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This article presents the design of a low-cost Wireless Body Sensor Network
(WBSN) for monitoring vital signs including a low-cost smart wristwatch that contains
an ESP-32 microcontroller and three sensors: heart rate (HR), blood pressure (BP) and
body temperature (BT), and an Internet of Things (IoT) platform. The vital signs data
are processed and displayed on an OLED screen of the patient’s wristwatch and sent
the data over a wireless connection (Wi-Fi) and a Cloud Thing Board system, to store
and manage the data in a data center. The data can be analyzed and notified to
medical staff when abnormal signals are received from the sensors based on a set
parameter from specialists. The proposed low-cost system can be used in a wide
range of applications including field hospitals for asymptotic or mild-condition COVID-
19 patients as the system can be used to screen those patients out of symptomatic
patients who require more costly facilities in a hospital with considerably low
expense and installation time, also suitable for bedridden patients, palliative care
patients, etc. Testing experiments of a 60-person sample size showed an acceptable
accuracy level compared with standard devices when testing with 60 patient-samples
with the mean errors heart rate of 1.22%, systolic blood pressure of 1.39%, diastolic
blood pressure of 1.01% , and body temperature of 0.13% . According to testing
results with 10 smart devices connected with the platform, the time delay caused by
the distance between smart devices and the router is 10 s each round with the
longest outdoor distance of 200 m. As there is a short-time delay, it does not affect
the working ability of the smart system. It is still making the proposed system be able

to show patient’s status and function in emergency cases.
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Fnvhszuulsmeualiidu Medical Hub Ssfaadogunsniuasfieniszunansisussine

] Y Y & o
ﬁ\‘iNﬁiﬁLﬁEJQﬁ‘Vl’Nﬂ’]iﬂ’]L‘UU"\]’IU’J‘U@J’]ﬂ

LY o L

Tagtuinidulnglalianuddydunisiaunisunnddaases lnanisasieiueus
FoiAvendnlut@ uagnisadaeieionratngunimidefusdelui@ (Health Check Up
Kiosk) dwsulsunisginglunsasatamanudiladin Fnas daugs uaztmiindeiies
foudamafuunmg wazanmnsatuiindeyatiasnlilueies daiuiduuseiaguninly

Fudeyauasiiundaya neudwuzilun1sujianuls duningaiiudt auldaiunsald

wInsssnanuazindygyranlosulamediesiouluduiinnalynansiivusuazneiuia

o

(%
1 [

Idunasold Fedwaliazainuazanszezinarlunislulsaneuiandazasale wazdaudy

Y =

¢ A r-ﬂ' N Ay Yo v Y & 1 & ° w o a o ]
aunsalvseinseadlefildiugUieily azifiuinduninudAyvesdnide ieWamuidenisg

¥
6 =

wianiilugnisunnduesan Thailand 4.0 el Healthcare 4.0 léi52890u

v
LR

AelupuzIdedaiuaudfyluasisgunsal Smart Devices Wiasassuiuszuy
Medical Hub Iagthsnldlunisusnisuarduasuaunin lnsanzssuunaunsainniuauld
Wnusniiavsaiinesuuazdgeeny ioliueuarne1uia TaTgIRd1u150RAAINANaNIS

a3 indyadnvesauld inseuuazdaerylinasnian GanusalUldeulansido
4'

WoRnMIUNaDIN15 U uYRIAUlY LﬁﬂéauLLazﬁqqmaﬁﬁmlé’%’urmfg]LLaashﬂﬂé’%mmﬂ

9

UIRNDUNULNNE LLazs’hamWiaiﬁﬁmuﬁ’muiﬁﬁﬁgﬂLLamﬁm"f]u;:Jﬂwmaiu LALADIUDY

o

lsaneuna Wielasunisgualnvtekarng1u1aeg19lnddaLiasanisndnagnuiniiefes

waulsimervialdnagiduauldniegrdiiauld neorviaszduinsiatnenisve sauld

%4

ag19aaNennT 3-4 Tiluwanse lnedidadinsiadadeowiulagldinIedoiausazUseinm

loun Fyayraudnaes Audu dnsinsuvesiala guuglisnenie Wusu dwalisauld
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gunmnesemesazinlavesauld sauvagaauldle deiunsesnwuusEuUnTIvInLaY
Anauiidmsuuszgndldanulunisunmndganses (Intelligent medical system) [2] 13
Unavesolull avausathluldaulinatuauldndesusulsimeivia wazdunngouuas

gieguu Nneslasuguastnslndtnaingd Taedin1suauiou (Notification) Tig 1A

E’;Qqa 9 Y Y
Sunsunalaednludflodyyrunnsiaindesiudiaulivs ofgeoiyaiuld (Wearable
smart sensor) AAMRAUNG ©IDUALADUNEIUIS NTAATIINUA Y QY18 UINBENEAUNRAN

AUlLAInN LB UL SINEUNE

1.2. IAQUszasA uazUaULUAYaLlATINIG

1.2.1. daguszaen

1. Wloranwuusuwesiarszuunainduaiudneiieg vusanieauld Wndou
{aseny uazgihefiusudnifssiiegnutuEeu uuulians nfeudieyaudaiou g
uwnduazneuna Tasansolfouldiidsmenuiauasdubou

2. Wleiimnunmdinlunismisgua auld inidn daseny uazdtasiiueudaiies 9
foslasunisguasgtlndtnainag

3. vileiinannminlunsusunduiindeuveseulditendnuazuoulsmetuia

4. viedfiudnenmlunslifuinisnmsdnuineiuia msiluy nistiesiulsauaznis
GERNGRH GBI AR AY

5. WeNmANen1nnaNITLNTduazseesu Healthcare 4.0 lugn Thailand 4.0

1.2.2. YaULUALAZAINTTUNITALLUIY

1. drvndeyadmizvasaulimdriunsshululsmeruia wagdrsiduiuauldd
doanonfinlulsaneruialuszivgusy oune wazdanda Wudu laun lsmeiuiagud
MsunndunnIne derdednul lssme1unaniena 1same1u1aumsny uasessssusy 1y

2V

AU

2. 90nkUVUNIAINTIRTRFY I TNAN9T Laln dns1nsiiuvesiilanasings
(Heart rate pulse) AuAULADA (Blood pressures) qm‘mg:ﬁiwma (Body temperature)
wareondlaululden (Pulse oxygen) 31U 4 Useian Narusafassuuauldle laglid

dunse waznelviinnusiaguiauldlaeniseaniuugunsailudnyue fingertip w30

V.

wristband 8vwIadn nevinsa n1seenkuuaUnsalfideasneteudentdiuigesnd
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a

Anuansalunsiadygiudnlauinnia 1 Useianlu 1 wuees wusugesiaiunsaia

o

Y ¥ IS [ A

lavagnsimasuvesitlanasinas wazanududen iWetisanduyulunisesnwuugunsal

19 gunsalnTIndindyaadndingn gneeniuuitesesiunisidauasivyrnaeiaiadns

]

Fuulidaenin 10 au ngldaulunafelny

3. sonuwuuszuulasaelfansuusinieauld Inen1sinnsgunsalnsiadindaayon

o

(%
IS (Y

Iwiis 4 Ussianliuusrenmeauld Wdsdoyaifowansuatoyavumgunsallnsuansuauwud
gunsailes (M3 LCD) wavauisadstayaliuaninauu mobile application #3auntin
eeeufiunosiifssauld tiowanwmaliigffigualdsunsu nseenuuuludnuasdnani
anunsaldeniisauldfignuenta (Admission) ueululsaneiuta uazldfuiiingou fgeony
wazauldRaifesitognutudou fifunimadeulsansninesszuuazgminlunaaou/
Anstarty

3.1 auldiignueniin (Admission) weululsmeuia  Fusulddesndy 10 au

3.2 \ingeuiionglaiiiu 5 U drwauliidesndn 10 Ay
3.3 fgeengiidengannit 60 U uauliitesndt 10 A
3.4 auldRnies Uaedumm) fegmutuizeu Puuliidesndt 10 Ay

g/ gnaaeugunsal uruliitdesndy 40 Ay

nsUsEdiuUsEansnw Wiuvaeuau (Questionnaire) auiianelavedldaunage

MAgITes (1A wnndvsaneuia) lunneg nismaaay

4. ponuwuussuulasengliangdmiulsmenuianaznisunnddaases gunsal
nrindynndndieonuuuluguiuy fingertip/wristband Qﬂﬁmﬁy’wuéwmaﬂulsﬁl,l,am
Foyaluiiudigrudoyaluiesauld (Data patient’s room) LileuananauazidaiFous LM
emeufiunevasmduagnetunald nsldauludnuuzdinaigunsaiargnindatuauld
Tuaulitesnin 10 au Tunatfvaiu waziinisegeuUszansamassszuulaenmaany
Tufulsmeadug luluilndifios Srualddesndn 3 Tsmeuna loud Tsemeruia
AUGNISUNNEUMINEEIREAN YAl 159Ng1U1AYINANAT ISINEIUIANNITIY UATATEITUIY
udu uasUspiiunavesssuumenanIsnsenwuuaauay (Questionnaire) 30 lHuuay

val v
ZJJV]LﬂEJ'JGUENIUVJﬂS] N1INAgEU

¢ o Al ]

5. Bngndadendanansenusessuunmun wiendiuusaunlalvdusednsam

GG
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1.3. Uszleminairninazlasu

1. lowuigesuarszuunsiaindyyiadnme 4 vusuneauly Wnesu fadeny
uazffihefiusuAnifssuuulsanensenastoya uaaiou A unvesuazne1uta lngannsa
Tyulevidlsameauazuudou

2. annsadszuululuifiuaun mdielunisnisgua auly Wneeu faaeny uas
fheiueudnifissiinedlafunisquasendlnadnaing i

3. annsafiunuAMFInlumsusunduinueuvenuluLenfinuazuaulsmeUA

4. ansadindnenwlunslnuinsmsinwneuia nmsvluy nsUssiulsauas
MIATINETUAUN LAY TP
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a o Yo o . ¢ o W Y]
unvm 2 VI']ﬂ'}']ﬁJgﬁ]ﬂﬂUIﬂi\T’lﬂﬂL%uL%aﬁﬂqﬂﬂNNﬁLLUUlﬁﬁqﬂ

(Overview of Body Area Wireless Sensor Networks)

2.1. Uni

Ly [

Hagtumsitmuimaluladiuimnssunmsunng IiAulnegsag fesuszuy
N1SuNNgd3a3ue (ntelligent biomedical systems) wazinalulagnienisunng
(Healthcare technology) dmiuszuumsunmdsaaiozifunmsuszgndld gunsal iedesile
dodld ursiuduonedoddmsdunmsunnslifimnuansalunisindulaasiFous
lomenues danuaunsalunisinubivssalimineldegifiuss@nsam anatanniny
Fomeflazifntu faruwiugige annsofuianimundenlunisvieu wagnevaussde
fF sassduaiuatuayy saunngviedUaelidesonisldau ssuudaadosdiy

Msunnggniusueenitu 3 dnu fadl [1]

(1) F2UUANNNNITUING (Imaging technology)
(2) szuudaaugUle (Patient monitoring)

(3) szuUlnsg (tele - medicine)

1.1.1. STUUATWINNITWWNY 3atunsimudanesiiusine lnenisasnaninany
aa ! L7 =) % v r-ﬂl 6 1 -'-NI d' Y1 r.ﬂ'
fiRvessnegUlevisesisizasludihe wensnensalzusuinenaisuluvesiUlsiile
Tasunsyiinanisanes Wy CT scan, MRI, SPET %38 PET unlduanssiunisvesnounsise
lngnisldnnane FadnuandlassasiesenmedUigainaies CT scan dNwINAUANENE59E

4{' = Y o ' v & a 1 o ! Y ' o d{' «

91ALAT8Y SPET Aazladunusvesieuuzisaiuiuginiinsldnmaiesidanaseslanios
wils wagldnndnesadnlalulszneunisnanunssnulaefinunnduasidessigld (u
Fiu

1.1.2. szuvdaaugUae wiseenls 2 snu Ao

1.1.2.1. Care Monitoring 1un1sAndun3aslievuindnidraiesdmsuinniug
Toyayraudineinee vesgUrentiniidesnisauaselnada WweulgaiussuuinIedigiuuilany
= Y = ya o v a1 I a & ° Y a1 v

wseuuulianevseldindi Uienlideniseglsmeuiaui Inswnsesiagimifideloya

A9 Tiwnmdlansiunaeanian wu adulniiila pulse oximetry [Wudu
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1.1.2.2. Home Monitoring tdun1sfinniunanissnwivesguisfioanain
Isangrunansenauluinituninu lneszuvazduoyaiunndasanisnauludagudnisunng

P3DL5INYIVIAEIUNISEUULAT DU LS

1.1.3. szuulnany datulfmsguadnudmiusssauluiiuivhdlng msads
mnusuileuvuinetneiiteasunimdnisnmsunmd aenrmazainauiosediieluuns
Tsanonalideathiumsinuilulssmenua

dmfunisiauimalulagnianisunmg (Healthcare technology) shaiiuniun1s3de
fiiean1seanuuugunsal tndesiio medunisunnsladiusansnmanndstu ienlug

AsLgUNIeUIINISwINg Tasusznauluse

(1) Lﬂ%mﬁamﬁmmwwé (Biomedical instrumentation)
(2) szuumsauld (Wearable systems)

'
falal o

(3) WULLDTNUNAIIUA (Low-power circuits and sensors)

snwaluladlasumnuaulatuunduionislduilumalulad (Nanotechnology)
WWowauduTan (Materials) n53UUA1T (Process) 1uwo$ (Sensor) gunsal (Devices)
LAEEUU (System) wazgninluldfunsimunmaluladnsnisunmdiaainasiinsuiin
2NAMNITUNITRLaaVNINAEN1TUSUUTIRUA M IAETIY0In kA Uywe WIlunig
A5unne (Nano medicine) fitAgadeaiuimnssunienisunnd drulngegluauise
Tulewwwes nMsesnuuugunsal lunsdiannseling Inaianiza1uaeas (Circuit design) 9¢
T udamesiBondn ISFETs gnltlun1snsiaing3e (urease) waz creatinine dsluina
manamausouansliiuiadnuasdaduresgifowaz creatinine lalugaa 000 - 200 W,
Wway 0000 — 2000 Wy, Inefifinisldndarnudumeslusediu nanoamp uilumenisunndiiu
msUsegndlinddnenmvesulumaluladiioineimaninisunmduaznsufua uiluma
nsunndfensitady nsnsIaaeunnITLIg wazn1sussendldlunisshwluseduves
Tuanalfmiedrutsznauluianaiiilaseaina nsmuay, homeostasis uagnnsinaeuln

nuluwaaniiyin
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1.1.4. wA5dan19n15wnng (Biomedical instrumentation)

Tudsemmansgordnldaduiaudunsunmsdundelu esmnasenidnds
AnudBafidmanoguamvemaiissddlumnuiuaiuds 40% veamaiiosansgiidauin
AuAsaUARuiiiisanedmiuntsguaguameswaiasionun Jediuualulunisiam
Inermansnsunmdannistuiansiauisnseitedelsn uasuaniuanIsngnaeuLes
Tsaidululy Geo1vegluguuuuvesszuudaaiogiumaunme Wudu

tnidulstinsfauimaluladfavauayugunsainaziedeaiioniensunnd e
sudunsideuaznsidedelsadilifusunmesedvis Wuainazvasaden nsialy
sorenvesnsdaanslunszimizdaane audu nidedevedlsatolindes
(Osteoarthritis) n13anenmnandiinlsaiilanazvasndon wazmalulad IC dmsunisin

dyaalnimieniedeygia electroencephalograph
1.1.5. szuun1saauld (Wearable systems)

[ s o a (Y a1 [ 1 ] 1 = N
nsaugunsalndiunsludnuaeiliidudunnedesienie wulsvamiieud
a va ¢ 1 v N . . a
AeulUUsEUUNIS IR uYesyEdNunsldn1sneuaueauedy (Auditory brainstem) 7
A1MINUsuUTIMITRIuITesIensiddukazn1sugnatey seamyiion wiluannudu
a aa a od = v = 9 '
3a8innselindnilaUszamuiiioy lagnldlasiinsWauiszuunisugnatgedsvainen
¢ =R v s a a & < Y
gunsalwarilldnisnsyduiwadUsvamdidnnsetindvesasdszamaiiosessuateniluy
AUrenfwadsuuandon Wusu nmsidenerduniswenleseyawuulianeldsunisimun
Wu nskaaisUszatnmiiion Myenlean1siveIuiLuy near-field inductive coupling
serinszuunsugnilaiasnsdsdyaaainaiguen weanmslindanulussuunisugnils
wazsessunMsdeoyaludnsitoyaas nmsugnilaludessuunieuen deansiwenlesilag
a DY 9 = o o a2 calv vo
Netesiunsimuinisieulesninaludeyauazinalulagiduige silasuniseaniuusn

diesesfunsdndulasiufuseninadumesuateg § (Multi - Sensor) [11-[2]
1.1.6. Wuwa3 (SENSOR)

Multi - Sensor lasun1siaiiaasaszuulassswugesliiatonsgun 1 lay
Guwesgninuunieilslusianieauiiionsiaiadnuaeasszvessnnieau lawn n1svinau
2931213 (Electrocardiogram: ECG) n15v131uv09na13Lie (Electromyography: EMG)

fyaraupdulifinvesauss (Electroencephalography: EEG) anuduiden n1smela n1s
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wasubmlufanssuiintureld Wudu dyarawvalavgnasinusinie nsdiignilse

Y

el

'
1 =2

aelusnane videdsinugunsaifleguusisne ginuniuglvuaiu-de Judugunsaiideuse
AulUes gNI190EUTIINAINY ¥93519N1Y ﬁﬁwﬁﬂﬁﬁgﬂ%’ué’@mmmmﬁzjwﬁaa%uasﬁq
dyayrasludadiniunu w3e Personal server nMsdsdayasininuniu-adludediamuaudu
nsdauuldanesenaunnuisvezdu (radio-frequency (RF) short-range) MIAUAY 138
Personal server 1unsvhauluseiuiiaes ﬁmﬁﬂ‘ﬁLﬁuswi’mﬁaaﬂaé’mmmmqmsu:wwé
finsn¥ald iszana wozuanswarediisludosiu deugnifoudedumedidelasnns
a1 Bluetooth 58 WLANS (2G, GPRS, 3G) \Jusu Liiednsefu Medical Server 3y

nsviauluseauiiany niinves Medical Server Aensiaaaurld , Sudeyaniinisdan,

va a

ATIvdeuLaziiudeyalinsaiudeyanisunnd | Jinsesliuuvestoya, Tuiinuseian
AUrepgldsunssne, wavddoyaiiunmddinaulidldnu sudaduinuduvesgiudeya
NNITHINE LI WATNUIINEIUIALAADUN NFaUTTALUEUNWAY Y8 naBDlUNS

aniau [31-5]

\A\ [mplanted
-

Wireless 1

ECG (left &
atrium) ] Wire Network
I O _
. { ™
' \ . ) — Emergency Lgo'
. ! = Gateway
ECG (right : \ —— Medical Database ¥
ventricle) > i S
; 4)/ — Immediate family
> Facility ‘-

Doctor

Medical Application

JUN 1 MsuszgnaldnulasehsugesiTagvessianedmiugUae

2.2. walulagnsaeansvaslasevnenmedusawuulsans

nsusrgnaldaulaseinewuleesifatgvesinaniy (Wireless Body Sensor
Network : WBSN) wigndastumaluladlassiisniedudawuuldans (Wireless Body Area
A62 - 1-(2)-003 [19]
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Network : WBAN) Jag0ugniunldeauegniniieuinsdunisnisunnd (Biomedical) way
WBAN Inaneifiumaluladiiddyielinnsnsiaaeuguamuuy real - time vosfitelng
iniderlanyuduiaungunsaingn indyaaumsadsvresitsnesnslukaznneuen
vosffihe 1y Smzniaiuresinle Yiinanglea anududon nisindoulmvoind e
Hudu gunsalineg wardanunsonmatadafinanuasdedoyauiierinisitadena

nswnng ToefgUrelidaamuwnmdlaenss wiknndaunsafnnunavesrUiglanasniian

[
av av v

WuRetudmSunuidedlatdunisiauinisesnwuussuulAseewuesisaie e
31N AUUFINAIATlatuAe Tadinnaunsaeasveslasstieliatevessianie §u
UsgUsenauluale vus1anie (On body communications) kaglusianie (In body

communications) [6]

