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Researcher: _Asst. Prof. Dr. Sarinporn._________Visitsattapongse
Faculty: Engineering . Department: Biomedical Engineering
ABSTRACT

This research is to create a medical portable tele-health monitoring device. The
objective is to reduce step of working and redundant of collecting healthcare data
from patients. And to collect data as a system for tracking the treatment of chronic
patients who live in outskirt. - Narrow Band Internet of Thing (NB-IoT) is used as an
intermediary to send data to the database, for making healthcare information that can
be used easily in the process of patient treatment and for development of service
quality of staff.

Processing of healthcare data transmission begin with set up and connect
Bluetooth into healthcare instrument and into data transmission device or NB-loT
board for allowing data communicate between them. Then connect NB-IoT to
database on server by using functional of Node-Red programming. In this project, the
database is designed and tested with one person for bringing data to show in potable
graph and to follow data trending on application.

The result of the experiment, see that, NB-loT can sent the data immediately to
database, including with display the lasted data and trending on dashboard in real-

time. So, the advantage of this project is to reduce step of work in data storage

system, easy to access the database and easy to use the data for analyzing.

Keywords: healthcare data, NB-IOT, database, Bluetooth, healthcare instrument, data

transmission device, Node-Red programming and dashboard
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Aaus R2 R3 wazgugasfilasuduled Wuwuy SMD Wuvesaenigluiilasumiudieuyn

= =)

fian einsimlidung wazdruluglusianduazlausisang o Avaundumativayuay

q

J199etuvesatidundn waztefdnag1sAansaln MCU derldnuaunsateniuisuasla

a @

118 91359lugly edanu 8 MCU My wiininadledi (Package DIP)

3wein ISP : dwiu USB interface

R
g8
3
:llﬂ
£
h

21 Resst

1.wofn USB

*—_ | Swpin ICSP : Atmega32s

10MCU : AtmegalbU2

9.909 Powver jack 7-12V EMCU ;Atmega32s

. Twadr O

Bwodn Power

AS4{12C) SCL

AGLI2C SDA

i 2.7 lulaspeulnsaiaes onsglighi e1sau [6]

2.2.1.2 813l (Arduino Nano)

ypsnenigluuily sonuuvanlifvuinidn uazlifuvauia q 1 193uUled
lulasaoulusalansiuad ATmegal6d wisiuas ATmega328 lusunsurulnsinaoa UART
{181 USB to UART anlk Teoadaunnidn (Mini USB) Wensedupewiiawmes dnesndavia
Bunm LIANA 14 WasH dnesaueuzdenduns 8 wase uuuesadildiauaudnluld
(Regulator) annsaanglulanaus 7 — 12 Taad sitelvuasaauld @eliiian vin) nsdll

wrasdnglil 5 Ladaguad aunsadngliinlalagnseivn 5 1ad

awil 2.8 lulasreulnsaiaes o1sqluunlu [7]



2.3 Ug¥s (Bluetooth) [8]
ugys fo srvudeansvesgunsniBidnuselinduuvanimng derduingsrozdy
(Short-Range Radio Links) Insusaaannisidanenda nie aeduyarandouse wazll
Fuduazdeddmsiiumsuuidussanioufudunsuse daleinfiniuazmnuinninns
Fousiouuudunssn Mdlunsdensiosznindnsdwislefefugunsallulvsdwiindeudisy
rou waglumAdelillfsamenmsdsteyaiissoiafen uidsdnudansdadoyaiilu
e ielddmsugemilauulnsdwidofio (Headset) she
2.3.1 MIVINUVDIUGYS
ugys alidyanninganuige 2.4 GHz (Anzidsnd) uiazusndeseonly
muusazUszine ag1dlunauglsUuazaiuing azldea 2.400 69 2.4835 GHz uueanlu

[

79 Yosdyna wazazlidesdyaranuuil tiodoyaaduresluun 1,600 Aswa 1 Junil

1 dlldll 1

g Uuagldninud 2.402 1 2.480 GHz wuseenilu 23 fes szueviinisves ugys ey

Y 9

=1

a

71 5-10 15 Inedszuudesdulagldnistausianounisdonse uas Jestunisind yayim
sewindeans Ineszuuavadutesdaanaliun ssdanuauisalunsdendsunnudild
Tunshndeledaludi® TnefilisidusosSswnuvnanudos vilvinsdnilasednasuulue
Foyavildeniu

Tnendnusugysazgnesnuuuiniileld fugunsainfvuindn desanldng
mua'a%’aagaluaﬁ’wmuﬁlm’mm 28199 A nIN, L9, LOUNALATUAIY 9 LazdIN1Tn
\d audeldine Gua‘[,ﬁaaﬂuiwzﬁﬁ’mu@”ﬁwhﬁ/u (Uszanas 5-10 wins) wanand gald
w&ae Aulndes wazauisaldnuliu Wnelddenilumsalives 4 de

drunnuaunsamsdsdnedeyavesugys ey 1 Mbps (1 winzdnseiund)
Filuiitgmeslsunfuruavedidfildfuuulnsdwisiode e nsldeuuuuiiily adle
TundeLilanin Lwii’hﬁ]ufﬁayjaﬁﬁwmimg g13azduAulY wazigmihluiSeuiuuaulfang
(Wireless LAN; WLAN) ka3 A3IUAI15AUBY UGS Fainaufuneaunas 3vludiuves
WLAN Aflaflszzmssu-deiilnands uadeldiuisuves ugys oeffivuiadidinndt nishndarh
Iesrenin wagiiddy msliwdsnuitosndinunn egil 0.1 Yad mndisuiuaduiliefiouds &
WanuegraIewin

2.3.2 lugaugys HC-05 (HC-05 Bluetooth Module) [9]

Tugaugys HC-05 WulugalsaneitlddoasiusheugystiSuanesnlnslnaea

(Serial Port Protocol; SPP) Tae@LSuanasn (Serial Port) Lﬂuuquﬁ V2.0+EDR (Enhance

Data Rate) 3 Mops Modulation w¥eufuauldsn 2.4 GHz ansnsaiensiefiugunsniug



N5OU 9 10 T 1Waunemedisoadumesina (Serial Interface) SenI9AONNIUADTAIY

Y
1995 RS232 tieidng AT Command lun1suSuusisasng o vadluga
lugasuianuisadsaliiduldialunununames (Master) wagluunaai

(Slave) Faswawidunazegtudiuras AT Command

HC-05

28 MASTER/SLAVE
27 HW/SW
26 CLEAR

24 STATUS LED

-
-t
bl
-
o
[

e 31U LS¢mm

AR 2.9 luaugys HC-05 [9]

v8aligaugys HC-05 Aot
- KEY Juvdunn Mdwsudgiviun AT command
- vee WurdmiuussiulmAedunag +3.6V .. 5.5V
- GND Wurnsnae
- XD WuvnewimadmivdiEea (Lswuasdndt 3.3V)
- RXD \JurBuwpdmiudisea (Lssiuasindl 3.3V)
- STATE \Juniesing 1sgyaniunisalideusiorruugys indinsifenseniels
(Disconnected / Connected)
AMANURANY
- ANURBUAUDIEYE DY -80 dBm
- Mdsdenduing finldde +4 dom
- WSIU 1.8-3.6 v
- PIO Control
- UART Interface wiauiuauisausuusa baud rate 161
- oAUy
FIAZDUANITVINIUAN
- Baud Rate Un#: 38400, Data bits: 8, Stop Bits: 1, Parity: No
- 9993V Baud Rate : 9600,19200,38400,57600,115200,230400,460800
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b4
o o

2.4 ISJ@]EIL‘UUL‘UE)%‘IJE]WEJ “zy,zy'lmu'mun HX 711 (HX 711 Weight sensor Amplifier
Module) [10]

o [ [

lugadmsuvenedyyiuvedvangas dmnsudddionsglulagnisudasdyayiu

Mnueuzaendufidvia 24 On (ADC) Wievenedyuveslranaas lneddoudauiulvan

wanlaense dmsuvesaisesfunssiusgluting 2.6 88 5.5 Tiad

Arduino hx711
scale interface

>

Q

RUBIS g

Technologies www.rubistech.com

A 2.10 nisieluga HX711 fiv 213l [10]

2.5 Bumasiinvasassnas (Internet of Things; loT) [11]
= . A e G a = aa

wAlulag Internet of Things (IoT) 158 “Bumesillavesassnas” vungds n15Nas
19 9 gnieuleanndmnegindnglandumesids mlvuywdainsodinisaiuau ldeu
gunIalse 9 diunueSeviedumeside wu nMsds Wa-Ua gunsalinsedddlnil saoud
Insénniledis sesdie doans wIadlddunu ineslioninsinuns 1Asaednslulssnuy
gna1nnssy 81a13 Unusau wnedldludinlssd1iuane 9 iueseieduwmesidn Wusu
Tnowaluladiazlunsusyloviognsumiaa uazanudsslunion o fu wsgminssuy
[ [ ¢ A 1 a f 1 14 1 s Y
ShwauUasaduvesgunsaliasinievie Bumesilalinne el luiusvasdsitiun

o Ql' | =2 & 1 ¢ v = < ] v Y v &

nszvinsflifisUsrasdnagunsalloyaansauna visanududiudivesynnals fanuy
nsaulugszuuleled fedaudndudes Wawiuiasnisuazmeialunissnwining

Uaanseleinrugiulume
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(

sruugTRyauarUEIIaHa

AW 4

wuweswavaunsnl nsiveuse

Rs 4
Imtarmat de lar

Camactar sl MINTD

AR 2.11 dnwauzvesszuuleledt [11]

= i 3 =~ Yy L v
nswwewsiogUnsal lelefiuuasednelsany
o i PRy) o A = i = 1% 1%
nsieuseaunsalluleleiidiiladfnfie n1sweusenisdearsaiesyuuliany

Y |

welulad 1n3ednedudiutislunisidenlosgUnsalidhdaeiu Insgunsalazdsdoyaiing
S otsuuuldane il olihinisUssananaweundindunazusnis (Applications and
Services) uuaa1n (Cloud) 18 Bumesialuduwan Tunisussanuaunsainnmliaiunse
doassswinstuliuulnsinaeainnsgiu whgiinindeuroriueseteiuninaiu dnwas
vosszuulolefiuansfinind 2.11 lnsmadeudegunsailelefiumaetisannsafiansan
Funmdeusioageislfatuie

1. %umEJmWLLazLﬂ%a‘ZhEJ (Physical and Network Access Layer)

2. FuBumesidn (nternet Layer)

3. FuleUnaadu (Application Layer)

Y a A

Faudazdursiinaluladuazinsgiu saufsfudnivainnate Aaruisatunld unis
Houstogunsailolefidriuinietiold soaziBonvesusaziuuansiialuil
25.1 %umamwuazm%a‘d’lﬂ (Physical and Network Access Layer)

Funenmuanedoriadutuiiegasgavonniotieloled awfuduiitmua
nszurunud eanslusesutnvesdoya wadanisuegian Ad uaIuA LazuULAIs
(Bandwidth) #AlY saudan1sdngunuuveansudeya Aldlunisdearsszvingunsaluas
wiothe weluladuazanasgiuiisessunmadendelutunenim Sduunn usesmelulad
fifefuazdedinfiuansrsiusenly 1Wu U3EM Texas Instrument a3198U W95l
P3zNa CC2500 W3aNYAWAUIT UANINIATEIUN1SE 0315 IEEE 802.15.4 n30usEw

Maxstream 1a519gUnsal XBee uay XBee PRO iouyniauuuuiiug uves Zigbee Tu
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du gunsaiugyslatimaiaunmasglmifisinslindsnumnindumnn fAeunsgiuugys
wdue 3eduead (Bluetooth Low Enerey; BLE) qUﬂiﬂiﬁamﬂ%msJﬁ'isi’fwa"’mum"’w
drunnvzdszezne msdeansldlnan Wesnnfimanulilunssulusesduiisndn wifinig
Wansuegandildng nszaeanedu Ihduwouning feganunsaveesseznisns
deanslvilundu fiSend1 aes (LoRa) Tnwanunsaideusensdeansluszezmannnia
500 washd wenand el nisauiuiasgiunisd eansliaeieldfuszuunionie
InsAwiiadoudiiiy fianansathuauanudvisuauadauunld fe snsgrududleled
(NB-IoT) Bnene Tulasseuilazsdhmaluladiduilelofiuldiiseasden fil

2.5.1.1 wwudleledt (Narrow Band Internet of Things; NB-loT) [12]

awit 2.12 gunsalidutleledl (NB-IoT Shield) [12]

|3 a

wudlelen gnunauslag 3GPP i1AUqua U1MTFIUAUAITABAITUY

o (3 a

Tasaelnsniiadoud Imagﬂaaﬂquiﬂ%ﬁwé’amw?ﬁmmL%’ﬂumﬁ Aoansuavaudly
nsdsdoyan guasalidudlelefivinuuugiunmdidiontudiuil GSM, 3G u3e LTE (Wang
et. al, 2016) Fafugrumud Licensed Band ‘ﬁéfaalé’%’umsaqapmﬁmumﬂmwmu 7
ffuguaneneasd madenselinensasdams dwaziudoyaananiiguveaniovie
nséndt wndeuiiliuinig dudleleflduaumnudetialos 180 kHz Jsanunsavildany
dnwzde Teguunduruinisestes GSM ldoguunaumuinuues LTE ieldeguy
adupuBFeatuiy LTE Wnglildunsaunnudnisuden fanudilunsdeas 250 kbps
warflaulanissudyaiald Tusefuiinnda -150 dBm Sefiszeznianisdeansiilnauin
Tneiimulivesnssudyiuini GSM wag LTE ﬁiﬁé’fagjtﬁmﬂizmm 20 dB Ay miﬁgﬂﬁ

u3nslassnglnsdniiied ouiduganlunisdearsteyadugunsalidudlelenidely
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Jndudesfigunsaldumesidainaiig Jeyavzgnadsain gunsaliduilelediniulasetie
Inséiiadeunludueundindudsmiesldlaonse

usnnilutunenmdsdesinnsanduauanuinesldlunisadayn
wuulfanesae Tnsudaauauioonifuasadsyian fe Unlicensed Band uay Licensed
Band Bsgnivun msldnuluvssmalnelasannssunisiansnszaneides Asnsingsimg
uazAansinsaNLIAL WA 3o navy. uauALAg Unlicensed Band Tudsimelne
fnnsivualiansaldewls Tnefididadegeanlaifuandfvunlilumsed 2.1
uennEAUsE namv. Sudtureulild adunufignu 920-925 MHz ilesessumelulad
lolof mu (319) Usznia navs. 1399 11asg il MawadaveueieslnsauuiauuazgUnsal
dmuia3 osingauunandilalyuszian Radio Frequency Identification: RFID 4 sldaay
PWAETY 920-925 MHz

Tuduves Licensed Band agandumsiaggliiuinsamuaseislnsauuiny
flgsuluoyyn lunsléeduauiienu 36 wiegilliuinig LTE Tnsannsaldlévisanud
Tuthauaumuiay (Guard Band) iellunusudanuiifeatufviliuinng LTE waefls
(In Band)

M19197 2.1 wauanuantasunmseniiuluaugin (Unlicensed Band)

LAUATLA Aaseaggn (E.L.R.P)
13.553 - 132.567 MHz 10 mW
26.965 - 27.405 MHz 100 mW

30 - 50 MHz 10 mW
54-74 MHz 10 mw
300 - 500 MHz 10 mW
2400 = 2500 MHz 100 mW
5150 - 5300 MHz 200 mW
5470 - 5850 MHz 1w
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Secure &

Reliable

industry
standards
based

Optimized for low
power consumption

10+ year battery life

Extended long range
coverage and

deep penetration

indoors & underground Integrates into

cellular system
Easy deployment

i 2.13 Aaandfvesgunsalidulleled [13]

