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Phetchabun Rajabhat University
Year . 2021
ABSTRACT

The Internet of Things (IoT) is a network of physical devices and is becoming a
major area of innovation for computer-based systems. Agriculture is one of the areas
which could be improved by utilizing this technology ranging from farming techniques
to production efficiency. The objective of this research is to design an loT to monitor
local vegetable (Coriander; Coriandrum Sativum L.) growth via sensors (light, humidity,
temperature, water level) and combine with an automated watering system. This
would provide planters with the ability to monitor field conditions from anywhere at
any time. In this research, a group of local vegetables including coriander, cilantro, and
dill weed were experimented. The prototype system consists of several smart sensors
to accurately monitor the mentioned vegetable growth from seedling stage to a fully
grown plant which will ensure the highest production levels from any field
environment. Three different types coriander were measured under these parameters:
height, trunk width, and leaf width. The result showed that loT ecosystem for planting
different types of coriander could produce effective and efficient plant growth and

ready for harvest with a shorter time than conventional method.

Keywords: Internet of Things, Local Vegetables, Coriander, Ecosystem



ARnNssuUsznA

muideatuidniaganslulddemuuzdeing q 91naanansd waryaaing A
Ingnemaniuazmalulad angayvemaniuasdseumand uazanusiuflothoivdonnsiss
NnimssnanAfiaasnanlidmuuz dmusnw sfsdelausuuzing q suduusslevd
pgnsBaomasuiunisideluasdl

YONTIUVIUNIEAANIT B 1nwRsnsTidifunsdunteel Alvimnungannsiaaey
wagiauakuglumM st sliuuwaznisiideyalunisvinideunaueidvy

ﬁwqmﬁ AzifeveveunseAnag1sgeds yumAdeildiuanmugavyumTIdeves
Mnuinendesadgamesysal Yssddeudssann wa 2564 Aldliuganyunisideadsd
11 Fiiie

WA AITTNING waengn waInTEIe
1 &y 2564



d15U%y

UNANELD

AfnssuUsENIA

GUEIVY

GURTGTRGIY

A13U5YA1319

uni 1

Unin

1.1 aaduan wagaudrdgaesdem

1.2 I0UszanveinIsiy

1.3 99ULIRNITIY

1.4 58 d8uisidY

1.5 deudnianiy

1.6 Uselovinilasu

UNi 2

ngufuazauIdenineidas

2.1
2.2
23
24
25
2.6
2.7
2.8
2.9

msUgninuuuiivy

Y

NN

ARURIMESIUUES (Embedded Computer)

]

e ingaumgl

1%
[y

Wuwesingesuy

2

WSAUBsA (Breadboard)
wmealuladdunesidnifioassnds (Intermet of Things : 1oT)
Firebase Real-time Database

awv o4 %
J1U3YNNYIVDY

uni 3

A IUUIY

3.1
3.2
3.3

M3fnyIkarTIUTINTOYA
ANFIATIZALALDDNLUUTEUU

ANTWRIUITZUY

, & ® o

[ Y

O AR A LWNN NN

W N N N NN DN P2 e
WD N N NN 0w N oy e



undi 4

NAN15398

4.1 WanNIIWAIUITEUU

4.2 wamsUgnenNIusEu loT
undl 5

a3U afiuse uazdalauauug
5.1 a3unan1svineuuessEuy
5.2 9AUTENa

5.3 Jalausuuy

UIIYNTY

AMANUIN

34
34
34
40
a7
a7
a7
a7
a8
49
53



A 2-1
AT 2-2
Al 2-3
ATl 2-4
Al 2-5
ﬂ'W‘ﬁ?ll 2-6
Al 2-7
Al 2-8
Al 2-9
Al 2-10
A 2-11
A 2-12
Al 2-13
Al 2-14
Al 2-15
Al 2-16
Al 2-17
Al 218
Al 2-19
AT 2-20
Al 2-21
Al 2-22
AT 3-1
Al 3-2
Al 3-3
il 3-4
ATl 35
mwﬁ 3-6
Al 3-7
Al 3-8
AN 3-9

A15UN N

nsugndnlelasTudinduuudilua (NFT)
dufvasazany
frduansavane
F9UgniiY
nsldoanTiauv i
UDIAMBURAADIVUIALEN
Raspberry Pi model
GPIO Number
5\deuro3eMI1e Raspberry Pi AU Wuwesingamad
nsueusasEIng Raspberry fu Fuwasinsyiui
WUSAUOSA (Breadboard)
FeE NGRS
Y NANLUIUDY
uN429930816 Breadboard
nsldnumaluladdumesidnifionnasiudaniie q
Wireless Sensor Network
Network Layers v89 Internet of Things 1ag IBM
WSN Nodes
Diagram 83U18Msiiausie Gateway wane 5] @A Local network
5ULUUN19¥1191U84 Firebase Real-time Database
Fregnemdslunisadns Table
#0819 Json Tu NoSql Database
NTIATIENUALEBNUUUTEUU loT NsUgnitvgsialanienia
a01UneNITUNINTILVDITEUY
nssedugesivgunIainuAu
m3sedumesiunasgunsal
Guasildanu
RATULRS
miﬁuﬁﬂﬁﬁjaaﬂﬂu firebase real-time database
galalnozunINvesTEUUUNAN
Fumerulunsimunszuy

~N O O U1 U»

13
14
15
16
17
17
18
18
19
19
20
21
22
23
23
24
24
27
28
28
29
29
29
30
31
33



AT 41
ﬂ']‘W‘ﬁl 4-2
ﬂ']‘W‘ﬁl 4-3
Al 44
ATl 45
ﬂ'TW‘ﬁI 4-6
ﬂq‘Wﬁl a-7
ATl 4-8
ﬂ']‘Wﬁl 4-9
Al 4-10
Al 4-11
ATl 4-12
Al 4-13
Al 4-16
Al 4-15
Al 4-16

AWT 4-17

miLﬁU%’azﬂauu Firebase

W1199 Log-in 11d58uy

nymluanduLe gyl
naluanaiume i

MdsFunliyatoya

nsldnds dfinfo() iilegranislarunsiing

nskAnda df.columns LiegUayanialnvuInsing

maidenmedudindidonis
15L& sns.pairplot @5 19uNLAMN
LUU StandardScaler
WUy PowerTransformer
Nsn3ENaUNTRl
Megraulasignszey 1-7 Ty
wlasgnsvey 8-14 Tu
wlasugnszes 10-14 Ju
wanuUasUgniinddensseiuifen 30 Ju

naRnuUasUgndindnsasseziuien 30 Ju

34
35
35
35
36
37
37
37
38
39
39
a0
a0
41
41
a2
43



AN5197 2-1
A9 2-2
A15197 3-1
A15197 3-2
3197 3-3
G]'ﬁ'Nﬁl 3-4
G]'ﬁ'N‘ﬁl a-1
A151991 4-2
G]'ﬁ']\?‘ﬁl 4-3

#13UA1579

msSeuiisuteniasvaiduvasnisugnityliau
#398149 Relational Database

Usennveduiges

YaLLdYAYALAALINE ST U
YazIdYALANIUaARMNNAI
TeazBunyanatoyaseiuL

HARAIINEY A0 wazAuninvesly Audniides
NAAMEY S8 wagAamn ety FulnTnss

HARAIINEY 10U WagAunIevesly AurnTan

24
28
31
32
32
45
45
46



uni 1

UNU

1.1 anudunn wazanuadgyveslym

[ v

dunandeludineinensnssy dwenfiviuguasnandsmianisinunsidusglandn

o w [

e Anresdminmysysalmelianmematar)Iusemanmvingatiun sy Ny

o

Wuegraunn wanianarldiiuuinninnaienaissednalinisiinynsnssuludmin
wsysallanaulugangs widmusunnsewmianueNa1uINtunNIsnIIEeuLATgLa
wananTldimsuan Taslamznsugniivingsiatameis
TudaytuwmaluladansauwmealaidiundunumludialsednTuiasd e suiy
arwazann liituayud oy madhdsteyavueluguulandumesidn nsdsde dudn
ooulatl msvgduiooulat maFoun seeunuueeulall sy ilrdinuyudfosiian
walulaglunisldemssdinusediu sudadusugnamnssusng q Aladnisimeluladun
THlumaifisdaruannsolunisudedy uussansamluns wan viedunananls uiiu
Tugmamnssufiuguegsgpamnssunsnuasisaiinmsimaluladingelunsvhaudie
g1wEANNEEAIN 619 o ikadldeu lnewmsudmelulagamunsinuasluaaiunisaiiagdu
A aneasvaLaauLssnuiulyel iesniuitendmnvnsnssudunuiviin nandnaz
Itoeviesnnituogiusssuridsiienuliuiuouvesanmoiniea fetadodenaridmali

Y

wsesugulmifeninudugnitsesaniudsznounseng o FallRudeunasseldnuiueu

=

p13nmsineastuIadumadenlunisindueidwasy vlvniansinens dessaglei

o A

naunuLssuivglduazifinuszansamly msviunee nssu ey lsa5auugnini
annsmuANANINeINIAeSosllaLiuinanEn uandesdielumssninsnludd sy
fAselddmatlgmiiuiinisgnlusinende waelddaiuinruddyrosnis
waluladunrssrnsanuazainliuiinuasnslagldiunanmaluladdunofidaiie
a33was (nternet of Things : IoT) lugAtN¥ASAS 4.0 1ntelunis siwuiwuuTiassuas

Ugningsiaamemaluiunginawise Jminmysysal



1.2 nQUszaAvaINIsivY
2.1 denannszuuinnsnisUgningsiaemensunivsenndindulagly
wialulagdumesiiafioassnads (Internet of Things : 1oT)

2.2 \engnenssdauilun1sdnnisugndngsialameni

1.3  YBUWANISIY

v A

1.3.1 vaaesiuulaumzlgnidnd (Coriandrum Sativum L) 37u3u 3 Usgian fe
AnTaeu dnTuTs uagdnian

1.3.2 v91uR1uUEsTUY Cloud computing kaztAutayauu Firebase Real-time
Database

o 1 1 < a % .