1.2.1. walulagn1589815UU319118 (On body communication technology)
a 1 < < 5 a a c a ¢ a

msidulnegsimiluduressinsey lulasBidnnsetng warszuuiRTTInUuTy
lgsuniseanuuunaglandsnulunisdearslsanseglussdivm wasgnitmunlidvunadning
Tnuadugeshiznsiu (invasive) wislidamanas1anie (non-invasive sensor nodes) l1iun
WueasTilignsumantlanunsannsuusiineuyediieadalassienisdoaisuusnenied
anunsalddmsunisnsivdeugunmueUie IHuwesTLIAENMETNIZgNINENULDNTBY
$19ME Fadawalinisnsivaevavnmlaluszere1 wardesiunsifiamgnisaldunsiese
Sa o v W ‘:4' = [ 1 = = o aa 4
in dwsuteyangnyivnuadulnuaingasialuaudnaievse PDA Feduiidunasivy
fudUae WwRedatunsaeansiu@sniessrerlng Fzuand1eainnisdeansliusianied

gunsalgnilalusaneuyue

2 s a v v v v I | A | A A | '

Wuesdaaserinugnidaialulasaingnisdearsuusanensesenit laseng
WUBIUNTINY (Body Sensor Network: BSN) 1n3gUsenounea nseau seaULInae
sEAUNTININGUDS, SEAudasausunintnundaasey, PDA M’%@@uéﬂmqmatﬁummm
Y v a oA Y] A Y Py ~ ~
Toyarthe uwavnsinsiedeansivaniliinglng, sedutauuseneumeaniigiusseslnad
PrulinyszilvuvesUiguarlveuuzirlun1sidads seuu GPRS agldlunisinny
munisvasisuazifouss ssmiuitluusassyAuaziinisdoasuandeiuniuaudesns
ludnudnsnisdteyadudAy Wuieadunisdeaslussduusnusenseni sedu

I A ~ | o A \ ~ | o o v a1 o
uLges NsdeansIvlansdrutufe duignilslilusiime Tneviviwming dedayaramnsg

a3szvessiementdlunianisunnd esnundinsunegniguenirtenteneuszgnassialuds
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Aldsaly luntisasihiauenisdeaslussiuugeivionisdearsvessuigaingnilalily

9NY

1.2.2. waluladnsaeanslugrenie (In body communication technology)

n15deaistaenisilelusianie (mplanted communications) [7] wuulsaneasd
guUnsalignilslusnanedeimiiifumuimesuednsedu (stimulators) lwulwetay in
dyran19n1sunng ( bio-signal) mﬂmaﬂuﬁ"mm&JLLazéQ%agaﬁlﬂﬁaqUﬂﬁaf;mauaﬂ
UL TNIBAINTEAUMING1IAINNTN IR UM TVBITINY, AUAUEDN, AUTUTUVDS
ﬁwmang‘lﬂa warnsadunsiadeulmuesmilomafumelalsaiilasaznasaden, n1sua
fhuemasadenuazauRnUnAvesnuiuale Wiy dmsunisdeansveawuieesiign
Helugnenie (mplantable) TgdrudnilumeluladuaznisdeasinefinisiUaldiuns
domsvesgunanifianmsagnsunieiladngsameld maluladnmsilananifoudonlosnis
deansszningunsailusneniouagniinsrsaeunisusndainnuiiuly 3 maluladany
Forviunves IEEE.802.15.6 \udwlngifufe [8]-[14]

(1) mMsdeansoaduinglugiuanud MICS (402-405 MHz)

(2) nsdeansee RFID wialulad (11 near-field way far-field)

(3) nsdeansan1sAUUaweUUIEY (capacitive coupling)

1.2.3. A1sdednsvaslaseineniawuuliany

1.2.3.1. Medical Implant Communication System (MICS) [14]

MICS Wuniasnuilsiuinsmeanisunnddafsaiunisiearsvesgunsalfiildlu
e Tnensgifiaduanad 402 -405 MHz msldadunuiinglunsldaunsnisunme
vhandedeivatsegiatu msfiuanuvasnde Anuazainausvesiae uazadewinly
nsUsul R mveInsgualUasegeliusednsam dwiuaunsaldidnnsetinduwuuls
aefignugnildlusianieazsiosdimnindedoldguariinislindsnusann dmiutiagdy
awsouengnsalfananeeniduaesuszanluudveluslnasauarinnsgudildom snasgu
wsnfAeusnisdeansifae “Wireless Medical Telemetry Services (WMTS)” WMTS 1
gunsalifuildanunsaildlusrsnieldudifugunsaldviunismsavasuvesquaimgiae

[y

szezlna NFeanseieaawInginTusenituaiesdsdayain patient worn fugudnansaniil

A

(%
1Y

NYIUIA NBULSUNITYINIUTDY WMTS agiinisderianaidusseslnedinisdsnulusseaydu

Faldgnmsldndanuiuazannissunulitesas FCC lodnassn1ssuniupauaudng
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nsUesiunsldlasunmdlaeilluaunn iedIUILANLATAINATUNITA AU TNLALNIST
muugualud 2000 Yagiuanudneyadlilddmsu WMTS gnudseeniu 3 ¥asfe
1) 608-614 MHz (@aaonaadasiu UHF ¥os 37 ualdlagnldlaganiilnsieila 1

wszdugnisnlddamsuingansieans)

o A

2) 1395-1400 MHz and 1427-1432 MHz aifuguainudd WMmTs 145 fuiui

Taflgn1enisunnd (non-medical telemetry)

3) 1427-1,429.5 MHz Ao ndun1saniiunig telemetry fisessusuiilalanienis

unndmaurlugny 1,429.5-1,432 MHz

1AsgIUTidesie MICS gunsal MICS Hugunsaimnensunmdiannsaildusianie
¢ Tnvazinsedearsiumissaunuilegszezusny uieilefinsddsunvadla 9 lu
mfinesiszyigunsaifitlainsmsieaey FCC dnassdunimidmiugunsal MICS Tul

U 3

1999 pAumLAansaldlFdmTunsiuiuanu MICS Weldsumfunuinasises FCC szy
Judlofisufuanudduildle, 402-405 MHz 1urduauiRfnganssnmdormuania
wafinres MICS Ssnruiidnuasiiboronsddyyraingaelusnsnieuyes vonani
guUnsalfonuuuINifievialy 402405 MHz asnNsanoUALBIANABINITYES MICS 7
Aafurunn, A1deny, Ussansainiaannia, n1seenwuudifudyain wazaduainud
402-605MHz dwfu MICS lireliAnanandsswesnissunumsdidunuingdu FCC agy

a

ToANAITUMILNUIININMTUING LazEnangUnalnasnean MICS Faufulsanssullng

yosgunsaimansummdilslusrsnmelaseygnliainiinanusigs msldauiindedions
Tuszardutng (mnifn) Weuleswuulfaneifiodouregunsnifandniifigunsainsndevuas
vy Turginisfuamesauuusindnsesiuifissnmsdoamsmaieiidnsnsdedeya
Uszanas 50 kbit/s Tuszezifieslaifdn uidmiunisideulosuuy MICS Tagld RF ansnsn
Us3qlAAs 250 kbit/s Turaadszanumnin Tutisna 10 Vikuanldflnuiiieadesnnmne
na1egunuafldau Tnlawiglugmuanud 402-405MHz agldsuanuaulaidudiem
1o sfieAnznTINNTINATIAAUAIINA FCC (Federal Communication Committee
allocated a frequency band) I#fin1seyg alsldanudsnanlull 1999 (6] tilerimun
inausinnsldsanudmiunisdeansmsugnilamanisunnd dsfniBnanuifananingiu
MICS Bafundunnudfinianiinaauifnssmudoivuamaneiavesnsieansnisileie

WnNanangUsens [7]

1.2.3.2. RFID Technology communication [16]
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WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

walulad RFID Tégmiianldlunssanvesgunsalvuiadniianansaugnildusnanie
uyud WelddmIuniuntaagAnmuyaaa U RFID anunsavgnilanielusianiouysd
wazanusadstoyaluldsrernisitdunin Wnd 10 u. wietosndn) uidmsumaidenles
nsfeansinniglusnegnisuen Sslisuduseddszering ddumalulaindnia
Hudnmadenfigniiunldlunisdoansvesaunsaifignildlusionies 1sramnsoutsusn
vonuu 3 Ussnveusnnadiildautude

(1) RFID Auds (Low Frequency: LF)

(2) RFID m’mﬁgjq (High Frequency: HF)

(3) RFID mmﬁl’gﬂgﬂmm (Ultra-High Frequency: UHF)
uawdl 2 Usslamanasnsdsidanunesseslunsdoasio

(1) Inductive coupling WionsAoasuuu near-field

(2) Electromagnetic coupling Wionmsdoansuuu far-field

L3 1 Ca

walulad RFID dwmsunisilagunsnivudnenisuywd lnevhllaglduuiiuguaes
battery-less wazldsunsoyanAlildiszozmmnfeyszanatosnin 10 wudilung dmsu
mseudeyamaaiiuaznieniwues RFID &sliiresfviniiang Fsiinsld nanotube radio @
annsoilililuwaduysduarannsamuaunmadeudeuuunasaal welulad RFID 7il4lu
Hagtuamnsneenuuulifiety fvuaidnuing Aefinaiud 2.45 GHz fvwaies 400 x
400 pm? wazdnduai1ud 13.56 MHz mumagjﬁﬂﬁzmm 2.5 % 2.5 mm? uwagd1uiunis
doansl¥any quasal RFID uuumadnlaganunsndeansifszeziiduning lnsawzduiy
nsfUUAwesimileninfinnud 13.56 MHz luufiisanunsofeansifszesiiios 1 cm
wazdundn 1 mm dnfufienud 2.45 GHz wiiduinisuuunisdusesaunuuingn
TuflufiteannsodoansidszosUszann 1 m 89 15.7 m uazdndl 900 MHz IdszoUszann
7.5 cm £14 5.8 cm.

1.2.3.3. n15AUUAvRIRmTeu lug1uAu8A1 (Inductive coupling)

WnsivUdsesdnilendrlugiuainuian (Inductive coupling) n3on15doa1slu

seeglng (near-field) Fegunsaldngnilalusraneuazegluvinalndifesiudiniuay
a

Meusnlaeltisn15nle1UnY9UAa LN L AANANIY WAEDINITAD N1TAINIAITUNIUTY

R1uTava9s9n1eseaunwiinan i dadunisdeansluszezlna (far-field) wazlyaiun

] ad o i &, 4 v a = ! = o v A
G Vlﬂﬁ@\‘l')ﬁ@Qﬂa'T]L‘U'Llﬂ"liﬁaaﬁlimjﬂLV]ﬂIUIaEJSUEN RFID ‘U\V\]Sﬂa']'li']ﬂagl@‘ﬂﬂiu%?m@w 5

Y

) o

dnsuAuddue ANasandmsunisdeanstaenisilslusienie louwn 916MHz, 1.5GHz,

A62 -1-(2)-003 [23]
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and Ultra-Wideband (UWB) {udiu n1seanuuugunsaiimaiilsieasasuiasedigiuusing

N9 dndeuageuay nseenLuULE@IINIARedvman (gUnsalildsfiawinidnas)

2.3. n1saeasvaslaseelidevassnenieg

n1sdedaisvevlasedieliatsveasnanie (Wireless Body Area Networks

Communications) JuasgfukuUAAIURLIUNITITUY waziasandunsdeasimiietesiu

Y
=

$19m1e Falnseszmindennudasadedundn lhlinsdainguanuindeniiuinsgiu IEEE

802.15.6 WislHdunnsgiuves WBAN Jnguszasiuasnguiiionisadaunsgiunisdedns

(%
Y

Fmunzdmdunisldndanusilusisnieniounsi (in-body/ on-body nodes) %agﬂ%’mm
Fuilel 2011 ik fisvasBondsl

IEEE802.15.6 fi¥ngusrasdlunisinuanisidniedoyalu dunteaiw (Physical
layers: PHY) LLazmiﬂQUﬂumiL‘i’hﬁﬂ%UﬂaN (Medium Access Control layers: MAC)
dmsulutuneninaznandeud (frequency band) Tumsldaudsluusazszmaasly
mmﬁﬁLLmﬂGiNﬁuaaﬂlﬂﬁagﬂﬁ 2 Aty Medical Implant Communications Service
(MICS) gnimualiinanud 402 -405 MHz usighAuAifigendn 405MHz fis 1429.5MHz 2y
198 95U Wireless Medical Telemetry Services (WMTS) Faka MICSwas WMTS alalsasdy

Ao 1

n13MuNidnsIn1sdetoyags ward1Aud 2.4 GHz Fau Industrial, Scientific and

'
=) 1 a

Medical (ISM) v3ag1uenad ISM anadignldtilanuasesiunislduiisnsmsdedaya
g¢ uanningufigtuaanuini1ande Ulta-wide band Gst23A270d 3.1-10.6 GHz. Ty
#a9ifu IEEE802.15.6 IdAmuadunisninly 3 gruaiuife 1) s1uaiiuiuay
(Narrowband: NB) 2) g1uasiiniia (Ultra-wide band: UWB) uag 3) nMsdeansuusisnieg
11498 (Human Body Communications: HBC) nsidenldmiuiasduegfuaiusonislu

'
o a

n1sldau wazdmiunismivaunisidnfedunats (MAC) Jeimuaiieltesiulusinmealy

v U 4 o

nsiifeteyaludesdyyin Bedmsuanuideiliianuddyiudemvuaineidesiuiu

o

4 Y o A o = v a = ! o Y
ﬂ']EJﬂ']W‘VTiEJGUEJﬂ"IVTUWVILﬂEJ'Jﬂ‘Uﬂr]iLa@ﬂisﬂ'ﬂ?qlm %Qﬂgﬂaqﬁiucw')ﬁﬂ@m@iﬂ
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EU
=
@ World
wide

40200805 420 429 440 449 608 G614 1395 1400'4%1295 3100
2400

I5800 10600
W mEN W A e U S >

MICS «—— WMIS —— > ISM UWB (MHz)
24.

JUN 2 uuudAudives WBAN

nsldan WBAN lénatvanglinuuinsgiu IEEE 802.15.6 Feutseanidiu nns

Uszenaldaunianisunngd (medical applications) waglulynisldaunisnisunmg (non-

medical applications) LLaﬂﬂugﬂﬁ 3

Medical Applications Non-medical Applications

Video streaming
Data file transfer

Vital signs monitoring
Respiration monitoring

Electroencephalogram (ECG) sports
pH monitor 3D video
Glucose Forgotten things

Hearing aid monitor

WBAN Applications

Disability assistance
Muscle tension monitor

Blind Entertainment applications
Speech disability Gaming
Artificial hands Social networking

gﬂﬁ 3 N1sUsEeNAlYaI WBAN M1ua1nsgIu IEEE 802.15.6

A62 -1 -(2) - 003
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YOMUUATDITUNIBNTIN (PHY Layer Specification)

1) Narrowband PHY (NB): NB PHY fiutidilunisila/enidnnsideaiuvessnduds

A a ¥ Y =

AALINE A19N151AYesdey U (Clear Channel Assessment: CCA) nelun1ssu/as way

q
(%

Yosdy 10U Wslnreavewmuladayalutunienn (Physical Protocol Data Unit:

e q

=

PPDU) fisUuuususagu 4 uazdnsinissu/deoyatuiunisuogianaauandlunisnd 1

Y

Octets: «—+——> «—1—» <« » «— L »
e e
T 0-255 2
15 bits 4 bits 12 bits Octets: «—» < > <>
BCH Parity Mal i\//l Acbfr?ne Blo -doy
PHY Header | HCS Bits Header am,l‘ZS.g bj:;z“- - |FCS
PLCP Preamble PLCP Header PSDU
UM 4 Taseasneves NB PPDU Tusnsgiu IEEE 802.15.6
M19199 1 NTUBYAANIITMBTAMIU PLCP Header wag PSDU
Frequency Band Packet Component | Modulation | Symbol Code Rate | Information
Rate BCH (n.k) | Data Rate
(Kbps) (Kbps)

402 - 405 MHz PLCP Header 7/2-DBPSK | 187.5 (31,19) 57.5
PSDU 7/2-DBPSK | 187.5 (63,51) 75.9
PSDU w/4-DQPSK | 187.5 (63,51) 303.6

420 - 450 MHz PLCP Header GMSK 187.5 (31,19) 57.5
PSDU GMSK 187.5 (63,51) 75.9
PSDU GMSK 187.5 (63,51) 151.8

863 - 870 MHz PLCP Header w/2-DBPSK | 250 (31,19) 76.6
PSDU w/2-DBPSK | 250 (63,51) 101.2
PSDU w/4-DQPSK | 250 (63,51) 404.8

002 - 928 MHz PLCP Header w/2-DBPSK | 300 (31,19) 91.9
PSDU 7/2-DBPSK | 300 (63,51) 121.4
PSDU w/4-DQPSK | 300 (63,51) 485.7

950 - 956 MHz PLCP Header 7/2-DBPSK | 250 (31,19) 76.6
PSDU w/2-DBPSK | 250 (63,51) 101.2
PSDU w/4-DQPSK | 250 (63.51) 404.8

2360-2400 MHz PLCP Header 7/2-DBPSK | 600 (31,19) 91.9
2400-2483.5 MHz PSDU w/2-DBPSK | 600 (63,51) 121.4
PSDU w/2-DBPSK | 600 (63.51) 485.7

A62 -1 -(2) - 003
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2) Ultra-Wideband PHY (UWB): UWB PHY nszviluaesminudie g1uninuisuay

ANUdE urazgugnuUseandutedyaalaeifiuuudis 499.2 MHz, UWB g1upnudisi

a0 % =

Hepsdnnadiies 3 9o9 (1-3) Wty Pesdyu1an 2 Wumudnais (central frequency)

A7)

71 3993.6 MHz wazioidudesdyauntedu dmsu UWB gruaudged 8 Yosdynufe
(4-11) 90391 7 \Juaruiinansdl 7987.2 MHz wazdoiludesdgyarafivedu Tuvaznyn
Fosdyaudu 9 azdududon dmsugunsal UWB laenaluaisazsessuagietaenils

LY o 1

Yoy aunUedu fasuds UWB PHY transceivers augialvaiiuauidudeulaniuwas

seaunasunaiedyaalunsldanuleglusuunves MICS Wslaasaildiisuuuusgun

5

«—Synchronization Header (SHR )—>

Si Si Si Si Si Si So So PHR Data

Preamble SFD PHR PSDU

PHY Protocol Data Unit (PPDU)

sUl 5 Tnssa¥aves UWB PPDU lusnnsgiu IEEE 802.15.6

3) Human Body Communications PHY (HBC): HBC PHY nsgviluaesgiuminud
Tnodanudguénansegl 16MHz way 27 MHz fuluuding 4 MHZ wagluslameaildidugy
7l 6 HBC umsdeansuuvaualilinaiing (Electrostatic Field Communication: EFC) N3

Muruaves PHY azgnaseunguaiglusinmeanlddmsu WBAN

Data Rate | Pilot Info | Sync | D BAN ID Reserved
Payload Length CRC

Preamble SFD PHR PSDU
PHY Protocol Data Unit (PPDU)

sUT 6 Tasaasnsves EFC PPDU Tusnnsgu IEEE 802.15.6

A62 -1-(2)-003 [27]
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2.4. unagy

szuuedetiemeduda Wumaluladndaihanldmeldszuududamesmeuyed
Foilisanevensiadouwduaedyyio Iums%’udﬁayjaﬁﬁmmL%f’ﬂajmmﬁfﬂ Body
Area Network (uifissmsdeassinusnsnisuyudivihiu dedldmsdutavosinnisuyudis
avanusadoansiuld dedu Tafinisiamu BAN Ifinuanunsoundedutufie WeAN:

v =

Wireless Body Area Network fingannsiunisaateyasaduludnwuslians dnliuiu

Y

[ 1

$19MEUDe 1ywd Naznarsundudiuniwennietiedeya azaunsadetedeyalUlgdu

Y

'
Y o v W

w3e guUnsaldidnnseiindsineg den1sduda Wnidevalan Masiauigunsaluusianiey
uywd nsilsgunsalaslulusninenyud visduwesnsiainieg wu nsmela Jaae
wala Vinaunglaa anuduiden maedeulmndiude fuduwesindriazeguuiaietng
BAN Tne dedoyaneiusituiiniawe syudtuies Fuwoseranlufnuudedin wiing
soavin 3eileliléRmts uazdug udrdedeyauriigunsaifiefie iiedsly Server vaq
Tsang1una nmsUsegndves BAN funnune Lildudludosgunmudonisunndiintiu §nd
Tnguinansdidnnsetindedna Philips Adsimsideegnaduduludesesnsliunudid
egidudumilawoundetiedoua BAN annsaviuuulians deagsilvigunsaluusianie