Budleledt 113 1uwaluladmsdeansszeglnanvuldndanus Aifinsg
WaReesNaNTEUY LTE (46) wangu ueUndiady filidesnisanuislunisdsdeya
UINUNYU Smart Parking %58 Smart metering NB-loT ﬁ@mauﬁ’aéﬁ’aﬁ

1. sessumsdearslaglindsnusin sessumsldiuuuninesvesgunsalloled Tduuda
107

{
a a

2. Wndsgdnsnanlunissudygraldiddu (sessudygialafau 20 dB wiaLiuN Uy

A7)

Tiusnasle 10 1) viliainnsansauaqun i liusnslaunTusiuiisusiing

Y | a v

deyurudenaunmu

161

3. annsnsessumsileusisiuaunsalleled laidudwauunn @inniwaugunsalse

Mulifau Tiau wids dunefannsadessldaugunsalleled

anig)
a. wangdmiunnsldnugunaileledt Adesmsanmslunsdedyanniliiiu 200 ko
5. luszarengunsaleziisiagnaingunsaiild 26/3G/4G uae Cat-M1
2.5.2 FuBuMoSEn (Internet Layer)
gunsallelefiugunsaiignesniuilidusiudeyaiinglasairedumesidn aunsal
lelofl Aamnsndsteyansuirdumesidnlisniuadosdisuuuudeyanulnsinaoaled
wielsianinsa doassevinadsvinesnoguudumesidald Tudugunsallelefindnisdivua
Tnslneealudumenin uanadoterituariieuanusalunsasihudoyasewitsgunsal

w3esewingUnsaluaznaag Tudnvaglada ldawnsodiloyadnddumnesiiale (fleenin

¥ a o b ! aa I ¥ U ¥ 1 a
sUkuUTRIdayalanyuslanziIed wiagdsns Wildgndalveglusuuuulnslinaeadu

Y Y

U 14 1

Fadutunsudoyaneandunianinuasiaiedis Judunesidaazyimiifszywazinnis
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[
v v o v

dumsvssuiininateya sisswimiiiuvaseyalioglu sunuulnslnaea umsgiud
annsadearslulassdredumeiidald lutuiounsallassimeraienit iWuniunang
(Wide Area Network Gateway; WAN Gateway) 1'7{%’U%’a‘;ﬂammﬂqﬂﬂimﬂlaiaﬁimmq 1390
funanlelefinangiinusudeyaangunsailelefivarsg fsufumnils fegralnsly
aoa Adsaiunldluauleledide nslnneadndlauny (6LoWPAN) ulnsinaoadisnnis
iniaesves lo3dnd (IPv6) fislanueniannnituueiovemuanss I IEEE 802.15.4 713
YUIARANNAENNIN Unfuunauiininaves 802.15.4 §anue17 128 lud Inslnaeading
Tounufinistwuauenasaiis armemuandsty wudiaildnulies sesfuneneaniv
wuvamsuaziuy fnsdnnisndenufii asnsalfauuueieteiigunsallusiinisndeud
uagsesduNMIvduresgunsaiifissaznaiuuld Inslneeadndlaunuazyinnisdudaien
iwosvasudoyaii oanusuatoualariodian (Overhead) vounsudoya adsdl
nszUIUNSUUANSY (Fragmentation) tielvamnsaldlumsudoyasuin 128 ludld uas
seafumsdsteyauuuiiaisey (Multi-hop)
msdanisilsuvesdndlaunuuvssen (U 4 JUuUY unniaiuiiennes Ae

1. Lifdndlaumnsanes dmiunsdunsudenaiilidu lunulnsnasasndlauny

awgnsiaiidly

2. faunsdisaines dmsunisduuudaianas 1n150udn taainas

3. WYEnWes dMSUNITEIMUUUTENATEA

4. wilsnivudienines dvsunisdanisy Toyafiivuneniuazgauuisy

veninilonninslnneatndlaunudsilnslnaeaduq fisosiums dearsdeyalutu

NN MILAZLATONLTALANEAITU WU 6TISCH $943U1MAT5 U IEEE 802.15.e w30 6Lo 7
seafuloiignduy IEEE485 wawmas-aian/dnaunia loianduy IEEE 802.11ah viseloi
Fnduuduend 1Busu dwleiidnduuiueadiidnvauzadienulnsinaadndlawny feiu
Wigaazlsifinsuvansa esananulnsTnpoavesiueadaziinisuvamsulifivuiméneg

Y

e idlvwn 27 lud wagdnAnuaansatumsdseyanuuliafgevsaniy
Tudimvasaesuududumeiidnazeyluaninenssuedorisunuuassiiu (LoRa
Alliance, 2015) #ildmewoasduuvans dnsldnunandlumsiiaddoyasyninsgunsaile
Teflaesaens mdadsvineslundetedumeiidn gunsalaesiinmsdsaduiiuauanad
wavasaunnaed Auand1aiuld aestunandsndudessesfunisdsdyaaludnumy
F3na17 waga1nnsiildan awsaunnines (Spread Factor) fiuansnaiu viilwaunsad
Usinuduugunsaflelefluiaietisassls snaunnuumusvesnsdeasfiuandg

AUTENI19 0.3-50 kbps wusumuetasaunnines nldlunisuegian aasiuiudl
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nszurumslumsdanmsndsnuvesgUnsalaesudarilvdiszeziaan msldaulduiudian
FENTUSUAIENTIANE189NNTE DA TLAT AN S AU US A LusTR (Adaptive Data Rate;
ADR)
dnwaizyeInsAemsTEnivaTIuLazgUnsalans il 3 dnway Fo
1. AanaLe (Class A) lunsdemsaesmeiinmsivuanansiudddaguiaanan &
sUMUUAD 9a18UR wasmuietasnainiasdaestn suuuunsiomstay
Tiwdsauman 1esangunsalasst vanemaazvdusaeanan uazaziuaiiiods
%’azgawh‘lfu ynaesILIzMsdsteyaludigunsal Uaenmssiossedamennsiu
vosgUnInlaesUaenNneuLaNe
2. Aanad (Class B) 1unsieans aesmsndnedunanale ffisdesmsnssusenisds
3. Aanad (Class O ilunsdeansaomns dmsifindesmanmsiuanndian Taelsidams
N5V UNADALIAN ﬁLﬁ&Né’]’wwﬁﬁ’m’ﬁdﬁagaLvh‘lfumzi%’ué’ﬁgzym dlo e
wiulasudgaudeya naesunand awvihnisdngdivuvesteya Tudliiu nsin
poa nsAoasdumediin uardsieteyaludaueundindu \Bsunesrely
2.5.3 FunaUnAady (Application Layer)
Fuuoundiatuasiudoyauranduduvedidn wisludnvaureunsalaziiy
woUnaLATuEI Ve (Application Server) L‘ﬁaﬁmﬁwﬁ'ﬂizmawaﬁayjamﬂqﬂmaﬁdaﬁ
#1499 Adadnadg wunand uazsesiumsiesvenavgteyaaindld viieangunsallele

i 9 meluuu agle http Fsanunsarhunlgiulelenls lasmndaneulitnunzauiu

=

1olof N AINUADINTTANSIY AU LasTIUTaLananUszulanatae Twsinaoani

Y kY

AuINzauunndusuleladt Feavaundulnsiveeass wu luslnasasdd az Tnsin

Y

ADATLOLON

¥
= o

msdavilassuifinsimealuladunlids Inslnasadisesiude nslvreagdil uas
Inslneeadloed [14]
2531 Iwﬂwﬂaagaﬁ (User datagram Protocol; UDP Protocol) [15]

(%
= &Y

gffl Wulnsinpeandnluyalnsinaeadunesidn n1sdstayarugint

Lo

a 4 [ & o a 1 1 A ' LY 41'
ﬂEJlI‘W’JLﬁ@iﬁ]%ﬁﬂ%@yja%uﬂﬂmﬂﬂLiEJﬂ’J’] ATNIELNTU (datagram) N’WULﬂiEJGU’IEJVL‘U JLAT D

[y

Uanens Tnsgaiazlisulssiumnuuiedouagaduvedaninsueg 1NNTNSuUse A

=

FINUGANUTNANINNTUDNNT T BRI viTogayyesenitansla

Y aA

weundiaduildeanidugiulunisdidoyade szuunisastielawu, Fouuuds

Y

folled, nsaunuivulei wazinuesulall
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a A I

A dyawaufiennusa vwadn wagliinisiauieinisddoyadnse

q

e

1Y

AR INTAIURYA TRz AuNTdslayan1uIan934 (real time) Fedayangyme
| N v A a v | v v i =
vnduviseteyaiiinnisant (delay) aggnazauaulaly awnsadsdayalaianituuud

aa o Y

g4 (TCP) \iloann 7137 sioadele-edien (overhead) Wiudunsunsdeans (Connection)
fviliigasimnuindeielumsiudstoyatues Tnsgifarlifinisadstuneunmsdoas
fugunsaivaemainiu silideyaiidueiedodtosas iunisdoarsuuunauiun
Fuiaa (Connectionless) Fadayatzgnuinduiug mufiogatems wddsuiananslud
Uaneyna usdenaliidumanuasidumstu suviideyausiariuonnsfateundauandeiuly
yhlinsududnilisng lidesdonmasiduneumsdeas

2.5.3.2 Inslumeadlotai (Constrained Application Protocol; CoAP
Protocol) [16]

Flawef ithunsgruiignitanntulnadlae IETF W 2014 Tnsgneenuuuls
adnefuEsAiR(HTTP) dadu Document transfer protocol widlvwaidnnituan (fian
mesuutasiivia 4 lud) msredadndliswiuniuasiuuugif Judulnsinaeaiilaifinng
afumsidendesyvinigunsaiuatema Ssdstenaldiinnnudliaansadsuenliiitoyaas
gndsludsaemsegiauiuoukasgniaImua IRy M uasnisdiuToyadesluhuy
FZAULDUNELATU

Floeiduanrinenssuuuu lotaus (Client) nie @503 (Server) lng
lsauriasinissomeninensluiidsneslagnse Mntudsmiesazyiasnoundum
YoanFonrusandu Content-Type iflausnlulauiinmdaaslssudeyatugluuulnunduly
(191 JSON, XML, CBOR LUusu) Inglatauviausa GET, PUT, POST way DELETE n3wens
VU@INNRIMeYe15uea (URL) kae query string AdnefiulsaLaiilo (REST API)

Tuanndnenssuuuudlond Adnsuandsunsnensiulaenss wuwes
T (Sensor Node) uthiiluia@snnesuas loauilunanisafumssdewihnsneu

U @ < A !
FJULNNLNT (packets) N19NEILN

REST

/\/©

CoAP.

CoAP.

Server

—
Xy C

Client
Sl \_//\\_/

Internet Constrained Environments

AR 2.14 dadnenssunuudlod [16]
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lugnvasinimundlaeiidanueseadaiugsiinun deilinishadeya

1 <

Mnidugeslifnnsisdayariiuiuiedile (Web AP o1awUseuifisudlateflainiy
isaveiile (REST API) dwsuidude (MCU) Bnvisdaudulnsinpeanianudaonds msizdnig
dhsanuuAikeaea (DTLS) Feanunsasuuugunsaluuiadnte

'
1l o w [ 1

=~ g oA i 2 a aa
FlateiidulnslnaealminidegnimuiogesioiiawnnanInduaii
(MQTT) MAulnaueglutuiiadssuas waggnasniuuindgmsunisianildsudayauuunil
nanila (one-to-one) wigdmsukaundiatunuunszateaudnigunsalag uuias vy
a % a ! [y Y 1 a v aa o Al L4 ! I
Wentuanunsaiaseiulalagnss feganweundintuniinisidleedluldunsvaefeszuy
I3 = Ay o ) Y v
aunivlauvseszuudesinmuRukazdsulaegldduny
2.6 izUUU%Wﬁﬁ'ﬂmigﬂu%'aga (Database Management System) [17]
sruuUIMsinnasgudea gniaudumidiewdlulaywidinuainuludassves
Yaya (Data Independence) 7 luifiluszuuniudoya vilvdaududaszainisdiunes
gnfauasuazdvertoyanitgluguteus wsizmsiau vodlusunsussy vuImsInng
gudeyazldniwasuniy (Query Language) Fauniwpauiamesiyuivumdnaiaiiv
Uszlualunwisengqudmsuasuauvsedanisnuteyalugiudeya Wagn159auvedssuy
UImsdamsgiudeya avlitusgivsduuuresansanaininunld wazlivuegiulaseaiia
naneameesteya flidaunsaienldteyaingiudeyalalaglidndusdes nsuds
USZNNUIBUUIAYBITYA
2.6.1 ANUMKNLYDITLUUUTMTIANTTFIUTDYA
a 9 > - o o = = ¢ e v
FEUUUIMIIANTTTINTaYaARYAA1A v3e TUSUNTU v3e Faniuisnais
Fupiieviminiuimsdanisyiudeya wu susindoyalmiuszuu dznanuaziienanis
Fan1sineafvssuuuiiuteyanislugiudeya (n1siny Shwn nsiSenld nsudly madads
Toya) safanisfaziiuivugeli Muade szuvuimsdnnisgrudeyaszvimidiiidu
a4 A CI Y i D% o A DY) v Y
\A3edle viaidudinant seninegldyanndening q Afertesnugiudeya Liednnisuas
AIUANAIIY QAR ANNTITRURATAINFNTWSSEnINTayaTiogn1elugudeya SIudaNs
Shwianuliuas anudaensdevestoya n1sansesloya wag nsisenaudeya lunsdinveya
a = a 1o & v o a v 1
Aaaudemelaeidldlddndudemsuisvazsidganiglulasasievesgiudaya
MIBENVBITEUUUIMITIANT ST UTeyanlenld Auegraunsvane i MySQL, PostgreSQL,
Microsoft Access, SQL Server, FileMaker, Oracle, Sybase, dBASE, Clipper La¥ FoxPro
sy
aguladssuuuimsdanisgiudeya Aenguvedlusunsy v3e gonyiuas N9

winidudinans guadanis auAuANgNFes ANuEIdeu wavauduiussEninelaya
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19 9 Wgiuguteya wardwiganuasanlvnug lindludunisasiawaznisusuuss

Y

wilY

JLUUUIMISIANITZIUTRLATIA Azdasiiauaiunsalun1sdnnsivainvaiy

2 IS

ANLENNTANUGIUTISTULUTNTIANISEIudeyanndivzdedl Ao Anuawnsaty n1sdaLAu

Y

Joya n1ssendu nsuiluiUdeunlas msau waz nsiuiy s

2.6.2 amﬂmaﬂisugwu%’aga (Database Architecture)

anlaenssugiudeya vanefanisesuleiieniulasiasiauay dudszney

o A o

waniununUszneuiluszuugiudoya Jessuugrudeyaldgnesnuuuaiiesesiulaseasng

o w

vostayaniylivarugauu fusmsganassuuiagilinill Ineldiinansenudegaunigs

Tdnuguteyatvey flilidnduagdesaulalassaianislugmudeya wazduinsgiudeya

v ¥ (2

411150 Wasuudadlassaigiudeyalalaglinsenududldgiudeya dedngusvasa

Y 9

ﬁ’qmé’n?jqﬁaaﬁmiLLUaﬁzﬁwaﬁaaﬁaaamﬁwmmzﬁmﬁﬂﬁ WL ANAUAIINADINSUD
Aldusiazau
anUnenssugiudeyauuseanidu 3 szau fie seduadglu (Interal level

%30 Physical Level) szautiuafAn (Conceptual Level) kazszauniauanuas 32 (External

)

Level 30 View) Falugduuuiaglaseadnnldiuszuugiudeya lnenalvaanUnenssy

Y

sudeualuusazszauIzissuunsdianisgudeyaviminiunisudasdeyaiinsedunily

<9 Y

Tudsgaunia

Y

2.6.2.1 andnenssugutayasziunmelu (nternal level w3 Physical
Level) iluszauvasgrudeyafiodlnaivaunsaidmnutoya ilussauiiesureneatiuns
[ - a ¥ | ¥ v @ v < !
Janiutoyaluidanienin vesgiutoyainfisuuuy uag lassaiunisdanudeyaiiuegials