1.33 VI’N’lumuaguuL’JULLaﬂwaLﬂ“UULL‘UU responsive web

1.3.4 THnuldtuuwlasandnszuulalastuinduuuiilva (NFT) vunaidn
1.4 suieudside

NWITEFes winnssusuwuumalulagdumesidaiioassndswgnitvgsiaaniznig
wusoenilu 2 daumdn 9 laun Hardware drudugeslunsinasig o saudsgunsallunis
Ugninviavun wazdlun1ssu - deloyasiufisUssananateyaliviinusing  §37uliuus

a v < &

nsxuIunTIideesnily 4 Juneu

1.4.1 msfnwiazsiuniuteya

1.4.2 MTIATIENTRUARAZEDNIUY

143 MsHAUITEUY

1.4.4 nIivnapduazn1Tasunag

1.5 fgnadnwianiz

1.5.1 weluladdumesidaifioassnds (Internet of Things : 1oT)

waluladduinesiinioassnds (Internet of Things : loT) nuNed e lAsIU89
N ! LYY 6 1 a 1 =& v N v b N Y v ] I
WweuseiuiugUunsalng 9 dwineg Falldnwasiisvyendnualld gnieuleadriuiaietne
duwmesilaniulnsinaea (protocol) Wunisdeaisianizguuuulagluvuniaiiolinig
Ansadeanslussuuinsavienuuldasuazliane vilvanuisadinisaiva nsldanu

¢ 1 ! = ! a § < ! a a H d' v A oA v d'
gunsalang q iumaesevidunesiiden wu nMsle - Ua dilvanelgndnvisedivld lned

aunsaliing o @1unsasug wavnevausdliegiaivssdvznn



1.5.2 NFT (Nutrient Film Technique)

NFT (Nutrient Film Technique) {uszuunisugnity Ineld3snsuaseliansazanesig
onsvesiinlnasusniiviivgnuusisUgniivaunuainduressisgnegiedn 4 Taglua
AuTlduLEUUIS 9 Aurwvesiidy Uszana 1-3 dadwes Wunsliansazaiesigems
fiwegssio1dos sLUU NFT (Nutrient Film Technique) ianzdmiudgninadnwson
lelasluling

1.5.3 ARUNAOIWUUEN (Embedded Computer)

AeNialmeswUURls (Embedded Computer) e paufamasvuavundndild L
Tnslsiwaosaiinfiay Suwinun fauuduss wasnumugs fiofls Embed (Sude) 13lu
gUnsaig 4 spa3unisfings seedusEUUUfUAnT sesfuninfiudoya uarsesiunis
Jeuregunsalldvainvats viliaunsamuauduwesuazgunsaiing q Iidueeed
wngdmsunugaamnssuludagdu

1.5.4 Firebase Real-time Database

Firebase nnedia gnudeyaisealnl 1uuinisves backend nudeyaseafeindu
Platform ASU2995984 Google d1miutinWaiun Application $945U52UU i0S, Android Lag

Web Feanunsadnndszgndldiietiglunisvinivwesia wisssuugiudeyald

1.6 Uszlevinlasu
1.6.1 syuuduLuUNsUgnan loT ansadiewmdaliinunsnsgusseslianisuaniin
wazUsendananlun1sguananann1anIsinens
1.6.2 anIadiemdainunnsiuinnufsuulamewEn ALty gl {1y
cA A
2UNIUNDND

163 annsavlgwastusiunisnisugninlussuuln



uni 2

N B uazaUILNAYIVY

mATeEes uimnssusuuuumaluladdumesidniieassndwgniivgsfaaniznig
dnsAnvnguinazaiteiiiedetd

2.1 miU@uﬂﬁﬂLLUUﬁ’ﬂﬁa (Nutrient Film Technique : NFT)

2.2 GURng

2.3 PRUNMBIHUURY (Embedded Computer)

2.4 Wuwesingumngl

2.5 duwesinseui

2.6 \U3AUB5A (Breadboard)

2.7 waliladumedidniiioassnds (nternet of Things : loT)

2.8 Firebase Real-time Database

2.9 UILMNYITD

2.1 miﬂgnﬁmwuﬁfﬂwa (Nutrient Film Technique : NFT)

n1sUgninuuuLinlva (Nutrient Film Technique : NFT) azifiunisdgnitelassindts
rutegluasaratelaenss a1saratesinormsaglalduukuilauuns 9 vuneumn
Uszanad 0.2-0.3 lwuiles Tussugnity nd1eusvana 5-35 wuflies gasvana 5-10 wumiuns
A1uni19319 Tueg Furdafsfiugn Arue1avessiedand 5-20 luas naslvaves
asazarsoradunvuseiles viouuvaduild Tnemluasazarsaylvauuusioiilos sm
Inaegluag 1-2 Sas/unil/se swvhanulunaaRnaevtvIkaesmru 80-200 luaAseu 3o
911 PVC FugUiussdndagu vianlave iy daned uasergiiilon uazymeludonatadin

a

P o o ] & | - a
LW@{]QQﬂ‘Uﬂqiﬂﬂﬂiau%@Q3736367EJ Im%mﬂmmﬂmiazmﬁﬁl‘ﬂ‘wamuiﬁﬂﬁﬂ‘wm LLagligu

Y

navInddAvansazane



awit 21 nsugndnlelnsluinduuuiiilug (NFT)
fan (Plant, 2021)

2.1.1 afUsznauvessyuuUgnluy NFT
2.1.1.1 dumuanansazany

n) dufvansazane Taevnluazilsegléfuiietostunniou uazvnsi
ﬁﬂmﬂiquqﬂﬁﬂwamﬂaﬂué’ﬁ%lﬂumiLﬁumiazaw@maqaaﬂ%muﬁﬂﬁwﬁa YUINTVDY
5’@Lﬁumiazmaﬁuaguiﬁ’uﬂ%mmﬁﬂuizw yiiafiwdivgn uazaudlunsusudmandy
nsanser1sosasazateluun (PH) wazAaa il (Electrical Conductivity : EC)
frdafildflaundnazdesdinsfiuuasysuaisazareves lemadifiwagldsuarsazanedidl
psrUsEnaullmivanazunaulime (eadudusesddssuuwisuarsavarslnednludf)
Tnevaly drdeansavarefiunlugtu n1swasudisng q vesansavatsazdnas ivaz
w3giulnldAudaviudosansazaneunn Tnsanzidledoslinsdsuasazaneomnds

ansavaneiildoraudslniues awnmnug 4,000 das wienadudwuilveglanu

@ (L/

/

—

WL-600 . WL-1000 WLS-1000
= v @
AN 2-2 NUANTATANY

A Fefvansazany, 2021)



51 &

9) faduarsazates orndunvuiuudeyluarsazats viailuuuuey
uandsfild dndunuuud Ao dulals $of e :agavdeldiily daide fo driulddas
deomedne waziinnisanemanuieuliasavarelaeaseinbiansazaiesou nioenaldidu
Hueguondsazfeadudufiannsainnueisiodondunau q wazasfomuniuiuns

AANTDUVBIATALANY

i

o A BN

_._l'_:'____j_.__q_.'f_"_j_.__l

Vox " Ao f
e \,_!__ -4/

| | NP
— —= —1
LE J

A 23 fhduansazany
a1 (CNSME, 2021)

2.1.1.2 ssuwvieihasaganguaysnegnity

)

n) szuuviediasavaregsavgn ssduveiihatsazareandulugin

Y

a

agnity viethansazatelaeialuazilsegldfudiuiufuazldvied ety
nsazaumufeusesdimamuinuualinemnziuduild

¥) 529Uy 2EAYUINAIIUNT WAL AIIUY1IA1AUAINY TRV
finfiugn fsseravhainiansineg wu PVC wanainuiolavzUasaaiy dfeayneludie
WArERNYLIATI9 IRaus 10-30 WwuRang AueT faud 5-50 e Asldaadenarienn

Yan PVC waglimasenuiu 20 was Wietesiunisasaumnuiouvnlisinisuineandiau

q

e

< 104U »

Fi
I THLGNAT
thutlgn ¥

} I's
f' & g
‘ Qd— Hmlanars
iara _,E 1 :

AWl 24 513Ugnite
i (CNSME, 2021)



o A

2.1.2 Ygmieaiudsinaeendiauluaisavarevesseuu NFT JgymiiidAniigaves
nisugniialuszuu NFT [4] lastannzlunauiaume nisavauguvgiivesaisazaisly
Franainarviuiligamgiigaiuliinalinisazaedd veseendiauluaisazaivanas

uldneiiigaiuanudesnisvesivlogunglaslulinalinisazatefiveseandiauly

anszawanasliediy g inawuasiinalinudein1seaniauress Ny T ueaIe

o]
30

nsga ldeanduulassin
20 = 4

aandaugnls lasauiadu
10
0 45 90 135 180
£ = @
N3l aanTial Un/mAw/asl.

AN 2-5 N5 LERBNTLAUVDINY

1 @ehvansazany, 2021)

JymiAsadugumglagnuunniiaaludimideudosaingamgiinansiueiagsds
38°C virlwansazanedgungiastusninalinsazarsdvesoendiauansiasnis
melavassinasdilyminnizdoune gasineimsuazinlétes waglsafindvhasld
felnsiany 1e Pythium fe Tsasniun Gsennsfiuanseenfivagiiten drensviinginay
Hudthmauazdunntusnasudsmuneenandusasiingy dulufstuiudfivagmely
flanuazardnsgnanluduirafesegsnaifuazassulununiassuulgndsiedndu
Sunsefigalunisugnlussuu NFT uag DFT GaduFeuiiioundaszuu DFT fignlusie
PVC %wummsﬁmmLazguLLsmfh NFT a0 wagn1stesiulaganaumgiivesansasangly

agn1n31 25°C lngldinawianuduluaisazate wisnideaildaieaann vienisueald

e

1%
v ° A

Wuazoemilasuity ieangamgiiuddaslduriuiuinnuasdesnulinimaUasid

(@)}

3

vwiadenunawiaisusidianuiuluanmeagasiiiiianisssuinvedsanlula



[

2.1.3 mnuusndsszriamsgniivuuiusasliiu. daruansieiel
2.1.3.1 m3ugniielaslddu Tnsnisunnsugniizasiaigiulalddiudosd
anwnfionafivanzay 1y gumnd wawwen 1 5199 wNsTii1InAu th 9ane enisil
fvazisnemsiltlsasfedestumanuiunsaagsisesiu
2.1.3.2 miUgniielaglinu lnemsugniielasldfuduasldsuamearansdifisn
91NsMiFend1 asazangenIfivd Usznausesinomisi sdusd eftud fyazaiunsa
thluldlfiuiidesaniinsgadaildinelneaziinisuiuan EC vieAnsliidin uazan pH vi3e

