW

}

} /¥ OV7675::readBuf() */
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