I3 o Al [ 4 a < v & I a A v o= v P~ Y v &
LCLJ‘UigWUCWIGﬂUﬂW3LﬂU5UEJ;‘JJa"UiﬁGUQGU@yjaf\]ﬁgﬂLﬂU@EAﬁ]iQsLUﬁ@UUVIﬂGUEJHﬁ Niﬂiﬁﬁiqﬁﬂqif\]@l,ﬂ‘l]

[ I

Poya TIufensdaia deyasing 4 lugtudeya iesistayanneens auunfuagleniluee

Y

1fl@ns Whanganedluseaull ginietesdlng Ao flueulusunsy wazkusng

Y

—

gm%’a;ﬂa (Database Administrator, DBA)
2.6.2.2 anlmenssugudoyassauwuifn (Conceptual Level) {uyuues
] 19 a [ ] a a4 v X < ¢
voelAsaTavesgudayalunwiniudn Lildlassssasanasieduanlunisiivaunsal lase
FvaIgIuteyalusziulLfn wieseiu nssng (logical) WussauiegdnTuunainsedu
a o ¥ 14 v [ LY £ A A LY o/
el nnsiveyaann grudeyaluldiutuseduvesgiudeyaiiiednulaseaiing

gudeyaviinves Jeya vermuaiuiudeyauaranuduiug vesdeys Wudoyarinu
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MIBATIRkareanwUULAgUIMIgIUToNa W3aUnTATIeH wagleaniuy g1udeya W
seiuvasoyafignesnuuuieiglddayaluseiunieuen awnsasenlddeyals

2.6.2.3 anrdnenssugnudeyaseiuniguanyisedl (External Level w38
View) Wuynusswasglindisegiudeya vieniSoniuin 31 \Juseivgudeyaniaglndiu

£ o

Wsunsuuszynd waglnanugldunniian dldnewendanadnlulele Wuseduiiedune

[

Rendugudeyaiilfnusiuiulusunsuszond msldauszuuguteya {ldazgnimun
Avslunis i au uily Yoya laedldusarauazuesiudeyamudnifimualiivindu 4
wfuns Snweraasasiouazeuiuadiifugudeya uasSsinlvinisiadedy
Futeyariladeg

gt 1 HMinnd 2 gthauit 3

STAUNTENEN
| View 1 | lView2 ‘ | View 3 ‘

(External level)

FEAUWUIAA

(conceptual level) AINTIHUNIAA

szauneu
asanmely
(Internal level)

Hagamunin

gmdiona

(Physical Data)
(Database)

ani 2.15 aanUngnssugudeyaanuseauniuinnsgiu ANS| [17]

2.6.3 mw’mamﬁ’aLma%ﬁiﬁﬁﬁwmﬁugm%ga (Database Language)

2191 SQL (Structured Query Language) vJuntunii e Supudeudmsu
MHlunsdanis siie Wlunsesetugudeys Wunmwwnasgiuuuszuy pudeyadildly
msddligiudeyanseinnsle g pudds wumsase msudle msthgednw msdanis
MsAuAN waznsidiisguteya nwn SQL Wunwiifidnuuzadie 4 Auntwdingy
W unrwdi g uﬁlaam‘”uimwu"mmummgw L% Y 1SO (International Standards
Organization) W@ ANSI (American National Standards Institute) L% Wi@ 821U
awaeufinnesdu q lunsndegiuteya ludnazidu Microsoft Access, SQL Server,
MySQL, DB2 38 Oraclefiagsadldmdaniu sQL Tunisauay

aw SQL Wuduuszneuvilsves szuvdansgiudeya shnuluguteya
\Bedusiug (relational database) unwfifenldiuinn msziedensiFous uazluns

Y Y

Tdn1w sQL dldiiewasinseanisas “viegls” wirldu ludndusdeamsuin“viegasls”

Y
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Anangevliasliunniuw sQL anaun sussuudamspudeyadeduiusauduifeuty
ogaungnaneluiiagiu fudseiuieiesneufinneomadnluaufeseduamisy nsld
suluniwn SQL uvsesnidu 2 dnvaz fe n1wn SQL AldReuld (Interactive SQL) waz
A SOL 7lslulusunsa (Embedded SQL) Tu Ja.a. 1968 an1fuinnsgiuuisnfowsiu
vi3e ANSI Idwun snasgiuvesniw SOL Julasutsoanidu 3 Ussian léun
2.6.3.1 mwdmsunisiieruteya (Data Definition Language; DDL)
awndmsumsiionudeyanieniuw DL Uszneusnengudids Loy
CREATE, ALTER uaz DROP tJusiu Tddmsuimunlassasevaimsislugiudaya n1s
vualassairedoyaiinedinfle Ussandeyafuvssavle nunisdanisdunisda
nsuilunisauaeduilsing o lunnsadeya
2.6.3.2 Mwidmiun1sdanisteya (Data Manipulation Language; DML)
Awdmsunsianisteya 3o A DML Usznausiedds 1y
INSERT UPDATE Way SELECT Wusu fldlunisdnnisdeyamelunddy grudeyasiud
maAguuasieyaitunsaudoyauasmaisidudeya
2.6.3.3 MwidmiunsauAuteya (Data Control Language; DCL)
AMwEnsUNIsAINANTBYA T8 A1) DCL Usznaus e
GRANT wag REVOKE 1iusu #ldlunismuguszuusnuianudasndevesioya saenns
fvupansvealiTumneiy
seuudan1sgudeya dulvgjudissiidiudszneunian lauwn diuveaniv
SQL wawnsudeya tWsunsugunganuazadn lusknsuglelunisafralusunsudssynd
uazlusunsutiedainenuguteyausazinasfinuaud@lunsmiauiiunninediu s
wwfiasandnandentd ssuudanspruteya fladuasdosfiarsanguaudives szuy
Fansgruteya udazs Ifanuannsanseuiidesnisviels Ussiduludessafify
Sosddy wufu msigmues g1udeya usasdalividy uenaniddafosfiansands

1%

Anuiulafuaiawisiazgerlvinisssuuuiinmsniedee

My .
& :’ Windows Server

SQL

Microsoft* v
ASRNET ﬁb SQL Server2012

AN 2.16 AnudiussenInalusunsulszendiuszuudnnisgiudeya [17]
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2.6.4 szw%’@miyu%’aga (Database Management System; DBMS)
szuvianisgiudeya vaneds seviuiifiguadnnisiieriugiudeya Tae
SrparuazenluAglividudunisads nsufudgudly madhdsteus uaznsdnms
Lﬁﬂ:}ﬁ‘Ui%UULLﬂﬂJ%’@;JJaWNmEm’lW (Physical File Organization)
yihfiszuudansgudoyandn 4 Aemaiiudeyaadlilugiudeya was nsds
foyauaniveoninangudeya Midulusgnafisyaninm azaanauis shlgldiAna
silalumnugnées aenndesiu (Consistency) weadoyasing q melugiuvdyaaansaagy
wihfivdnuesszuudnnisgiudeya 1ol
2.6.4.1 mi%’mﬂfﬁwaummm%’ayja (Data Dictionary Management)
2.6.4.2 nMsvansiivdeyanarnisuuasioya (Data Storage Management
and Transformation)
2.6.4.3 ATIANIAUAINYABANY (Security Management)
2.6.4.6 M3IIANIIANUALANNVBITBYA (Data Integrity Management)
2.6.4.5 M3damsdrsestiayauaynisnAudeya (Backup and Recovery
Management)

o =

2.6.4.6 My ikdlunisidnfegiudeyakasnisieusanulusunsudssend

2.6.4.7 n1saruAun st steyavedlivaieau (Multiuser Access
Management)
2.6.4.8 N3AnsiedaansiugIuteya (Database Communication)

Y Y

TLUUNTIANITTIUTaYATTIvaT dgRasatiuayunisldny gruteyaniumig
wsetnedumesidnle ielyigldanunsadeumding TWswasuiivineuuy Website 1
L3 6 |~ U
LUS1983U89 Internet Explorer 1Jusiu
2.6.4.9 MIWAUITTULNULATINST (High Productivity Tools)

o 19 I3 A A A 1y o I ) |
srUUNsIANsgINdeya iumsesenldlunisimuiszuuauls simsiluandudu ¥ie
anAldIngluiauls uioragliandnldinglunisungeinm

2.6.5 WUUAITEUUTIUYLA (Database Models)
wuuaessruugIuteya WWun1suuuafaeng q unaweliindu
wuuasuiiednauedeyauazanuduiussenindeyalieglusuwuuindila ladieuasiite

[y

Ilunsdeansseningoeniuuguteyaiugldlvnsaiu

[

Jagduaninsaudanuuinaesssuugiudeyasenta Aadl
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2.6.5.1 wuuinaseguteyadsiutu (Hierarchical Model)

Junvuiassgiudeyaiiauedeys wazaruduiussening

[

Toyanfidnuauzdulasiadrsndnedulyd (Tree Structure) Niin1sdunaauuu uddiv Wu
ssuupudeyananvaglasaiadilalaiessuulassadeiianududoutes uilivoids wu
fianuganguiies ensan1simwnszn1sUTulasasne vewuly Aeudnsgsen dlana

NANNEIFaUNIN wazitayaiidnuiuun nmsidnnadeyadzldiianunulunisaum

o a

41' U Y = d'y 2 < v d‘ 1 14' Y 1a %
\Henagreainfensuilinvesteyaluanidnenssuteyaiiuingalagiuldteuly
ALY
2.6.5.2 huuinaseg udeyakuuLaseding (Network Model)
ANwELUUINRDIgIUTBLALUUIATEY8H InTeaiavestayausiay
¥ a v v & Y \ =~ v o ¥ o v

wily doyadinuduiusaatesis aansaenlesayauuulu-naule vinliazainlunis
AuMINANTILUUIIaesuUA Uty inszlddasluisusum dandeyanuiinlagnia
WAe waznsrundeyaiiteulelaunn uwagnini Yisanaudgeuveteyala Uty

FaAgiNSITNUAUABNALA DT TEUULL WS

L 1

2.6.5.3 Wuuinaesg uleyadd@iiiug (Relational Model)

anwaizuUuResg ItoyaTdLsl Wunnsdndeyaluguuuy

A A

Y9415 2 115 Fedlia (Row) wazmaauil (Column) vitlviiinlaladng madeulgadaya

¢ Aal I

529915199 ld wenmisUl illegiaesnnsnadududenleseya nsidengdeyarile

Y

vV

118 Trududouresdeyasening uiludayasing 9 desun iunvudiaegudeyaniiexld

U

funnnigatulaguu ueelsfnuamldinevessyuuazgann sizdeddaniowas way

a

wouuITNIUTEanSamglunsUssnanataya

2.6.5.4 Wuuinasegulayaideing (Object Oriented Model)

= o

o £ a o < [ v v P
wuuassudeyakuuleing vealuingioilidnlalaie Toly
v 1% U ad A A Ay = N v = - I
nsUszInanateyanuiafiiiviefelteyan niasideswmieteyanuu dnsveulesuuiiu
WA (Web Page)
LUUTIRD95¥UUTIUTRYAYNKUUTIARY FLBTUIUMTVINNULRITEUUTIUTYA

Fwhaegsls wuudasanlasuanuienegiunnlutagiuifie RDBMS waz OODBMS Tu

[V}
Y

Tagdulusunsuimunvesssuuguteyalagnesnuuulilduuudiaes RDBMS ysduns el
lassaannunuyedAuag Winievaasuinisiie) OODMBS wildusidelilasuniseeusu

AUNINUN
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2.6.6 UoAVBITLUUINNTTIUTDYA
[ [ ¥ LY [ ¥ ' Y a cou &
PnMsIaivdeyasiuiulugiudeyaszneliinuselevisl
2.6.6.1 anududasyvediusunsuuazdeya (Program and Data
Independence)

Wesnnlusunsunldlundagingteya dnasisunuuuassvasiden
vosoyaiiiunelugiudeyates doyadulusunsulssandasueniu vinbiinaudassves
Wsunsuuardoya Welinswisundasioyalu seaulaseauniishaglidmansenusedoya
Tuszaudu mnududaszues Weunsuwazdeya szilunisanaildinely nsuigsshw

R a ¥ 1 Y < £ [ I @ a £ a
Anuludassves Tayawdseenlailu 2 Ussiveieiu Ao anududassvesdayaids
N80 (Physical Data Independence) ningfanisiddsunuadlassainsvesdeyaluseiu
ety lidwmansynusielasainvasdeyaluseAuiuifnvosedunssng 1y N3
Wasuwladlasaadunisdaiuvdegaainvsegunsaldimnudeyauwuudu aglidmanseznu de
lnssasdoyalugnudeys uaswuuiigesds anuludaszsvestoyaitnssng (Logical Data
Independence) unisivaeuudaslasiaiivastayalusgiiunuifnnsossiu assng unkl
danansnudalassasisvestayaluszauniguen Wy lusunsu Annistayaiunieves

& vy 1Y) % a v A A« a & v Y v a v
avaIn@e lniin1susudsedeyavesdua Tngnsiiniladuisiandnlululassadstoyadum

azlildsansenufan159IN9IUYee TUSHASUMAEITD

vuuduiiay

FEAULTAT FIE4U

WAIUE

2 a
FLUURUATIAIARY

A 2.17 uansrnududasyvestoya [17]

2.6.6.2 anAUTIgeuvestaya (Minimal Data Redundancy)

U =3 £ £ o v a £ =3 %
nsdaiudeyawuuuiiudeya silideyausziamideniugniuly Tu

(%
a0

waneuvas mselilivareau msdadiusuuiineliiaanugideu nswiluasunla
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Toyavilaldagan Inguszasananveinisinissuugiuteya fie anAnudideuvestoya
Ingdniudoyalisiueglun 9 Weriulaelinuduiusiureusasmsniineitesiulay
v =~ =% I = = o g w 9 -
Joyavasszilounils q 9z ligdeuludnaismila vilvinisususe udly venisaiuay
Toyanseyiladny waranunsowstoyanuldlaseninaglivate q au sauvienisldteya
= @ % U Vv v v I o0 v & 2 yya o Y
Weaiulunaindeu q dulddneie dsunismideyanmueuniiulinbesiu aelussuy
% I v < « 9 5 v 4
nMsdansieriusduns “an” anudigeuatiula
2.6.6.3 Msl¥dayaTiuiu (Improved Data Sharing)
JEUUNTIANTTINTeYa lagneaniuuniveliaunsawuslunisldeu lne
v & v vy o A = Y 1% Y v ' ) = Y
Jaiudeyalimeiuiiwauaeiu gldnurats 4 auaunsald teyasiudulunandeiiu
1§ sreazBuniuansviiissuvdiudmsuglinuntaity vietoyaiuanatiuunain
| N i < A oA gy ' v v & '
151919 o) MAEITD9 Fan1eing 9 asiulTluivaasedtuieldausauiu dsdugldlid

gragfiununta asfaansadnanldoyasie q lugiudeyald

Tusunsuiifn
vwfiansidn  |e—»  pasinuasmans
TUsunsuiian
HNEANET | e—p|  AmzfiBArans

DBMS
Tusunsuiian /
TWsunsuiian

<
% ATRELANYANTEAT
J'T'H'WEN’NS!FI . >

AT 2.18 uananslEveyansruUguteyasiuiu [17]