anudunsa-asiegluseauiivusanlnefidefwazdade

M19197 2-1 ans1adIeuiisudesvaztaidsvesnisugnitylimu

Y A v =]
Uan ARIGH

1 anansainisiwigdgnlatuuTnaiun | Lasawususiugniinisugniivuuau

Pauanmlimungauiunisimizugn

2. Winandnseiuniginiiasnandnaiiaste | 2. AoiguazAIuALTzUUagadLae

3. gammsldussnulunisugnainds 3. aesdausuazanudilaluinaia

nsdgn WvliAuduegned

4. Toiuarsmemsiaegafidsedniaim

alalaek

[y

5. anAttInelnsUaInuwarMInLLad

6. ARNANTENUFDAILINADY DINLYU ASLALl

ANAI LAY

v A

2.2 WNY

v A

& A adaad o a a s = a o = Y] a v &
NﬂGUL‘Uu‘W"U‘VllIQUﬂ']LUWIULLO‘ULﬂJ@L@@iLiLu&Ju DULAY LLATLDLYYRNEIUNN ﬂ@l@l'ﬂqlfﬂu

iwwseunandnsiuinegeu iindngrunisuaniudsemadduduiundt 3,500 U gaf

'
v A a

71 “Coriander” 1191nM1¥130 “Koris” uadn bug Lesainnauvesgnindiindulaniy
Ade bed bug sesnAfinsiluugndsussmalunivglsuuasiods dmsuindiiluugn
TuFudu duildinniwdaiugandsemaniemz fuanvesdudilulunesddu de
Uszanal 1,600 Juuda dmsudsemaiugnuazdsesndinTundigaluiiagdu de Uszina

a = o U 1 v 1 U U =
duie warwesenla dmsuludssmalvewasmzandidny 9 lawn Jwminsaus wasugy

LagNIUNNUMIUAT (FUNTIATYU, 2021)



2.2.1 Uselgwiluazassnaning
Uselemivesdndisldrudulses wu Mlsmiemsansg toun dudt wndia
qU vide vand1 fineq saudsliuuszmmuduings wuufuemsdug vieldudamuneinis
#naq Wudu naduieunaudnaulugaamnssy vuwmnu wén uaziedesunseing q 1d

nsen Uudu uidunualdusnduaiediy wazduay uarlulagtudalinsld wa (wée

v

ay & 44' T a v 44' ' v & v
NNY) L‘UULﬂia\‘iL‘WﬂLWNﬂa‘lﬂ,u’q@ﬁqﬂﬂisﬂ VUHNINU LA LLASLATDILNANIAN "]lﬁﬂﬁaﬂ WUy

v A

2.2.2 Snwauzinluing

' [% ' '
aa o Y o ow b4 a a2

dnddaduliiduan Aia1ausanss n1eluaznals wazdineduian ladou 510

q
[

WAIEU WATINEBEALTLIN TIaNAUNALFIUTEUIM 8-15 U7 A1AUELITUILADLNTINIZDDNLEY

Feneuhnna Tu dnumeniseenvedluaziesndsruun uweglugunsein dduilauudy
sxfivunalngninfivanedu msrdnannfivaresuluesdudunes f@dean aon senduy
Yo mavdruganvey mentuilvuiaidn eg 5 ndudvnvierundeun wa asinnalugg
w1 Anvazremaldugunsinaulayszana 3-5 fadwes aseUatenassueneeniu 2 uan
maﬁa%ﬁﬁmﬁuagj 10 18U (N5ENTIETITUEY, 2564)

a

2.2.3 NSVIYWUSHNT

]

] o A

AnTdudinivgnine uwaslidesnulsaniauuasdngiivuintn leseindnduiidu
veuszefivaglauuasls lnganusaveneiudlaniedsnisldwdn daii3snseil

2.2.3.1 nawIsnwaanug wiswugninisugnlutdagdu loun Wuddeelus uay

9 ] q 3

o Y o 13 v o aad 14 Y o [y N v & v =
WU LAy PUARNUTANNTNYDATUITUATUANANNURNIANNULNAT LAZAINUTUNINTY IIAIT

9

1% '
o o

davanliazenn wazwisothaziaUsyanm 1 9l neuthuvinuinlas iievaeteiy
wwasnfnAuEafusEndiounsten dmsumsudenautladnivielavediin wazurluds
Ala

2.2.3.2 Mansguulasugn mwﬁsmLLUaa‘U@JﬂL'%'uéfué’wmimwdjﬁ wazUFuiiui
wUasnuUszinnveaUasiilvanzauiueg wagiiuil 1w
aruvdeiuiifunaend Asvhulasgnuuusniesgmiedaliisesssninsuandions
szuneih

2.2.33 qudsdofiufiniauaauin aswdsuudadussduiunieuUasenduses
FENINUUAY

2234 n13Ugn Wvhniswinuede lasliusaziudavinadudssuna 5-10

WuRwns nUulilgasa Y1n1sATINRNNLLIE1Y Laglkiula1ewesLUacuseinu 2 SoU
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wSonthrhedalusenay Femsldnedndiinsunrdeduruindug wazlininluselimn
auAuly nfeuvhmssathlvi

2.2.3.5 magua¥ny msliinlussezduwsnudsnmaniuudaasliiszam 2
a¥/fu Tuaadufunntu aufeszesuszann 30 Tu Wiugaeiuliivssanm 23 Yu/nds
Tnelhddutuiu dmsudisteunsiiuioszana 1 &@at msliitesacsyana
3.4 Ju/nde

2.3.4 sarusznaumaall (Tuuiyad, 2560)

dnluuasiaduresindusenaudonguarsiifiqnifuoyyadaseia lun ars
na una1liusea (flavonoids) 1% u quercetin, quercetin 3-glucuronide, isoquercitrin,
quercetin-3-O-beta-glucuronide, rutin; @150 aq' uanlay (lactones) +¥' 4 coumarins,
coriandrin (furoisocoumarin), coriandrones (isocoumarins), alantolactone,
isoalantolactone; aﬁiﬂaq'm phenolic acids LY W tannic, gallic, caffeic, cinnamic,
chlorogenic, ferulic, Wag vanillic acids; @15na Ny (tannins); a15nauALsTUBYA
(carotenoids) LU beta-carotene; YTy (UsznouaIsa13naa monoterpenes
ey sesquiterpenes oA 2E-decenal, decanal, nonanal linalool, 2E-decen-1-ol, Lag n-
decanol)

drulunal’ndUusenountena ua15la wn  saponins, amino acids, starch,
triterpenoid Wae steroidal glycosides, polyacetylenes, aromatic compound glycosides,
phenolic compounds wazufuneusTive Gctfwizﬂauﬁwmiﬂa;m monoterpenoids,
monoterpenoid glycosides, monoterpenoid glucoside sulfates Waz@15UszNOURENAD
linalool W@y geraniol

I 1

uanant ludduresinddsdinuamislasuinig (ngunulinseiemsuay
Tnwunnnsg, 2544) fail
ANAMISLATUINISVRINYaRsia 100 NS

WA 23 NlauAas3snAnd

Aslulewnse 3.67 N3y

¥hana 0.87 n3u

wduly 2.8 ndu

i 0.52 n5u

1UsAu 2.13 nSu

1 92.21 n3u
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T 337 lulasnsy (42%)
LWANLALSHY 3,930 lulasnsy (36%)

Punarduyuiiu 865 lulasnsu

a A

AduU 1 0.067 Uaansy 6%

a a

I8UD 2 0.162 Hadnsy 14%

a a

ITud 3 1.114 Jaansy 7%

g
3

a A

918U 5 0.57 1aansy 11%

a

A915UY 6 0.149 dadnsu 11%

a A

Fandiud 9 62 lulasnsy 16%

Aandud 12 0 lulasnsy 0%

a

ANHUG 27 Jadnsu 33%

)

>

a o

WNAWD 2.5 Taaniu 17%
Imdiua 310 lulasn3u 295%
SIUARALTEN 67 Uaansu 7%
san 1.77 fadnsu 14%
suunilgEy 26 Tadnsu 7%
sImuanTila 0.426 Tadindu 20%
saeaveTa 48 fadniu 7%
slnwnadeu 521 Taansu 11%
slaiiey 46 adnsu 3%

sdangd 0.5 adndu 5%

2.3 paunianasuuutls (Embedded Computer)
< a « A e Yo [y = o 1 Qll
JusruudiannsedndilddmsuauaiuausInfinskanaian1svinausng 4 (5] lned
seuumaniignididudunisvesszuuuazaunsalaiuay 1n3eellown3esdnsmng 1flesain

X | = 1 N al XY | ] ¢
szvuwmaniifudiunisvesszuulng lunarensdiigldnaluenalinsivingunsalaunu

A A v =

inesiioiniedng udeszuulafildnudulsssrmariudussuunuuileds Tuunands
wiwAgATanasmasumaiadliannsaszyldwidainlafissvuuuvilsfegauniiesd
msvhauiazadeuiusTuUkazgUnsaimuauussesuiluaniiier Tuefn newfiumed
LUl (Embedded Computer) azidudv (Chip) Alddmiulusunsunisvianuresgunsal

aiannseindld Insazarununisvinauvesgunsalmaitiuain 3 (Chip) wse waluladnis
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o

wAnfIUsEINANANS (CPU) fignituualily Flash memory vesdtosualutagsuiiossn
welulaBnshnsodeasidussansnmanniu uaswaluladnisudnsuszananats (CPU)
fiftussAvs nmg il Aeufimesuuuils (Embedded Computer) Hu Sanuannsalums
yaufianndu W aiunsafiazdenaaniunisaiinnuresgUnsalil Aoufiumesuuuils
(Embedded Computer) gnindalinduluil Server iital Server annsaufudoyaadalums
yhauvesgunsaitu 1 wazannsofinauldgunsaivantu ueanisvinnuvdelal winuga
navinueddlivhanunviels viefadadsinunfiiatuiugunsaivariunield Tuns
s1e9utauail eesfiamesuuuils Embedded Computen) asdufinnisiiavin