PN [y e A 1 a § @ 14
Y9431 ansaiarAgiugUnsaldu vwaIeviedumesilale [17]
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UNY 3 N139BNLUUITUUNITUNNETIR3LAMTUNTIVINFY Y IUTNUUT 1N

(Proposed of the Intelligent Medical and Monitoring System)

3.1. unin

n1sindayayasdin (Vital Sign) Nugrunynaumsiilesuieuandinsiuieinis

L Ag)

o

o A a ada a1 = a A a a ] 1%
dAyNgnvedldinnivrsuendsnnulninionnuinUnfivessnanie Usenaume 4 81013
W@ (Sign 9IMSALNNganuNsansIanula) Ae

- N5 (BRINSHUVRIITA YSe Pulse %58 Pulse rate €971 P)

dnsn198la (Respiratory rate 6971 RR %39 R)

- 931Ny (Body Temperature g8791 T)

Ausulaiia (Blood pressure €931 BP)

a

Foyeuraudn 1Wue1nsnanunsansainlanieditnisite § enamenues enliu Ausuladin

o

'
=

sosliasein winduesesndlugnnauaunsaldls Tdu

=

[ IS

Fyaraun WOudvenanuddia lusalunisviuvemnedearlusiniey

e

v

lnglaniz #ala Yon wazaussuandaintu Sullusslovunslunisusyiiiuv Adadeaunin
ey o19vreiladelsald wazdaldlunisnsiafianiuuazyssifiunanissne A1ves
Ty adinveausiazyana Undvgliwindu Fudu 91 e waznsaaluvaein wiendanis
waeuln lnglanizniseontss wavlloinauinunivseiinlsn Avesdyyindnioz
Waguwasiiaung wu ieldld Inas snsin1smiela awgedin anudulaline1agavsesn

a 4o ' a & o & v i a 1 a
UMY HTNNILe1AgInTeRINIUNGR Fufuadusulswwedlsa Wudu Awndludlngns
YBITNAT 895 MNTUVRIILA Tatiuainnisletiananuaziinlindinisiiuvesvasndenuad

[
1 a o 1

ATePnuUntvestelie (Muiile) Negiiningiuvesiiiiiuiile Jeasuseunns 60 - 100

gj ! a o LY (% 1 5 ! =
Asweuy 8ns1nsmigla Talnggainnisvenedivesieten xUseunn 12 - 18 AStrawnd
Aanusulalin 1ns3aIn1nATesin agUseuin 90/60-120/80 fadwnsusen aamgll
$1N1Y AUnAvzUTEUNN 37+/- 0.5 BeAnwaLdea/Celsius N13inAdwvataligeendn

pelumsnsihuinnssuvesuidsiunldiensivindygradneis fasdiauessld
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3.2. N wazauITeinelItes

n1592nuUUaUNIalindnsn1siiuYaeialanasdnas (Heart rate pulse) LazAINGU

1e9n (Blood pressure)

3.2.1. A7UAULaanA (Blood Pressure)

ANUAUADARNINNaNITTUMYeiala AnuduEealuaIung o voseipnzluss
= = o v U A A Y a
nevesszuulnaisudenluwiiuynge Inemluanusudeaunsiiasainiilegausnasdl
ARG MENTUITABY 9 anas uTavasnidenmingaziugiladeasiaiuaue
N LY A a o . I CY ) Y °
fan Ausudenuaslianwuzily pulsatile Aogeanyazitlatduda (Systole) Lazangn
wugiilanatesn (Diastole) wanolUiliofanasndonidns anwuraeansiin pulsatile 9y
ADEY anaLALVUALUTaE U TUANIINNTEAMELLAYAILAUNTUYBIVA DAL O
nsinanuAuaen Wealiuamnusuasluvurasaidonunslaenssagyinlunaonden
Wiy @entuaiuisariululaanduloanruduninaases 9 audsgausniinauauly
geeinaudulunasaden (Systolic pressure) azvinlunasaisueedilauisiag
Uanelmidonidnasneenlumedsluynindeilminnssuadenivaiu (eddy current) Ju
Fansivaruvesdeniliesiiviilmindesss (Korotkoff s sound) Weoanmudunelidnisey
= A o = 2 a a ) PN
uisgaindssmely WesinruinvesmasnieniivuialnnuuninuuYedneensqed

desnglude ArAueu diastolic

3.2.2. AUFUNUS TTNINITNATHALANAULADA

Fnas (arterial pulse) Ananusinsenursudondiawmsluswmasndensouusn
agvlaniin arterial pulsation Tu Wiei3ena1 Fwas
Fwasluly arterial blood flow wauA21U3289 pulse wave FsiiA1Usza 5
— 8 lUASAUNTIIININANUSIVRINTIMaveLaenUSEUIM 10 — 15 IN11NANSAANTSALY
pmaendenuaites Mnluwnnethuilyusslovuiitewuuselosulunisnsianiiznis
Inadeuressnenie mans1adnasiulasinnaznsanainuasadeniasiive radial mazey
Aung1E MIRTRTNATAITANTIUAIANG 4 Fel
§a51 (rate) WUy afyunfiinannsTuveniile Fuusmenazamaldnseny
gynandanTauLen Unfonsitinas (pulse rate) AzdinnAusnsiala (heart rate)unn
nstusivesnlalunsameayyinluens¥nasiniuesninensimila
A62 -1 -(2) - 003 [30]
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3.2.3. 9ATINITLAUVDIN LALASTNDS

Fwas Aemsiuvienisdusiveniilademsntald dadunidudyaadn @nas
ANNAULEEA  BRTINTMElD Laraumngivessianie) laen1sniainagldnisduaaianas
(Fueddudeniisiuny q Fafy 1 afefudu 1 afwesdneg) Uinameondenuaslvade
WU Wu funthaee dumifeie (Hwhuiwifle) deuuey @uilfes) wie
VSN

Fnasund lunmsduinasestudusinueds @edonsmsduresiilafidienen
infududen) doundl (Beat per minute) w3o BPM Sunin sasinisiduvesiala dslunniy
UnAvasflug) (ulurrsinegnetiosuszanas 10 unfh) asUssana 60 - 80 adwioundl iy
auUnATnasasuwlaslinuio(egiosdnasaziduisy) nsinsou @wasiduiiag
91508l AUASER AuRa @nasdusy) eruieie iy lrinenduiinasidy
41) Wniw1 @nwasidut) wazlsavialse wu Insesmdufiwnselsanoulnsosnsitauiiu

@nagdus)

Inasiaund Tla 3 wuu loun Tnasidusiieund Aeu1nnin 100 ASsAOWT TNas
WugRAUNR Aennan 60 Assauyl wag tsawiladedeny (Arrhythmia) e Inasiauly
aiane onadrldatiaue S ldadaue wiedn 9 1571 9 Faflolludesealifionnts us

dleRaunfiunn e1e3dnledu wihile Jadew WWuau Error Reference source not found.

3.2.4. n3indwasiudagiu

wiseenu 3 Fnane Al
3.2.4.1. Electro-cardiogram (ECG) Aensnaasulagladaaulniivesilaluue

A

A¥I9INEN5AUTDIlATWUapgaanuwardlN Ul Ul denaly natuilenaladinig

= (Y 1

6 1 = ‘:9‘; 1 | 1 a U &JI
Jusegauysallunisdadenluifessdiunieg vesnenig IngagFendygyialiiaidn
aaulnAmiala dagudl 7idlewsnivendmdudyaalnihindu sfssamnsaduiinaduliih
ivanunaninilald Errorl Reference source not found.

3.2.4.2. Photoplethysmography (PPG) \umatianmsuasfldlunisnsiainnig
a a & A = =~ o Y o a
Wasuulasusuinsidendluaisuainnistuuazaaisdivesiila Ingdausuianis

WaguuUaansganduuasvesslulnduluden anmsdeiuvienisagviounduresuasiides
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Wluile@ousnaiimd lWuisnmsilignsunsedudunsiesesiinme mealedlidoyand

ANNYINUTEUUNI LA ADALEDAYDLS

RR

— M

ECG

Time (s)

sUN 7 nMalSeuiisudggiadnsinissuvesiilaainmainres PPG (H1uul) wag a1

U o

ﬂﬁuIWﬁﬂﬁilﬂ ECG (m1udnd) Error! Reference source not found.

3.2.4.3. nM3fadeauas Tasisannsadeniuinasiidnovioteiieidongnindn
Isfinnuddnatinunniigauiefinuanunsavdnasliie Tasunfudiaziulaslding 60
Wi wifausiadn 2 wuufie

1. Tuniswuvesdnasnegly 15 Infuawinisam 4

2. fumsiiuvesdimasanegluy 30 Jwniudwinisam 2

A10g19 Tunsuiuy 15 Juni

TINas = 5x15 = 75 bpm

3.2.5. Usetnnva9n13iakuy Photoplethysmography (PPG)

3.2.5.1. MyiakuuNTdesing Ixdifdsuaziiiuisegluiug assiutulagazine
menmamiivlivsnaialeedigunsaiszgnienlidarhlinisdaiiuveuassenineddia v

m¥uilanuuiugantunegun 8

Light Emitting

Diode
Finger
Probe Body Photodetector
A62-1-(2)-003 [32]
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gﬂﬁ 8 WANANNTIAYDINANNTT PPG LUUAINIY
3.2.5.2. mM3dauuvastiau dfdwuaziisuinsegluiuiiediu nmsinludnuuedl
Wunisanuldusinadeiiondratunislduiiin dauazainiazaassdd werinin1siadsu

vossigunsalagyilinisagviouandddludwnsulianuusiudosasisgun 9

Body of probe

Light source Photodetector

g‘Uﬁ 9 WALANTIAVDINENNIS PPG huvasYiau

TAgNITIANINISENNENLANUREUADNTIARUUNTAINIUTIIUN1TAINAL SULEIRL LA
TuaaunnnInsiniuuagisuiieannnsinnuuagyieutudy gy uinissuniuAeutneg
wardoaltausednsedIalulvdiunagInmasunadnnae Errorl Reference source not

found.

3.2.6. anuasalunisgaduussvasdlulnaduluden

TneneludesniinsivaisusgtunazUsenavlumedlulnaduassuiinge

Y

3.2.6.1. Slulnadufisuiusan@iau ( Oxyhemoglobin : HbO, ) f&nwzdLA
anlaengludinidonnasdiduiuesndauuinizgm FUARLLAIYI9AINNE1IARY 600 - 750
nm Wy LED (Aduuasiuns)

3.2.6.2. Slaulnaduiilisuiuean@iau ( Deoxyhemoglobin : HbR) fdnwaueds
vienmlnemeludnidoniussiivondiauegiosnn wwgaduaiunastiniiueiadu 850
- 1000 nm LYuLkas |nfrarediﬂaslumiamﬂﬁuﬁuaumqﬁgu Oxyhemoglobin agiinsaanauuLas
dupsunnitwasBunsnsauaglunenduiu Deoxyhemoglobin Avzannduuasdunsiaanin

L@ DUNSILSA Error! Reference source not found. G?fﬂ‘g‘dﬁ 10
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RED INFRARED
20,000 66q nm 920 nm
5
k)
=
[
8
$
g
[*]
2
©
8
2
8 |
(=} |
= :
L 1 li x5 & 61T
500 600 700 800 900 1000
660 920

Wavelength (nm)

5UN 10 AuaudRn1sgaduAduLaIvas Oxyhemoglobin uag Deoxyhemoglobin

anuduvesnasiiddluanurasiidaueas (LED,IR) uazwasfidsluded idnsiaduuas
(Photodiode) Tulnunnisagoundalnunnisdeuaziiaruunnitstuiuegiuns
WasuuasUSnandeanmeldnsiumvesiila dnnudunasiinfeisinmaduianzgn
Touaziinnsidsuntasesnszua uardyailiiarg nuerefessuudiinnsedinduay
Tuiindudyyrausatulniinfiiidendn photoplethysmosraphy (PPG) wiseaniluass
aIRUsENaUFe

1) dwuszneu DC PPG Fuduussiuliinsfivazlifidenlnaiuiwuinazgn
fuslngssanmivesianiinuiileido (@, naggnaeu, Baad, ma< ) dautsznau DC 7
Wasuulasegatngazgnivesnunlagliminsosnuiio

2) dwuszneu AC PPG agduiusiusnsmsiduvesidlafiieidesiuinasuas
USmandon JUnssvesdnygia AC PPG lunasisifanuaenadosomasnidenuas
Usgansamnisviinuresiila diudseneu AC dnazliueundyn 1-2% vesdn DC waziuay

gnnsesdyanalaefingasnIuing [19]
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O Light source

Other
tissues

Venous blood

Non-pulsatile
component of
artery blood

Pulsatile
component of
artery blood

Diastolic
: phase

Systolic
phase

Time

g AC:

‘S Pulsatile part
o DC:

a Steady part
a T .

Time

JUN 11 n1spaduniuuadlugie DC Ae dygrunduiasimlididonlnaniiuiag AC Ao
FuauuPAULEIT RTINS AN LY d ol uNa DAL DALAYANINNISTUFYRIRR LA

A

[

3.2.7. AN519LEAIANUFUNUS AUAULaRAlAeLR AU 9319N18AUN LU Lazdns)

InAsUNAVDILAAZIY

A15197 2 sEauAuaulaialanelafereds1eney

szauauaulain | Aduaulaiin AUAULAYN N15UfURA
(V) (819)
Unf Hownin 120 Honin 80 aTdnsEAumuiusdieslay 1
a¥q
A BITTANGE 120 - 129 80 - 84 9NNIHINIY AIUANDINIS andy
uoanegea
genUnf 130 - 139 85 - 89 USNWIunnd 2ann1dIN1e ATUAYN
93
Anuulalingeseau 140 - 159 90 - 99 WULWNEG MUBIAINLNNDHS AUAN
1 93
AuRuladings 11NN31 160 100 - 109 BUATIY WULNNEAE
3ZAU 2

A62 -1 -(2) - 003
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AN5199 3 ons1Tnasunfedslunmazieiy

%9978 3nI1TWITUNR (bpm)
NISALSALAR - 12 Lﬁau 120 - 160
1 fou - 12 thou 80 - 140
10-29 80 - 130
2U-61 75 - 120
6U-121 75 - 110
11N 12 Y 60 - 100

'
% % =

gnsnsiuvaiilaunivesylnglasdsegnuszuin 70 - 72 bpm ALaGeUeY
HY188g7 60 - 70 bmp UazANRREYDIENYIRLN 72 - 80 bpm WAKANENIINTAUYEY

Y] Y a ! 9 Y a a Y <& ! a 2 A =
wilalugmaatuaaninlugvig insgimdadvunilanannit Usiasvesdeniivaisuly

Sunetdesndt uarszauslulnaduluidendinindue

3.2.8. kU am9luN1599nLULUNTAINTIATNENTINSHUYD I lanIaTNT uaz

AMUAULADN

Error! Reference source not found. Ka@A9kuINIINITOBNHUURUNTINTIVINDNS

v o A A v A Y PP |
N1sRuYesilaniedinas uazaududen lagldnannisvewasiisimgnuazdiglngas
nvdauNsldsunUaslsunanionluinlaggunsalaslidiulsenou 2 dufefads (LED,
Infrared) NA31181IAGUAA N SN ar 1 uElLInTuvendenLailiobolauasdasy

(Photodiode, LDR, Phototransistor)

Power Supply

LED, IR ﬂ'
j:_jl:} Amplifier }::s Filter l::‘.. Microcontroller
Photodicd ‘11
Display

U 12 uumnslunisesnuuugunsalngivingnInsiiuvesinlavselines  uazaAuey
A
Bhly

'
=Y

panAsiullemlaiinsiumazinisivaisureionwazUSuInsvaanannunn

[ Y (%
[ 1 1

Fundwsnsvinlidldesiudwasinudsanaziiogaludidisulaussaslunienaunuile
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mlatinmseaedinisivasuraadsalasUsuinsveadonluiiftesainlisdiaiunsods

wasluFadsulaunnTuaziuanlaunaindsutiufazdued fuUsuasadonlutilagsii

Y

Igonutuazegluguuuudygramislni Weldrmaindasududyarameliiiudausii

'
o oAl

JrdpnhAfiuuindnuing Miinainnisaaneu wvenslagavsvens Wielikeunignuves

©

[

yaradvuinginounadyyiundadinissuniunigg lddnezsdusasainaisuennie
Tyanadulusanediunsnidiundelaerzdesiinisnseniieredyanasuniuesndoeud
wwlulasreulnsaiaes mildannisvensuaznisnsesuazaziinglilasneulnsaaeifioy
Fmihituszananauasuadynailduniudioudu Beats per minute wio bpm Ju
Snsnisduresdnestiu 1 uift dielddnsnisduvesdnaseenuiudifazmad iudunus
FYWINTINATUAZAINAULT DA Lﬁa‘[,ﬁlﬁﬁi’fayjamaammé’fulﬁamaaﬂmé’h&J TR CUAVTANREER
foyauuulimelneldlalnsnoulnsaiansves ESPE266 Mianansadstoyauuy Wi-Fi linseld
LUU ESP32 flanunsndsteyauuy Wi-Fi uaz Bluetooth Insnsidenldnsdadeyaiuy Wi-
Fi 30 Bluetooth Hufdislusgfussesiinsuanmadndunsddeyasrorlndildnmsdwes
yauuy Bluetooth widndunisdeszezlnanisld wiri illedoyaldn Gateway udraz

anansaluuansintiinevesmeuakaswmdnsegninetesldlaglifeuiulunsiavaienss

niewma: Uagdugunsalnlddmiumsnsiain Nyinanudu aunanes InA1eendiay uaz
dyaauiangnd Tuewayldnunily ndusuwuuresun®ingnlud® (Smart watch) w3aane
v Y A . =& A < v @ 1o ' A | ¢ A
paedalio (Wristband) Faflvwmdn nevindn widipenwudraunsadousiogunsalnsoudns
waldamguanadainlduintu liawnsadsdeyalag ldwou lideadu grd wnduas
weuagitadelsald Sedinaiungunsalivaniilu Smart device usidalignussendldu

fulsanenuiaiiewdy Smart healthcare

v W

3.3. N1509NUUULASNAFIUITUUNISUNNEDIRSUTAINSUATIAIN zy,zy']mﬁugmuu

S19N18AU

a o o v o 1

PNMIAENITeYATIALITBITTUUNMTLIMESaRTrdmTunTIvTndaya 104993 19NY
NUIALIIADDNLULRUNTNNTIVTAIDATIVEBUAMURAUNAVBITINE d@unsanseyinlava
UUS18A1Y (On body) waglusienieau (Implant body) wsitilosnienaladednin laganig

[y

lunmegeugunsaiieanuuul’y augifedudensoniuunasNAaau sEUUNSUNNG8Ia3eY
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é’m%’umwi’mﬁ@@wmﬁugﬂuuué’mmEmu lnggunsalnTvinlidmansenuranuldudogng
I nMseonuuusyuukULy 2 d1ufe

1. nseonwuugUnsaininsiindayay1asdneine (Designing of Smart Device for
Biomedical)

2. mMseenuuuszuulasngliany (Wireless Body Area Sensor Network : WBSN)

L

3.3.1. N1992nkUUUNTIN15ATIA T U1 INA199 (Designing of Smart

Device for Biomedical)