2.6.6.4 ANUAIAYBITRYA (Data Consistency)
) v v & v = = A
ISUUNTIINATIZIUVBL A ITINNUVDLABYLNUIVILAYINTDUNAIAY
[ S v v o q vy = =i a 1% Y X A A
Lﬂumsammm%wau%ﬂ%yﬁ Vl’]iwuaﬁﬂaummmwLLazum’maa@ﬂamm\‘iﬂummu bl

msasuwlasoyale o Nezlinsuilanyades vinlideyaiinnugndeaaue uazszuunis

a

L £ [ 19 £ J A [ 14 ~ vy
Iansgrudeyazarvaeumululilivestoyansunasiivaduguteyavelvladoya
ONABINTINIL NG HoBnuwUUTEUUgIWTayaansaldnginaniiioniuaugualviteys
Aanagndemungunae wardulunisanalddielunsiaussuuny dWewinngunae

a9 9 amnulbilugudoya lulsaulilulsunsy
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2.6.6.5 Auluansgufeaiiu (Enforcement of Standards)
maivteyalilugnudeyaieaiuasiinliaunse Mwuauinsgiu
svansgueng 9 lumsiadudeya Whdululudnuusdientu vdelmdulumy
wnmsgruanavilideyatiy 4 tlulduanddeudeyassminsssuuld Wy nisimunguuuy
T dluludnwasiontu 1wy Suidewd vide Idewfu s ssiifuimsgudeys
(Database Administrator: DBA) ¥whillunisimunansnislaau wasdudsmun

Y

WnsgIung 9 sauis nstsduldlndulunuunsgu

14
IS =

2.6.6.6 %’a;&ammmwmﬂw (Improved Data Quality)
nsusEInanalussuuguleya aviinselevisegunsaliientes
Juduunn Jadeddgneidesivilideyalinauninuniu fs
1) feenwuugudoya (database designers) Wugiianunse Aviun
A v v gy Y 1% 9 Yyay 1aa ag v v o 1 )
wsetaduldszuudanisgrudeya Tnglilvignldidvsldonudaluviate deyan1sdnnis
aananyilideyaiinnugnaewaziinulaensguiniu
2) Adstoua (data warehouse) deilunvasdayavuinlve)y
Jaunulieldlunisusznaunisdndula neunsvideyadludaiulily adseya vzded
o v | o 9 vy Ao & v v < v Nl o § v °
nsfansetayaney vibideyaniniuluadseua [udeyaninnam i lvimsiiaue
Toyannaensuiuninsgidanudaian wasdiiene
2.6.6.7 winpnUsylevilunsnauisasungesnenlusunsy (increased
Productivity of Program Development and Maintenance)
v Ao & o a el' ! ] a
voyanInnuinunIsiUasulUatagaue imalasunlasauin
WIgUUUTastaya (I suAsAuTigansAdun1sTun1TUdIn-0euEY wagnNEY
Jundn wilutagtulimsandunisludowssmsvigsnssuamudsedudedunsg vili
AoslinsUTullasundlugiudeyalunien o fu Waulusunsunldaiiivay
& v v 2 v vas & o a ' = -
zuladngnsiiudeyaldisinuwuuuiludeyassiinnugaenunnty nsWisulusinsuive
o ~ o 1 o Y 2 v ax ¥ a Y
WaumseUTulse uidmsumsiiudeyalagisuuy grudeya MmaiUdsuuwdasiulaseasne
174 [ a 14 LY a 1 PPN (3 = al'
Poyaaziunisidsuuuasastayaly seAuaufn Wy Maiivian viensidsuia
yipvastoyaluilas aglidwmansenuselasiasne nmsvihnuredusunsuiieites vl
Tsunsuwesanunsanagyinmsualuusudsmseiaulusunsuiiudy tnslddesiadiu
neRNLUUTaYa

2.6.7 Toidevedsruuguleys
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2.6.7.1 AuNUILUUIANIIFIUTRYALTIAES (Cost of DBMS)

AuVUINNsEITTUUTANSIUteyainlY Islusgivan1e

WINRBNANY 9 51AYITEUUTANNTEINTRYA AstiiuTumuduILATeIgNNeY NlTUINIS

a1

seuugudeyaruInmgazlialddnslunsmsgentieing 1nninssuugIuteyavun
An sausseniaud seinaiililumsiansssuugudeya adneyaannslunisufohn
Dusiu

2.6.7.2 anugutiau (Complexity)

N91M9UYRITEULIANSI Ut aTAUFURUNNNNIINITIANS

=

Toyanuuwiiudeys Bigrudeyalvuialng n159nsIen n1seonuuy waznsldauiae
AugIEINLardutauINTuaLlUsaY

2.6.7.3 NansgNuURBANUEENIEES (Higher Impact of a Failure)

L4 a o

grudeyaiin1svinuluuAudnad (Centralize Database) Fiateya

EX Y

[ [

Janusanlinweniu mniiveRanainiintiy agvilinnsvinnuvedssuuneavsdn 8199z

WiaFedoyarmuatugiudeys vivbigldlaiaunsaidnuldtoyaluvneiuld deiu ns

i Y

g uteyanfdeiesinisdiseeyaliiaye

96

2.6.7.4 YNNI (Increased Size)

szuudamsgiudeyaniuszavsnngs arwdudeuvesszuy

% v

Jan1sgnu TeyatufvsiinududounnnTuaulusie Wy desnisuuinesansafaniunig

(%
a o v £

Anmssguuianisgrudeyanivunalng@usiuianudenis luavesusuiuuniuly

pe 1

2.7 wwasiudayauuiauwe wie s2UUAaNIA (Cloud Storage) [18]
¢ A < v v A 2 =1 Y a I
sruuAa1dn Ae n1snudeyalagldnuiiuuussuladlaeazdinliusnislu
F3nes vuelvguseniiendt Aanin (Cloud) Widudldusnmsanunsaivleyaussinve
9 Wulydnawzloul a1y
2.7.1 Uszanvesszuunanin [19]

2.7.1.1 SeUUAANIALULAINYAAA (Personal) / S¥UUAAIAULINSANA

(Mobile Cloud Storage)
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Bulszammsdaiudoyauuuaandildluiinsydriu vu
Tnsént wuueuasess (Android) uaw leluu (Iphone) iieruuaense TneTedlnsdmily
Tuseulaviileffulalnsdmime azanansndisestoyalugunsallmiliyniile
2.7.1.2 SgUUAANIALULAIGTSUE (Publicly Cloud Storage)

'
& a

dsutssanifliagléld aand Anfeuldauuuuasisuey g
fosvhnsviealinsaundnduszeznamilinou Ineynaudifianiiindessuu aanad awdl
Toyaithgszuuvesiliaunsaifedoyadnanandniladiunilsedanls

2.7.1.3 SgUUAAIALUUEIURT (Privately Cloud Storage)

Huudsnitlrusmsiaiudeyanuuaand daguddoyal ludiudi
ftdnass wmmandnivinlrdnsdaiuteyauuuaanddusi Aennudeinisenaaonse
wagdiansiinteteya

2.7.1.4 S¥UUPATIRLUUINIANIZE LT U19518 (Hybrid Cloud Storage) Tu

' [
aa Y ¥

nstinteyanseuldiuwuuasisae uiundiuvesfeyaiiutayadiud Jaemn il
NsIAARNZEMTURLTUTIBmN
2.7.2 98RN5UINISENASIUSANS [20] vilalviladseleviannusinisseuunania
1 v 1 a a a G Y a & a [ t:’lj
atANAuAziiUTEANSAMasan AlTaRasanlunisidenassuinismadl
. ‘U'%mmmmw’%aﬁuﬁiumnﬁﬂﬂé (Capacity) LuUBUIUDIEUD
Sowunafuiidmsuiuteyafesudenudnigldrzdiundislumsdnduladentduinig
¢ & v W v a vl A & v 9 A = Py a
szuuaa1n sududuusn gliusnislaliiuninudeyalauinigaialsazlasunisiiansan
< a
LUUNLAY
2.7.2.2 atiuayuszuulUianisaeufiawesuewly iainaAsuiimesved
AldinsAnfssyuUUJURNSIUAAReiY Aty naunReiasadenldusnis ssuuaang
ngliunslafmsiansanisgunsel (Device) Misildagdanou
2.7.2.3 s935UuMmaAuIndlavaeuseinm Bulednliusnis syuumaIinuig
Auledsessulssinnvesindteyaliroudramainvagliinasdulidnm Indenans
2.7.2.4 [¥udne Welanaasdldnu gldamsazidnazainieany mileuiu
madniudeyaadludetuiinuuuiiduiee Wy FlashDrive 3o External Hard Disk Drive il

9

madaiudeyaazgiinittng wifnisazuansaaunsalduuuiugruliglansu
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2.7.2.5 {1303 Share with anyone fagslrsiaunsanvsivaluiulasae
lasndasnisarusannilvaslndluldouls winumaiiuazlulaldszuuaanifnuuunsd
Qe
2.7.2.6 TupUnalATu (Applications) Helunsdnnisia Tneundglvusnig
I3 ~ a Y a | ' a ¢ @ N &
JEUUAaNIA wnuynasUalilduinmslalaensainulusunsuriesdumnesidaniaiiv
U51190% (Web Browser) loagud uagiilonuasaIngugiiuinis seuumanin 34l
NauganNdwsamsusUlrananllvanlng (Mseswmsndsunuadlng) uu svuunanin
wuusRluslRvseiseniuINgelasiug (Synchronize) HuLa4
2.7.3 Us¢louuuaenIs ia1ussuumaIIn
2.7.3.1 annsasindalngsing q layninnia
QI (v 3 v
2.7.3.2 @3NsaRNIRInInLNULNE Lo
2.7.3.3 duanannniinisdeaunsaldninulidedswanansanan
2.7.3.4 lifimnudssivlutewesgunsaidaiulwade
2.7.3.5 lasuusnsiaRueng 9 wu n1sd1sesdeya n1ssudseiulunsalteya
@ v
dayne Wuau
2.7.4 Y8LA8999N15 M USTUUADIIN
2.7.4.1 3ndudeoddanuniumsidsurnadumasidinmiiiu
2.7.8.2 Anudaensisvestoyadieragnuandeyals
2.7.4.3 Heru3nis lunsdlniinisshnlvdiueuengliusnnsusassne
ANAUA
2.8 Amazon EC2 [21]
[~ 1 o w 4 ) a & al 1
Amazon EC2 tUUaIud AU Iunan W Inniv119Iu38Iaauiilne oy uu s uu
Aa129 (Cloud Computing) 983 Amazon.com &432UU Cloud Computing Aa A5IAUIAS
szuupanimes Ngldanansaousmsledn (IT Services) vliarne 9 lalngnseangliuinig
lnggliusnisanunsadnasmineinsaungldseyuasnieuldanulunaniesinuii nail
Y a 1o I~ 2 a v 4 4 ¢ A & I's [ I = 1
AlduInslddndudesiimsamuaugunsalansawisvieosenduisuseddl edaiuise

a - a § @ I3 Y a . 1%
WouraiuTzUUBUMasLEn Aau1saltuinis Cloud Computing 1A

¥
IS v v v

YUUAANIN AzilnnanuaedAy Aall

1. Jldaunsafdmuatazaiuauuiinumsldninenslamenuies (On-demand Self-

Service)
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2. {l¥aansaddsuinislaannyniifanunsaidenseszuudumesidale (Broad
Network Access)
3. fimnudanguuazuiuiasuldineg (Rapid Elasticity) Ingasnsausu-anvuin vie
sl - anewasnsaldogeTInneuieIIvessIia
Amazon EC2 38 Amazon Elastic Compute Cloud undedasidliuznissuiv
fnthillumsadanagiuaioaaiou (Virtual Machine) Tusyuunanag AWS unisuailou
warignidend “Buaunud (Instance)” Amazon EC2 wisuiaiounisliuinisiu
G5 Fadudrunidluusnisues Amazon Web Services n3aisenga 9 31 “Amazon
AWS” ndnn1svieures EC2 Aemsadiadsilinofiaiiou (Virtual Server) Tusnldau Tneil
Al 5ENTUINVBININEINTLA LW LEBNYUIAYEY CPU, Memory ay Disk lany
o313 0813lsAnI sruU Amazon EC2 agliflanldiraludiuvetaunsalidsniaesuazan
gonAwaslarudvasszuuUiiRns st Tawudues MS Windows Server {udiu
ALAUYBITEUY Amazon EC2 il
1. anseadeiasneufiamesiadiou (Virtual Machine) Tusildaulfagasaii
2. flfidontlinvesszuuUfthnig OS Adesnslés Windows 3o Linux
3. awnsadenuunvedeniafaniisednts fariszuunmauasnds Tnsannso
Mviualeiag
4. @wnvaragenlunisinszuvdlsestea (Backup) n3asvuunveya (Disaster
Recover) l¢og1singmeuasdanlidne
2.9 Node-red [22]
Node-RED LHulusunsuiitiuadesiislunisiaunlelofidagnimunulneuion
IBM Emerging Technology LazAIUNT e eTiEaTU JS Foundation dnwagves Node-RED
Junsdraesmaianuesgunsnl (Virtual Tool) Fadenleseniauad Service wag APl #ng
7 Whsnefuludnuae Flow-Base 338735 auasinesia 3o APl vine q fioglunnusda (Flow)
ggnuansralusukuulnug (Node) waglnuausaglunagyinaulanigdies vilvewmu
woundatulideadeulanligsenn
Node-RED le§unisAndulay J. Paul Morrison Tumaissud 1970 msideu
lUsunsumunisivia (flow-based programming) Lu3snsedureanwugnsiausesey
Al wadloufunietneves black-boxes vi3luuniignizenlu Node-Red Tnsusazlviua

[

wiinguszasAnazdoyaiiialidnsvinaununssull wasinsevieintndmiulvdeya

9

Traszuinadvuales
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Node-RED 1T ulusunsuiivheunield Nodejs arunsesdouwnufanisieny
SMAUVDILDUNALATUANY ¢ 1ADE198UUIUTIIET wavaIN150YINaUsIAUAY JavaScript
function #1u text editor ¢ §1 Node-RED Tlausi3lugn vide fleitu Afuslomising q 1
othafisame Snviedafisuuuy (Template) fianansaldanldvanuans

2.9.1 UYsedaanuiduunues Node-red

Node-Red Fuaulugieneud 2013 anlasenisian ¢ ves Nick O’Leary way
Dave Conway-Jones annguu3nisinaluladiiindulvdass 1BM 973 udundngiu
LUIAAFIMSUNITUEAIAINLATATIANITUHUAINTENI199T8 matt nanetduunnnin

\A509L ML UNaNsavee LAl Ua 8 AN

2.10 phpMyAdmin [23]
phpMyAdmin WU freeware open sources M?@IUSLLﬂiNﬁIQ’ﬂwkuﬂm ol
2191 PHP il ol lun1susmsdnnnsgiudoya MySQL ununisAdands 1 eanndnld
gutegafiiu MysoL veadsagiinrmdiuinuazeeeinlunsldan duuidindodiely
nsdan1sgutaya MySQL Juntii elianunsodnnis ssuudnnisgiudeya (Data base
management system; DBMS) fdu MySQL iﬁdwuazasmﬂ?fﬁu 1ne phpMyAdmin §®

<

= IS a = [ 1% 1 < s s o o/
LUULﬂi@QQJQ%Uﬂﬂﬂﬂﬂﬂ?iﬁ]ﬂﬂ’ﬁi?uﬁﬂ@3{11@ MySQL NIULIULUSIYDT Tagausarinnisasng

¥

guteya vie aemudeyalily navdaliladduilddnivansmaasunisdnd (query)
Gﬁaaﬂaﬁwmm SQL Wity a11150¥nNg wnsn (insert), au (delete), 9Uinn (update)
vidoldmaasing o iileufudumsldnim soL lumsasisnsisteya
phpMyAdmin 1Julusunsuyszian MySQL Client é’mﬁqmﬁumﬁmmﬁaga

MySQL sruuiusiiees Talnenss phpMyAdmin fadlazshauuudiuusiwesilu few
W uoUnALadu (PHP Application) 7 l9A1UANTANIT MySOL Server A2 11AI1190Y D1
phpMyAdmin [24] fig