Tutaqiiu Aeufiumesuunils (Embedded Computer) Idaunauist uilanansazas
5eUUUURNT5 (Operating System) Lafu Linux bAdevinlAdnesan1swmwn wazfinne wod
nAeTudmiuiamu uarannsnssnuralufuaios Server 1 uonanduigonduns
(Software) yadsmdelusunsuiildmuaunisiaurenaiesneufiunes Aazldfasauy
AOUN MBS WUUR Y (Embedded Computer) Faanunsodeuuunie Computer Iugﬂufu‘u
Desktop l#8nde drululesnsinsedearsiu Server lutlaqiu Embedded Computer
tudanunsafiasidendomnnsfnsedoasiuieias Server ldvianuatetesnia fiean
wn3evelnsdndi lud1azidu (GPRS, EDGE, WCDMA, HSDP, LTE) n3eaztdu Wireless
Network laidnazidu IEEE 802.11b/g/n wazdsilguuuududnunnune dulidiu lnvagy
AOUN MBS WUURY (Embedded Computer) Tulagiuasiunumlunis auau Anny wag
s1891una 17l Server Inonssdadunisqeiuseninneufiameslnenss (Machine to
Machine : M2M) Zsaztsanauliiugquaszuu uazidunisaadunulumsiiums Tned
vnedsgunsnimantuerasindegviandinaulvguasiosila uie e1vazeyiuau
Ay Lwiqﬂﬂiaiﬁ"'mﬁmﬁﬂzgm%um Feunndstlgmivandusniazdosmananisdaades
wdndaadodlnyd dmnisalaldl peufawmasuuulls (Embedded Computer) 1519199¢

faddutian wazArlganglunisiunieeg1auniAia
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a s a 4 <
AMNN 2-6 UDTAADUNILHDIVUIALAN

ﬁuﬁ (Computer, 2021)

2.3.1 UauANANTENIN Raspberry Pi (Embedded Computer) kag Arduino (Micro-
controllen) Tnsmaufinmasuuuils (Embedded Computer) Huanunsasogunsafldiniou
1383 Computer léhae 1w dessnniinge wid Aduesa Wudu uwaxfivn GPIO Jsauise
dsnsgunsalivilonnn 10 ves lulasaeulnsaiass (Micro-controller) [6] wénludauvesnis
Usvananatiu peufiumesuuuils (Embedded Computen) azUssananalngldszuuufifinig
dau lulasaoulnsaiaes (Micro-controller) agiidrudanisitesiiiianin Bootloader dail
yuafidnuazsaiinindsnsiluldnmiesenuuy szuuaisddeisnnuamnsaves
guUnsalifieanuusznalumsdmilasenis wu switlidesnmsaadudeuriududian
Sensor Silaifiausndufivzdedldnoufumesuuuils (Embedded Computer)

232 Raspberry Pi model 38 Lunasiiamesvunndnuienifonia aoufiunesuuuily
(Embedded Computer) [7] gnimuniulaguai’ Raspberry Pi daiussdnsnisnaavaq

anT1ve1u19nI8INgY (United Kingdom : UK) vianuietindaniuadneatgdyldanu

gialan shlsgldnuannsohennudilasazassgunsalldieuniu diluldssandlunis
witameng q 18 wazdfiewSeuaundendmsunisidanulueuan lae Raspberry Pi
oufiumesfiTvunddivuaisayindutnsiasin ANansngs wazdsdsafignunnii
Tiusgndalunisirlulddmsunisudladamlusuniuaie §ﬂﬁgaﬁ°z;muaaulaﬂﬁmm

Hefuimuiauiluns Tauseunlalagm vlvdiussansamungduses 1



14

2.3.2.1 AuauUAves Raspberry Pi model 3B

2.3.2.1.1 SOC : Broadcom BCM2837B0, Cortex-A53 (ARMV8) 64-bit SoC

2.3.2.1.2 CPU : 1.4GHz 64-bit quad-core ARM Cortex-A53 CPU

2.3.2.1.3 RAM : 1GB LPDDR2 SDRAM

2.32.1.4 WIFI : Dual-band 802.11ac wireless LAN (2.4GHz and 5GHz) and
Bluetooth 4.2

2.3.2.1.5 Ethernet : Gigabit Ethernet over USB 2.0 (max 300 Mbps).
Power-over-Ethernet support (with separate PoE HAT). Improved PXE
network and USB mass-storage booting.

2.3.2.1.6 Thermal management: Yes

2.3.2.1.7 Video: Yes - VideoCore IV 3D. Full-size HDMI

2.3.2.1.8 Audio: Yes

2.3.2.1.9 USB 2.0: 4 ports

2.3.2.1.10 GPIO: 40-pin

2.3.2.1.11 Power: 5V/2.5A DC power input

2.3.2.1.12 Operating system support: Linux and Unix

A 2-7 Raspberry Pi model
ﬁu’l (Computer, 2021)
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2.3.2.2 GPIO Number sfumiavasiidausian GPIO v Raspberry Pi 3B+

dmsunisitendeaunsniiingg wu Wuwesingamall Wi Asguiuununimi 29

GPIO27 13
GPlO22 15

GPIO9 21
GPIO11 23
25

DNC 27
GPIOS 29
GPIO6 31
GPIO13 33
GPIO19 35
GPIO26 37
GND k]

Key

VSN UART DNC
GND SPI

FC GPIO

AWH 2-8 GPIO Number
i (Computer, 2021)

< ¢ o a
24 bYULYBIINY U
2

20 [e)]]
22 GPIO25
24 GPIO8
26 GPIO7
28 DNC
30

32 GPIO12
34

36 GPIO16
38 GPIO20
40 GPIO21

Wuwesinguuall Tvatsuuudiuvimudygiaeidnaazuusld 2 Ussian @e

Foyaueuzdon (Analog) wardarmuAavia (Digital) lngluiduigesasiisasuuas

deyayrau ADC (Analog to Digital Converter) ag/lufiadmsunisideusionvuaunsal

(Sirojan, Phung, & Ambikairajah, 2017) ﬁ’ﬂ%"l%msﬁ'ams%agaLLUUﬁIﬁi’fmﬁ’mmﬂm

FIUIUUBELY SPI, 12C %138 1-Wire winuszundnw 1/0 Tunisidausa

2.4.1 AnANUR
24.1.1 ¥lides 3-5v

2.4.1.2 Togaumniluda -55 Qs 125 sariwaidesa
2.4.1.3 L1@IANALUUAINDA

2.4.1.4 awlianugmiivaisvuialmasn 100-300 cm
2.4.1.5 awlW VCC duns GND @1 uag DATA ELndes

2.4.1.6 %@ Stainless Steel Tube UM 6x45 mm

2.4.2 F3n3\Teuse DS18B20 Fu Raspberry Pi
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va M 5¢

crioz 3]« JE0
GPIOS s e ) Ground
DS18B20 GPIo4 f7]e ] GPIO14
Ground f & T10 } GPIO1S
GPIOAT fu 12 ] GPIO18
GP1027 12 ] 14 } Ground
GP1022 15 116 ] GPIO23
avs ) GRIo24
GPIO0 19 Too § Ground
GRIDD Y] GPIO25
GPIO11 fa]2 ) GRIOS
Ground Fs P26 § GRIOT
i0_sD 2112} ID_SC
GPIOS Foo L0 § Ground
GPIOSE o Ja2 ) GPIO12
GPIC13 B33 T34 ) Ground
GP1O19 fas 136 ) GPID16
GPIO26 37 136 ] GPIOZ0
Ground §30 Fao § GPIO2T

bt

a

MR 29 N15LBNRBIIWIN Raspberry Pi (U @S ingumnil
11 (Rana, Xiang, & Wang, 2018)

2.5 U InTEAULN

v
LY o A o &

duweinseduih ivdnnisvesdlifhdusniuey iWedifumesuiefliiannsai
T lddsrioanunfvzdue ov wasdefiveananndudadsivilmanarniluiiluds
é’zgzgflmim8168’13’1Lfluéhﬂafme?fq?fﬂé’uﬁaﬁwmﬂcshé’fgﬁgﬂmﬁaaﬂmwﬁ@hqqumﬁu (Chen, et
al.,, June 2019)
251 auaviRvendumosiaseduh
2.5.1.1 Operating voltage: DC3-5V
2.5.1.2 Operating current: less than 20 mA
2.5.1.3 Sensor Type: Analog
2.5.1.4 Detection Area: 40 mm x 16 mm
2.5.1.5 Production process: FR4 double-sided HASL
2.5.1.6 Operating temperature : 10°C - 30°C
2.5.1.7 Humidity: 10% -90% non-condensing

2.5.1.8 Product Dimensions: 62 mm x 20 mm x 8mm
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D51 Display

=
= |

MCP3002

Diy Dour CLK Voo

AT 2-10 N5 TBNRBIEWING Raspberry U WuwesInseauLl
11 (Zhang, Zhang, & Du, 2016)

2.6 w3AUIA (Breadboard)
\U3AUB3A (Breadboard) 3ailsand Wnslnuesa (Protoboard) WWugunsaifigaglunis
Wanasdmsunaaesladne dnwazvesvesnasidunarafingdiuuininedildsasiinig

Wousafatuiiuans Tanuiiguasazuwusiadu 2 nqulug A

AW 2-11 lIAUese (Breadboard)
fi11 (Zhane, Zhang, & Du, 2016)
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2.6.1 nguwwing unquinduiundmsunisifousoisas 1Megunsal aziieaiuang

n3ananangy dmsuideuledimidauuy DIP wagsuenmMILusunideuss

\ <+— NHUUUIAY
-~ .
I | | I ’ | | l I I I l >ummmauna

AW 212 fapgnangunuaia
71 (He, Yan, & Xu, 2014)

o [

2.6.2 nauuwwiuey WWunguiiinsdeuseduluwwiueulddmiuinlnilduiain

[

! A Y o o A ] o £ v ! aa Y] & a d{'
LL‘VIaQQ']?JLW@I‘UaWWiUL%@Nm@lwf\ﬂﬂ&%a\‘mqEJLaENI‘Vi'N%iW@I‘U LAZATUATUANWUTNIULND

o
(%
o

UNUINVDILNAIT187AITUILINAL Taednad MUN8D9TIUIN WaLAMUIBAUNIY NUN8D

978U

- .
:__'7.4— WU TouAD

L B B B I B B B B B B B N B B B B R B B B N B B B B B
L B B B B B B B B B B B B B B B N B N B B B B B
L B B B B I B B B B B B B B B B B N B B B B
L B B B B B B B B B B B B N B B B B B B B B B B
L B I B I R B D B IR R B B B B B BB
nAuLUIUBY
L B B I I B B D B N B B I R D B B
L B B I I I B B B B B L L L B
L B I I I B B D I D B B B L B
L B I I I B B B B B B B D B L B
L B I B B B B B R B D L B B B L B