[

miaaﬂLL‘U‘UQUﬂiajmimm’mﬁiynpméﬁwmm (Designing of Smart Device for
Biomedical) #3an1seaniuusuasindya udingnse) laun snsinisiauvesilalasdn
95 (Heart rate pulse) Aududen (Blood pressures) Qquﬁiwma (Body temperature)
uazeendianluiden (Pulse oxygen) lngsjaitiunisooniuugunsaiusazyszinnilsidanasie
$unsuazinlavesauldvmsingunsaiuuininie dufugunssimaniufosdivunnidn
N3Ln3n m‘jaqmﬂgﬂé’uﬁaﬁuéwmﬁlﬁmwm6] WU AuAudoaLazeandauluben 019
Arlusnaihvesauld Turasiigunsaiingangfisenies gnisseuinadede @nuuade
wristband) sy uenaniSujatunsesnuuugunsaifiimgninnileifisutugunsaid
mslsaneunadosdsdenldom

lassaseniseankuuaunsaingIainday ey 10uaneineg ﬁﬂaguuﬁugmmaﬂmaa%m
Tnunwugosnuulians (Wireless sensor nodes) Asuansluss

Felnorunsuuaniisasnialildia (Electronic circuit) Ausenaulddie niaens
5390 (Sensing units) ¥mifins1afnda g udnasdiey ddunuidedldauauls
Fyanes 4 Ussaandanaliudrinedy dyanamainasivuadyanandnunn fedudeu
aswlasdygineudenilufinea (Analog to digital: ADC) mIsvenedygaliiivun
Tmﬁudaudﬂé’agmmmﬁwmL%Wf;jluiﬂiﬂauimat,aa% wetudagtululasroulnsaaesd
anuansaulasdyineuidonduninealud) ieussaadyyin NBUYNAIEIUNS
ﬁmmﬁmﬂﬁuﬁwq (RF transmitter) s1aiaSunazsads ToyAd Yy IUTNAN9T YNUTTUIANA
ileuansna (Monitoring) vunthasnenfiumesneluresnuld wasdeyagnaaluuaniasiiu
wandnduilofie (Mobile application) wieliyifauldnsiu nsdleenludrausntiesnuld
Tuvauziideyadsnsgnddlgrudoyanarswesgineriunianiotielians edsdoyaly

WAASHALY WeUNABAZLNNENIIUFa LU
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Wireless Sensor Nodes

\

Sending data

Flash/EEPROM

I\

Microcontroller

Buffer Amp

Sensing
} ADC ]

Units
\ [ Battery Management

to center room
Matching
Circuits

JUT 13 lassasuniseenuuuiasensivindyaiadnuuuliany

RF Receiver
Microcontroller

RF Transmitter

Wireless Link

RF Transmitter

[ YY)

drunddgluniseaniuugunsalnsiaTadyaadneneg dufen1seentuunuly
A . . < o ! v 2 &

N139192937 (Sensing units) kazn15veedy g1 (Amplifier) Y8InUIBNITATIDIN T
daunvimtnnsaindyaadnasdieg illanuududigenn Tneduwinislunisesnwuy
Men13991990 tasgadunisidmaianiauadunisnsiaianisdsuwlasusunsiend
nalsuainnisduiazaaief1999iala WUy Photoplethysmography (PPG) Lile 41
AUFNRUSVRITNTINITAUVIRITA LazAUAUIEDAUDIT1NNY AstunsldmaTiafingaT?
a1unsaeenkuugUnsalldninisnTaindnsnisiuvesiilanaz Inas (Heart rate pulse)

wag AUAULREA (Blood pressure) neldgunsalfiafieniu

N1589nukUURUNTAINTIINgUNYNVRLI19NIY uazeandiauluiden uazasiegunsally

anwae wristband

A3gunsal Smart Device 3vUsznaulniveasdusenay 3 diundnfie wulges
lulasreulnsaians uazaouanina dsludruvonsuwosas 2 i Aelwuiwes MAX-30102 7
Tlunsnsratacdnsiniswiuvesiilauazanudulado was wuwes GY-906 uwuwes
fldlunmsatnaigungisumennuinaiov fudlowuwedis 2 viansraindld
wdiardmaludslalasneulnsaiaes (lufidlduesa ESP-32 mini) iflevinisUssananania
Tanlusunsuilatoul’ uazidleldimfazdsrluuaninadnauannavusigunsaisiudadn
Julugaszu Cloud itevinaifudoyauazuaniwareluduandlusud 14 uazqunsal
Fovunazldsundseniliiesanuuained (Li-polymer 502530 3.7v 370mAh) dmugud

15 LLamﬁqﬂizmumﬁmiﬁﬂmulﬁﬁqgﬂ@ﬁua'w
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ap Heart rate sensor
W (MAX 30102)

f-_y)

Mcu Didplay
& Blood pressure sensor (ESP-32)

—
(MAX 30102) {é‘;

s
& Body temperature sensor
(GY-906)

gll‘f"i 14 ’q‘dﬂiﬁﬂ Smart Device

IR Temp

(MAX-30102) (GY-906)

Display

HR . BF emp value

Thing Board

JUN 15 fanseuiunismeviauvessingunsal

n1snagauaUnsal Smart Device

(1) nMsmagaunssu-dedaya
NINAERUNMITU-dertaznsiesiogunsal luilesiulavegeunisiweusiegunsal
asuulnslnuesndegunsaiiaunagldnisdenisdeanseunsuwuy 12C Mlidsendanuilu

nmsveusiauarldanglumadeusieduiutes lneuanslangun 16
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1) finger

JUN 16 nsnaaseusiegUnsal

al ° = ' 0o & & o | = Ay v ¢
mammiwamaqﬂmmmLiﬁmmmsmwaaummmL‘Llulﬂwlmmﬂqﬂﬂimuaz
wuwesann1steulanlusinsuwaznA1nlnanve Serial Monitor Tudilusunsy Arduino

IDE faguil 17

@ coma - O X
Send
5 TR= 112574 BFM = 6% , Temp = 29.69% c, B = 82.80/55.20 mmHg s
IR= 112518 BFM = 71 , Temp = 29.69 c, B = 85.20/56.80 mmHg
IR= 112505 BPM = 72 , Temp = 29.65 ¢, B = 56.40/57.¢0 mmHg
IR= 113082 BFM = 73 , Temp = 29.71 ¢, B = 87.60/56.40 mmHg
IR= 113054 BFEM = 74 , Temp = 29.6% c, B = 88.80/5%.20 mmHg
IR= 113464 BPM = 72 , Temp = 29.71 ¢, B = 56.40/57.60 mmHg
IR= 113897 BFM = 70 , Temp = 29.71 ¢, B = 84.00/56.00 mmHg
IR= 113471 BFM = 70 , Temp = 29.75 ¢, B = 84.00/56.00 mmHg
IR= 113395 BFM = 73 , Temp = 29.71 c, B = 87.60/58.40 mmHg
IR= 113800 BPM = 70 , Temp = 29.75 ¢, B = 54.00/56.00 mmHg
IR= 113501 BFM = 71 , Temp = 29.75 ¢, B = 85.20/56.80 mmHg
IR= 113587 BEM = 72 , Temp = 29.77 ¢, B = 86.40/57.60 mmHg
IR= 113598% BPM = 72 , Temp = 29.77 ¢, B = 56.40/57.60 mmHg
IR= 113550 BPM = 71 , Temp = 29.71 ¢, B = 55.20/56.80 mmHg
IR= 113164 BFM = 71 , Temp = 29.75 ¢, B = 85.20/56.80 mmHg o
[ éijtoscroff [ Show timestamp Newline «| [115200baud  « Clear output

JUN 17 Afilanniwuigesuuae Serial Monitor

(2) NMNAFIUNITUAAINAUUID OLED 9849 Smart Device

N1INAFBUNITHAAINAYDI90 OLED uudgunsaluasnaaaun1vinauvedlan
Tsunsuitldtoul’ Tnsnsuannantseonidu 3 9a9vme Téun 1. nsudnimauLae OLED
vauzUngunsaluazgunsaiviranludionsn 2. msuanmadiildanisusesuuae OLED
vurlaildRndegunsaluniagtag 3. nisuansnaifildaneugesuuae OLED vmsfiana

gunIaluuIEiY Beaunsauanslanaguil 18 anudsy
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b
sran

;S‘Uﬁ 18 NMNAFABUNTTLANINAUUID OLED

(3) MIvRNLUUAIYI93T (PCB) LLazm‘sﬁﬂéf'aqUﬂiai

Tusiades Smart Device azfinaldeasddsznounig o 4 aflaldud 1. vosa
ESP-32 Mini32 v2.0.13 fildidush McU lunisuszananasanneuees wavdsrtulsy
520U Cloud 57uGa9auanAINa 2. USB Socket Fermnale Type-A 4 Pins wialdlunisidouse
SuAaInuLEes MAX-30102 figniinuiinuaisiiavesiine 3. wulwes GY-906 Infrared
Temperature iel¥ns193ngunaiiuiiiudeile 4.9ouanina OLED vu1n 0.96” Tngane
299398 180UsunsY Proteus Tun1seenuuy eaneasasiisenuuuaniuasiivanun 2 nily
LLti\i‘uLaﬂiLﬁaﬁ%ﬂﬁLLﬁ\iuaﬂﬂ’NﬂiﬁﬁSUU’]ﬂL’gﬂLLﬁ%ﬁﬂMﬂiﬂUiiﬂqQUﬂiﬁﬁﬂ%m&mﬂlﬂlﬁ JCEGRE

19937lARgiivwn 4 x 4.4 cm. uanslagaguin 19

ESP1
EEP 32U

GY1
G S5 IRARED TENP IOUUE.

s

—id st
4
B
T

OLED1 usel "
o VR SOCKTT FPTAALE TYPT-A 4 FING

(1) 8197995 PCB w94lUswnsy Proteus

3UT 19 Mseoniuuag19as melusinsy Proteus (n) 29933l (¥) a187935 PCB
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o v
(% ¢ &

dieldianeransiiauysaiudrininisinssgunsaivianundsasililadaaunsal Smart

9

Devicefiaysalkafisgun 20

JUN 20 n1sUsEneugUnsal Smart Device

WH99A78N1500NkUUAIRUNTAINTIVINRUNNTVDIINIEY ANUAUTEALAEENTINTT
WuYaeiila gniausluINIuALISNTRRNLUUMTgazIBuAt 1Ry uiginsiaaUsuugsly

Aulsgansamlviauwiug N 893U AsluaugITelausuliaiaansauasuasensiuag
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TAYNUIFLAUINITININIVDUBUL DIV ULLDS MAX-30102 FLElUNI5ATIATAAIENIING
wiurasilawazanudulaiin waziguwges GY-906 nldlun1snsiadnArgamiisninieain

a v A

USnaiama Siuniinaiaedeufuatsnesuns Jeenvdwmasenissuniuvesdyiadly
nsannin dadulddarhgunsaiiasusulssreniung Tneusudsuiwastumeunsvinny
vaslusunsuuazfimaivardeyalnevnaedsuaziuiouiisuaiadoiuaidunouniiile
prvapuAritlifiannuuandsanniin deuntsdsaniinsataldluuanmanazdsdoyaiy
szuuaa1Insely

91ngUnsal Smart device filiFmuImoTsnTININTHUTDIAla GY-MAX30102
\WULLBTRUNNN GY-MLX 90614 98uanINa OLED ¥1u1a 0.96” & U117 wae Mini32 v.2.0.13
ESP32 wifi Iu@aw%’amwsﬂjﬁmwmm? Lion 18650110l uumna3 Li-polymer 502530
3.7V 370 mAH Fanmssunamszeznanmsldausonisafinnsmfaszegil 21 9l
nsnanguUnsal Smart device sananitheifievnaialiaunsolfnuldlmisnadenany
vinlsuniugvae lumsiamngunsal Smart device Faazdaninisiasuuunineifivial
guUn3al Smart device asnldaulduiudu wagsesiumninindsuumeslud
gunsal Smart device AldlnlunTulnsgunsal Smart device azéfandlnulduutuningy
wusmmedmaiy TagannsAnymideyaiisafununneinagyinisaeu wagdinsaansa
1139959159UUAIN Mini32 v.2.0.13 ESP32 wifi I

wmdunisuitammgunsalfuuuude WinTamnuamanauaz Ul 3esUluy
nslFauliatsanu azaanavis wagdasndouniu warldinisuiuusanmanuaives
wiRnniielidvuinnssinuasusunasld finger tip Witodn Heart-Rate Sensor tduld

MAX30102 Tnefaanidesiounudsuansluguil 21

Smart wristband
Instruction

UM 21 nMndnualineiTudagnreen15eeniuy Smart Device
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Pulse Oximeter and Heart-Rate Sensor
MAX30102

JUN 22 n1sUsenevaUnsal wasnsWeuravIvesgUN TRl
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nslde1u Smart Device fosiinsiwausio Wi-Fi neuieideusistayaiuszuy F935n15dnn

Wi-Fi @1311509 bonatiu

1. Connect USB to your computer

2. Open Arduino

3. Chose com port

ESP_SmartClock | Arduino 1.8.9
File Edit Sketch Tools Help

o ° m Auto Format Ctrl+T
Archive Sketch
ESP_SmartCl Fix Encoding & Reload

. Manage Libraries... Ctrl+5Shift+]
L #In¢  serial Monitor Ctrl+Shift+M
2 # ing Serial Plotter Ctrl+Shift+L

3 # in( WiFi101 / WiFiNINA Firmware Updater

4 #1ng Board: "ESP32C3 Dev Module” >
= # in< Upload Speed: "921600" >
- USB CDC On Boot: "Disabled” >
6 #1ing CPU Frequency: “160MHz (WiFi)" >ry.h>
7 # in< Flash Frequency: "80MHz" >
Flash Mode: "QIO" >
3 41in¢  FlashSize: "4MB (32Mb)" >
9 #ind Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)" >
Core Debug Level: "None™ >
10 #ine Port: "COM11" 3 Serial ports
11 #1ing Get Board Info v COM11

12 #ine Programmer: "AVRISP mkil" ’
Burn Bootloader

13

14 #define DEBUG MODE ON 0 // 0 = off / 1 = on
15

16 //Time updete MS

17 fdefine TASK OLED UPDATE 3000

18 fdefine TASK WIFI RECONNECT 1000

19 i#define TASK SEND DATA TO CLOUD 5000

A62 -1 -(2) - 003
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4. Open serial monitor

© comnt - 8] X
| Send
17:20:25.523 => 111 No WiFi 11! g
17:20:26.036 —> 111 No WiFi !1
17:20:26.504 => 111 No WiFi !
17:20:27.018 => 111 No WiFi !1!
17:20:27.531 => 111 No WiFi 111
17:20:27.994 -> 111 No WiFi !!
17:20:28.507 => 111 No WiFi !!
17:20:29.014 => 111 No WiFi !!
- # 17:20:29.520 -> 111 No WiFi 1
17:20:30.027 -> 111 No WiFi !!
17:20:30.494 => 111 No WiFi !!
17:20:31.009 => 111 No WiFi !!
17:20:31.521 => 111 No WiFi !1
17:20:32.034 => 111 No WiFi !!
( E
] Autoseroll [] Show timestamp Naviine | 115200 baud | | Clear output

5. Set band rate and send set Wi-Fi

B CoM11 - O X \
setwIF] send

17:23:42.504 -> !l No Wiri !!!
17:23:43.021 -> !l No Wiri !!!
17:23:43.535 -=> !l No Wiri !!!
17:23:44.004 -> !l No Wiri !!!
17:23:44.511 -> !l No Wiri !!!
17:23:45.028 -> !l No Wiri !!!
17:23:45.496 -> !l No Wiri !!!
17:23:46.009 -> !l No Wiri !!!
17:23:46.521 -> !l No Wiri !!!
17:23:47.029 -> 1l No Wiri !!!
17:23:47.496 -> 1l No Wiri !!!
17:23:48.008 -> !!!l No Wiri !!!
17:23:48.520 -=> !l No Wiri !!!

v
< >
[+] Autoscroll ] Show timestamp Newline ~ 11115200 baud Clear output |~
A62 -1 -(2) - 003 [47]
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6. Input your WIFI_AP and WIFI_PASSWORD

Input send
@ comn - = x
Send
e LU No wiri ! ~
17:28:18.498 -2 111 No WiFj 11!
17:28:18.912 -p Input WIFI ap : | €SPONSE
17:30:01.323 -p SPARLK
17:30:01.323 -p WIFI PASSWORD :
17:30:20.855 -p 123456784
17:30:20.855 -p =-- DONE ---
17:30:20.855 -p WIFI AP :
17:30:20.855 —-p SPARLK
17:30:20.855 -p WIFI_AP
17:30:20.855 —-p 12345678#%
17:30:20.855 =-p =-=- END SETTING WIFI ---
17:30:20.855 => I'TT No WiFyi T!!
17:30:21.325 => 11! No WiFi !!!
-v('-v A A ~ AN ~ DO .y rat e R >v
[ Butescrell [7] Show tmestamp Newine v 115200 baud v Clear output
7. Recheck use read Wi-Fi
2 coMn - o X
comM1 =
_ 17:36:45.346 -> !!! No WiFi !! N
readWiF] 17:36:45.855 -> 111 No WiFi !!
' 17:36:46.322 -> 11! No WiFi !!!
17:28:17.9 17.56:46.831 -> 114 No WiFi 11!
17:36:47.337 => 11! No WiFi !!!
17-2R2-1TR A 17:36:47.849 —> 111 No WiFi !1!!
17:36:48.359 -> 111 No WiFi !!!
17:36:48.823 ->|WIFI_AP :
17:36:48.823 ->| SPARLK
17:36:48.823 ->|WIFI_AP :
17:36:48.823 ->| 123456784
17:36:51.811 -> TWiki !
17:36:52.322 -> !1! No WiFi !!!
17:36:52.834 -> !1! No WiFi !! v
< »
] atoscroal ] st timestamp Mwrbrg: v 115200 baud  ~  Clear output

A62 -1 -(2) - 003
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8. Reset ESP32 by close and Open serial monitor

2

17:41:14.119
> Calculated:
» Expected: c9cfl
> Attempting to boot anyway...

entry 0x403

> Connecting to A
> 111 N ‘Wil"i Ll
> 11! No WiFi !I!I!
> 11! No WiFi !!!
> 11! No WiFri t!!
11! No WiFi 1!}
> 11! No WiFi !!!