1. adnuaraugiudeya (Database)

2. aauazdansnnse Wy unsndeya, auteya, wiludeya, aumsm, wilvussny

3. Waawindlaidnluinuidudeyalunsdla

4. ywaasy (Query) fefds SQL
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A5andun1sIY

3.1 \n3silauazgunsal
\n3esfleuazgunsaifltlunissniuny
1. pidesdaimn (Weight scale)
2. vosadudleledl vesa3atie nuw (True NB-IoT board)
3. @139kl 915813 (Arduino UNO R3)
4. 913gluwilu (Arduino Nano)
5. lugaugys HC-05 (HC-05 Bluetooth Module)
6 ImjdamuLszja{ﬁustﬁ’q;zywmu%mﬁ’ﬂ HX-711 (HX711 Weight Sensor Amplifier
Module)

7. gnauiwiin

3.2 MAABIN15ABE532119913591 (Arduino) iu Tugaugns (Bluetooth
Module)
3.2.1 n3mIAluRaUgYs HC-05
Tun1sisanlugaugys HC-05 i iusTuuanisiudulnuaunaines
(Master Mode) vi¥elusiaaan (Slave Mode) 1 azdasld@idsiFondn AT Command Set

Ll
v A

Feroyadsolildlunsmurulanaugns HC-05

fritzing

Al 3.1 nMsviesesanesEinsensglufulugaugys HC-05
(u: https://www.allaboutcircuits.com/projects/control-an-arduino-using-

your-phone/)
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foaasamn M 3.1 uazilesioag i fuuvasgiell Inuulugaugysas
nsznduidh Sadunsdnglnunnisvhandnd tnefilunaugyssslildsuniste
78115441 AT Command Set fiadnanaislnainuuasinalnesn uainagus
Wivves Tugavgysinald andudeanslmidrfiunasiglinmda dlvuuluganseniudig
aghadudame uansd g AT Mode d159
lauihg AT Mode Trisanlugavgys usaslnundsdl
3.2.1.1 uaunawas (Master Mode)
- AT+RMAAD Lunisdananisduguesaunsal
- AT+ROLE = 1 sangunsaifulyuanawes
- AT+CMODE = 0 L%@Nﬁaim@aLQWWSUQWUﬁLLQWL@Sﬁ (Address)
- AT+BIND = 98D3,31,F94620 S[,eiu,amLmasuawgﬂgﬁﬁﬁﬂmmamw
- AT+UART = 38400,0,0 a1 baud rate 71 38400
3.2.1.2 uaganl (Slave Mode)
- AT+RMAAD unsanenisiuguesaunsal
- AT+ROLE = 0 sapngunsalifulnunaay
_ AT+ADDR m97380UMenATavesUgys Tnsiueninsadild 19luns
Farmasugyeidulvmnanos
- AT+UART = 38400,0,0 {gﬂﬁﬁ baud rate 7 38400
3.2.2 Msnaaedln-Unlwuuenigli
[umsvnasimsdeansszinsenigluassiriuugys Tnonadouldnddsls

9139 luneglulnununawes ndinisUeudds 0 way 1 inedimsindinisUawazilavaanlu

'
= L

uweadd (LED) 111 13 veseninludndneglulnunaad viniseulnanlanlulvuniunaines

Y
o

waglvunaaludienigluudazdi andulediSoauetinesAluununaines Weun 1

(%)

vaoalilieadaveseninlufieglulvungamazhin wazillefiun 0 viaenliueadfagiu

// Keep reading from HC-@5 and send to Arduino Serial Monitor
if (BTserial.available())
{
c = BTserial.read();
Serial.write(c);
H
// Keep reading from Arduino Serial Monitor and send to HC-@5
if (Serial.available())
{
c = Serial.read();
BTserial.write(c);

}

A 3.2 lanensgluvedlnuninaines
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if (BTSerial.available() > @)
{

}
if (ch == "1")
{

digitalWrite(13, HIGH);
1
else if (ch == '0")
{

digitalWrite(13, LOW);
1

ch = BTSerial.readQ);

i 3.3 lano1sgluvedlnunaans

3.3 Ms3u-dedayaaniaTasdeuviin
3.3.1 MsdouisulATeItaImin

Tuduneuilagdeiauniaifanusansiumtminiuuueuld wevinisasy

ral ¥

Wieu Inevnlusinldgnduimlnunsgiu wisnliiignduanansaldaunsaldu q Asyyndn

Y 9

16 19U VINUIVUIAFN 9

+: White
C: Red
- : Black

Upper left Upper right Lower left Lower right

A 3.4 Msseluanadia 4 mluasestadmdndriuluga HX711 wazensgli
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o ] i J o N v A ' A o

IN3AD9T UG 3.4 nTuvinisilisuldn WesurnATosl
wwtdn Wuluga HX711 Afigulsazuansuu@iiuaneilwes (Serial Monitor) 31nTuYINNT3
aouisuiasestaminlvenewlansaivdmiingswesing lnenisusuen

calibrate_factor Tuldn

if(Serial.available())
{
char temp = Serial.read();
if(temp == "+" || temp == 'a')
calibration_factor += 10;
else if(temp == "-" || temp == "z")
calibration_factor -= 10;
¥

P 9 & I =~ = o 9 @
ani 3.5 lanesalulunmsaeueuinsasdaimin

3.3.2 m3futeyaaniasestaiminlagmsieansiiulugaugys HC-05

3.3.2.1 A589%9U9UN
LIDLAS DITIUMUNENUNTADUMIEULIBUS8LE NUUNNINITIU

Joyaniassstuminiuansigieatetivesiuugys lnemasestaiminagselt

v A o v = Nk ] ! 7 s i Y v A o v
vugysivimihilulvuauanes ivedsrlugieniglunsaidiiuugysivimviilulue

dan [SUAILILEAINA

HX 711 Module

Bluetooth HC-05

Arduino Nano

+ : White
C:Red
- : Black

Upper left Upper right Lower left Lower right

2]

AN 3.6 2195 IMUANElUATRITIUNNTN Tnednsiousalnaniy

v
¢ &

adiia 4 sinfuluga

HX711, 9139k wazugys



36

g Tudumeu 3.3.2.1 l§iVaguaInnsld Arduno Uno R3 [k Arduino Nano

if (c == @)

{
float data = scale.get_units();
a = data * 100;
if (a == b && a >= 30)

{
c = 2;
}
b = a;
if (c = 2)
{
d=a;
val = d / 100;

Serial.print(val);
mySerial.print(val);
Serial.printlnC” kg.");
}
3
else
{
delay(500);
float data = scale.get_units();
a = data * 100;
if(a <= 30)
{
c=0;
}
}

d' ¥ (2 | d{' 53 g L% P o [ 74 v 6 [ 4
i 3.7 Tenospluniasastadviin ievihnisdsdeyaludigunsaisudstaya

3.3.2.2 Qﬂﬂ'ﬁai%’udﬁau”a (Data Transmission device)
Weusedullelofidas (NB-IoT Shield) Wihiuansigluiiteusaiu
lugaugysiviwiihlulvasaamiiteanunsasudeyaunannissdaimin wasieuseiuae

aNa A va %] - & A Y v v & v v
%@ﬁ%ﬂUW@I“Nﬂqiuﬁﬂﬂmaﬂ@%auqﬂUflQqﬂut&mﬂlﬂﬂﬂa@m@%alﬂ%@Lﬂuaﬂiqu%@%aI@ﬂi%

'
A [

wulleleludmnanslunsdstoyalui@snnesiundudygialvsdni
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fritzing

M 3.8 Madeudeasgliiiiuugysiazioueadn

if (mySerial.available() > @)
{
lcd.setCursor(4,1);
led.print("Wait...");
data = mySerial.read();
delay(3);
val += (char)data;
a =1

}

i 3.9 lanaseluiaunsaliudadeya wievnsSudeyaainesestsdminuasianina

UUIDLOATA

3.3.3 mydsdayavngunsaisvdslayaludigudoya
' s Y 4 = o 9; v Lo ¢ v [} v
W ee1ialuTutoyalnnia et suminungie Unsalsudedaya (Data
transmission device) aiimsidsulpnludnisdstoyaludafivasgiudeyauu phpMyAdmin
i 1udleledt NHgUsuunsdstayanuulnsinaoaydii (UDP Protocol) tnedeyadsgn

dgludugsniesrirun1situuulyswnsy Node-red

String udpRemoteIP = "13.229.229.244"; // Your Server P
String udpRemotePort = "50005"; // Your Server Port

i 3.10 Tenengluilgunsaliudstaya Wevinn1suseniaauys server ip wag port 4

995U

/* send data to node red */
modem. sendUDPstr(udpRemoteIP, udpRemotePort, val);
Serial.println("Sent = OK!");

i 3.11 lanenglungunsalfudstaya iedadaualuds Node-red
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v & v ¥
3.4 NNTINLLUULLASIN tNUYBUAAIFIUVDYA

3.4.1 N15A5NTTNIDTAIUG

Amazon Elastic Compute Cloud (EC2) Aa Amazon Web Service fildiile

o o 4:4' a 2 a .:4' a A ya <y
aiNLLaziumi’eNLﬁﬂJ@UIUiSUUﬂaW’Jﬂ AWS IﬂEJLiEJﬂLﬂi@QLaN@TJL‘V]a']U'N DUALLAUY

3.4.1.1 F9ALLALAITRANATITIIN AWS

3.4.1.2 Walteu Amazon EC2 Instance

Tunawuasa (Dashboard) Amazon EC2 1@an “Launch Instance” (Uald

UDUALAUD) LNDAS 1AL AINUAALASDILEN DY

EC2 Dashboard Resources ¢
Events {
g You are using the following Amazon EC2 resources in the US Eest (N. Virginia) region:
Reports 0 Running Instances 0_Elastic IPs
Limits 0 Volumes 0 Snapshots,
0 Key Pairs 0. L'oad Balancers
0.Placemant Groups 1 Security Groups
Instances }
Spot Requests | @ Easily deploy and operate applications - use Chef recipes, maniage SSH.users, and more. Try Ops\orks now. Hide
Reserved Insta: ¢ - . — === S === = 20
\GF Create Instance
Alis To start using Amazon EC2 you will want to launch & virtual server, Known gs an Amazon EC2 instanca.
Bunde Tasks
Volumes N Yout Ingtances wit launch in the US Eas’
Snapshot
Service Health ¢ Scheduled Events ¢
urt Service Status: US East (N. Virginia):

@ US East (V. Virgiie)
This service is operating normally

Availabiiity Zone Status:

Launch Configurations

Auto Scaling Groups
'@ s operating nofmally’
Dashboard

No events

AR 3.12 115 0ald91U Amazon EC2 Instance

3.4.1.3 MUUAAIDUALSI U

\d9n Amazon Machine Image (AMI) AMI @ indwam@sniiesimuunailiaruin g

ansoldiiolnldnuduawaud usas AMI IszuudfiRinisuisssuuwasaunsnsiuey

a U a6 6 a Y] v
NAATULALLDSWLIBShaUNAATULA

19 Ubuntu Server 18.04 wazman Select



Step 1: Choose an Amazon Machine Image (AMI)

b
SUSE Linux

[Free tier eligiblef
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Root device type: ebs  Virtualization type: hvm

SUSE Linux Enterprise Server 15 (HVM), SSD Volume Type - ami-0920c364049458e86

SUSE Linux Enterprise Server 15 (HVM), EBS General Purpose (SSD) Volume Type. Public Cloud, Advanced Systems
Management, Web and Scripting, and Legacy modules enabled.

Root device type: ebs  Virtualization type: hvm

Cancel and Exit

B4-bit (xB6)

(C]

Ubuntu Server 18.04 LTS (HVM), SSD Volume Type - ami-0c5199d385b432989
Ubuntu Server 18.04 LTS (HVM),EBS General Purpose (SSD) Volume Type. Support available from Cancnical

64-bit (xB6)
(http://www.ubuntu,com/cloud/services)

Root device type: ebs  Virtualization type: hvm

Are you a i ? Try A RDS. Hide

Amazon RDS

[Free tier eligible|

Amazon Relational Database Service (RDS) makes it easy to set up, operate, and scale your database on AWS by automating time-
consuming database management tasks. With RDS, you can easily deploy Amazon Aurora, MariaDB, MySQL, Oracle, PostgreSQL,
|

and SQL Server databases on AWS. Aurora is a MySQL- and PostgreSQL- P i

P at 1/10th the cost of

commercial databases. Learn more about RDS
Launch a database using RDS

Ubuntu Server 14.04 LTS (HVM), SSD Volume Type - ami-039950f07c4a0d878

Ubuntu Server 14,04 LTS (HVM), EBS General Purpase (SSD) Volume Type. Support available from Canonical
(http://www.ubuntu.com/cloud/services).

Root device type: ebs  Virtualization type: hvm

64-bit (x86)

e Microsoft Windows Sarver 2019 Base - ami-Obdcef808b488bcad m
Microscft Windows 2019 Datacenter adition. [English] 4-bit (x86)
Winlows Root device type: ebs. “Virtualization type: hvm
= 2 .
AN 3.13 N15taan Amazon Machine Image (AMI)
= a L4 a 4 v 1 1 U 6’5
WenUssunnauaunus Ingussinduauaudusznounigd 1l senauuanmei 119
1 o -:94’ A v =3 1 o a 1 & 1
NUIPAIINTT NUATALAUNLUILANNDT LagANEINTOLlUNISRURBLAS YUY
I . a A
LABN t2.micro kagAan Review and Launch
Step 2: Ch;:se :n Instance Type
S — b AR 1S i :
A el v i e o —
Currsntly selected: 12.micro [Variabia EGUs, 1 vCPUS, 2.5 GHz, Intel Xean Family, 1 GIS memary, EGS only)
Famiy = Tioe y veeus 7 Memary (GiB] Instaincs Storsge (GE) | | EBS-Optiniized Avadable 1) - Natwork Performance |
I [ General purposa (2. 1 1 €85 oniy Low to Moderats
—y P . - - = g
- ) s . : - e
General purpose 12 Jarge 2 8 EBS only Low to Mogerate
General purposa mélarge 2 8 E8S only Yes Moderate
General purposs i xiarge 4 16 Easony Yes Hgn
Genaral purposs e 2xarge 8 2 EBS onip Yes rign
PR - " - o - -
General purposs ‘m3.medium 1 ars 1 x4 (S8D) Moderate:
General purpose m3.2xarpe 8 0 280 (550)

ANA 3.14 N5LENUTLNNDUAWAUD

[y

Yes High
] —————

HTIADUNITANNUAAT NUNTALAU N1TAALIN LazN1TAIAIAINLUaBAEY
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Step 7: Review Instance Launch

Please review your instance launch details. You can go back to edit changes for each section. Click Launch to assign a key pair to your instance and complete the launch process.

~ AMI Details

@ Ubuntu Server 18.04 LTS (HVM), SSD Volume Type - ami-0c5199d385b432989
[T Ubuntu Server 18.04 LTS (HVM),EBS General Purpose (SSD) Volume Type. Support available from Canonical (http://www.ubuntu.com/cloud/services)
LIER Root Device Type: ebs  Virtualization type: hvm

~ Instance Type
Instance Type

t2.micro
~ Security Groups

Security group name
Description

Type i

» Instance Details
» Storage

» Tags

vV 1

ECUs vCPUs Memory (GiB) Instance Storage (GB) EBS-Optimized Available
Variable 1 1 EBS only -
launch-wizard-2
launch-wizard-2 created 2019-02-18T11:30:47.974+07:00
Protocol (i Port Range i Source (i

This security group has noiruies

AT 3.15 MSIVFDUNITHIANDULERN UG

Edit AMI

Edit instance type
Network Performance

Low to Moderate

Edit security groups

Description |

Edit instance details
Edit storage

Edit tags

asnard grdagldlunisdndeduaunud Linux agradaandelagld SSH AWS daufivdiui

[d a6
LUUﬁWﬁ’]iﬂJS‘U@\‘I@ﬂH

\ian Create a new key pair kagAsia31 MyKeyPair 3nuuaanUu Download Key Pair

[ & Y @ A o A [ £ a P a £ v
nasnuulrIanuaglumurdinvasniy waapan Launch Instance iiotsuduld

DUALAUD Linux

Select an existing key pair or create a new key pair X

Akey pair consists of a public key that AWS stores, and a private key file that you store. Together,
they allow you to connect to your instance securely. For Windows AMIs, the private key file is required
to obtain the password used to log into your instance. For Linux AMIs, the private key file allows you to
securely SSH into your instance.