13 )
—> AuanyruRmnATY

X

AWl 2-13 Fog1enNguuIUoL
ﬁuﬂ (Sirojan, Phung, & Ambikairajah, 2017)
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AR 2-14 ue9239508lE Breadboard
a1 (He, Yan, & Xu, 2014)

2.7 wealuladdunasiiniioassnds (Internet of Things : 10T)
wialuladdumesidnifieassnds (ntemet of Thines : lIoT) fie Tassteiliousadiu
fugunsalng 9 Awiey Faildnwaziszyendnuaild gnidesloadniuiniededumesidn
sulnslnaea (protocol) 1unsdeansiannzgunuulaguuvuvdadielinisinsodeans
TussvuiTereranuuldansuarlsans shlfanunsadansamuaunisldaugunsaling
shumnaaiernedumedidn wun1ade - Un dilafineugninuiediald Tnefigunsaiing q

a1u1305u3 uaznevauedlaegaiiused@nsnin (Sirojan, Phung, & Ambikairajah, 2017)

A 2-15  nsldnumalulagdumesideiieyndsivudsing 1
11 (He, Yan, & Xu, 2014)
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[
= v

Tnenstimalulagdidnsusylogdognsumata wazaudsslunsougiu iwsizuin
sruuinwimulaendelifane agvilviusialiuseasamdnunlanfseuy wagaiunsni

' o
14 a

Toyanid1fny 9 eonluld dedunisiauiszuuidndudediuinsnis uazmaluladlunis
Snwenudaondenudluie Sumeddndiennassndsiu gnAatulag Kevin Ashton Tudl
1999 (Lokman & Zain, 2010) § a3 uduri1a1uiseiiies AutolD Center fiuvinends
Massachusetts Institute of Technology %38 MIT a1nn1sldwalulad RFID drunwaiullw
husnagiusedulan dmduniniunldifu RFID Sensor sineq iazanansaidouseruldsiosn
luga 2000 Tanfgunsnididanseindeanunidusiuamnn waensldsii smart dudidine
Smart Device, Smart Home LJu@u Lwéwﬁé’auﬁiﬂim%ﬂﬁugwuﬁmmmiumiL%amfaﬁ’u
inAsa afifeundniion gunsalausadeansiuldniuduneside

A wireless sensor network (WSN) tHusuuadifayd1udu Internet of Things Aldlu
nsdeansiuldiiieus Internet network Wisswifuusds ffudadudanieadesdntu
Ao Sensor node A139S1uAULINTIVIHLAR wireless sensor network (WSN) lifiugunsal
A13qau50Ld ousasd1u a9 WSNs d11190995733UU51nN158d 0199 physical
phenomena Tuipdetngldsig snfetratu was samgfinnnudu 1Wudy iedednluss

gunsallussuulvvinnu visedanudu 9 vely

©

@ Routing Node
@ © Sensor

mwﬁ 2-16 Wireless Sensor Network

a1 (CISCO, 2015)
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Hagtufimuiingudusesidaiioasmasmumananslanugd

2.7.1 Commerdial IoT Aautsa7n Local network Afinangimaluladfuansnsiuly
Tasste Sensor Nodes Tagdgunsal 10T Devices Tunguilasifieudauuy IP Network iile
WngdszuuBumesiin

2.7.2 Industrial loT AokU431n Local Communication 78w Bluetooth u3a
Ethernet Inedagunsal IoT Devices lunguilazdeansniglungy Sensor Nodes

a ) Y A . P ' a T A 1a ¢ &
WEINU INIUUNIBLUULUY Local Devices LWENE]EJ'NLWEJ'JE]']QI@J@JL%@NQQULmasLUW

IBM model for the Internet of Things

This may be a controller area
network (CAN) in connected cars,
a local network in homes, stc

things” connect to the Intermet,
ids or classifiod

AMA 2-17 Network Layers 984 Internet of Things 1 IBM
17{34’1 (Monk, 2016)

2.7.3 Access Technology miﬁmm@umaﬂﬁmLﬁaaiiw?{mfu UDNIINNITHAIUN
wmaluladluils Hardware léun Processors wag Sensors @19zgnsauid s fuiendn
A Single Chip %38 System on a Chip (Soc) LaI83waIL1 WSN lﬂw%mﬁ’uuamﬁamﬁqmi
Feuseldinswawimaluladmsunisd ousedmsu Intemet of Things #58 Access
Technology fiag 3 ¢4 laun Bluetooth 4.0, IEEE 802.15.4e, WLAN IEEE 802.11™ (Wi-Fi) Inglu

Wwiae Access technologies 1 dinsdadayaiiunnsineiu
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A1579fl 2-1 Access Technologies

IEEE 802.15.4e Bluetooth WLAN IEEE 802.11™ (Wi-Fi)
Frequency | 868/915 MHz 2.4 GHz | 2.4 GHz 2.4,5.8 Ghz
Data rate | 250 Kbps 723 Kbps 11 - 105 Mbps
Power Very low Low High

2.7.4 Gateway Sensor Nodes 1i8dilas3%17 Sensor nodes AzA9il Gateway

Sensor Nodes i 81% ausoludesduinesiin 1nada Gateway a8vutin9 1% ous oluds

Network Internet lifugunalviauslulassisgunsalnelufivwezdsdoyaluuudumesidals

wakd M Ineg nels Local network @aagidudanivunin Gateway n1eld Local network

uLfaunaluda Intermet ledaevseoluwu draunsalldlidouse Gateway Lifilianuise

Waussludumsavneneusnlawsaiuisadearsnunielu Local network towintu

Edge Node

PO -
p-‘ Gateway \

O
o).
/ @) Internet

() sensor & Actuator "//" Communication

AR 2-18  WSN Nodes
i (CISCO, 2015)

T
i
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O // ==l 4 E
P i | =9

@ A / P Rt

(C» \ Jt // \ﬁ

User access and control
Wired/wireless

Power line

BAN, PAN, LAN
-
N | ; - -
(O) Sensor & Actuator N Processing /1 Communication

Business Data Analysis

- -

AN 2-19 Diagram 95UNBNTLWOUAD Gateway Wae 9 AWV Local network

fian (Boyanov, 2003)

2.8 Firebase Real-time Database

Firebase Real-time Database 1Ju NoSQL cloud database [13] ﬁLﬁU%yjaiugiJLLUU
99 JSON wagdlnis sync feyanuu real-time fuyn devices Mifouronuudnluifluden
Funit sedumsvihaudle offline (Yogaazgnifulilu local aunsesianduan online Aagsi
13 sync Yayalvdnlugd®) saufedl Security Rules Tisannsaoenuuudowlunisdiis

¥

Toyarian13 read uag write ladsla 13 Android, i0S wag Web Site

4 Fir{ebase

Internet

//' W

o5 Lemiead o

-

- \
3 _—

Mobile App

:g- E’ : — _“ ;

ESP8266 Things m - m
= ‘Web App

m‘wﬁ 2-20 gULLUUﬂ’]iﬁ’N’lu"U@ﬂ Firebase Real-time Database
i (Chen, et al., June 2019)
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2.8.1 ANULANAIITENIN Relational Database AU NoSql Database

2.8.1.1 Relational Database %ﬁimﬂa%ﬂuﬂugmwu Table, Column way

Row A4878814

A1519% 2-2 §9E4 Relational Database

Id Left-weight Left-distance Right-weight
1 1 1 1

2 5 5 5

3 36111 36111 2.3993

4 1.2275 1.2275 1.3315

5 Left-weight Left-distance Right-weight
6 1 1 1

Tnensfiagyinlilassasiadeyaiinnugndes Relational Database fagld Schema Tu
N13A7UANY Column Useinnvesdaya AmuAeIn1svestayaluusiay Field waz Primary

Key azligiteilunsuavendoyaunay Record W n15a313 Table

Create Table Test

( id int(1@) NOT NULL AUTO_INCREMENT,
name Varchar(255) NOT NULL,
tile Varchar(255) NOT NULL,
team Varchar(255) NOT NULL,
PRIMARY KEY(id)

)
Al 221 fhegremddunisaine Table
Feazdmnudaaululaseairavesszuveriguy dideyaifuuszan integer azll
anmsatuiinduiadnvavie String lévied ayagnimuslsidu Primary Key Foyatiu 4 vy
lalanunsafizdnuld
2.8.1.2 NoSql Database Ju JSON database fiflassasiafidu Key Way

Value $9819%@ASeanIng 2-24

[
"test":

"name" : tester,
"title": programmer,

"team": engineer

]

AT 2-22 F10879 Json Tu NoSql Database
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I IS 1

Favziianudangulunisduiindeyaiiesanaiuisanazduiinlaiaglaglidouile

]

=) v

lAT9a9 1970y aluil ounyu Relational Database 91915 un 198N 4 Field 48 pre_name

Y

Y A

Aaunsatuiindeyaleviui

J
2.9 nuideiieata

(Uno, Kiyomi, wag Arimura, 2004) 1a@n®1n193 7au1n1508452UUUTENIaNaluy
paudkazuuSaedtunsliuImMsTeseaniud wartlhiuisdnenmiluiniewes loT e
Td1usruuUssananavuaauslaglingniadiegegunsaitimiei inaid eusefy
\nTetnedumesiinazvigliannsauansmumuiniulasidunmandnidsinisesas 7
Andaldmunanaieiu Srgunsaiilllfidonsiony furaniud aglianunsavhaueesiing
dliae oravilalssusuusaitsuwnsinaiviousuusaunud anduleduosadamiidy
wsgnsaelddeyasis medunisasasty Sdudesdiinmatadeya nsamasegily
flanunsndsteyalvifunaniudiileuszananamanuvuuvuls