155208 Boet Coar output

> Connected to AP

LR ) SO S R A T S LI P 0 Lo foak |

> Connecting to ThingsBoard node ...[DONE]

3.3.2. nMseanuuUszuUlasedneliane (Wireless Body Area Sensor Network :
WBSN)

L4 v v

I o = | PN YEY ¥ v
Junsungunsainsiadindyyradnedneg Neenwuulitisdu unldnulussuy
Tasengl$ane Femueadelaiauaszuulasaielfanseandu 2 seuu wenmuNuNnslY

ULUAB

3.3.2.1. szuulassineliaedmsunisasaviadygyintnvesauld wnseu wazdgany
eanslasunisguasgrdlndinaing @ ssuudainanilansaldlatuynasiseundl auld

(%
a Y

Wingeu wariaengerduey Inswuweindyg a@neing asgniaadlivusisnieauld win
gou uavgieny Teyaiinininldazuansuuigunsal uavanusadedoyarnisdoansly
e WiFi (Lazsosiunisldauuy Wi 6.0 adumalulad wiri Tmifleenuuuuniiie
Uulgismaviaurenaietns Wi lasnsfiuaugiigsiueunseunauiinduuasiy

Uszgdnsnmnslaunadu) ielulansmalazudsfiou (nsaldygruninanaulidalnd)
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[

vukendiaduiiedia (Mobile App) ¥83g)1@ AIUUYIFAINNTORANIUANANITATIVIN Yy 10

Fnlgmanaiian ssuuiinaaanunsauansssuulanagun 23

: &
elderly Relative Monitoring on
| Mobile App/Website

JUN 23 szuulasstelianedmiunisnsiatndyaadnvesauld indeu uaskgeenaiily

v

AU DU

3.3.2.2. ssuulasaigl¥aedinsunisnsiadnduanainvasaulinielu/auldeniinly

(Y] v Y

Tsswenuradunisihgunsalnsratndayaadneieg loun dnsnsiduvesialauazings

(Heart rate pulse) AuduLdn (Blood pressures) qmwﬂﬁi’mma (Body temperature)

Y

wazoandiauluden (Pulse oxygen) Tresuunldiuauldndesuoulsmeraniognuonia

Tngdinnuan nng 3-4 Tilas nervadesdiunamainauldnelulagainate dso1vdawali

A v ]

wpuldsausgrandhlddeshuduuiussass ilinisusunduindeuliiiisawe 919dHa

[
Oy

dedaaunmnesaniewasintavesauld suunsgaauldle dauiwimiduniseaniuy

IS 1

szUUNIITIiaRnaNsiaulnelusaaierlneinn15n 9 Indy QTN @1RnIauans

T o

faError! Reference source not found. A38N1siauspgUNIRlLATd TRy ALNBAIL1TA

AnnuuazuaninavesnuldnnauignuendalugUasniely ynau nnves lineuiawas

a

LNNELiuNaRaALIAILUY real time monitoring MenTsenkUUgUNIalnTIaTnday e
Analivusnevesaulivsedaseny (Wireless body sensors) laggaiuniseanuuuii
PAANNZTIASA danuwiugigs annnsasudaninwindenlunsinulsegisivszd@nsam

& ¥ YV ®

wazdisnmgnun lnglddwaliauldvsedaseesdniiagy viedndalunisaiuld Toya

=

GRTRTRRIEREG maamuwa%gmémwﬁawLW@LLammaLLasLL%’@Lﬁauchulé’ﬁwﬁwaqﬂmai
ns19¥adiAnseliunsrnienuld wendnduilede (Mobile application) wazwiinae
AouRiamas (Monitoring) [4]-[6] wartayadnm1g vesauldusazau svgnaldaioanu
g1utouanans (Data center room) wadlsswegiuna Liionanswadeyavesauldanelusiomn
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Tnguansuiumatnereuinimes lnedeyavesruldneluwdasauazgnilseuiioy
A1 Iegluszauund masiseds vsedunsie wWeni1sguar Uieeg1alndtnungWunsain
AUeildyaaudnaseneg egluseiumisidise e vsemsAnseunndnsilngUreddyaudn

[ v Ao [ v
Isegluszaundunsie \Wusuy

Sensor Data: Blood pressure,
Sensor Monitor E(G. Bio-sleep, Body temp. ,

Havt rate, Oxygen saturation

Star&Mesh based WSN (Wi-Fi)

(¥ Body tem perature
Blood pressure ‘.'I-»)

Oxygen Saturatlon#{-))
Hart rate/ECG 4+

Monitoring [
— ! Notification &
| otification Local medical Supervisors
( : Ib—» |EmE'§9nCY call I and Caregivers + Remote
-

Patient’s caregivers

("Pr Bio sleep

Room/Bed No.1

Room/Bed No.2 ("’)g = =

Room/Bed No.3
Room/Bed No.n Gateway

Remote Healthcare center

patient Medical history
Healthcare Gateway

5UN 24 szuulasselsmedmiunisasiaindemuiiauldnieludanios
= o % ! I =
mMIeenLUUsTUUNSaeastayaliany uuseeaniu 2 seuu fe

(6] msﬁams%’aga‘t%awuu‘hamaﬂu(Wireless Communication on Human Body

Area) Lﬂumi?lams%gaizwmiwumLszjumja%uui'wﬂ’m UsENBUAIY DNTINITHAUVBINILA

WazINAS (Heart rate pulse) AIMUAULADA (Blood pressures) gunni319n1g (Body

temperature) Waraan@iauluiden (Pulse oxygen) 1ayada1nn15nsIvindunauilgnds

(%

Toya ludnuaeg star network ludslulaspaulnsamesiimihidiudeyadyaainsin

o

nTMevesEUlsuiazay vsesendn guudeyaluviesruld (Data patient’s room) uaz
Toyasinagnuansnaniuntivensuiitneingluenuld uaswaniuaruilefesegy s
auld uenanildsdeeyawmaniludaieniugudeyanaraiieuaninasounnduazne1uia

Aoludnme wandlassainanagui 24
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R ) o oo [
H “e 0“ Microcontroller =

Hart rate/ECG sensor

Blood pressure sensor

diussuly
-]

Pulse Oxygen sensor Microcontroller

Body Temperature sensor

I— Microcontroller — Sensor Node #2 collect in server center.

BY Monitor
Battery ESP32 0

ISUM

D

performance of these sensor

with publication paper.
IAN]

.

Design body sensors base o

electronic circuit. Confirmin

Receive data sensor which is

ESP32 Board + Batterv Box

5UN 25 lassaiavedvunugeisaneuanisdealsieys

INFUTN 25 1AT9aT1908352UUUTENBUAIY LWUWBTUNINNY (Body sensors) V13 4 ¥iin u
azvlinazgneanwuuilugunsailiane lnedinsweusedu ESP32-Microcontroller Fudu

lugalsaensiuernnuannsavedlulasneulnsaaesiarluga Wi-Fi uag Bluetooth 11

!
¥ (% IS a = [

meiu uazliauiadn neiiniadnaig n1sdsdeyavenruwesuiazyin Jegndideyalu
anwaue star network WM Bluetooth 989 ESP32-Microcontroller &svintiiidu Tnua
wuLa$ (Sensor node) TUE ESP32+Wi-Fi Microcontroller 8n@a@svinniinfildu Master

Weiiudeyauazuaninanuvtverouinesuazseletenaly

(2) n1sfeansdayaliaediniunisunndsaases (Junsdearsteyaszninegiudayaly

viosauld fugrudeyanans (Healthcare database center) LilolUSouIfisunauAzLARINA
mwﬁmaﬂamﬁama%&ia@%m%mﬁmgﬁumw (Health professional) lidnagifuuwnnd w3e
neu1a Inednwuglassiiglunisdedeyarsiisnwasiiediuiussvulaseieliais vy
$rnsaufana12d1siu Tufeuuy star network Tnsdoyasiuvensuiwesiis 4 wiia gn
ndsliyndoya (Data package) iearfiu ilenssyateyadnaaiduteyaiidunainlun
L BULYRITUBILAAYY DY (Room data sensor node #1.D.) lnsdsrudoyawuuliany (913
Fonltinaluladues LoRa Fsanmnsadilsszazlnandi Bluetooth 1nAndt 10-100 1) nsdl
ugsgrudeyanans tieuszsnanauazuaninaselufauandluguil 26
A62 - 1-(2) - 003 (52]
wuu nuda. ME-003

Data patient's room
I- Microcontroller = Sensor Node #1 Data will be monitored in
each room only. And

then, data will be sent to

Mobile

— designed in the first parts.
- This case use ESP32 because
compact and small size.
&

Room/Bed No.1



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

nsdeansdoyaisansszdu asgnld n1sdafmanduuuntanan (Time Division
Multiplexer : TDM) svngfisnisutsnatoenifutaeg et deyadaunsnulugaana
fsnan wdwihnsdnassnaideuiiveyaazgnddly nsld ToM HuiBnilsivinlinnssuds
JoyauwuuRdnea fesiruanisasadenveaiained Inefodndyyudesdaiaadontian
Yoty Msaduity dmiuianusrasdlunmadentdlu ToM Tumudded WeldlfAnnsuuiy

(Collision) vaateya wawtitedasiumnuinnainlunisiudeya

Room data sensor Node# 1 (‘ ’) .

Room data sensor Node# 2 ' =

Room data sensor Node# 3 w
Gateway -

—*_ Remote Healthcare center
Room data sensor Node#t NG Healthcare Gateway patient Medical history Patient's caregivers

Local medical Supervisors

and Caregivers + Remote

JUN 26 lassaianisdeansdeyavedlruniuuiwesveudaziad (Room data sensor node
#1.D.) iﬂﬁ'ﬂgm%iﬂaﬂmﬂ (Healthcare database center)
nseanwuuszuulaswinglfaedmsunisnsiaindyyiatnvesauld indoau way

49918 NegnuduiFau

e

n1seanuuUszUUlasetiglianedmiunisnsaaiadyyalngqe loT platform &9
wdanld Thing board gniunldlusuideil

Thing board 79 loT platform Wwuu Opensource FaLUalulgaruvianuundailgiieg
wazlifienldine Inefinuaud@idu Web server uay Data Base (cloud) viliinisiunld
ulavainvany L

1. Msdnnanylassasidoyavsedeyaniaududou

. ses5ulUstameanvianuany iy MQTT ,HPTT ,COAP
= ] v
- Wausimgunsallanainvane

. M33nwANUlaeniuvestays

2

3

4

5. NKALADY
6. MIuARINATIVANTANY

7. Ufiunsuiaieu

8. amuilvanteyadounaniu File wiwana CSV
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308 loT platform AiflaaantRmnziunisldauszuu Smart Health

1A596519 Thing board wuadu 3 du
1. msdanmslassasiedeya Wudwnuimsuazdanisteyanisviuunnuazdudeu
T unuianyfideints lnglassadianisdanuiangaziinisdaiesainvuiatnglubn

Usenausig Admin ,Customer, Asset Lag Device ﬁ'ﬂg‘d‘ﬁ 27

Admin

=

Customer | - Customer | Customer
B - _ - A
4
Asset B Asset Asset A
RGNS SRS

DeviceB Device || Device A

Ui 27 Tnssasadeyaues Thing board

1.1 Device \Junanddniigalulasiasavimihnlunisidenseuazsudeyaain
MCU #13 qiidadayaidruilussuudu Ines anudu aaumgil lnensazieusaiu Device
Uy MCU azfasfinnsifousiedumesidnuaziiiinsgiunisnouazsianssiu Device fifmug

Wit flagun 28

Pass :123 Pass: 123
MCU 1 |::> Device 1
+ Temp J + Temp

Pass :123 Pass: 456
MCU 1 [::> Device 1
+ Temp x

5U# 28 nsdadoyaidn FileDevie

1.2 Asset W3sulaileunassivimiifisesiuteyannn Device naneqfdsamnsa
\dandm Device Gmﬂiﬁagj‘lwmmﬁé{amﬁl@w’%ﬂ Asset Agaunsai1fmsownlutoyaves
Device flogludoteldomn fagud 29
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Asset A Device 1
* Device 1
* Device 2 <:| Device 2
* Device 3
Device 3

5Ul 29 M3Add Device 1n52UU Asset

1.3 Customer yuihfilun1sdnnismsiinfsvesteyaluudazdiuveslivalsau

'
oA

lnedldunazaufazauisadifmiendludoyans Asset, Device, Dashboard léL¥in

al

Customer agimualidfslamini assdunlilasveyginagldarunsadnfisla dagun
30

é Asset A IQ:,> Device 1
>

User A

Asset B |:> Device 2
b4

5UN 30 Msindetoyaves User

1.4 Admin WuRuguassEUUTIMUAYES Thing board aunsatddanseuwdlule

ﬁgwmﬁy’qdawuaq Customer, Asset, Device Rule Engine ia¥ Dashboard
2. nszurunisdioya axifeyadildann Device lUlHuiisludrunisinssd a3
Amuafeulsinsqieluldluduiidesnts wu nsudadeuidediafinund irdeyaly
Fuailasismnazgnaiunulng Rule Engine
2.1 Rule Engine Asta3asilofiogludlsdduves Thing board fvdayaldid
nIzUIUN1IANe laglen19v119UL Uy Workflow %aLﬁumiﬁﬂmﬁw%’ﬂﬁLﬁu Block #1991

Usznauiuievinliiianianssuiunisiaelifoadeu Code 1wu

o MTIVFADUANYNABIVDITBYA
° TGN
° WA Uy Online %38 Offline 984 Device
° Wasulassadanasanudumius
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° detoyaronludy platform aneuen

° AUAN MCU

2.2 83AU52NaU Rule Engine

2.2.1. Message #a Block dansteyaiiiinisdadn Thingboard

1.1 Attributes deyaiilsifinsuasuuvassziamdoniny

1.2 Telemetry Toyafiinsiasuulassziamdnudaiay

1.3 RPC Yayaiiiin1sdslus Device n3e Tn1sfosverdudiuaumnain Device

2.2.2. Rule Node 1Juiladduiiinisnszvinfudeyaldvainnatedu nsuly
A Jiesest Wdeulusingg mswasuudasmnudusiudvesieya vieiiraniures
Device Gvaediflaridugondsil

2.1 Filter Nodes Awuniouluuazidunsestoya

2.2 Enrichment Nodes msguinndaya

2.3 Transformation Nodes Wasuuastoyalogluguuuulusl

2.4 Action Nodes msnseyidatayaidu Wdusau , 53usudeya , Anaen

2.5 External Nodes n1sldnaunu platform n1guaniyu N15d9 Email dadeya
sanlUluguuuy MQTT

2.2.3. Rule chain (Judufisiusiuanudusiusveailasdu Input , Message , Rule
Node sisvmmdngnetilifuniinssuiunisdagtelunsdifinszuaumanndmds s

Tmdu Node enieanuazaintunsivldanuss Aagun 31

f Rule Node %

% Rule Mode &

5UM 31 NzUIUNTUILHOUY

3. ASHEAINE  @1N150USULAINTN99 Dashboardldnainvalefiinis hadiau

FeNUAYSoaUEYatRUN TR TaLERIlMA Y Device S0 LANINA lUAILTDS

A62 -1-(2)-003 [56]
WUU nnUd. ME-003



(%

sPUUNISUNNganserdmiuniaindyaadnuuianieauld wndeu waskaserguuuliane

Asset fiiinane Device agluin3atneiliudadal widgetsiaTosiliolunisuuuss) fa30uuy
Tngazuundu 5 Uszuam

1. Digital and Analog Gauges

2. Charts

3. Maps

4. Control GPIO

5. Table

4. OTA fie Over the Air WudlsAduiiléiu MCU flarunsaifouse Intemet uay
Online Iilaazifunisdsdoyauuulianesinuedotns Wik lugsgunsaliiesinnng update
uag upload Wsunsilvirugunsallasagdenldandliazaindenisdoans USB 1y gunsal
ogluitudl 7 1ihiwen uazgunsaignussgedlundesiteindenisdeats USB defagiinig

upload 8¢ 2 LUy ﬁagﬂﬁ 32

Over the Air

5Ufl 32 s3UU OTA

1. Basic OTA 1Jun15 upload Aifesld Arduino IDE lagazidednenisidaiudiusu

[ 1

Ao IAaINITUTUNTY Arduino IDE aguaitiuina1insa upload Jayar1um MCU lalag

Y

laideslyn MCU 10y Web server drutdaidslunsaifimeufiawesou qlddlusunsy Arduino

IDE egtiufvzlianunsaldanu OTA I fegui 33

Wi-Fi
Router (AP)

Computer
g ) | 5032

Arduino IDE NOT UsB

5U% 33 n158Ulnan Code wuu Basic OTA
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2. Web Updater OTA 19un15 upload #1u HTTP a1n#7 MCU Tagazlisa MCU
¥ Web server Tnganunsatlidlusunsufidesnts ludmesosdunsesninaniiou
Tngi3onudin HTTP a1nd MCU Fusnudanasnlnanldnadldldias deazildondmiy
AoufamesliiTusunsy Arduino IDE Aanunseldaiu OTA 18 urdeidavaanisviisauiu

Web server tuanaazdamalvisingunsalinautiacs fagui 34

e ESP32
i-Fi

- Web server
Router [(AP) mode

L | 4

Computer |4mmifmmp|  Esp32
NOT USB

5Ufl 34 m3dUlnan Code WuU Web Update OTA

VY931inv0e OTA
1. IP fpseglurawauidediung MCU uag Arduino IDE #l% upload luswnsy

2. fO99YNAY Gateway (Router) flagIii

5. NMSUILAaUUY Thingsboard

Browser

-
T Fig, ThingsBoard URL |
S MCU "‘“'ll l [ Dashboard |
ensor | ——= | MM | o= = | Alarm | =--+| Dashboar
ESP’32 Te.mp:\- .
1 Motify
+
f‘ “‘\
User = =  User
[Murse) {Patient relatives)

5UM 35 laseasnavesszuunisiiiey

91NN15ATIATUAIANG 9 VB9 sensor Wiinavidu Temperature, Heart rate, Blood
pressure @iAuIUTENNaNA L ESP32 La1d31e Thingsboard 1aaUndin1shadiouas
wansnan1sHINAsuUlUSs 2 diu Anludiundafouuuntl Dashboard wagudsifoudslues

Fmail Falunisuaafouliin aztdundumouuuntin Dashboard u5e ddluda Email AflAn
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Auntiateg Weswinguuuunldlunisudusieuuumnin Dashboard Wduuuy Real-
time N3aetoLATIULOLAU ANFIVE Internet Tl 1Nz sdsdoyawuy Real-time
potldiameuauaswuuviuiiviule wWelvideyaluiic anmuneyaienieiudl uiaaumwam

lumsdadeya awnsavensuls Wewinmamhsiulduuiuluniesug feaausveaiae

Dashboard

)

Room 7

=
g
3
o

Room 9 I

Room 3

Room 4 Roos

Room 5 Room 11

\ Room 6 Room 12

o

8

£l

-
g
3| |3
2l | @

gﬂﬁ 36 %11 Dashboard 98¢ Thingsboard

g davimii1 Dashboard Tieuazazainden1sidildanuanniu lngagiintisisgoy
nausawilugsneazidenvesdeyald niiusnves Dashboard aziiudianves Ward wag
I t% o & % = v = a < v = o
UABNVDINBINNYDY ATLABs 1 Tevied 12 Fearunsandnudaniidesnisiiiawdnluyg
eazdunvestoyaluvdentulagluudon Ward Anauilasanunsagdeyavesnieslily
F19zdudn Temp, BP, HR votudaziios Tugduuunislaiauesyniiesuuu real-time wag

M3 Alarm Mifinuesniensevzgamnatuuiaziedld wazudenluusasfosavaiuse
v P ] v < a &% o 2 & A
Wihlugdeyavedusayvies AazdnsludiveyalugUuuuvensinvesdsng  wieasdumi
UL Real time wagdanunsainlugdayaianizianzaavasising o lanlinnuaziden

‘g ] d‘ [~ LY
UNVU Iugﬂmwam’]ﬁmwmmm

A62 -1-(2)-003 [59]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

%Thingsaoard

MNoon
Dovics A Rules & Real-time f ‘
Sensor Plugins web Dashboard
reading sackets D
_ 0 — MG —
Device B O \ g
e A (3

JUN 37 lassadesvuunmsidniedeyavedldau

annsaimuafmyanalunsiiifsleyausazdiundeinisiidnia lngagds mail i

v D=3 7 A 2 A oA = o D
yanafinesn1sliidndedeyatuy o iveilunistudunegvesnuuazidensianiulunisdiia
Toyateanunsniiiluguazuiledoyasing q 1a

Y Y

o/

n1spanwuUTzuLlAseUglianednsunisnsadndyyradnvasauldniglu/aulduen
falulsaweruna

lugAves Health 4.0 nunedis n1sufussuunisguaavninlidealnalindu
MIuNNgsaa3ey (Smart Healthcare) WAsUWUAITEUUWRYL (wWUU Analog) Tiduszuulng
(wuv Digital) TnelHinaluladansaumaduniesiiondnlunisuisy Uszneusnewmalulad

[y

drrymundn7 Usems semeluil

1. Social Webs and Network iwimnalulagaisaumafioonuuuniifauaiunse
FoulsawazAnsenulanudumesidalaedadldanes

2. Mobile Application {unsléaunsainnnifasalunisinsie deas Aundoya
[y ] a a Ve @ [y <3 [ . . PN
Sudanin ideanimindoulns Tideiyaaaluiiaidusimsilagnisiimun Application
atuayuNISRLaaUNN

3. Internet of Things Nn&udeulesivdumesidnidulsngnisaliiiaduainnisils

ey a 1 = DY) ] & va A v | a ¢ & 1Y

gunsaldeansiludavewing q ielvidedyaruunssuunsedineitesiundumnesiiala

4. Cloud Computing {Wuszuufin1sdaiuteyauaznisussananadeyainiuly
\ATesRRNIme IR TIegitanunvIeenveylusiaUseimaunsudadayatunussuy