Note: The selected key pair will be added to the set of keys authorized for this instance. Learn more
about removing existing key pairs from a public AMI.

[Cneate a new key pair E

Key pair name
Download Key Pair

MyKeyPair
Q You have to download the private key file (".pem file) before you can continue. Store

it in a secure and accessible location. You will not be able to download the file
again after it's created.

Cancel [ Launch Instances I

A7 3.16 N15asaAd

AN View Instances vumihvednluiiagduausuduaganiuzvosduawnudiiasuly
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Launch Status

©  Your instances are now launching
The following instance launches have been intiated: M View launch log

©  Get notified of estimated charges
Create biling alertsto get an emal notification when estimated charges on your AWS bill excesd an amaunt you cefine (for example, if You exceed the free usage tien.

How to connect to your instances

Your instances are launching, and It may take a few minutes untl thay ara in the running state, when they will ba ready for you 1o use. Usage hours an your naw instances wil start inmecdiately and
‘CONMiNLIE 1o SCEIUE Ul YOU $10p O tinate your instances.

Giick View Instances fo monitor your instances’ status. Once your instances are in the running state, 1o them from Find out your instances.

~ Here are some helpful resources to get you started
+ How to connet to your Linux instance » Amazon EC2: User Guide

* Loarn about AWS Free Usage Tier » Amazon EG2: Discussion Forum

Whille your instances are launching you can also

Create status check alamms to be notified when these instances fail status checks. (Addiional chargss may apply)
Create and attach addtional EBS volumes (Additional charges may apply)
Manage security groups:

A 3.17 ssI9davanusduanudnsldu

ARAUY Instance State vuBuauAUdaylUAUTY “running” LLazﬁagj IP @s15uzazdInng
Ju @1unsnsisvAaaul Instance State alaen1sna refresh button AMWYINNLEAI14
Anaan Public IP address ¥a3duawnus AWS ol e lvalunsaldanulsdietausanu

duaknudlngly SSH

Launch Instance  w Conneet . Actions ¥
=B 100

Tags Q Fitar by 139 ana a @ gk 11010
Rapon
l . Name Instaneq D Vot Typh-=Javailablity Zone - “Instangs Siste<) Slatid Chéckil (Alwm Statusl|  Public DNS (IPvd)
Limis
] ioscogstseasa . Zimiro spsoumeastib O runing o M checke.. None % 21302220
|
Awis
Bunces Task:
Vel
u
Instance: | ! Public DNS: 44,4 rth 1.compute.; com L_J_N=]

o ¢ o a s
AN 3.18 @a1UNITUNINIUYDIDULLAA UL

3.4.1.4 Weusfiuduaunud
Slodisldnuduaunud mnduinndeusoduaunudlagld SsH dmsudld
Mac/Linux user: \&®n Mac / Linux
1. AeNumes Mac 3o Linux 9zdlaaifusd SSH sauegudrnuAT iU @150

aavlaaldud SSH Ialagfun ssh MUTTITRAIE
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§a 6 1 U

2. Wanteanesida 19eds chmod iteluulainlndAddrudaldaiuisagain

1 %

a15150uzls Inanstaumdsnalul Wesninansliaeg SSH d@1ufa:

chmod 400 ~/.ssh/MyKeyPair.pem

| EoN 72 adamglic — bash — 80x=24
Last login: Wed Dec 16 12:05:27 on ttys@o0
b8e856392176:~ adamglic$ cp ~/Downloads/MyFirstKey.pem ~/.ssh

b8e856392176:~ adamglic$ chmod 400 ~/.ssh/MyFirstKey.pem
b8e856392176:~ adamglic$

s,

AR 3.19 Joudsninavsliag SSH @i

3. 14 SSH iewyeuseludduanaud Tunsaiideldfe ec2-user d3uAd SSH azgn
Aulilulasnnesnladuiinly wasiied 1P sUuuufe:
ssh -i {full path of your .pem file} ec2-user@{instance IP address}
ldseazidunsnaluil
ssh -i ~/.ssh/MyKeyPair.pem ec2-user@{IP_Address}
DY ssh =i ~/.ssh/MyKeyPair.pem ec2-user@13.229.229.244)
S¥UULTUTemUlAnaUNAa e vt s lUT:

[ ] % adamglic — ssh — B0x24

b8eB56392176: ~ adamglic$ ssh -1 ~/.ssh/MyFirstKkey.pem ecZ-user@sZ2. 5
The authenticity of host '52. 5 (52. 5)" can't be established.

RSA key fingerprint is 37:
Are you sure you want to continue connecting (yes/no}? yes

n# 3.20 19 SSH wiatdausnaludadunanud

WU yes udinm enter

sEUVAVUTANUTARUTIAA 18R UTaAINL A LUT:

00 adamglic — ec2-user@ip-SNMNG: ~ — ssh — 80x24

b8e856392176:~ adamglic$ ssh -i ~/.ssh/MyFirstKey.pem ecZ-user@52) 5
The authenticity of host '52. 5 (52. 5)" can't be established.
RSA key fingerprint is 37 3.

Are you sure you want to continue connecting (yes/no)? yes

warning: Permanently added '52. 5" (RSA) to the list of known hosts.

R
Amazon Linux AMI

https://aws.amazon.com/amazon-1linux-ami/2015.09-release-notes/
11 package(s) needed for security, out of 27 available

Run "sudo yum update" to apply all updates.

[ec2-user@ip- ~1%

dl ¥ U ¥ ¥ a 6
AN 3.21 YoANUABUNSUNSDUlTUBULAR LD
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MntuntarUsngnsfeusudmivduannud dudunsdeudesunionatiou
Linux 83 AWS luszuunanaiad
3.4.2 Msaseaguteyalu phpMyAdmin
1. Wausmwesves phpMyAdmin

2. hnsasegrudeyatie healthcare uazAdin create

L C7Server: localhost

Databases |/ SQL §, Status = Useraccounts . Export

Databases

_o Create database ©
;healthcare | utf8_general_ci ﬂ | Create

AN 3.22 M3asgudeya

3. @519919719%9 data N9viuA 3 ARauU

(@server: localhost ». @ Database: healthcais

» Strugture | L1 SGL. . Search Query ' - Export d Import . * Operations » Privileges g Routines ¥ More

s s}
Name: [dota y Number of columns E_
~
7 LI\ & MEnnapronanced, « <@ 411% X —~
NN 3.23 NM5ATIPT9VBYE
Uoyalunnsadal

No A8 dnfuvetoya
Time fie Liatuaziud Nlasudeya

. A v Ao v < 8 o av oy & o 9
Weight Ao degansuidaun iWuhwdndldarnnsdedimdn

B T Server: localhost » @@ Database: healthcare » [ Table: data

| Browse @ # Structure || SQL . Search ¥t Insert .~} Export |« Import =" Privileges * Operations ¥ More

¥ Table structure 4 Relation view

# Name Type Collation Attributes Null Default Comments Extra Action

1 No > int(11) No None AUTO_INCREMENT .7 Change @ Drop + More

2 Time datetime No CURRENT_TIMESTAMP . Change @ Drop = More
— 3 Weight text utf8_general_ci No None &” Change @ Drop ¥ More

il 3.24 Feyalumsafeasruasa
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3.4.2 nsa9nLluUu flow Ul Node-red

Node-RED 1Hun1531aa952uu (Virtual Tool) Gatipulesnsanisiwasianas APl 69

9 Wmenuludnuae Flow-Base

Ry |
-

udp 50005 [ e  sendvaltodb -\
T—_— send to chart [ E——————l

J gauge

select data

L~ -

msgpayioad

5end 0 fable el 7%

AN 3.25 99AkUUNTSYIN91UUY Node-red

o

1. Sutoyaainaunsaliudsdaya (Data Transmission device) laedl 1dudloled Ju

Y 9

'
=

mnanslunisdsveyanndudsniiesit Inslnaeagail Ainesn 50005

Edit udp in node

~_node properties.

=] Listen for udp messages
+] on Port 50005 using /ipvd
@ Output a String

% Name

Tip: Make sure your firewall will allow the datain.

Ports already in use: 50005

AN 3.26 MIsaAlnualnslnAeag A

2. adeilsfdunisvinnuiluug send val to db einsdsdeyanlasuludaiuas

s1udeya (MySQL)
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¥ Name

send val todb &~

# Function »

P
1 var newMsg = {payload : msg.payload};

2 newMsg.topic = "INSERT INTO “healthcare'. data’ (‘Weight') VALUES ('"+msg.payload+"')";
3 return newMsg;

4

AN 3.27 N15aseailandunisvina uilnug send val to db

3. Inun MySQL sm%amialﬂﬁagmsﬁayjaiu phpMyAdmin

ysql node > Edit MySQLdatabase node

Delete Cance Update

@ Host \\uca\hcsd
3 Port 3306

& User supreem
& Password

£ Database healthcare
Timezone +07:00

Al 3.28 MsseAlug MySQL

4. aselandunsiauiluue select data wevmsidenteyaaingiudeyaluniing

W Name

‘ W) B
select data =4

#~ Function )

2} msg.topic =;"SELECT * FROM data ORDER BY No"
2 (return msg;
3

AN 3.29 N15a519HaNTuUnNISYInaIunlue select data

5. afafladdunisviauilvum send to chart Liteddeyaiidenunliiansmasumin

LOUNALATU

% Name

send to chart &~

# Function »
1 var str = msg.payload;
2 str = strlmsg.payload. length-1] ['Weight'];
3 msg.payload = str;
4 return msg;

AN 3.30 N15@519H9NTUNFYIN9URALAUA send to chart
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Wun chart Wansiaiuilandu iveuansiuiliduvesdayaluzuwuunsm

Edit chart node
~ node properties
£ Group [HEALTHCARE DATA TRANSMISSION] WEIGHT CHART ¢ »
HiSize
Label chart
12 Type & Line chart $ @ enlarge points
X-axis last 1 hours ¢ OR ponts

Series Colours #IF77B4 SAECTES

o
Blank label
Use deprecated (pre 2.5.0) data format
® Name

AN 3.31 N1569ANLAUR chart

Tyun gauge WeansaR Uity LiauanITayaa1aAY8INT N UULINT IR

Edit gauge node

Delete € Done
~ node properties

&8 Group l [HEALTHCARE DATA TRANSMISSION] GAUGE EE

Eisize aut

= Type Gauge

i Label gauge

I Value format_ ' {(vaiue})

T Units kg,

Range min 0 max' 80

Colour gradient #EGEG00

Sectors o t ! £ 80

% Name

A7 3.32 N15RIATLNUA gauge

assilandunisinunlyug send to table WiINTOLANINUALAAIHAUUATTI

A o [ v

Wiun template WWun1seanwuunss wielddeyaiivihinisianuniaiuaz)
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Template type

B8 Group

i size

@ Name

@ Pass through messages from input.
© Add output messages to stored state.

3 | <th>No.</th>

4 ! <th>Date/Time</th>

5 i <th>Weight</th>

64 </tr>

T2 <tbody>

8~ <tr ng-repeat ="row in msg.payload">

9 . <td align="center" ng-repeat = "item in row">{{item}}</td>

10~ </tr>
11e </tbody>

12+ </tab
13

dy 1 dl Y o U ¥ dl = } 5 1 Y o ¥ 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewingu eugslnhlulgusslovimunisn

' = O a Uy agve & - - & Ao ° ]
imﬁqﬂiﬂﬂ,@ﬂ NIEU @ﬂWQVWNMSLVWG]LLUaQLu@‘Vﬁ LLawmaNmmLmﬁJmLaﬂaﬂinﬂﬂiﬁwmnﬁiuﬂiﬂiﬁj
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NAN13IVY

l------------------------------I

| Software Database I
P e e e e == ———— 1
! Hardware ' | :
: : : — :
: : : [ °] 1
i _ ! I —> [ :
: Welght Scale Data i E [ o] :
: transmissioln | phpMyAdmin :
! device i [
1
| || & ||Bluetoot y
: ﬁ ?’ N o ad I E Node red '
! 1
1 S ! |
\ NEJol : Dashboard !
: | :
! 1
| : 7 o !
1 1 SR
: : D b’ :
_________________________ 1

: =33 !

1

I 1

Al 4.1 wnulsuananmsastoyaluigudeyauazuaniuuunsuasa (Dashboard)

maheuesssUuNsadeyagunmaniaiestadmiin knugUnsaifudsioya (Data
transmission device) lnesutayaruugys wazdidayaludadsnnesimmnans wudlele
7l (NB-loT) Tnadayaiildargniniuasgiudoya (Database) uaziinisuaninarunismi
uAUD3sA (Dashboard) fan1wdl 4.1

MNMsmuadeyaRINE I8 ATEY AMLIALALEBNIUUNNIINILTBIINITE BT UsAY
dru maenauNTauYeIaTlas T uasthyuluuReshmuaUszney dslundasday

wulgym auassakazlanani1sviaesi

4.1 MauansraludruvaaaTasdauIntin
dlesounasingliiniuiasestaiminuazgunsalivdsleyasgrasvuios ninae
LOATAITUAAIAIIT Healthcare Data Project fIn1# 4.2 #83910UU A2UEAIAIT Weight

o c{' ::4' a P ° o o
scale AININY 4.3 LNDLRTYUNIDUAINIUNITNINIU
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a aa - ~ = o ° ) S )
AINN 4.3 DUDATALAAS Weight scale aLRSYUNIDUANUIUNITVIUINUA

luprsvageulasastadimviln Wegnnassitnisdadimvin @01 4.4 vunthasues
FRALUANIA1I1 Weight scale wait... AIAINA 4.5 1DTN1TUTENIANALAYLARAIAIUININ
ol

AN 4.4 NAABITIUIMLN
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hleight

blait..