(Zhang, Zhang, & Du, 2016) laAn¥INsUILWIANIUYBITEUUUIUEIRT UL AIUANGIEY
wielulafinietgl¥meduredodammmatunsiedeunufisinmsaiawe undiatuiile
muumsvhailasdsihulugililasneulvsaaeiene Arduino titevinnsia-Unaialnds
ansatluussyndldasale

(Zhao, Wu, & Liu, 2014) le’fﬁﬂmﬁqmiﬁ%wﬂiu‘la%umaﬂﬁmLﬁanﬂﬁamﬂizqﬂﬁ%
fuarunalilnglafinisoenwuuszuuuaninatazidufoua AN UAT o e B UnesLTN
Tnedanon yedamuauiivszneulumeiniesindinfuuasgunsaitufinduardsdya
FadufuiihsefaiidusndndiufirauySeuuumys waradmidenmsuanwaly
aonndesiunuiaInsvesngunuasnstunsidldau eteliinumsnsiihessuunans
Anamsniiuldvnd yonan fafumuasmnauiglunsiuimans

(Panana way Kanita, 2018)l8 @ nwin15umalulad n15.% ous ove9assng 117
Usggnaldlumsiaungunsaliasuiioesie Ausaifuitlegldauily Thianusaaies
vuadly azainsienisldeu Ianudasadesienaies wavsiageueilaslinisinauves
Tslnaea MQTT lun1sAnsoduszning Api fugunal 10T laedlilard 4uni15viau
Usenaunig d@ureints Wseisgunin (Health Monitoring) wazdersnee) luuananauy
Web Application wuutsealnil

(Wu J., Guo, Huang, & Liu, March 2018) la@nwin1surluaina RestFulainnisun
Lutma Restful Api 1nl991ufusEUY Internet of Things LagULUURNNIAUYDY Service 917

WU Http Get api/room/1 uansdayavad room 1 iiveddliadndves Controllerl Walile
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\Uu interface TWiuszuu Intemet of Things Insuansliiutanistdaulugluuy Service
ilefazyhnsdsnsgunsallsiiney

(Zhao, Wu, & Liu, 2014) la@nuisanudfyveniuwesiatunaluladiiioassnds
TnedimausufisusunuunisTdnuiueesians 2 sURe Rest war Soapsaufisléiinig
osuanienssusussviaiueeiauasaluladifioasmas

(Zhang, Zhang, & Du, 2016) lannansunLen firebase real-time database 11
Uszgndldsaudv iot laglddnisinelusinaea MQTT il et udszdnsamueanis
ﬁm&iaﬁamaamﬁﬂﬁﬁnmﬁmmLﬂut,‘fmLLaﬂwﬁLﬂ%’ugULLw Single Page Application Lil®

deaugunsed loT
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A5 UUIUIY

AT uinnssusunvumaluladdunesidniioasiwdsugniivgsAaianizma 1
n1sanduniseanuuukazimul eendu 2 diundn Ae druwsnidudiuvesgunsal
Hardware ldufl nsfiadaduiges nadeudessninsgunsnl wazduilaeafudnnudiy
Software oA M5 0eUlUTLNTUAIUANNITTINIUVDITEUY N1suansdada wazladin1suys
funousenidu 4 tunoudil

3.1 MSANYILAETIUTINTRYA

3.2 MIUATIEVUATOBARUUTEUY

3.3 MSHAUITEUY
3.1 nsAnwuazsIusudeya

3.1.1 mifnwdeyaladnisiuniiteyanazaiudenisvesssuuugnin sUkuunIs

'
=

WAILITEUU WuInan1sUgndnuuy NFT niesuuuiilnalaglafinis@nwiainauide
Weadadlunisuszgndldrnumaluladdumesidaiionndsiuaudiusigg sadenisiv
giudeyaluguuuusng q wu grudeyanvuilassaiuasuuulailasaie Wudu
o v vl & v o ¢ =Y vo
3.1.2 manuniuTndeyauazasuralainisinuniusivteyaniiusylevd siudlavin
nsasunaandeyanTIuTInu e ldlunuidy

3.2 AN5IATICHLALDDINLUUILUUY

Responsive Web

1 v

Cloud Service

?

loT Service
¢
Arduino
Controller 'y

L)E)Gs) Ll

] a T <~ a
AMNN 3-1 AFIATILNLLALDDALUUTEUU loT ﬂ’]iﬂ@ﬂW%ﬁqiﬂ‘\]LQWﬂ%VI’N
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Sensors

n wS Cloud service

I Responsive web

AT 3-2 @01 URINTTUANTINVDITTU

LS

Hardware controller device

A1519% 3-1 Uselnnveaduees

Sensor Detail Type

Water Level Sensor 1N5EAUUN Analog
Temperature Sensor ”ﬂ’qquﬁ Digital

3.2.1.1.1 M39enwuudIunIsHanasssninsiimuauivddugeslal

M3195UkuUNSYiaull

LS

TS

LEXXX]

sseee oaddd ocoooo|

LA R RN LA R AR} LRR L L LA R RN
1 (AL EEEEEEE R RS R R BY | bhrecscssses

LA AR R R R R R RN (AR R R RN ]
(AR L L L L LLE R ] - LA R

T e

LA LR R R R R R R R AR R AR N RN R R NS
SesssssessesERREsREERERRRRRRRRRERSS
.'i_l_..'."...i_._l.....__.'..."_..‘..llllll.

HS

a ' < & L3
NINN 3-3 ﬂ?ﬁﬁ@L%uL%@iﬂUQﬂﬂimﬂ’J‘UﬂN
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=] a & ¢
AINN 3-6 "q@]mﬂlﬂjuvﬁai
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3.2.1.2 Software M30BNLUUNTINIUVBITEUUUGNIN

32.1.2.1 mssansuumsianugiudeyalafinnsldeuluguuuuees No sql

184 Firebase Could Service msdafiunenusiaziiugesineavdsdotaaniduesinyng 1 ud

A > senserAl > cdPi48B8KekZ

A iots B sens = B

+ Add collection + Add document + Add collection
senseral > cdPi48B8KekZfNBVKSry )

4+ Add field

nerature_value: 30

create_at: November 14,2018 at 8:35:11 PM UTC+7

2NN 3-7 miﬁ’uﬁﬂ%ﬂgalu firebase real-time database

3.2.1.2.2 nmseonkuudiuiiveundiaty nmsimuiszuulgninlalas
Windlaldnsnssiwazeanwuuszuudelieg UML diensiuamnuduiusvesdasinglu
szuvludeingiliussfiuseasiBoauazfanssusing 4 lussuvnufiamsodila loie
wazuansseaztdualuguununIn (Diagram) 119 9 lusuidodusznaudioununin
(Diagram) #isil
n) EJuﬂLﬂaimazLLﬂiu (Use Case Diagram) LﬁaLLammiﬁN’m“Uaﬂ
Aldunazanuduiusivsruudes neluszuulvgleeiingueldau 1 naudsznaunie

Y
Q’@Lmzw WAYSYUULEY 4 53UV WA seuudandu iSUULLﬁmNa{J}BHGQQJ‘MQﬁ LAYLARNING
LAV
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<<Sub system>> loT

Register

Web

Client o
egiste

service

|dentity Provider w

service

A7 3-8 gawaalneunIuvessEuLUgNEn

A1319% 3-2 S1gazBYRYaLAALNETEUY

Use Case Name Wgssuy
Actor HAUATEUY
Description szuvdududinulunisldauszuulaenisnsan Username wag

Password LaLntg9u

Normal Course annsadldnuszuulalunsdl Userame uag Password gnaes

Alternative Course  bila1unsasd1ld91ulunsainsan Username way Password bl

AIRR
Pre-condition -
Post-condition -

Assumptions -




a = v
M1919N 3-3 iqﬂazL@UWLLﬁW\TSU@%aQﬂAViﬂN

Use Case Name
Actor

Description
Normal Course
Alternative Course
Pre-condition
Post-condition

Assumptions

32

a

Y

a

wansloyagumnad

Y

AALATEUY

a

<
Vl’]ﬂ'ﬁLLﬂ(NNaUuL’JUVLGWﬂuEﬂLLUU“U’ENﬂi'WWQiU“VmN

Y

HIUNSINETEUY

o a v v 3
M990 3-4 iqﬂagL@UWQaLﬂaﬂayjaigﬂUuq

Use Case Name
Actor

Description

Normal Course
Alternative Course
Pre-condition
Post-condition

Assumptions

WanaTalATEA U

ALATZUU

o &2

[

HIUNSINEsPUY

nsuanawauIuledluguwuunisudaiieu Safe/Danger



3.3 NISNAIUISSUU

[

33.1 msimuszuuszuulgndntuaniddeilliuisesnidu 6 Juneu sl

ANE1aUALAYANUADINITUDITELU

F

ALATITWANUNDIAIT

A

aafAttuUIeUU

e

Weluszuu

Qﬂ

NaFaUITUU

F

AsUuaunazanvingliau

o & o
A7 3-9 TupeulunIHAIUITEUL

33.2 n3oddiefldlunuide
33.2.1 \Adnsreuiiames CPU Core i5 seuuUfiinig Window 10
33.22 1f5309P0UR IR0 TNALEN muAuszuuUgninlalasluiing Raspberry pi
3 b+ sEUUU{URAMT Linux
3.3.2.3 Sensor
n) Waterproof Temperature Sensor
9) Water Level Sensor
3.3.2.4 WUsunsudssend
) Visual Studio Community
9) Notepad ++

A) Firebase Real-time Database



uni 4

NAN1SIAY

awu A Y v aa ¢ < A a - a =
MAIEeY winnssudukuumalulagdumesidaiiioassndnanigsnaanienig &
TnguszasAiiiednuinisuinalulagiinennassnda (Intemet of Thing) anWaIuNTINAY

nwnsnssuadelmilasuwvaiu 2 dwfe namsimuissuuiasnansugnin

4.1 WANISWRAIUITZUU

(%
a LY o 1

FTUUATIIAOUANTUDS aaumndl szAudn ’iuiuneundndudussuuivmudy

Y

Wielvigldnuaunsansivaeuanduesinagiamsaldanulfaidunailiguminin ns

¥M971UAZ3 19N Raspberry Pi ¥n158 A6 9 a1ndaduesuazdsluifuf Cloud

Server mmiaa%mamamﬂmiaamwuLLazﬁmmLﬂuﬁﬁammiﬁﬁqﬁ
dlegldanwhnsidsuanswgunsaiayinisdsoyadueestuluiiulif Firebase