Buwmesidls vhlrasaldinensdeniasreuiamesiasseuuiniutoyaruinlig

A62 -1-(2)-003 [60]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

5. Big Data and Health Analytics inalulaBnisdniiudeyadifinaniindu vl
annsofivdeyasiuumenalildimunlaefalidglinn deyagunmesszansulne
nnauvzgnIniuliluszuu Cloud Computing

6. Robotics Ingn1syususidnisiamanauiiulfauaiaietisquaguainld
vangaululsame1una

7. Artificial Intelligences Uayqy1Usedng iumaluladfaiuisaviliiinssuu

anludinieauaauandssvula

Receive & Monitor Lanslasaasnesisguin 38

CStart 3

) \Void setu
| Setup Code sensor I P
Connect WIFI i
Void loop

Fail Ture
bode Mode
Code sensor Online * ‘ » Code sensor Offline

onnect Cloud | ,}
Thingsﬂﬁa rd

Display Oled
2

31]17; 38 Flowchart n15detayadiy Thing Board

Tudauvee Code n5viauveadulesd Juazdnisviteudafinaniuidredy a
Code H45u Thing Board Jzi3uiduvas Void loop Fdun1svhauves Code TRRVRIC anvil
TudurensIdeunsidouss Wi-Fi Insazdidoulalu Bock condition d1lifinsideuss
Wi-Fi azdsmdslavilusudiuvosiladdu Mode Offline 7ig ESP 32 9zvinnsy 5 ¥

WIANALAZULAAIUBYAUN Y198 OLED fiReRsuufiutin1dedievesUlieintu uat1inng

{
o o

Wause Wi-Fi azdsnndslnyinlusudiuresilandu Mode Online Tagagyina udIwandnauy

#1198 OLED Nfinasuudiuinideiiovesfirowmiloudunag ESP 32 Avevinisdideya

voudugashuuliatanae Wi-Fi 1inlUda Cloud Thing board wiaiiukazdnnistoyavly

A62 -1-(2)-003 [61]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

i NMsuduseuliedeyanlianduwesiinnuinund, nsuanaafivuniingeiieUas
WAZLINE, NeUTE WU Real Time wazlusuaiudasadsluiiunisdnnisiinfesdeya
AU 39

Condition
Rule engine

F@']'}ungﬁliomd

ﬁ Display
T User
2

MCU File Device ﬁ Asset <=>
S@A

g‘tJ‘ﬁ 39 Tassadsils Receive & Monitor

wdaanrumsnseaeuioulunisidense Wi-Fi wagyhauluileddu Mode Online
ESP 32 fagdwoyavenduigasuuulianenis Wi-Fi 11luds Cloud Thing boardlnedqu
usn MCU azdoaidendunesiinuazegluanuzesulatiiozdedoyaluiivly File Device
Tnemsdsdeyaldifuasiosfifou Code Afunmsgulunisdousioweniu Thing Board way

=®* « =

Token (5%@e1U) e U File Device #4028 Token HUMAI9IN1TIULAAY File Device &4

Ay &

P | v P v A Ay I . . N
wAodld Token Tigndaanisuuiavaifdesnisiiudeyailiediveyauniulu File Device 7
deanisuarneliazilunisiideyairteuludisqfidesnisineazld Rule Engine lu
N3TUIUNIENLY

1ag Rule Engine avtndayaluidnaulaniausuudslulaludruduqaiungly
v v < Y A S v A 1 1Y <
poanslagnanaasilunisudasieulunsdling qlasn1sudsiiou sswdaandu 3 wuy

1. gunsal Offline Wun1sudafieuwdiogunsaliuwnnsiliousoInszuuaes Thing
Board w3ekifin1sieusie Internet lnanasaintugunsalazildsuluidu Offline mode
\envzdauansnadioluuuiigunsalle

2. gunsalAaaLAG Ul SHILFaWagUnsalaatadauaInUTInlunTin

! L m a d' LY Y < o I 3

i Uaileaglinsausini sensor azdala Aagvinisifeu No finger

3. AfinUnd tneaziduntsudaiioudieAflaain sensor aansetaeiuluainen

WMIFIUAMTUAL I

® N95gata 120 BPM

A62 -1-(2)-003 [62]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

® umnigedi 40 °C

®  ANUAUAIN 90/60 Rawums/Usan

nsudadiou mndeyarinundanieulyvdegunsal Offline 2¢ld Block Hlariduves
Rule Engine wdoufudieliAnlidunszurunslunisudaion

1. Filter Nodes (Message Type) Lﬁ@ﬁ’]ﬂ’]iLLﬁJﬂsﬁagaﬁL%WNWIﬁLﬂuUSZLﬂV}@f’JLa‘U
(Post telemetry) LU Int, Float

2. Action Nodes (Save Timeseries) agvin1stuiinteyaasluly Database 163310
fusnUszinnuesdeyaudn

3. Filter Nodes (Script) [lumsivundouly wu Inas>60, aaunil > 40

4. Action Nodes (Alarm) %v‘hmilﬁiﬂLaamﬁaﬁmiﬂw‘%agﬂﬁauhmmﬁlé’ﬁmum

17 vy gunsal Offline, nasaafiuAiimun fsgui 40

l' Post telemetry
Save

I I Timeseries
Int,Float l’

4 \
alarm alarm

5U# 40 NS2UIUNTUIUABY VB4 Rule Engine

Ao ° a & 1% o ° . v o A a Yy
Lll@‘V]’]ﬂ’]ﬁﬂTwu@LQ@UI%VNVHJ@LL@']Q&W']ﬂ’ﬁu’] Device L?J’llﬂﬂﬂLﬂi@“lﬂEWlﬁ@ﬂﬂ’lﬂ@ﬂ Asset

(Center Jdvazannsainfisloyanazianiuavad Device Nogluaseviels dagui 41

% Asset

= || center
<

5U# 41 13 Add Room 41 Asset

A62 -1-(2)-003 [63]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

ANSWEAINAUY Dashboard UUILWEAS 2 dIU

1. Room WunsuannadIuivedusasies@vsuandluriosUisvestuminty fagy
42

Display Patient
M C s | By
] Q. I
E@ £

E‘U‘ﬁ 42 Dash Board Room 1

I3 v & A a & Y =
2. Center LUUﬂqiLLa@QNaVT@Q‘WQV]NﬂWQQIULﬂigﬂﬂEJGU'P]QASSGJE UUI@EJ‘r\]ga']N']iﬂLGU']ﬂQ

Toyarna 9 LU A1 Sensor NsuIRFBUlAYNBY FegUN 43

Patient Display
Eﬁ ROOM1
Center [:> ROOM?2
ROOM1
B ROOM2 | ROOM3
B ROOM3 |

gﬂﬁ 43 Dash Board Center

= o Y [ o A = 4 Y @ 4
WBVIINTTIRANINNIUDUS muuaeuly nsuanswalssusosuwain Addwnluly

<

uInves Userkagyinsdauusvigldliiintswoyadiusing q vesszuulaegldudazaunasi

nsifedayavesiiesndiumuninauiaveukasiiiosnwauUaenievedeya

'
1Y a

PNIUN 44

A62 -1-(2)-003 [64]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

Center Dashboard

Patient
AL
& || B [Ewm

sUN 44 mMsdanismsiinfedoyaves User

3.4. unagy

Tuduvesiiguniaidaduilinsininuardoya nadildainnisvaaesiu wuwes

v IS

anusansindyanadniiugiuiesnniaduresiila miuduvenden uay gumgl uu
euansnaiiinssuuiigunsaiflegluguuuuminidesiold samfsanunsnderndoyaiiinld
Fulduansnads Thingboard (0T platform) WUy Real Time ﬁgﬂué’mmﬁmﬁwﬁaga oN
Fou uarnsuvadldon Tidnda uadludunuuiudwonsuwesiuasafinlddunnngs
fegrmuidefisuiuaildangunsaluinsgrundegludadiuiifionslanazeonsuld

NTIEANANIINTIVINve UL UL SUAazUTEIANYBIQUNTal smart devices gnasITang

¥
% IS A

dyITniugu 3 Useandulaun n1950999308031n1560 U091, ANAULEDN ke

e

puvglvesinenis maieuifleunanismsaiamanidgniisuifisunadugunsainnanis
WNNENINTFIU LAwA 10S Smart Watch, OMRON HEM-7130 wag OMRON infrared
thermometer AMUAIRY LaENANITLUTEULTEUNUARINAMIENTINLAAIAUFUNUSYDING
N3n599invetgUnsal smart devices Inauaninaiu overlay plot Wisuiunavesgunsal
MINIUMEINAsgIu Msisuiiisunasslusunsumsadfiiomauduiusuuuidadu

LAEMIANAIURANG AN AT ATAAINANIUANTINUSBUWIEY YA deauunInsgiu (Std

Dev) uazdoRanaInu1nsg Iy (Std err) 1Wudu asuananaluundaly

A62 -1-(2)-003 [65]
WUU nnUd. ME-003



(%

sEUUNSWETaRserdmsunsnindygadnuusisnenuld wnseu wazdgeenauuuliane

Unil 4 WaN1INAFRUUTEANSAINYBITTUUNSUINNEdIRITUAzaUNTAl Smart
Device #135UATIINSYYIMINUUTINEAL

(Results of the Intelligent Devices and Medical System)

4.1 wan15MAaeegUnIal Smart Device 1ngNAHBUNANIIATIVIAVDILTULIIDTUARY

UszniSeuiisunugunsaluinsgiu

o

HAN1INTIVINVBUTULYRTUAR UTELNNYDIgUNTAl smart devices QNATIIANATYE 10

A

Fniugu 3 Ussnndulaun NM3nsIaTadasnisiuvesila, Anudubion uargumgiives
1 =l a % 1 dy =l = U '3 s

$19N1e MsUEUEURansaTIiamatigniIsuifigunaiugunsainamsunmgunnsgu
1ewn 10S Smart Watch, OMRON HEM-7130 & & ¥ OMRON infrared thermometer
MINEIAU UagHan1sSBugugnuanINamenINkansnNduTUS vesHan1sn I inves
gunsal smart devices lnauaninaidutduaadsiiwivliunavesgunsainianisunng
1INIFIU 30L38N31 overlay plot UanIINUFRUTULTBUNARIENIINLARIAUENRUSLUY
WWUdUAgTUTRATUNIGEDR JMP 138571 11 1 WauIAUEUNUSLUULTLEULATAIAIAIY

HANAIAN @R ATIMAAINANIUANTIUUTEUIBU veANT8RUULINTFIU (Std Dev) way

(%
v

ToRana1aNInsgIu (Std ern) Judu nansvaaeadudsdl

HaN1375331A8NIINTAUYeila Wisuligunany 10S Smart Watch lagldy
I s U sav v e o v o Y 9 Y
Wuwwes MAX30102 nadnsnlnangunsalndnaueaiunsaingnsinisiuresiilaliegis
wiug1ge nefAIAIINAIadeTENINe STDHR (HAIINN1ITNAFDUUNTAININITUNNE
WI95514TANIINTAUVRIRILA) kag PRO-HR (WaaNgUnIalau snndLauanIsnagey
SMIINITHUVDIAILD) AD 0.95 LB 1.25% ALTEUUUNINTFIY (Std Dev) haztaRANan
WINTFIU (Std em) @MFUNTINBATINTHUVBWIIIGNABNARAZUNAUBAIFUN 40 wazUand
AAUEANAINAILUAIS19T 4

A62 -1-(2)-003 [66]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

Heart Rate (beats/minute)

. EEEEEN

T —t————— ——
4 8 12 16 20 24 28
Sample Number

32 36 40 44 48 52 56 60

(a)
T T T T T T T
4 s
*
X
- * o - -
e *
PO
* oo
L2
-1 R4 -1
* . *
L3 Il d M
ve
. ‘. T
*
0'-0 *
- L R 4 -
.. *
*
DR R 4
e
. ’ - .
e
*
. . .
e . .
- T 1 T T T T T T T T T
50 55 60 65 70 75 80 85 90

Heart Rate (beats/minute [STD-HR])

(b)

95

sUN 45 Nan 1suUSeuLNeguUNan1SINSEUIN9UNSAINULEUREINSUNITINDASINISLAU

v

)

ve9ala gnilTeuiigunadugunsainienisunnduinsgiu (10S Smart Watch): (a)

n39 overlay; (b) NSMUSHULBULUULTULEY

A5199 4 NatSeuigunIed@dAve9nIINsA UYL

Mean Std Dev Std Err
STD-HR PRO-HR STD-HR PRO-HR
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A62 - 1-(2) - 003 [67]

WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

ANTUNENIINTIVTAAIAILAULADAEINNTOLEAINISIUIT B UTNBUANUAULADATELAEN
(SBP) wazmusuldonlauoalnan (DBP) seminegunsaifitausiazgunsaininsgiu
(OMRON HEM-7130) Tnefin1sdnsumisiivialiiulaldind uwes MAX-30102 arunseld
Auldegrsiuladisminauwansig szninea1edes SBP waz DBP fawwirfu 0.22 uay
0.11 mmHg 91ngUnsaliNAIFIUM LU Dev uay Std err uandlunsnsil 5 dwdu STD-
SBP waz PRO-SBP §u1fiu 0.57 mmHg waz 0.07 A1uadu wag 0.06 mmHg wag 0.01
d1§u STD-DBP tag PRO-DBP suaisu

115
110 4
105
100
o5 &
90
85
80 4
75 4
70 %%
65
60
55
50 4
45
40
35
30

Blood Pressure (mmHg)

" asTD-SBP
—s— PRO-SBP ]
—v— STD-DBP ]
—%— PRO-DBP]

T T
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Sample Number

120 T T T T T T T T

110 A «A -

100 ~ é, A .

90 4 ]

80 4 » T

70 o -
[ ]

60 ..i b

50 54/‘ N

40 P Systolic BP ||
4 e Diastolic BP
30 T T T T T T

T T
30 40 50 60 70 80 90 100 110 120
Blood Pressure - STD (mmHQ)

Blood Pressure - PRO (mmHg)

(b)

JUN 46 nansilSeuimisuranTinseningunsaliauedmsunisinanuduionds
ndin (SBP) wazAnuiulaiinlauealadin (DBP) gnissuifisuratugunsalnenisunme

A62 -1-(2)-003 [68]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

1195578 OMRON HEM-7130 (STD) : (2) 59 overlay; (b) n31LUS8uLBULUULGS
A

A5197 5 WaLUSEUMBUNIEDRAIUALLADAYE AUAULEBATALRAN (SBP) wagmIny

sudenlakaalndn (DBP)

Mean Std Dev Std Err

STD- PRO- STD- PRO- STD- PRO- STD-

N SBP SBP DBP DBP SBP SBP DBP
(mmHg)(mmHg)(mmHg)(mmHg)(mmHg) (mmHg) (mmHg)

60 90.63 9085 6137 6148 11.35 10.77 7.88 7.82 146 139 1.02 1.01

PRO-DBP STD- PRO- STD- PRO-
(mmHg) SBP SBP DBP DBP

HAN1INAABUEMMNYNTINY (BT) Fauwuwaiingun)iuuudunsnsnsausendn
veegUnsaiNuaus (PRO-BT) Wisuilsuiugunsaininsgiu (STD-BT) Fuduasasia
9N IdUNT1LIA OMRON denalyi PRO-BT way STD-BT fiadnuuansiandeduysalusazqn

a o o U a 1 d! & 1 ] o 1 1 1 d‘
Wi 0.04 °C dmTugun)iivedsaniy Befienuiug1unn ANLANFA1IYeIALRde Std
Dev Uag Std err Wu3ndn BT @eAa 0.04 °C, -0.06 °C wag —0.001 MUEAU FLaAIFUN 42

a
LAYHITIN 6

38
H ]
n
/\. - .T‘\
. | (oL ARSI & VI
— L ¥ ' e || | TN |
oo e 8= g = NN ATYS |
< LI Tl LA VY
O wml g e e it
3 ® w \"“-‘ | “‘\ \.. ® \/, ®
© N | o m °
O34 (@ R | ®® @ Mo®™ ®y -
o a8 |
IS | |
[} ] |
= I
- ||
3 \
o
o 32 | .
\j = STD-BT
° —eo— PRO-BT
30

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
Sample Number

(a)

A62 -1-(2)-003 [69]
WUU nnUd. ME-003



(%

FEUUNSWETaserdmsunsnindyaadnuusisnieauld wnseu wazdgeenauuuliane

38 T T T T T T
-
e
. 4
8 ° “‘O:
_ [ J
8 36 - [ ] ".. /' n
]
e o® @ '3 ) .
g . o
3 a4 o 00 i
g 34 ° %
() ’
o -
= .
() ’
[ ,
232 e -
o ’
m ,
4 [}
-
4
4
30 T T T T T T
30 32 34 36 38

Body Temperature - STD (°C)

(b)

sUN 47 nanisidSeuiiisunanisinseningunsaindiauedmiugamgisianie (BT)

v 9
(Y

overlay; (b) NSIMUIBUTABULUULTILEU

M1319% 6 wawIeulfigunsaiiivesgumgisneny (BT)

AugUNsalnIINITWNNEN1MIg18 OMRON infrared thermometer (STD): (a) N3

Mean Std Dev Std Err
STD-BT PRO-BT STD-BT PRO-BT
N STD-BT PRO-BT
(°Q) (°Q) (°Q) (°O)
60 35.31 35.27 0.96 1.03 0.12 0.13

n1skannadayaaIusakanslauumntive OLED waghavuasn (dash board)

Jouanina OLED Weusenululasaaulnsalaesiuvaunsueie 12C daandlugun 4 uag

Toyaann13nsIvingndsludinarinluunannesu Things Board feviminlun13siusiy

Lazhanatayavunauiimesuainsdnsiilons Joyaangunsalninausvgndsluds

5 . Y a P X A4 a v oa %
LNapnasu ThlﬂgS Board WiallLQQUIGULLa%ﬂ'ﬁLLQQLm@u%%ﬂiqﬂQSUULNaLﬂﬂsU@NWV\Ia']@ %@%ﬁ

ngunsalnunauedegndiiossuiniedisliatsaininunduiwesveusiaiodiie

Uszaanaiazuandluaudgudoyaniun1sauaguain insesiloves Widget lu Things

Board zkansnan1sinlaguanslusuluy Uil WHUT 113AUAN GPIO waganssluusiag

Voanuandlugun 22 mswiguiieuenldineseningunsaliiuausiu Apple Watch

Series 5 uag Apple Watch Series 6 lngiiongnisldanusunimneinandlunised 7 lnefisien

A62 -1 -(2) - 003

[70]
WUU nnUd. ME-003



sPUUNISUNNganserdmiuniaindyaadnuuianieauld wndeu waskaserguuuliane

I3 s ) a 1Al s Y] I3 s Al
VDILYULYDT HR LLaZﬂ']qﬂJWUIaWWE]%V]UiBlI’]m 10 ABARNIANTY L%uL%@iQmﬁﬂﬂJifNﬂqﬁl 5

Y

neaansansy waslulasaeulnsaiass ESP 91A1 12 Aoaansansy

5UN 48 gunsaidansevtaueans 2 13esdu

NN5DOALUY smart device UALTEUU SIUINANITNAABIYNUNAUDHIUNTTINEULNS
5EITTLAVUIUITIG AIAIANUIN N

A15°99 7 nsilSeuiigudunuiazeiensidanuwuamessnineunsalaiulddnievids
WlvdiazgUunsaltaue