AN 4.5 9LDATALAAIANIN wait... Wiiasan1USTUIaNE

S Y] o aNa o =
ﬂ']u’]WUﬂ@USQﬂLLﬁﬂQUU‘V]u’m@LL@aGU@ IOINN 4.6

dl aa 1 %)l C%
AN 4.6 DUDAYALEAAIAIUINRUN

ludiuvesaunsalansaunisiavunaziiinsastaiminuazeunsaliudeloya feninit 4.7

= < o 3 @ ' cu 1 v
AN 4.7 LﬂiEJQGUQU’]VIUﬂLLaﬁﬂa@ﬂQUﬂﬁmi‘Uﬁﬂ“U@%a

melunaesgunsaliudsdayassiigunsaldidnnsedindsns 9 dunni 4.8
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i 4.8 nglunadeseunsaliudlaya

v e v ¥
4.2 M3danudayansgudaya
dievhnmstaiminud deyaimtnaggndsludaivuugiudeua phpMyAdmin
Tumsaitlaasaly Falimsseudnnu Jui uaziian munvinsinen Asnma 4.9 uazille

Aesnsgioyalaesinnienal aunsadenduidgiudeyalanniile

Jal | Server:localbost.» i Database: b

phpMgAdmin

HE o e | . Browse , # Structure St

Recent ' Favorites

= - { . Current selection does not contain a
L

o New
|
Ji_liheatgcere ||+ Showing rows 0 - 4 (5 total, Query tc
t. ) data |" SELECT * FROM ~data”

—  information_schema

+
|
+ 4 mysql
| Show.all“l" Number of rows: | 2
T — I performance_schema
+ phpmyadmin i
‘+ sys + Options
No Time Weight

1 2019-04-03 18:53:59 41.05
2019-04-03 18:54:32 41.25
2019-04-03 18:56:24 40.89
2019-04-03 19:01:26 41.10
2019-04-03 19:02:04 41.05

o & 0N

Al 4.9 §1u8Ya phpMyAdmin
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4.3 NSUARSHAUULATUDSA (Dashboard)

] %

druresuavuesadlorinistedivin Jeyarzgnaswnansuuntiivilldegneiui

Y
[% £

Fadunisuanmadeyanuiaiase (Real time) lnensdsuminasianan deyassusinguu
110530 (Gauge) lunireilansu waziin1suaninisndennsiu (Weight chart) vestaya

Umlneuan laeiiuau x A9 1aNISTUIMEn wazhnu y A AUIRNEN BnYINER1TN

(Table) wamaA1tndnAinlava anuiunkaziian fen1nd 4.10

HEALTHCARE DATA TRANSMISSION

chart

gauge

80

2018-04-03T1Z:02:040007 [ 8105

AT 4.10 vihunvuase (Dashboard)
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d5UuazafiusenanisIvg

5.1 agunan1innaes

Tassmsidsiifimsassssuuiafudoyaguamifiofanusnudthe Fosdluiiui
1Sdgradumesiin Lﬁaam%’jumaumﬁ@Lﬁusﬁ’ayjaﬁuaalﬁmﬂﬂﬁ ﬁﬁmwmﬁmﬁamiqﬁyma
yostoyavaziadeuiineg uaziilelfiueuazmnsenisihdauazihdoyaluiinszviseld

Tnendnmsvinufensdsteyaguamaniedosieminusnans Wudleledt (NB-
loT) Fadugunsaiiiviaunielddyaalnsdmi Wilnmsdeteyaludaivluszuuguteya
loviudl uazlinsuanmarunmiuatuesa (Dashboard)

NNMIVAABUMIYINUYEITEUUMSIaIuTeyagua Y ilevihnnsindeya
i esdietealudit Aoindesdadmin doyarzgnaslugsgunsal¥u-dedoua (Data
Transmission device) @saziiniraonansnateoya (LCD) Mntudeyaazgnasludmfivag

F1utoya phpMyAdmin LAZLAAINANIULATUDTA

5.2 Uggmuazuuanansuily
5.2.1 myssysmulugiudoya
Uan - grutdeyalianunsasvudinueddeyals Weswindeadnisssydiinu

sananeuindeyaguniw udddeyaludnmnuasgudoyanay

LUIN19n15uALY  @ru150ssuaInulaensly walulaguwuy RFID Ao
mnuannsalumssuteyavesaainlilaeiludesiinisduda aansnsmaliusiudiuily
anwiiviemiddelaid nusennudendy ussduasiiou n1snsEnunIsuNn wazanNINBIY
Foyalaraenusagd

5.2.2 anuldudusulunsdeoya

@

Jav Wesann wudlsledt fnnsdsaiswuulnsinasasfi (UDP) Ao dn15d9

Y

' (%
= 1 Y = A o Gl o o

ToyansIngd warllvwiadn uwilivedefeldfinsvhnuieinisdedeyadvseruingna

Y

a

n1seetaya F9zmueAuN1TdeloyaniiIaIRse (real time) Fedayafigymeunadiuvse

kY v v
(%

v A a |y aa 1 ) = o

Toyaiiinn15a191 (delay) aggnazanuaulaly lnsgafiazlidinsadeduneunisieasiv
L3 a dy o Yo A U U ¥

@iﬂﬂﬁﬂdﬂaqﬂﬁqﬂlﬂﬂ%u V]'ﬂﬂﬁllﬂ'ﬁﬂq'ﬁEJUEJUﬂqﬁiUGUE]lIUaﬁ]']ﬂUﬁ"]EJ‘VI'N

YA < Y v =~
wwnmsealy nliiusesanusinslunsdsdeyalvly nsdeansing

NABALUUNTN (TCP) azAuANNSTUdayasenInawivefisuaidnguunioriey tiely
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a

wanildsudayasenineiu lagdlnslnaeasziulseiuanugndes Lagdrduvesteya

Y

1 [

] A $ Aaaw v v o a o do !
AINTUIZUULATIDVUIY UBNATNUUNDGN \‘IGU'JEJ‘U']LLUﬂSUaHaﬁL'ViaQNWUIﬂENLL@‘UW@LF’\IGU‘U ‘VWI'N']‘U@%

uieRgiulvignaeeneg
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1. ssuudafiutoyaguamiiofnmusnuidtiedesduiuilifyynbumedidn

2. gunsaifldfussuuidosiuldun iwdosdaimiinfianmnsndeuderuszuuld

3. miAdeilfiauslumudssgimasedunued 2019 117 International
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319613 International Journal of Pharma Medicine and Biological Sciences %ﬂag'.
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dy 1 dl Y o U ¥ d‘ = 1 5 1 Y o ¥ 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewingu eugslnhlulgusslovimunisn

' i O a Uy agve & - - & A ° v
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Abstract— This project is to create a medical healthcare
data transmission by using NB-IoT. The objective is to
reduce step of working and redundant of collecting
healthcare data from patients. And to collect data as a
system for tracking the treatment of chronic patients who
live in outskirt. Narrow Band Internet of Thing (NB-1oT) is
used as an intermediary to send data to the databasce, for
making healthcare information that can be used easily in the
process of patient tr and for develop of service
quality of staff. Processing of healthcare data transmission
begin with sct up and conncct Bluctooth into healtheare
instrument and into data transmission device or NB-IoT
board for allowing data communicate between them. Then
connect NB-IoT to database on server by using functional of
Node-Red programming. In this project, the database is
designed and tested with one person for bringing data to
show in potable graph and to follow data trending on
application. The result of the experiment, sce that, NB-1oT
can sent the data immediately to database, including with
display the lasted data and trending on dashboard in real-
time. So, the advantage of this project is to reduce step of
work in data storage system, easy to access the database and
easy to use the data for analyzing.

Index Terms— Narrowband internet of thing (NB-IoT),
Data transmission device, web application, Bluetooth,
NodeRed, Amazon web service

I, INTRODUCTION

In the present. the problem of personal medical data of
the patient still unclear. Some patients have to record the
diary data for report the doctor to improve the treatment
method and some patients in the suburban area that
supervised by health office, who take care about the
initial treatment of each patient in the countryside. All the
medical collective data that patient and health officer
have to record might be disappearing or missing time to
collect by human error, and furthermore, data transferring
timing also effect to patient treatment. In Thailand, the

lost of diary data chronic patient such as hypertension and
diabetes patients is significant to design medication of
chronic paticnts.

A wircless communication system is a huge key
system of data ftransfer which can be connecting
everything in the whole world to each other. For health
management in Thailand. most of the hospitals in the
capital city arc using the internet and the infranct server
to collect the paticnt data, whereas the countryside arcas
arc still opcrating by the paper-based. Somc Hi-cnd
hospital uses Tele-medicine for treatment and follows up
the symptom of a specific patient who stays in a high
signal of the internet. The data of weight. blood glucose.
and blood pressure are the main data that effect to
conlinuous (rcatment.

For this project, the main point is to focus on the
collection of chronic patient data that effect to continuous
treatment, NB-IoT was selected (o use in this experiment.
The data of the subject patient from weight meter can
send to the specific server at the time by use NB-IoT
system. The data in the server can be access on a specific
webpage. For next experiment, the modification of the
sphygmomanometer, and blood glucose meter were
constructed to send the data to the server and the
development system for use in the real situation of health
officer in the countryside and chronic patient or
bedridden patient.

II.  MATERIALS

A. Narrowband Internat of Things (NB-IoT)
Narrowband Internet of Things (NB-IoT) [1]-[3] is a
new wirceless technology that was standardized by 3GPP
in 2016. It is a low power wide arca network (LPWAN)
technology which not operates the license Long-term
evolution (LTE). NB-IoT is specifically low cost, indoor
coverage, high conncction density and long battery lifc.



NB-IoT and other LPWAN |4]| technologies will
enable the connection of billions of devices in the internet
network, it can be used in machine-to-machine (M2M)
rather than in human communications. For the human
conncction has high throughput and low latency nceds,
such as conversation, real-time video and music
streaming.

Whereas, M2M devices have low data transfer rates
and no need high frequency of data sent. NB-IoT system
use specific time to send data in two-way transfer.

B.  Arduino

Arduino Uno R3 or Arduino Nano, an open source
platform software and hardware, was selected as the main
part of this rescarch. The board designs usc a variety of
microprocessors and microcontrollers project. The board
contains the diflcrent parts and a number of pins, which
are used to connect with various components and other
circuits. The code for Arduino is generally written in
wiring, which is based on the processing C and C++
programming language.

C.  Bluetooth

Bluetooth [5] is a type of wireless communication used
to transmit data at high speed using radio waves. It is
uscd for short-range radio communications bctween
many different types of devices. including mobile phones.
computers, and other electronics. Bluctooth module has a
range of around 10 meters and the data transfer rate of 3
Mbps.

HCO5 is a Bluetooth module that is used to connect to
various smart devices. HC-05 Bluetooth module pair both
of medical instrument and data transmission device. The
Smart Device be able to communicalc with the
microcontroller via the Serial port. The HC-05 module
can sct lo be used as a Masler mode (allowing other
devices to connect) and Slave mode (connected to other
devices). Settings such as device names. passwords can
be set via the AT Command, which requires special pins
to allow the module to enter configuration mode.

D. Load Cell

A load cell is a transducer used to create an electrical
signal from the measured force. The load cell is specially
shaped metal parts that consist of the strain gauges. The
strain gauges are resistors that change their resistance
when they are bent. Thus. the resistance of the load cell
will depend on how the metal part bent.

E. HX711 Module

HX711 module microchip is specially made for
amplifying the signals from load cells and reporting them
to another microcontroller.

F. Cloud Server

Cloud is file storage service in NB-IoT system. The
advantage of cloud is no data crror and no data loss from
private setting by user. User can access the data
cverywhere and cvery time with electronic device
through the internet network. It is created to receive the
data from Medical instrument via Bluetooth, and then the
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data is stored on server (cloud storage) via NB-1oT, that
can be displayed on web application.

III.  METHODOLOGY

Figure 1 shows the overview of Healthcare data
transmission by using NB-IoT. In this project must have a
medical instrument or instrument that is able to usc to
measurce the healthcare data of the patient, which is an
important part to retrieve data for use in the experiment.

For this project. we sclected data from weight scales
and created a new prototype that be able to retrieve the
data by interfacing circuit in Figure 2. When measuring
data from paticnts, the data is send to the data
transmission device (NB-IoT) by Bluetooth
communication. Then the data will be sending to the web
server for collecting on the database by NB-IoT and can
also display on various applications at any time.

Medical instrument

l Bluetooth

‘ Data transmission device |

l NB-loT
Web server

l Web application |

Figure 1. Overview of data transmission system

/. Weight Scale Stimulation

Figure 2. Weight scale
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Figure 3. Wiring diagram for connect the Load cells, IX711, Arduino and Bluctooth.

Figure 3 shows a wiring diagram for stimulating
weight scale. consist of the 50 kg load cell (x4). which
connected to the HX711 sensor module for amplifying
the signals from load cells and rcporting them to a
microcontroller. Some of the load cell wires are
connccted together to form a Wheatstone bridge. The
load cells plug into the Arduino Nano and work as the
measurcment. Finally. this circuit is connected to the HC-
05 Bluetooth module for communicating the data. After
connecting the circuit, then proceeding the calibration of
this scale and setting the Bluetooth function to be in the
master mode.

B.  Data Transmission Device

Data transmission device consists of NB-IoT shield as
show in Figurc 4, connccted with Arduino Uno R3 board
and Bluetooth module. NB-IoT shield is deigned to
connect with Arduino Uno R3 board as show in Figure 5,
it is connect directly on Arduino port. And connect with
Bluetooth HC-05. In this part, the Bluetooth function is
set to be in slave mode.

In the part of data communication between weighing
scalcs and data transmission device. Bluctooth function
was set in scales to be in a master mode for sending the
data [rom scalcs to data transmission device and sct slave
mode Bluetooth in a data transmission device for
receiving the data to collected and displayed on the web
server.

Figure 4. NB-ToT shield board

C. Data Collecting

After the data retrieved from weight scale, NB-IoT will
transfer the data from the weight scale to collect on the
database that runs on a private server. The private server
was created by using the Amazon Elastic Compute Cloud
(Amazon EC2). Amazon EC2 is a web-based service that
allows to run application programs in the Amazon Web
Services (AWS) public cloud. Amazon EC2 allows a



developer to spin up virtual machines (VM), which
provide compute capacity for IT projects and cloud
workloads that run with global AWS data centers. In the
process of data storing. we use Node-Red to manage the
data transferring. Node-Red [6] is a Flow-Based
programming interface that used to connect hardware
devices with APIs (Application Programming Interface)
by creating in a JavaScript function and (low base block
as show in Figure 6, it was used to send weight data to
the database of phpMyAdmin according to time and date
of operation measure. The database was designed table to
record the data that can be stored in order. For accessing
the database later. the user has to log-in on the webpage
according to the code or password that has been sct. In
addition, the dashboard that design by node-red. is
retrieving the data from the database to show on plot
table graph in order (o analyzation by doctor for the next
step.
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Figure 6. Flow base diagram on Node-Red

From the diagram in Figure 7 when weighing, NB-IoT
will send the data via UDP Protocol into Node-red that
running on server 13.229.229.xxx. After that, the data
sent to the database of phpMyAdmin and displayed on
the dashboard in rcal time.

Figure 7. Diagram of data collecting

IV.  EXPERIMENTAL AND RESULTS

In the experiments, the server completely connected
with weight scale prototype to prepare for collecting
weight data. Then test the weight scale with different
subjects include with the opening web server to check the
data receiving.

The result in part of weight scale prototype found that
measured weight valuc is ncarly actual weight although
there is a little precision crror. Part of data transmission,
the weight was sent instantly to the database but there is
slightly delay in showing the weight on the monitor for 2-
3 scconds. Maybe caused by the protocol of NB-IoT.
Figure 8 shows the database of weight data that showing
weight revealed with the order number, time, date, month
and year.

phpMiuAdmin
aMe ge s Sawcch |
Rocors Favarbes et 2
CI I [P ———
™~ - —-—=
4 neathens
4 lomsion_schema

Figure 8. Database on phpMyAdmin

V. DISCUSSION

Although weight scale prototype was completely
calibrated, there is a slight precision error of measured
weight value, possibly due to error from weight scale
which is caused by the type and instability of load cell or
position of the subject during the experiment. Mcanwhile,
the main problem of this work is unstable of data
collecting on the web server that caused by instability of
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the internet used to open the server and protocol tvpe of
this NB-IoT. UDP protocol [7] was designed for a device
that focuses on the data communication and energy
saving, which based on high-speed transport .UDP avoids
the overhead of such processing in the network stack and
suitable for sending small data in real time.

Therefore, some lost data or delayed data will be
ignored. However, this NB-IoT board is left to develop in
the future.

VI.  CONCLUSION

The Objective of this project is to reduce unnecessary
care activities of data storage by using NB-IoT to transfer
the healthcare data from medical instruments to the web
server. Thus, the weight scale was stimulating to make it
be able to retrieve the data and sent the data for collecting
on cloud storage and show on the dashboard.

From NB-IoT used in data transmission. when testing
weight scale the subject data is sent o server collection at
that time. The advantages include, reduces the process of
data collecting, reduces transcription errors and reduces
duplication of information entrics,

In the future, the expectation of this project is to
develop with another medical instrument or using another
could storages and to identifying the personal data.