Real-time Database

=~ jot-test-26586
- sensorEC
| @- -M-GcNC2n6-DmDMOh-Gx
- -M-Geudly69CZJNRXody
- -M-GCVN-oukFO460q6g5
- -M-GD3b32EEHQnPb_8C1
- -M-GdA7VFjO7MCgPiaRq
- -M-GDd22791zdGEdO78Y
. -M-Gdi5dLLo6IFbmDu9H
- -M-GDKgltdP5Cyk483w_
-M-GdSDozb70114YnyKm
-M-GDtuFJJha8gyUaTH7
- -M-GdxiQzXXn0JqUuU22

P - e

Ml 4-1 nsiiudeyauu Firebase
dowdugessurianugldnuansadilugnisyhaureadugesaanniuled
Alfusieawinis Log in wazgdnduazdosnsen Username wag Password liigneiadds

ansangseuy
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FARM LOGIN

User Name

Username

Password

Password

Al 4-2 vi1ae Log-in Wngsyuu

WI9v11n13 Log-in Wngsyuu syuuazinnsuansntiae Dashboard Ingazuiiseniiy

2 A5 Ay 1 NSHANFU

a

4.1.1 nMuanAdueesaamal

Y

hue='species',
markers=['o', 'D', '+,

plot_kws={'alpha": .4});

sns.pairplot(df, vars=['proten’, 'cornash’, 'fiber', 'nitrogen’, 'species’],

a

Ml 4-3 nevuandure o)l

Y

1
o

4.1.2 asllansAlguwesi

ds[cols].hist(layout=(1, len(cols)), figsize=(3*len(cols), 3.5)),

Energy (Kcal) Water (g} Protein (g} Fat (@) Carbohydrate (g) Ash (g)
60 0
30
100 50 I 5
25 0 10
e 40
20 25 25
60
5 Eul 0 0
a0 i 20 15 15
10 10
20
5 10 5 5
0 0 0 0 0
250 500 750 00 25 50 75 o 2 4 o 10 20 2

AN 4-4 NINLARLTUEDTIN
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n15U18anaifiu Unsupervised Learning 11Ussgnailde1u Avum 3 Tunou Ao

v
v A

TUABUNTFTHUTBYR TUABUNTATIUUUTIAY wasTURBUNAANSNAAINdana3Ay anadl

1. nswseudeya

v

naaniiideyaidn uaztseuldeu Jupyter notebook ¥NSWEUANEINIY

[

Python legsil

import pandas as pd

import seaborn as sns

import numpy as np

import matplotlib.pyplot as plt
import csv

import sklearn

%matplotlib inline

%config InLineBackend.figure format = 'retina'

url='veg_data.csv'

df=pd.read_csv(url)

df.head()
Qut[2]:

No Description E{n'?éagﬁ Water (g) Protein (g) Fat(g) Carbohydrate(g) Ash(g) Cate Unnamed:9 P F C Cate.d Unnamed: 14
5 Chinese white cabbage n 96.6 1:5 0.1 1:1 07 Low MNaN 1 1 1 Low 1.0
12 Mastard greens stems & 2 o238 25 04 31 12 Low NaM 1 1 1 Low 10

eaves

2 3 lettuce 27 927 20 04 38 11 Low MaN 1 1 1 Low 10
3 4 Crataeva, pickled 108 734 34 1.3 208 13 Low MWaN 1 1 1 Low 1.0
4 5 Paco (Oak fern) 25 837 17 0.4 36 06 Low NaN 1 1 1 Low 10

MW 4-5 Adasenldyndoya

nsldddasonyadoyaildifiulilunsvlulng csv nadndiildasuanstayariaund
wazAodus WU AnTel5s I Enerey 38 Kcal, Water 89.5 g, Protein 2.4 g, Fat 0.4 g, Carbohydrate
6.3 ¢ Way Ash 14 ¢ Wndaon a4 Energy 27 Kcal, Water 929 ¢, Protein 1.7 g, Fat 0.3 g,
Carbohydrate 4.3 g, ua¥ Ash 0.8 ¢ AnTa11 & Energy 39 Kcal, Water 89.2 g, Protein 3.9 g, Fat
0.7 ¢, Carbohydrate 4.2 ¢, Wz Ash 2.0 g
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<class ‘pandas.core.frame.DataFrame’>»
Rangelndex: 113 entries, @ to 112
Data columns (total 15 columns):

#  Column Non-Null Count Dtype
8 Ho 113 non-null inte4
1 Description 113 non-null objact
2  Energy (Kcal) 113 non-null int64
3 Water (g) 113 non-null float64
4 Protein (g) 113 non-null floatsd
5 Fat (g) 113 non-null float64
6  Carbohydrate (g) 113 non-null float64
7 Ash (g) 113 non-null floatsd
g Cate 113 non-null object
9  Unnamed: 9 8 non-null float64
i@ P 113 non-null inted
11 F 113 non-null ints4
12 C 113 non-null inte4
13 Cate.1 113 non-null objact
14 Unnamed: 14 113 non-null float64

dtypes: float64(7), inté4(5), object(3)
memory usage: 13.4+ KB

A 4-6 N5LEANES dfinfo() eguanitasuINsHnd

nsldends df.info() naansnlaazuanoyanvun 113 uad uaz il Non-mull

df.columns

Out[4]: Index(['Mo’, 'Dascription ', 'Energy (Kcal)', 'Water (g)’', 'Protein (g)',
'Fat (g)', 'Carbohydrate (g)', 'Ash (g)', "Cate’, 'Unnamed: %', 'P",
'F', 'C", 'Cate.1', "Unnamed: 14'],
dtype="object”)

AW 4-7 n1sldands df.columns Liveadayanalawuinsing
nslAnds df.columns unisisengredudauaiiulasuinsindngldaulads

Usenaunie 'No, 'Energy (Kcal), 'Water (¢), 'Protein (g), 'Fat (¢)', 'Carbohydrate (g), 'Ash
(e)

cols=[Energy (Kcal), 'Water (g)', 'Protein (¢)', 'Fat (¢), 'Carbohydrate (g)', 'Ash (g)']

Y

AN 4-8 N15LEENARAUNNNTINABINTS

a U fu ad Y E% - ] v eal vy =
mMadenAeauANnTAeIN1s Ny I¥deinsidentdusneduinglddemnis viseaula
poauA T Tuntauufinaulamzaeaun 6 meaun Ao Energy (Kcal), 'Water (g), Protein (g,

Fat (g), 'Carbohydrate (g), 'Ash () Fsltiiauus cols
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sns.pairplot(df, vars=cols,

plot_kws={"alpha" .4});

150
125
Elﬂﬂ -
P t ' 2 .
o o o o
. pd ?’; L e
D | # & 7 *
800
_ 600
g 400
” [ T— ] L - L — e [
8
5° :
EIJ } : 3 A
.| 4 & & 2
0 ‘l i -E; . ;“;. Jb?
3
| i it e o
30
n;‘s
:320 b
£ ! .
%10 !‘.‘ ‘ L Lo el
: ;"" gor & ¥
3
1] 1 i ::“". ' X - I';
£ S %
e s W0 150 B0 400 60 B0 0 2 4 & B o 1 2 10 o b TR T TR
Energy {Keal) Water [g) Pratein (g) Fat g} Carbohydrate {g) ash {g)
= Yo o . o
A # 4-9 nsTEAs sns.pairplot @319HAUATN
M3lAEs sns.pairplot WunsadaununwlmiuauduiusvesinUsuemnUs

W FuUs ‘Water (g) finudusiusiJudunss ‘Energy (Keal) \ludu

2. MIATILUUIIa09UTELAN Unsupervised Learning Ty

v

Y

Joua Ylenad

¥

2.2 NFETINMUUTIA0INTANDTNY K-Means Clustering T8rudayanu

Tnvunsunfiutululsemelneg vinlanadl

AN

MIkUINguUsEINYaYaRzyiNsLUalaYa 2 LUy A8 LUU StandardScaler kaghuy

PowerTransformer lagail

WUy StandardScaler
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cols=['Energy (Kcal), 'Water (g), 'Protein (g), 'Fat (¢)', 'Carbohydrate (g), 'Ash (g)']
scaler = preprocessing.StandardScaler()
z=scaler.fit_transform(df{cols])

z[:5]

Out[11]: array([[-8.09362546, ©.9100088 , -8.48308405, -0.57236026, -9.006338 ,
-8.34354383],
[-8.46028877, -0.84242740, ©.15488717, -8.25867888, -8.61319628,
©.43012557],
©.43432445, -9.p4383345, -9.12404880, -0.25867088, -0.47909668,
9.28259185],
2.30713689, -8.31518277, ©.65635208, ©.08221726, 2.73929375,
8.50565029],
8.50423708, -8.8207730 , -8.20237853, -0.25867088, -0.51741085,
8.500087675]])

m‘wﬁ 4-10 LLUU StandardScaler

nsldend ¢ scaler azvin1suusUsEIANT oy a 2 Useian Ae wuu scaler =
preprocessing.StandardScaler() 1A304%11A1% transform ‘ﬁaaﬂa Imﬂﬁﬁau‘jamd?ﬁ%ﬁﬂl’ﬂu
sUwUUvedasy Tududs z

WUU PowerTransformer

pt = preprocessing.PowerTransformer(method="yeo-johnson', standardize=True)
mat = pt.fit_transform(dflcols])
mat[:5]

Out[12]: array([[-1.45582624, ©.68755625, -0.1950¢118, -1.17585566, -1.87702773,
-8.15574318],
[-98.28126319, @.38349788, @.48475353, ©.11862721, -8.6848%9517,
8.75885211],
22769604, ©.37583377, @.18862872, ©.11862721, -8.32713276,
5182546 ],
23875144, -1.8356667 , @.91342897, 1.42665764, 1.985721921,

[-e.
a.
1.
8.892041458],

-8.

-8.