Healthcare Apple Watch Apple Watch
Proposed Watch
Features Series 6 Series 5
Size (mm) 44/40 44/40 60
Heart Rate v v v
Body Temperature X X v
Blood Pressure X X v
SpO, v X X
Charging Wireless Wireless USB
Battery Life 18 h 18 h 15 h
Prices (USD) Start +400 Start +400 30
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A15197 11 HANITNARDIANNLLIUEINITNAADUSNTINITIAUYDITNAT INNGUHEea18

q

A8 20 AU

Sex Age Blood Pressure (BP) Heart Rate (HR) Body Temp
BP STD %Error HR STD | %Error | Temp STD | %fError
FEMALE 80+ r 75 2.67 72 75 4.00 36.0 36.9 244
MALE 80+ 75 71 5.63 73 70 4.29 36.2 35.8 1.12
FEMALE 76-80 76 74 2.70 72 69 4.35 37.5 37.0 1.35
MALE 76-80 75 73 274 67 68 1.47 36.0 36.7 1.91
FEMALE 76-80 78 75 4.00 75 76 1.32 37.0 37.5 1.33
MALE 71-75 73 75 2.67 68 65 4.62 35.9 36.5 1.64
FEMALE 71-75 75 73 274 64 67 4.48 36.2 36.8 1.63
MALE 71-75 7 75 2.67 72 75 4.00 37.3 36.7 1.63
FEMALE 71-75 78 75 4.00 79 78 1.28 36.5 379 3.69
MALE 71-75 76 75 1.33 65 68 4.41 37.0 36.2 221
FEMALE 66-70 75 73 274 73 70 4.29 35.5 36.8 3.53
MALE 66-70 78 75 4.00 80 79 1.27 35.9 36.9 2.71
FEMALE 66-70 73 75 2.67 71 70 1.43 36.5 37.2 1.88
MALE 66-70 75 73 274 76 78 2.56 37.9 37.5 1.07
FEMALE 66-70 r 75 2.67 79 80 1.25 37.2 38.0 2.11
MALE 60-65 78 75 4.00 81 79 253 36.0 36.9 244
FEMALE 60-65 76 75 1.33 76 74 2.70 36.9 36.3 1.65
MALE 60-65 76 78 2.56 70 72 2.78 37.5 36.8 1.90
FEMALE 60-65 76 79 3.80 79 14 2.60 35.2 36.8 4.35
MALE 60-65 75 7 2.60 75 71 5.63 35.9 37.0 297
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Sex Age Blood Pressure (BP) Heart Rate (HR) Body Temp
BP STD Y%Error HR STD | %Error | Temp STD | %kError
FEMALE | 6-12 | 90 | 89 1.12 92 90 2.22 315 1 37.0 1.35
MALE 6-12 | 92 | 91 1.10 89 92 3.26 36.0 | 36.5 1.37
FEMALE | 6-12 | 92 | 92 0.00 80 81 1.23 371 | 362 | 249
MALE 6-12 | 90 | 90 0.00 83 | 80 3.75 36.0 | 369 | 244
FEMALE | 6-12 | 91 90 1.11 92 %4 2.13 319 | 371 2.16
MALE 6-12 | 90 | 90 0.00 91 89 2.25 363 | 368 | 136
FEMALE | 6-12 | 91 | 90 1.11 88 86 2.33 358 | 369 | 298
MALE 1-5 99 | 100 | 1.00 100 | 102 | 196 372 | 364 | 220
FEMALE 1-5 98 | 100 | 2.00 98 99 1.01 359 | 370 | 297

M131971 13 WANTVARBIANUULIUEINTNAZBUTNIINTAUTBINDT NNNgURYERAFAES

A9819 10 AU

Sex Age Blood Pressure (BP) Heart Rate (HR) Body Temp
BP STD %Error HR STD | %Error | Temp STD | %fError
FEMALE 80 14 75 2.67 72 75 4.00 36.0 36.9 244
MALE 79 78 75 4.00 75 76 1.32 37.0 37.5 1.33
FEMALE 75 r 75 2.67 72 75 4.00 37.3 36.7 1.63
MALE 72 78 75 4.00 79 78 1.28 36.5 37.9 3.69
FEMALE 67 78 75 4.00 80 79 1.27 359 36.9 2.71
MALE 65 75 77 2.60 75 71 5.63 35.9 37.0 2.97
FEMALE 58 74 70 5.71 14 75 2.67 359 36.5 1.64
MALE a6 75 77 2.60 75 78 3.85 36.2 36.8 1.63
FEMALE a4 72 75 4.00 14 79 2.53 37.3 36.7 1.63
MALE 42 69 68 1.47 76 74 2.70 36.5 37.9 3.69
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4.3.2. nnsnagauiungugulsuaniialulsaweruia lnelinguneaeulaun naugUlend
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v A Y = A a | a o R
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YoIITEUUNENISIadlagayainiu smart device WaLAUNE YAMULLUGILAZLARINE

YUNT98 Dash Board Felananisnisnaasuanutugvatusad

M19197 14 HANITNARBIANULLIUEINITNAFOUSATINTAUVITNAT INNFUFUIBLaALA

Tulsanenuna fvg1e 20 AU

Sex Age Blood Pressure (BP) Heart Rate (HR) Body Temp
BP STD Y%Error HR STD | %Error | Temp STD | 9%Error
FEMALE 57 75 e 2.67 75 71 5.33 359 37.0 2.97
MALE 61 76 75 1.31 76 74 2.63 36.9 36.3 1.65
FEMALE 22 74 75 1.35 75 76 1.33 359 37.0 3.06
MALE 48 75 1 2.67 75 72 4.00 35.9 37.0 3.06
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FEMALE 72 I 75 2.60 72 75 4.16 37.3 36.7 1.60
MALE 65 75 73 2.60 76 77 1.31 37.9 37.5 1.07
FEMALE 24 72 72 0 74 72 2.70 35.6 37.2 4.50
MALE 39 76 78 2.63 74 75 1.35 36.9 37.9 2.70
FEMALE 18 78 I 1.28 75 74 1.33 36.6 37.7 3.01
MALE 29 75 76 1.33 75 73 2.66 35.9 37.0 3.06
FEMALE 39 78 I 1.28 76 75 1.32 36.6 37.8 6.01
MALE 40 74 76 2.70 75 74 1.32 35.4 37.3 5.36
FEMALE 48 75 73 2.67 1 78 1.30 379 37.5 1.07
MALE 52 7 76 1.30 76 78 2.63 37.2 375 0.08
FEMALE 62 74 73 1.35 79 78 1.27 36.8 37.7 2.44
MALE 55 75 74 1.33 75 76 1.33 37.2 375 0.08
FEMALE 18 73 72 1.33 79 78 1.27 38.1 37.9 0.05
MALE 32 78 76 2.56 74 73 1.35 36.6 37.4 2.18
FEMALE 45 73 73 0 74 76 1.35 38.7 38.1 1.55
MALE 28 76 75 1.31 76 78 2.63 36.2 37.1 2.48
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Abstrack Thes arbicle presenils the design of a lew-cost Wineless Body Sensor Metwork (WBSN) for
moratoring vatal siens meluding a low-cost smart wrishwatch that contams an ESP-32 mucrocontroller
and three sensors: heart rake (HR), blood pressure (BF) and body temperatune (BT}, and an Intermet
of Thangs (IoT) platferm. The vital sagns data are processed and dsplayed on an OLED screen of
the patient’s wrstwatch and sent the data over a wareless connection (Wi-Fi) and a Cloud Thang
Board system, to store and manage the data m a data center. The data can be analyzed and notified
to medical staff when abnormal signals ame recerved from the sensors based on a set parameters from
specialists. The proposed low-cost syskem can be wsed in a wide range of applicabions mcleding
field hospatals for asymptotic or nuld-conditien COVID-19 patients as the system can be used to
screen those patents cul of symptomabic pabents who tequinre mone costly faclibes m a hospatal
with consaderably low expense and metallation tuve, also suitable for bedridden patents, palliative
cane patients, ele. Testing experiments of a 60-person sample size showed an acceptable accuracy
level companed with standard devieees when kesting wiath 60 pabent-samples with the mean efrons
heart rate of 1.22%, systolic blood pressue of 1.39%, diastohe blood pressuse of 1.01%, and body
temperatuse of (.13%. According bo testing sesults with 10 smart devices connected with the platform,
the time delay caused by the distance bebween smant devices and the rouler s 10 5 each round with
the: lodgest oubdeor dustance of 200 m. As these 13 4 short-bine delay, it does fob affect the workmg
ability of the smart system. It 1 shll making the proposed system be able to show pabent’s status
and function m emefgency cases.

Keywords wineless body asa nebwork (WBAN]; low-cost wineless sensor devices; mbemmel of thangs
(IoT); wnteligent medical system
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1. Introduction

With the pandemic situation of Coronavirus Disease 2019 (COVIID-19) currently hap-
pening globally, as of 28 April 2021, more than 146 million people have been infected
resulting in the number of 3 million deaths, roughly 2.12% of the total infected cases [1].
In the first wave of the pandemic, confirmed cases were reported mostly in developed
countries such as the USA and European countries whemne medical facilities are fully sup-
poried; however, because of a massive number of infected cases, some patients were not
properly treated as necessary facilities such as an intensive care unit (ICU), a mechanical
wventilator etc, are limited. At the moment, most infected COVID-19 cases are eported
in countries where medical facilities are limited with high population numbers such as
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India, Southeast Asia countries, South America countries, etc., which may lead to a higher
number of cases/fatalities ratio in the near future if additional medical facilities are not
provided in time.

The most common symptom at the onset of critical COVID-19 patients are cough
and fever [2,3], while patients with mild-COVID-19 usually have the symptoms of cough,
hyposmia, and sputum, mostly without fever symptoms [4]. Therefore, having a device
that can measure the body temperature of confirmed COVID-19 cases integrated with intel-
ligent health monitoring systems may reduce medical staff” workload and risk of getting
infected from a regular screening procedure for the initial symptoms of severe symptomatic
patients from mild COVID-19 or asymptomatic patients in field hospitals resulting in
higher efficiency of resources management in pandemic situations [5]. Although there are
commercial healthcare monitoring systems available, the price of a system, including the
necessary devices, is extremely high, which is not suitable to be integrated in field hospitals
in some areas of the world. Therefore, a low-cost healthcare monitoring system used to
maonitor vital signals of admitted patients was proposed in this research to demonstrate
required equipment, design procedure for infte grated systems, and softw are development,
not only for the essential benefit to fight through the COVID-19 pandemic situation but
also for futune healthcare systems for monitoring admitted patients in hospitals to reduce
the regular checks workload of medical statf with an intelligent alert system proposed in
this research.

Intelligent biomedical systems and healthcae technologies have been developed and
deployed in several medical applications which contribute to longer life expectancy of
populations in many countries where there is no financial deficit for the medical systems [5].
For example, Secane et al [7] developed a real-time mental stress monitoring sy stem using
multiple wearable biomedical devices to extend the operational capability of Spanish
combatants. The finding was that cardiac and respiratory signals are preferred for stress
assessment Fheng et al. [8] reviewed various works in the field of biomedical systems
that used piezoelectric and triboelectric energy generators to harvest energy in a human
body from infernal motions for powering biomedical sensors in a body that contributes to
extending lifespan and enhancing the quality of life of patients. Hinchet and Kim [%] also
addressed the importance of self-power biomedical devices to facilitate future autonomous
biomedical systems with the internet of things. Successful biome dical systems should be
reliable in terms of accuracy, adaptable with local environments, easy to use by medical
staff, and comfortable with patients.

In addition to advanced development of biomedical devices, a healthcare monitor-
ing system is a crucial part to reducing regular workload of medical staff with patients"
consolation to know that they ame real-time monitored during hospitalization. Care moni-
toring devices ame used to measure vital signs of critical patients usually attache d, wired
or wireless, on parts of a patient’s body. Discharged patients can also equipped with
a home-monitoring system to send health data to hospital. A care monitoring system con-
sists of two main parts which are a wearable system and low-power circuits and sensors.
A wearable system is an unharmed device compatible with the human body—for example,
artificial nerves used to imitate the human auditory system by using an auditory brainstem
which enhance users” hearing ability and cochlear implants” performance [10]. Another
example is a wireless neurosurgery device controlled by the near-field inductive coupling
operation bebween the implantation system and the external system. [t has the advantage
of a small surgical wound with low energy usage for the system when a high data transmis-
sion rake between the implantation to the external system is required [11]. Normally, not
a single sensor but multi-sensors are used to simultanecusly monitor patients” condition for
surgical operation or even the diagnosis process, Therefore, data transmission technology
must be able to handle multiple data transfer from sensors with high data rate without
data loss [12-14].

Wireless Body Sensor Metwork (WBSN) is related to a Wireless Body Area Network
(WBAN) and has been used extensively nowadays. The WBAN is a necessary technol-
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ogy for a real-time medical checkup that influences researchers to develop the WBSN to
measure vital signals of a patient’s body such as heart rate, glucose level, blood pressure,
muscle, and motion. Multi-sensors have been developed and connected to a wireless
sensor network system as shown in Figure 1. Sensors are attached on a human body
to measure several signals such as electrocardiogram (ECG), electromyography (EMG),
electroencephalography (EEG), blood pressure, respiratory, and movement activity [15].
Signals are then sent from the sensors to sending and receiving nodes that are connected
to a controller or a personal server. A short-range radio frequency is used to send data
from the receiving node to the personal server used to store all medical signals data from
sensors. The stored data can be processed and displayed to patients. The processed data
can also be sent to a medical server via WLANSs (2G, GPRS, 3G) [14-17]. A medical server
is used to record, review, organize patients’ data, and perform medical diagnosis to be
able to give advice in an emergency situation. The diagnosis results will be reviewed by
a doctor again and, for normal cases, patients do not have to see a doctor in person [16],
which can significantly reduce medical staff’ workload.

B | a3

- (( ‘\\ Witeless
. Wire Network Q

S 4} < R —
L Gateway
Accesspoint Medical Database ﬁ
~ lmmediate Family
y
i k - Facility ‘
m — Dactar
)
- ’?- - .

Medical Applications
Figure 1. An application of wireless sensor networks for the patients’ body.

In the time of the COVID-19 pandemic situation, the demand for field hospitals is
dramatically increased, but the amount of medical staff may not be included in field
hospitals with full capacity due to a limited amount of staff. Therefore, a healthcare
monitoring system integrated with necessary sensors to monitor patients” vital signs is in
great demand; nevertheless, all sensors and systems should be inexpensive, easy to use,
and commercially available to be able to fight through the pandemic situation.

Although there are advanced sensors and reliable healthcare monitoring systems
being used in leading hospitals around the world such as in [15], those systems are ex-
pensive and there is limited knowledge published in detail of how to construct the entire
system, which may widen the gap for people to get an equal level of medical treatment.
Al Bassam et al. [19] presented a useful IoT system with a wearable device to monitor the
signs of quarantined remote patients of COVID-19; however, blood pressure, which is one
of the vital signs, is not included. Wan et al. [20] developed a wearable loT reak-time health
monitoring system to monitor blood pressure, heart rate, and body temperature, where
sensors are specifically designed for the vital signals, and the MySQL. database was used,
which is quite expensive compared to an open-source database. Ru et al. [21] presented
a detailed loT monitoring system to monitor human health with high accuracy sensors
with a sample size of three people. Marathe et al. [22] used an ECG module along with
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a pulse oximeter, blood pressure, and Emperatune sensors to monitor 11 patients, but the
algorithm to classify the patients” symptom level was not included. Chowdary et al. [23]
used Raspberry IFI3 to process pulse, temperature, blood pressure, and fingerprint signals
to monitor health as a prototype system while Akram et al. used Arduino for monitor-
ing patient health; however, they were limited details and validations to be used in this
pandemic situation.

This research presents the methodology to design an inexpensive intelligent medical
system with small and low-cost sensors to measure basic vital signals which are pulse,
heart rate, blood pressure, and body temperature with high accuracy and the ability to
recognize the working environment for 60-person sample-size. Data of the sensors will
be sent and displayed on a screen attached to the patient’s body. Patients” data will also
be able to be displayed in a mobile application for their relatives if permitted. Momeover,
patients’ data will be stored in the hospital’s data center for medical staff to verify, analyze,
and use as an initial diagnosis process to classify patients into three levels which are normal,
surveillance, and risky levels before contacting the doctor for further treatments or detail
diagnosis. The proposed system, which is inexpensive and easy to be reproduced withouwt
specialists, can apply not only in the COVID-19 field hospital but also for regular hospitals
on newborns, the elderly, bedridden patients, etc.

Organization of the Paper

This esearch divides into five sections including introduction of the application
of an intelligent medical system followed by sensors used in the WBSN that described
the methodology for measuring blood pressure, pulse, and heart rate. The third section
is the proposed architecture systems, which is the design concept of smart devices for
measuring vital signs and how to connect with the data center shown on the display screen
of the patient’s wristwatch using the IoT platform. In the fourth section, the validation
method is described followed by the Results section, which shows testing mesults with
the sample size of 60 persons. Finally, the Conclusions section presents the final results
and suggests an intelligent medical system with low-cost wearable monitoring devices
for smart healthcare that can be applied to several applications, including the COVID-1%
field hospital.

2. Sensors Used in the WBSN for Vital Signs
2.1. Blood Pressure, Pulse, and Heart Rate

Blood pressume (BF) is the pressure in the artery caused by pumping pressure from
the heart to circulate blood throughout the body via a circulatory system. A blood pressure
can be measured with two numbers, which are the systolic and diastolic bloed pressures.
Systolic blood pressure (SBIY) is the maximum pressure in blood vessels when the ventricles
are contracting. [Mastolic blood pressure (DBP) is the minimum pressure in blood vessels
when the ventricles are relaxing. Mormal blood pressure is between 120//B0-139 /8% mm of
mercury {mm Hg).

Arterial pulse is the rthythmic dilation of the arfery sent to the ventilatory system after
leaving the heart. It causes the arterial pulsation, which is called the pulse. It has the speed
of wave pulses around 58 m/s, which is 10-15 times faster than the speed of blood flow
in the arteries. The pulse can be measured from a radial artery because it is easy to detect
and can be measured in the unit of beat per minute (BPM). Generally, the pulse and heart
rates are equal if the heart compression is sufficiently strong; otherwise, the pulse rate
will be less than the heart rate. Heart rate and pulse rate are the vital signs besides blood
pressure, respiratory rate, and body Eemperature used to classify patients into normal and
abnormal stages.

Mormal pulse rate: The normal pulse rate, or heart rate in the normal condition,
is 6080 bpm after 10 min of resting for adults. Pulse rate depends on factors such as
age (children ages 6-15 around 70-100 beats per minute, adults around 60-100 beats per
minute}), resting (slower pulse rate), emotion, depression, amxiety (faster of pulse rate),
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medication, athlete (the slower of pulse rate), and diseases such as thyroid toxemia (faster
pulse rate). Normal pulse rate of adults is on average 70-72 bpm, 60-70 bpm for men, and
72-80 bpm for women. The pulse rate of women is higher than men because of the smaller
size of the heart as women require a lower volume of blood and lower hemoglobin level
than men.

Abnormal pulse rate: There are three types of abnormal pulse rate: fast heart rate,
which is faster than 100 bpm, slow heart rate, which is slower than 60 bpm, and arrhythmia,
which means that the heart may beat faster or slower than normal rates or with an irregular
rhythm. Normally, there are no symptoms for abnormal pulse rate, but they may feel faint
or dizzy while the heart is abnormally beating [24].

2.2. Method of the Measuring Pulse

There are two major techniques to measure the pulse: Electro-cardiogram (ECG) and
Photoplethysmography (PPG). ECG directly measures the electrical signal produced from
the heart in each pulse. The devices using an ECG technique have to be attached on
a patients” chest, which may not be comfortable. Using a light technology to measure
the change in blood volume due to the cardiac cycle is called the Photoplethysmography
(PPC) technique. PPG detects the change of hemoglobin absorption by using reflection or
transmission properties of light in the body’s tissues, which is a non-harmful technique
resulting in being more comfortable for patients and ease of use for medical staff to monitor
a cardiovascular system. Because of the mentioned advantages of the PPG technique, it is
generally preferred for measuring the pulse for most patients.

The PPG technique with light transmission property can be performed on any thin
body parts such as fingertips. A light transmitter (light emitting diode or infrared diode)
and a light receiver are gripped in opposite sides of a finger as shown in Figure 2a. The
wavelength can penetrate through hemoglobin and tissues in the finger to the receiver
which can be photodiode, LDR, and phototransistor. The blood volume at the fingertip
changes according to heart contraction and expansion w hich can be used to measure the
pulse. At the time of heart contraction of a cardiac cycle, more blood circulates into vessels;
thus, the transmitter sends less light to the receiver. Conversely, when there is a relaxation
phase of the cardiac cycle, the concentration of the red blood cell decreases, resulting in
more light being able to pass through a finger to the receiver. The intensity of light being
received by the receiver is converted into the form of an electrical signal and then amplified
for ease of observation. Noise may be included in the signal that have to be filtered before
being further processed in a microcontroller to obtain the signal in the unit of beats per
minute (BPM), the number of times your heart beats in one minute.