For the future work. this project is expected to extend
the work process as [ollowing:

First, stimulating a new medical instrument such as
blood pressure monitor that be able to retrieve the data
and using the same method of data collecting by NB-IoT.
Second. designing an application to be able to separate
and identify patient data. Third, using the password or
identification number of patients to access the database.

ACKNOWLEDGMENT

This work is supported by Faculty of Engincering,
King Mongkut’s Institute of Technology Ladkrabang
under the contract. Grant No. 2562-02-01-016.

REFERENCES

[11 Rt Design. (2017). Narrowband IoT(NB-IoT). Retrived
Sep. 2018, Available at: https://rf-
design.co.za/narrowband-iot-nb-iot-2/.

12] B. Ray. (2017). What is Narrowband o'l (NB-loT)?-
Explanation and 5 Bussiness Benefits. Retrived Sep. 2018,
Available at: https://www.iotforall.com/what-is-
narrowband-iot/.

3] M. Chen, Y. M. Miao, Y. X. Hao and K. Hwang, “Narrow
Band Internet of Things,” IEEE access, Vol 5.pp.20557-
20577, Sep 2017.

[4] S. Kavanagh. (2018). What is Narrowband IoT?. Retrived
Nov , 2018, Available at: https://5g.co.uk/guides/what-is-
narrowband-iot/

15] A. Cotta, Miss. N. T. Devidas and V. K. N. Ekoskar,
“Wireless communication using HC-05 bluetooth module
interfaced with arduino,” IISE'TR, vol. 5, pp. 869-872, Apr
2016.

16] P. Fuchs and J. D. Parra. “DoS Detection in NodeRED,”
University of Passau, 2015.

[71 P.P.K. Lam and S. C. Liew. “UDP-Liter: an improved

UDP protocol for real-time multimedia applications over

wireless links”, International Symposium on Wireless

Communication Systems, 2004.

Biographies

Thitapa Prompinit and Amonwan Jenjirataworn isa fourth-
vear student in Department of Biomedical engineering. Faculty
of engineering, King Mongkut's Institute of Technology
Ladkrabang (KMITL).

Our advisor (Dr.Sarinporn Visitsattapongse) was support in
this way and advise us to research and assemble knowledge
about medical healthcare for create this project.

Dr. Sarinporn Visitsattaongse is a lecturer in department of
biomedical engineering, Faculty of engineering, King
Mongkut's Institute of Technology Ladkrabang. She received a
bachelor’s degree of science in major of biology. master’s
degree of science in major of molecular genetic and genetic
engineering and philosophy of doctoral degree in medical
technology. She used to work in medical technology field in
image processing. and work in molecular biology of proteins.
Now current focus is about medical that may be healthcare
device, home healthcare or healthcare technology.



65

% % r\q\“
agnant®

dy 1 dl Y o U ¥ d‘ = 1 5 1 Y o ¥ 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewingu eugslnhlulgusslovimunisn

' i O a Uy agve & - - & A ° v
lll']']ﬂiﬂﬂ,@‘] NIEU @ﬂmﬁﬁqmﬂlﬁﬂﬂuﬂaﬂl’u@%q LLﬁSG]EN@’NENﬂQL"\nGUENL@ﬂa’]ﬁv‘]ﬂﬂﬁ\iﬂmﬂqﬁuq‘lﬂiﬁﬂ



66

aguAlgInen1saliuIulATINITITY

YuingI8N153U - 188U Fyeyavi..2562-02-01-016...AuAUN 1 AaIAL 2561 899UN 30 fuigu 2562

wdmy : suUsEnaRuseld Useditaudszana 2562
volasens @ yegunsalnsdinguamvesitieuuunnm
ﬂl Cd ¥ a aa o s
oramthlAsans :  WA.AT.ASUNT AN NG
FIENTIU - Y 85U T8y
QU o a
BYNT At g SR wamu |
Vo/d 37813 | 3 . L | menidy [— ,
91984 u e | Aunde T i S . . 518918
v AN | Al | A A
% ANRBULNY AinJan) o
iplabne Gl awsadlan | Ao
sulszanailasuniseusia
100,000
(L)
5/10/2561 | duutuilasu (el 1
85,000 85,000 0
= 85%)
8/2/2562 UFUALATU (9091 2
15,000 15,000 0
= 15%)
° a av vo a
NUILRUNRTU (93091 3)
vin_ Anldde (A3 1) 85,000 45,000 | 40,089 85,089




67

Va/U

318N13

9787155V - 39

785U

7897

~
ANLYIRD

aanLde

JU

UAAINT

JuANTUIY

Wamu

A1

FIAT1?

ANNBULNY

ALY

a9y

A1

a3l

RIPEY

7897

A8 (RSN 2)

15,000

15,000

15,000

JUUSEUNUALED

AN 1

= 4 ¥
neazidunAlddne

11/11/2561

ATandtinanuwazgunsal

o

AuazengUnIal, A

o a o

TanmounesuarA1Tan
a a 1%
didnwselindlunsais
FZUUAIUANLALNATUAY

Wawgunsal

BC6141
0105

8,760

25/11/2561

W

ATandtinanuuazgunsal

o

AuazengUnIal, A

o a o

Tanmounesuaza1Tan
a a 1%
diannsetndlunisasng
ITUVUMIUAULLASNAITURY

Wagunsal

BC6142
4646

623




68

78153V - 98 183U 518978
QU o a
y uAiunuy WaMUY
BXI] ¢ | ypans 53
eV N9 - 5 . L | senUey ,
91984 U 9y | Aunhe \| - . . . 518491y
v AR | g | A A
¢ ANBULNY GRPRT L.
51 GhH assllan | A3
12/12/2561 | fdnamuiaiungunsaids
mtnuwuvudadeyaliang 10,000
15/12/2561 | endramsnimungunsalin
AR
10,000
6/2/2562 ArTandinnuLazgUnsal
ANuEzengUNsel, A
TanmauinesuarA1ian
Sidnnselindlunsadhs | V62020
350
FPUUAUALLAYINASUAE | 60152
£ L4
Waugunsal




69

Va/U

318N13

9787155V - 39

785U

7897

918

~
ANLYIRD

aanLde

JU

UAAINT

JuANTUIY

Wamu

A1

FIAT1?

ANNBULNY

ALY

a9y

A1

a3l

RIPEY

7897

21/2/2562

ATandtinanuuazgunsal

o

iAuazengUnsal, A

€

a

TanmouinesuayA1Tan
a a 1%
diannselindlunsads
FZUUAIUANLAL ALY

Wawgunsal

V62022
10119

415

3/3/2562

AN919IATIEN SEUU

7,000

14/3/2562

o

Afandinnuuiazgunsal
auaze1naunel, A1
Tanmouiunesuazanian
a s a v
duanvsetindlunisaing
FEUUMIUANLALIIITUAY

o/ L3
Wawgunsal

650




70

31811550 - 918 3185U 3189
QU o a
y quANTEUU VAU
LaUe v | umans T2
eV N9 - 5 . L | senUey ,
91999 Su 918 ALLVRD \| -~ . . . 51991
v AR | g | A A
7 ANRDULNY ATTER y
TR ao8 assyllan | Ao
17/3/2562 ArTandinnuLazaUnsal
AuazeIngUnIal, A
TanpauiiunesuarA1ias | S00000
o - 9 1,978
didnnsedndlunisasna 60867
FEUUAIUANKAZINTTNAY
Wagunsal
18/3/2562 ArTandinnuLazaUnsal
MANuarenaunsal, A
A R 1N\ X5
TanpauiiunesuayAian
- - v 903180 560
didnnsedndlunisasna
084
FEUUAIUANKAZINITNAY
Wagunsal
20/3/2562 ArTandinnuLazgUnsal
hanuazeIngunsl, A1
TanmauimesuazAidn | MT190
9 9
a2 - v 542
dlannsefindlunisasig 0011
FEUUAIUANKAZINITNAY
Wagunsal




71

Va/U

318N13

9787155V - 39

785U

7897

918

~
ANLYIRD

aanLde

JU

UAAINT

JuANTUIY

Wamu

A1

FIAT1?

ANNBULNY

ALY

a9y

A1

a3l

RIPEY

7897

27/3/2562

ATandtinanuuazgunsal

o

iAuazengUnsal, A

€

a

TanmounasharA1Tan
a a 1%
diannselindlunsads
FZUUAIUANLAL ALY

Waugunsal

60

29/3/2562

ArTandinnuLazaUnsal
ANuEzengUNsel, A
TanmauinesuarA1ian
a a v
ddnnsadndlunisaina
FLUUAUALILAYINTUAY

v '3
Wawgunal

BC6209
9428

13,430




72

Va/U

318N13

9787155V - 39

785U

7897

918

~
ANLYIRD

aanLde

JU

UAAINT

JuANTUIY

Wamu

A1

FIAT1?

ANNBULNY

ALY A

a9y

a3l

RIPEY

7897

2/4/2562

ATandtinanuuazgunsal

o

iAuazengUnsal, A

€

a

TanmouinesuayA1Tan
a a 1%
diannselindlunsads
FZUUAIUANLAL ALY

Waugunsal

1,813

4/4/2562

ArTandinnuLazaUnsal
ANuEzengUNsel, A
TanmuimesuALAIAR
a a v
ddnnsadndlunisaina
FLUUAUALILAYINTUAY

v '3
Wawgunal

4,226




73

Va/U

318N13

9787155V - 39

785U

7897

918

~
ANLYIRD

aanLde

JU

UAAINT

JuANTUIY

Wamu

A1

FIAT1?

ANNBULNY

ALY A

a9y

a3l

RIPEY

7897

9/4/2562

ATandtinanuuazgunsal

o

iAuazengUnsal, A

€

a

TanmouinesuayA1Tan
a a 1%
diannselindlunsads
FZUUAIUANLAL ALY

Waugunsal

3,402

18/4/2562

ArTandinnuLazaUnsal
ANuEzengUNsel, A
TanmuimesuALAIAR
a a v
ddnnsadndlunisaina
FLUUAUALILAYINTUAY

v '3
Wawgunal

1,665




74

Va/U

318N13

9787155V - 39

785U

7897

918

~
ANLYIRD

aanLde

JU

UAAINT

JuANTUIY

Wamu

A1

FIAT1?

ANNBULNY

ALY

a9y

A1

a3l

RIPEY

7897

24/4/2562

Adandiinnuiazgunal
hauare1ngunsal, A1
Tanmouiunesuazanian
a a v
dianvsetindlunisain
FLUUATUANUAZNTTUAL

Wanngunsal

2,030

29/5/2562

AasnzideunsUuseumng

FVINITLAULIR/UUNVR

18,000

31/7/2562

Y

Afandinnuuiazgunsal
auaze1naunel, A1
Tanmouiunesuazanian
a s a v
duanvsetindlunisaing
FEUUMIUANLALIIITUAY

o/ L3
Wawgunsal

590

Y o
FUATIN 1

45,000

40,089

85,089




75

9787155V - 39 185U 7897
QU o a
y JUANLTUIY SILE]
Va9 v | upans 571
eV N9 - 5 . L | senUey ,
81994 Sy ¢ ALLED \| Ko . . . 1898
v AR | g | A A
7 ANMDULNY GRPRT L.
FIA51? @8 assllan | A3
& a4 " Y a ¢
A5 2 AN919IATIEN SEUU
1% Ao o X 8’000
Frudeyandnvingu
AmauunuUNTsvideyaves
L 2,000
NaUIEN
ANVINSIEULBNETS 5,000
SIUAT 2 15,000 15,000
39U 60,000 100,089
A9VOVWINLNLATING UN.....29/05/62..........




Uszandaunn

Yo-ANA. NALAT. ASUNTD

L e e e g R e e

Y]

76

1 v va
YayaUIzINAUEH

NSNS

mundataguu §emmansiansd

Y

LY

8

UszifnmsAnen
FogoUsaya Gl aontufiau Vv

M.U. (Biology) UAINYIFUUTNS 2547

M.Sc. (Molecular genetics and | Mahidol university 2550
genetic engineering)
(international program)

Ph.D. (Medical technology) Mahidol university 2557
(international program)

[y

a1v3IdendANutIuIgiaY Uand19a1NYRinIsAng)

Protein structure

Molecular biology, Genetic engineering, Microbiology, Medical technique,

$1998AUIVINT/ANUATB/uaddsIR (BuRads vaedue) Alasu

U e Fo3191a anUunlu
= av o Yo
nunsAnwIkaznuITeaglasu
Une | numsfnuiuasuiy andunlv
2550 NURAUIATRUIBLTINAENT L aNFALaL | d1TINUAMENITUNITNITIANAN

Wiwue1913dluantugaudnm




77

2560 NMABSUAUE TP v aonvuwmalulagnszanunaningn
VAFRRIRERAIN

2561 NMAEe19158 0 aonvuwmalulagnszanunaningn
VAFRRIRERAIN

2561 NMATuRUelanuEImnIIumans aonvuwmalulagnszanunaningn
IV RFRRERFEAIS

2562 NMATuRuUelanuEImnIIumans aonvuwmalulagnszanunaningn
nmMsaanseUs

NAIUIY/9UFE19E55A

NAITUAY/IUEF AT TANANUNHNILNS (STAUYIRLAZUIUIYIR)

1. Single-reversal charge in the [310—[311 receptor-binding loop of Bacillus
thuringiensis Cry4Aa and Cry4Ba toxins reflects their different toxicity against Culex
spp. Larvae, Biochemical and biophysical research communications 450 (2014)

948-952

2 Smart wheelchair based on eye tracking. Wanluk, N. Visitsattapongse, S. Juhong,

A. Pintavirooj, C., Biomedical Engineering International Conference 2016, Laos.
3. Study of ECG variation in daily activity, Study of ECG variation in daily activity

Samona Y.; Pintavirooj C. and Visitsattapongse S., 2017 10th Biomedical
Engineering International Conference (BMEICON2017), Hokkaido, Japan, August 31-
Septempber 2, 2017

4. Dynamic foot plantar measurement platform using optical sensors, Nampeng
J., Visitsattapongse S. and Pintavirooj C., 2017 10th Biomedical Engineering
International Conference (BMEICON2017), Hokkaido, Japan, August 31-Septempber
2, 2017



78

5. Embedded Photographic Tomography, Fong-on C., Visitsattapongse S. and
Pintavirooj C., International Workshop on Advanced Image Technology (IWAIT
2018), Chiang Mai, Thailand, January 7-9, 2018.

6. An Automated colony counter for serial-dilution culture method, Vongmanee
N., Bunmak A. and Visitsattapongse S., 10th International Conference on
Bioinformatics and Biomedical Technology (ICBBT 2018), Amsterdam, Netherlands,
May 16-18, 2018.

7. Instructional media human anatomy and physiology using virtual, Euasukaree J.
and Visitsattapongse S., Asian Journal of Pharmaceutical and Clinical Research

2018

NMSLEUDNANIUAYING



79

% % r\@“
agnant®

dy 1 dl Y o U ¥ d‘ = 1 5 1 Y o ¥ 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewingu eugslnhlulgusslovimunisn

' i O a Uy agve & - - & A ° v
lmﬁqﬂiﬂﬂ@ﬂ NIEU @ﬂVI\?WWNNﬂLﬁfﬂVWLLUaQLu@M’] LLaSG]ENEJ’NENﬂ\TL"\]']GUENL@ﬂﬁqﬁv‘!ﬂﬂﬁ\iﬂmﬂqiuq‘lﬂi’eﬂ



80

% % r\@“
agnant®

dy 1 dl Y o U ¥ d‘ = 1 5 1 Y o ¥ 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewingu eugslnhlulgusslovimunisn

' i O a Uy agve & - - & A ° v
lmﬁqﬂiﬂﬂ@ﬂ NIEU @ﬂVI\?WWNNﬂLﬁfﬂVWLLUaQLu@M’] LLaSG]ENEJ’NENﬂ\TL"\]']GUENL@ﬂﬁqﬁv‘!ﬂﬂﬁ\iﬂmﬂqiuq‘lﬂi’eﬂ