Light Emitting
Diode

Probe
Body

Photodetector (’

A62 -1 -(2)- 003

(b)
Figure 2. The technique of photoplethysmography (PPGE (a) usang light transmission property; (b) using light reflection propesty [25]

A device gripping a fingertip may make it difficult for a patient to complete regular
activities; therefore, a PPG with a light reflection property is developed as a wearable
device, such as a wristband or watch. The transmitter and receiver are aligned with each

(93]
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other as shown in Figune Zb, which is more convenient and flexible for patients. However,
it is likely to move from the preferned wrist position, which may lead to a less accurate
pulse measurement. Therefore, if the pulse signal of patients is a vital sign, using the light
transmission property to monitor the pulse is preferable for most applications.

2.3. Relationship betwem Blood Pressure and Heart Rafe

Blood pressure (BF) is the kind of force that the heart performs to pump blood to
all body parts. Systemic Vascular Resistance (SVE) is the resistance between the arteries’
wall and the blood, and a human body normally has a certain level of SVR. In imegular
conditions, the narrower arteries iesult in higher resistance, which leads to high BF: The
arteries expanding or the patient being dehvdrated may result in lower SVE, which is
the cause of low blood pressure. Cardiac Cutput (OO, known as heart output, can be
calculated from CO =5V x« HE, where 5V (Stroke Volume) is the blood volume pumping
out of the heart in a beat of contraction and HR (heart rate) is the number of heartbeats
per minute. With all parameters as aforementioned, blood pressure can be calculated from
Equations (1) and (2):

BP =00 = SVR {1}

BP = SV x HR x SVR @

According to Equations (1) and (2), blood pressure directly varies corresponding to
the stroke volume that is pumped out of the heart, and this reflects the amount of blood
in a body. If the body is bleeding or dehydrated, the volume of blood decreases, which
makes the heart beat fasier to deliver the normal demand of the body. In the case of lipid
deposition in the arterial wall or the lack of flexibility, the artery cannot expand to adjust
the resistance value, which contributes to high blood pressure.

2.4 The Concept Idea of Vital Sign Monitoring Devices

A low-cost and uncomplicated design of vital sign monitoring devices mostly applies
the principles of light as presented in Sections 2.1-2.3, and to examine the heart rate,/ pulse
rate and blood pressume of a patient. All signals are sent via an ESP8266 microcontroller
which sends the data via Wi-Fi Optionally, the data can be sent via an ESP3Z, able to send
the data via both Wi-Fi and Bluetooth. Selection of a data transmission method depends on
the distance between sensors and a display screen. Bluetooth is used for exchanging data
over short distances while Wi-Fi is able to exchange data over long distances. Therefore,
wimeless transmission may reduce the workload of doctors and nurses for rechecking
the vital signs of patients as data enter the gateway and display in real-time on monitor
screens or an application in a smartphone for authorized medical staff who are in charge of
a patient. In this work, all data wene sent via Wi-Fi

3. The Proposed Owverall Architecture System

This research presents wireless sensor devices integrated with a health monitoring
system to monitor vital signs of internal patients in hospitals. Mormally, nurses are requined
to regularly check vital signs of internal patients every 34 h which may physically and
mentally disturb patients and their relatives while resting. Therefore, a real-time monitoring
device is designed to monitor vital signs without bothering the patients. The proposed
archifecture of the intelligent medical system for measuring body vital signs in this paper
is divided into two parts: (1) designing of a smart device for a Wineless Body Amea Sensor
Network (WBSN) and (2) designing of an intelligent medical monitoring system.

3.1. Designing of a Smart Device for @ Wirdess Body Area Sensor Network (WBSN)

A smart device for a Wineless Body Area Sensor Network (WBSN) is designed to
measure vital signs, which are heart rate, pulse, blood pressure, and body temperature.
The concept is that the device should have no side effects when attached to a human body.
It should be small so that it is comfortable for patients like a smart watch or a wristband.

[94]
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Moreover, it has to be inexpensive compared with other devices commercially available
so that countries with limited budgets can use them in field hospitals to deal with the
COVID-19 pandemic situation and also use them in normal hospitals to reduce medical
staff workload. The design is based on the structure of wireless sensor nodes composed of
sensing units used to measure vital signs before being processed by a microcontroller. Both
transmitter and receiver send/ receive data through RF waves. The vital signs” data, in
a so-called data patient’s room, are processed and displayed on a patient’s wristwatch and
on a patient’s relative mobile phone with a patient’ consent. The data are also sent as a star
network to the central database of the hospital via a wireless network to be displayed on an
IoT platform for medical staff as shown in Figure 3. Figure 3 shows a structure that consists
of wireless body sensors connected to the ESP32-Microcontroller, a small and portable
wireless module, able to transmit data via Wi-Fi and Bluetooth; howevers, all data were sent
via Wi-fi for this work. The transmission of each sensor is sent as a star network from the
ESP32's serves as a sensor node to the other ESP32+Wi-Fi Microcontroller that serves as
the master to collect and display the data on a computer or a mobile phone. Vital signs
data from each bed are sent to a healthcare gateway as presented in Figure 4
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Figure 4 The mielhgent wireless network system for monitoring the vital signs of intemal patients.
3.2. Design of the Intelligent Medical Monitoring System

Wireless Communication for an intelligent medical system is communication between
a database in a patient’s room and a healthcare database center. It compares and displays

results on a computer screen for professionals such as doctors and nurses. Sensor’s data
are sent to the same data package in order to identify that the data have been sent via
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a wireless network from the sensor nodes of each room. The data from each patient are
sent to process and display in the healthcare database center as shown in Figure 5 and can
be initially classified into three levels: normal, cautious, and risky levels.

& Healthcare Gateway patient Medical history

i =0 - 2=
- ="
Gateway = Local medical Supervisors

_._Remote Healthcare center

and Caregivers + Remote

Patient’s caregivers

Figure 5. A structune of the communication betw eéen sensor node and room data sensor node (#LD.) to the healthcane

database center.
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Things Board, an open-source loT platform available for free with a charge for ad-

ditional functions, is used for the Wireless Communication for both the web server and
the data base (cloud). The Things Board is used for classifying data structures, connecting
to devices, keeping data security, sending notifications, displaying data, and supporting
several protocols such as MQTT, HPTT, and COAF. It is able to store and download his-
torical data as a CSV file. Therefore, the IoT platform using a Things Board is suitable for
an affordable smart health system. An loT platform can be categorized into three parts
(1) data structure classification, (2) data processing, and (3) data display.

1

Data structure classification manages a large and complex data into categories ranging
in order, which consists of an admin, a customer, an asset, and a device. A device,
the smallest category, connects and receives data from the MCU, which sends pulse,
body temperature, and blood pressure data to the system. To connect with the device,
the MCU has to connect with the internet and have compatible communication
standards and passwords as the device. An asset is like a box that supports data
from devices that can categorize deviaes and access and modify all of the devices”
information. A customer manages multiple-user access where each user is able to
access and modify data from asset, device, and dashboard authorized by customers.
An admin is an administrator of the Things Board system and is able to access and
modify all data including customer, asset, device, rule engine, and dashboard.

Data processing is the part that analyzes data sent from devices where a term of
conditions is set for a notification w hen errors occur. The data are also processed in
controllers of the rule engine, a device in Things Board functions. The rule engine
processes all data by using a workflow method that is the combinations of block
instructions; thus, no coding is required. It includes data verification, notification,
online or offline status detection, structure, and relationship modification, exporting
data to an external platform and controlling the MCU. The compositions of the rule
engine are: (1) Message serves as data management, which is sent to Things Board;
(2) Rule Node, which is a function that has a wide range of actions such as editing,
calculating, analyzing data into any condition, changing data relationships, and
detection device status; (3) Rule Chain, which collects all function relationships such
as an input, message, and rule node and combines them into one process. The purpose
of the combination is for the convenience of data use, especially in a case when there
is more than one process.

The data display can adjust the dashboard screen in various actions such as notifica-
tions and status detection. Moreover, it can decide whether to display the data only
on the device or the asset, which consists of many devices in the network. Widgets
is a tool that has a wide range of actions—for example, digital and analog gauges,
charts, maps, control GPIO, table, etc.
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4. Essential Components and Validation Method

There are three main parts of smart device designs: sensor, microcontroller, and display
screen. Figure 6a shows the architecture of the overall system where there are two sensors:
MAX-30102 [26] (in Figure 6b) used for monitoring blood pressure and heart rate and
GY-906 [27] (in Figure fc), a sensor for monitoring body temperature. The monitored data
are sent to the ESP-32 mini controller [25] to process the data according to the coding
algorithm before displaying on the screen (in Figure 6d) and storing in the cloud system.
All tools are powered by a Li-polymer battery 502530 3.7 v 360 mAh [29].

Smart Device

Heart rate sensor
v (MAX 30102)

- Blood pressure sensor
4
(MAX 30102)

E- Body temperature sensor ]
(GY-906)

———— 7

® e

(d)

Figure 6. A process flowchart of the device {a) tools used in smart device designs; (b) MAX-30102;
(€) GY-906; (d) OLED display screen.

In order to test the programming process, all devices were preliminarily installed on
a board in the laboratory, and the OLED displaying screen used I2C serial communication,
which reduces connection space and requires fewer cables. The PCB circuit design for
the smart device consists of an ESP-32 Mini32 V2.0.13 board, used as the MCU to process
the data from sensors sent to the cloud system, and a 0.96 Inch OLED display screen.
USB Socket Female Type-A 4 Pins were used to connect and receive the data from MAX-
30102 sensors installed on the patient’s fingertip. GY-906 Infrared Temperature was used
to measure temperature around the wrist. Printed circuit boards were designed by the
Proteus program as shown in Figure 7, which shows a 4 cm x 4.4 cm two-page circuit
board designed in a single sheet to obtain small printed-circuit boards to fit all devices.
After all devices are assembled with the printed circuit board, the smart device is ready
for the test as shown in Figure 5. The vital sign signals of the proposed smart devices
(PRO) were then validated with the standard medical equipment (STD) for each sensor.
The accuracy test is analyzed by using JMP 11 with 60 samples.
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() (d

Figure 7. Assembling a smart device (a—d) the PCB circuit design by the Proteus software.

Figure 8. Ready to use sensor devices, MCU and a display screen.
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5. Results

Figume 9 presents a comparison of measured results between the proposed smart
devices and the standard medical equipment (105 Smart Watch) for the heart rate. It can
be seen that, by using the GY-206 temperature sensor, the result from the proposed device
could measure body temperature with high accuracy where the mean difference between
STI-HE (the result from the standard medical equipment testing of the heart rate) and
FRCO-HR (the result from the proposed smart devices testing of the heart rate) is (.95, only
1.25%. The Standard Deviation (Std Dev) and Standard error (Std err) for the heart rate
measure ment were observed and presented in Table 1.

a8 a5 L s e e S e s e s e
a0 el T
1 Al T M
ﬁ"ﬂ&—f ! E&i— !‘-._ PR
J P T
E 80+ ] . he 4
] & Iy W
%?5— = 754 Eid -
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70 7y | _!.-: : ]
555' i -8
‘E‘ -_ iEﬁ_ . .t -
T G0 i TJ 'EE:]- 't * -
: - T \ 1 '
=] —— PRO-HA] T = : ]
O I S L N B B ! T ! T ! T ! LR s04— T I 1 T 1 1 T 17
4 B 12 16 20 24 23 32 36 4D 44 49 52 55 80 50 55 80 685 70 75 @1 &5 80 95
Sample Mumber Heart Rate (beatsiminute [STD-HR])
(2) (b)

Figure 9. The comparnison of measured heart rabe results bebween the proposed smart devicee and the standard medical
equipment (105 Smart Watch): (a} the overlay plot; (b) the comparnison plot
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Table 1 The descriptive statishes of the heart rate fesults.

Mean Std Dew Sid Ere
STD-HR PRO-HE STI+HE PRO-HE
N (Beat/m) (Bealim) (Beatim) (Baatim) STD-HR FRO-HR
&0 7612 7517 473 BTO 1.23 112

Considering the results of blood pressure measurements, Figure 10 shows the com-
parisons of Systolic blood pressure (SBP) and Diastolic blood pressure (DBF) between the
proposed and standard devices. The overlay plot of the SBI and DBF from the proposed
device and the standard device (OMRON HEM-7130) are exceptionally aligned, which en-
sures that the inexpensive MAX-30102 sensor in the proposed device for measuring blood
pressure can be confidently used because the difference between the mean SBI? and DEP
are only (.22 and 0.11 mmHg from the standard device, respectively. Dev and Std err were
also observed as shown in Table 2 for STD-5BI and PRO-SBE, which are (.57 mmHg and
0.07, respectively, and (.06 mmHg and (L1 for the STD-DBF and FRO-DBF, respectively.

The testing results of the body temperature (BT) comparing the proposed device (PRO-
BT}, a low-cost infrared thermometer, and the standard device (STD-BT), the OMEON
infrared thermometer, is shown in Figure 11. It shows a good agreement between the
PRO-BT and STD-BT results in each point with the absolute mean difference of only (.04 *C
for body temperature, which is exceptional. The difference values of the mean, Std Dev,
and 5td err are observed for BT, which are (.04 *C, —0.06 °C, and —0.001, respectively, as
presented in Table 2.
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Figure 10, The comparson of systolic and diastolic blood pressue results between the proposed smart devices (PROY and
the standard medacal equipment of OMBON HEM-7130 (STD): (a) the averlay plot; (b) the comparisen plot.

Table 1. The descriplive statistics of the blood pressune for both systolic and diastolic resulls.

Mean Sl Dev 5w Emr
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Figure 11. The comparison of body temperatuse resulls bebw een the propesed smart devices (PRO) and the standard
medical equipment of OMBON infrared thermometer (STDY: {a) the overay plot; (b) the companson plot.

Table 3. The descriptive statisbics of body Eemperatuse results.

Mean Std Mew Sid Err
STI-BT PRO-BT S5TI:BT PRO-BT
N () ) 0 r  STO-ET PRO-BT
] 35.31 BT 0.9 103 naz 0.13
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Data monitoring can be displayed on OLED and dashboard screens. The OLED display
is connected with the 12C serial of microcontroller as shown in Figure 12. The dashboard
screen in the Things Board platform serves as the master to collect and display data on
computers and mobile phones. Data from smart devices are sent to the Things Board
platform with terms of conditions, and a notification is displayed when errors occur. The
data from smart devices are also sent to identify wireless networks from the sensor nodes of
each room to process and display in the healthcare database center. Widget's tool in Things
Board performs the actions of digital and analog gauges, charts, maps, control GPIO, and
tables in each room as shown in Figure 13. Cost comparison between the proposed device
with the Apple Watch Series 5 and Apple Watch Series 6 along with its battery life were
presented in Table 4 where the prices of HR and Blood pressure sensors are approximately
10 USD, the body temperature sensor is 5 USD, and the ESP microcontroller is 12 USD.

Figure 12, Smart device monatoring on OLED.

l Wed

Fooe 1 fzem 3 ot et iy e
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g - sod oo ot e oy
‘ -

Fooer 3 ‘ Rzem 7 \ ot'e p— S
l Foeen 4 ." Nass.. .I o iy s .
Step 1. Afer logia Thiegs Board will be shoun all roce of patsents wito are adained. o can dsplay in e Sop 2 wihich be shoun the denails of all patients ie each rooes

o ¢ T -

walailak hospitol
. . P

Seep 4: after click @e graphs (for example the graph of body temperature (BTjcan  Step 3: after elick is the roose caa be shonn e details of all patients in fonn of graphs
be saowen the 420l oedy BT)

Figure 13. The dashboard screen in the Things Board and steps to display the details of Vital Signals of Patients for nurses
and medical professionals monitoring.
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Table 4 Costand battery life compansons between commercial and proposed smart wearable devices.

Healthcare Apple Watch Apple Watch

Features Series 6 Series 5 Empaeh aieh

Swze (mm) 44/40 +4/40 60
Heart Rawe v v v
Body Temperature x x v
Blood Pressune x x v
SpO, v x x

g Wineless Wireless USB

Battery Life 18h 18h 15h
Prices (USD) Start +400 Start +400 30

6. Conclusions

An intelligent medical system with low-cost wearable monitoring devices for mea-
suring basic vital signals of admitted patients was proposed with exceptional accuracy
from testing experiments of 6(-person sample size. Two main parts were developed, the
basic low-cost vital signs sensors and the [oT platform, which make the entire monitoring
complete and can be applied for various types of medical applications with considerably
low expense and installation time, suitable for field hospitals, bedridden patients, palliative
care patients, etc.

The vital signs sensor was developed as a wristwatch able to monitor heart rate, blood
pressure, and body temperature of a patient and display the results on the wristwatch
screen, while also sending real-time results to Things Board, which is an loT platform for
data management purposes that also performs smart notifications when vital sign signals
meet set criteria. The testing experiments of the proposed wristwatch showed an acceptable
accuracy level compared with standard devices when testing with 60-patient samples with
mean errors” heart rate of 1.22%, systolic blood pressure of 1.39%, diastolic blood pressure
of 1.01%, and body temperature of (.13%. The real-time updating loT platform works
successfully for data storage, notification, and user division. According to testing results
with 10 smart devices connected with the platform, the time delay caused by the distance
between smart devices and the router is 10 s each round with the longest outdoor distance
of 200 m. As there is a short time-delay, it does not affect working ability of the smart
system, making the proposed system able to show patient’s status and be functional in
emergency situations. Moreover, the OTA system helps to automatically edit code and
update software via a Wi-Fi connection. With the proposed system, the patients did not get
disturbed during recovering or monitoring time.
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®  On-line, Real-time Equipment Diagnostic and Prognostic Systems
® Alternative/Renewable Energy Systems Monitoring, Measurement, and Control

B Advanced wireless sensors network (WSN) Design and Implementation
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FELLOWSHIP  IN  PEDIATRIC ~OPHTHALMOLOGY AND  STRABISMUS | 2019 -
training® | FACULTY OF MEDICINE SIRIRAJ HOSPITAL, MAHIDOL UNIVERSITY

FELLOWSHIP OF INTERNATIONAL COUNCIL OF OPHTHALMOLOGY (FICO) | 2017

THAI BOARD OF OPHTHALMOLOGY | 2017

HIGHER GRADUATE DIPLOMA | 2015 | FACULTY OF MEDICINE SIRIRAJ HOSPITAL, MAHIDOL
UNIVERSITY

* Major: Medical Sciences (ophthalmology)

DOCTOR OF MEDICINE | 2011 | FACULTY OF MEDICINE SIRIRAJ HOSPITAL, MAHIDOL
UNIVERSITY

* Second Class Honors

Skills & Abilities

OPHTHALMOLOGY

* Pediatric ophthalmology & strabismus, including retinopathy of prematurity and

retinoblastoma
* Refraction, medical contact lens, and optics
* General ophthalmology

* Surgical skills: strabismus, eyelid, cataract (pediatric and adult), enucleation, and LASER

LANGUAGES
* Thai: native speaker
* English: fluent (TOEFL-ITP 633)

* German: intermediate

PATIENT CARE AND COMMUNICATION

* Volunteered in art therapy group as medical student.

* Was voted ‘Starred Resident Doctor’ by nurses of ophthalmology ward
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OTHER ACTIVITIES

* Member and later head of the faculty’s music club as a medical student. Played the cello

and flute.

* Founder of Walailak University Ensemble, a program to bring people in the university

together through music.

Experience

GENERAL PRACTITIONER | VAJIRA PHUKET HOSPITAL | APRIL 2011—APRIL 2012

* Included rotations in internal medicine, pediatrics, surgery, OB&GYN, orthopedics, ER, and

community hospital

LECTURER | SCHOOL OF MEDICINE, WALAILAK UNIVERSITY | APRIL 2011—PRESENT

* Teaching ophthalmology for medical students, both preclinical and clinical years
* Teaching basic clinical skills for introduction to clinical medicine course
* Facilitator of problem-based learning sessions for medical students

* Found and carried out ‘principles of basic health care’ course, an elective course for

university students in all fields of interest

* Served in committee for the medical school’s admission process (paper exam, camp, and

multiple mini-interviews)
* Consultant of the Medical Students’ Club

* Serviced in Walailak University Hospital and nearby hospitals
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