—

[ 33677044, @.45856593, -@.83469857, ©.11862721, -@.48134285,

4073913411}

AN 4-11 wUU PowerTransformer
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4.2 wan1sUgNANKIUIEUU loT

4.2.1 wan1sugnin

A9 4-12 Mseseugunsal

MIINNITINzanLareyUIaliulNinauagninunn 12 vau waanintiwan
awdasUgnumladimsiiuansavate AB adludaun

wlasUgnaniuusnuasasidasgn

A 4-13 fegrauUaslgnszey 1-7 u
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AWl 4-15 ulasugnsvey 10-14 Yu

_




a2

o ] Ya o W Yo v A o Ay RN v
VﬁQQWﬂUUﬂmzajﬂEJI@Vl']ﬂ'ﬁVI@a@ﬂNﬂ‘U 3 USeLANAD WNTRDN WNTYNTI LaZNNTAN

Ml 4-16 wavnuUaslgninTaeussesiiuiien 30 Tu
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4

Ml 4-17 waannuUasdgnanelSesseziiuiies 30 Tu



aq

Ml 4-12 waannudasdgninTaniszezinuiies 30 Ju
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M13197 4-1 WaANEs S19U aganunievedly Aulndae

Sample plant height (cm) trunk width (mm)  leaf width (mm)
1 25.2 12.7 2.5
2 253 13.1 2.8
3 24.9 13.9 2.2
4 24.6 13.3 2.7
5 24.2 12.8 2.8
6 259 12.9 2.8
7 25.9 12.9 2.4
8 252 12.9 2.8
9 25.9 13.3 2.1
10 24.5 13.7 2.2

Average 25.16 13.15 2.53

o o v 9 Y o oA U
M19190 4-2 Naf’n']ll'sjﬂ a1MU LLa:ﬁﬂ'J']llﬂ'J'N"U@\ﬂ‘U AUNNTYNT

Sample plant height (cm) trunk width (mm)  leaf width (mm)
1 252 10.5 27.2
2 253 10.9 27.3
3 253 10.2 27.2
4 25.6 10.0 27.2
5 25.9 10.3 27.1
6 252 10.9 27.1
7 24.3 10.3 27.1
8 24.2 10.3 27.1
9 24.1 10.6 27.2
10 25.5 10.0 27.2

Average 25.06 10.4 27.17
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M13199 4-3 WaANEN A19U LaraunIvedlu AuRnga

Sample plant height (cm) trunk width (mm) | leaf width (mm)
1 26.2 7.1 0.5
2 26.1 1.2 0.2
3 26.2 7.3 0.2
4 26.7 1.2 0.3
5 26.8 7.1 0.3
6 26.1 7.1 0.7
7 26.7 7.1 0.9
8 26.2 6.5 0.3
9 26.2 6.0 0.2
10 26.5 6.0 0.9

Average 26.37 6.86 0.45

nan15Idvagulainssesnaildnaniuieraveyi 30 u ldseuu loT amnsauiu

Wealdisinirsseznansugndudn@unfazegi 40 Ju viliianunsagiewmdeinunsnsliise

2 o da X
TYTLIANNULAYINLITVU
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a3U aAUs1e uazvalauaLug

winnssudunuuwalulagdunesidaiioassndsgniivgsAaanienaanuaansila
PNMINAUIsTULLazraannsugnidnlalasiudndarunsaasunanisaiiunuuasg

UDIAUBLULANN 9 tndil

5.1 A3UNANIINIUYRLTEUY
nsUszgnaldinalulagdumesidaiionnassndsdmsunisugnidnd 3 Uszuan fie

v

AnTdeu AN wazinTanilagld Raspberry Pi lusinivauiduigesuaidnlnantoyaly

o

sg1udoya No Sql wazvinduneundadulunis Monitor Wueslugluuuvensinlaed
vianua 2 nsa a1 nsnuanadugesoamall 2. nsvuanuduesun suddlaiinas

neaesiuLUasugnuuin 12 v Mdssesiiatlunsiiudeya 30 Tu linadns fe dnds 3

Usziam anunsaasyiulaldauysaluazanunsaiiunealiiiniiudasgnlussuuung

5.2 afusena

msUszgndldimaluladdumedidaiiennassnasdmiunisugnind anunsmilduiuly
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Article Info ABSTRACT

Article history: The internet of things (IoT) is a network of physical devices and is becoming
. a major area of innovation for computer-based systems. Agriculture is one of

Received Sep 23, 2020 the areas which could be improved by utilizing this technology ranging from

Revised Apr 8, 2021 farming techniques to production efficiency. The objective of this research is

Accepted Apr 27, 2021 to design an IoT to monitor local vegetable (Coriander; Coriandrum sativum

L.) growth via sensors (light, humidity, temperature, water level) and

combine with an automated watering system. This would provide planters
Keywords: with the ability to monitor field conditions from anywhere at any time. In this
research, a group of local vegetables including coriander, cilantro, and dill

Coriander weed were experimented. The prototype system consists of several smart
Ecosystem ) sensors to accurately monitor the mentioned vegetable growth from seedling
Internet of things stage to a fully grown plant which will ensure the highest production levels
Local vegetables from any field environment. Three different types coriander were measured

under these parameters: height, trunk width, and leaf width. The result
showed that IoT ecosystem for planting different types of coriander could
produce effective and efficient plant growth and ready for harvest with a
shorter time than conventional method.
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1. INTRODUCTION

The internet of things (IoT) refers to a network of physical devices that are embedded with multiple
electronic devices, software, sensors, and exchanging data service via the internet [1], [2]. IoT environment is
an integrated transport system to dynamically route respond to change the traffic needs and conditions. IoT
has been used in various types of applications such as creating smart homes, smart cities, connected cars,
connected health, as well as in agriculture or smart farming. As the agricultural industry plays such an
important role as part of Thai business, finding solutions, and opportunities to improve the current
agricultural methods for Thai farmers could be beneficial it could help increase the efficiency and
effectiveness in producing these goods. IoT application in agricultural industry can be used to monitor,
provide real time control of the process, and track several controlled variables that promote vegetable growth
such as light, humidity, temperature, and water. The basic IoT system architecture consists of three different
layers with different functions: Yi [3] first layer is the physical sensing layer which contains embedded
devices that make use of sensors to gather data. Second layer is the middleware layer which provides the
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function to facilitate manage the communication between the activities of sensing devices and the application
layer. The third layer is the application layer which is responsible for mapping the information onto
applications which planters will be able to use to send commands to objects over the Internet via mobile
application, webapps and/or browsers [4].

In this study, the paper presents a prototype of an internet of things (IoT) ecosystem for planting of
coriander (Coriandrum sativum L.). Coriander, a member of the apiaceae family, is among the most widely
used medicinal plants, possessing nutritional as well as medicinal properties. Coriander is an annual plant
that yields within 40-50 days and the edible adult coriander height is approximately 30-40 cm [5], [6]. The
culantro height is approximately 15-51 cm, leaf width is 20-30 mm [7], the average height of dill weed is 30
cm, and leaf width less than 0.5 mm [8]. The prototype is specifically designed to monitor a system which
consists of many smart sensors to accurately monitor coriander growth from seed to plant. The sensors are
designed to collect information about the environment that the plant undergoes such as light, humidity,
temperature, and watering system. This system will then decide on the actions to be taken based on the given
controls such as to sprinkle to maintain the humidity, to adjust the temperature, and the watering system via
the internet.

2. THEORETICAL BACKGROUND AND RELATED RESEARCHES
2.1. Internet of things (1oT)

The fundamental of IoT has connecting physical objects, sensors, and other smart technologies
altogether into one system [9]. [oT provides an immediate access to information about physical objects that
leads to innovation on services and processes with higher efficiency and productivity [10]. IoT was related
several technologies which are wirless sensor, rfid, and cluoud computing [11]. However, The development
of IoT to the green technology. Green IoT can may improve energy efficiency and that of other system, help
reduce environment pollution [12], [13].

2.2. Cloud computing

Cloud computing is a large-scale computing used low-cost process and Internet capability. The
application areas of IoT include smart home, smart agriculture, and smart monitoring [11]. The smart
agriculture application involves a large distributed array of monitoring sensors and a large distribution
network. Cloud computing includes three services consisting of; 1) platform as a service (PaaS),
2) infrastructure as a service (IaaS), and 3) software as a service (SaaS) [14]. In this research, a cloud
computing technology in IoT is being utilized to view sensor values via the Internet. Cloud computing
technique was used to machine learning tools, data mining, and artificial intelligence. Data are sensed from
device sensors, virtual sensors which retrieve data using web service technology to easy to be stored,
processed, and anlyzed [15]. IoT devices can be detected and collected of datasets. Real time of datasets are
sent to the cloud and preprocessing for big data [16] and preprocessing for big data analysis [17], [18]. In
addition, the cloud computing in power system was relized the requirement of high brandwidth and low
latency. A privacy protection strategy via computing, data prediction, and preprocessing were necessary in
IoT [19].

2.3. Responsive web development

In the past, the interface libraries are inconsistencies, high maintenance cost, and more complicated
process. So, responsive web development can be created with HTMLS5 coding, CSS, and JavaScript coding.
Bootstrap is popular and efficient tool to develop responsive web. Bootstrap is a free toolkit for creating
websites and web applications. It contains HTML and CSS-based design templates for typography, forms,
buttons, navigation, and other interface components [20].

2.4. Literature review

The research in smart agriculture area is proposed all filed of aspects to improve the quality and
quantity of productivity of agriculture. Smart agriculture ecosystem consisted of four different components:
hardware controller devices, sensor devices, data storage, and presentation component.

2.4.1. The hardware controller

The hardware controller devices were usually used with Arduino Uno, [21]-[26] and Raspberry Pi
[27]. These devices are designed to manage and control the sensors. The input will be received from the
sensor and monitoring devices. They are connected to the internet and can be accessed from anywhere.

An internet of things ecosystem for planting of coriander ... (Panana Tangwannawit)



4570 O ISSN: 2088-8708

2.4.2. Sensor devices

Sensor devices are used to monitor the control and read the information to monitor the environments
of planting. The sensors that are commonly used in agriculture consisted of temperature sensor [26], [28],
[29] water level sensor [23]-[26], [28], [29], humidity sensor [26], [29], soil moisture sensors [29], light
sensor, [26], [29] and pressure sensor [21], [26], [29]. The sensor devices are related with hardware control
devices which are a part in physical layer. These sensors are designed and responsible for checking the
environment of planting.

2.4.3. The data storage

The data storage, usually through cloud server [21]-[26], [28], [29] stores the data of the devices
with the details of sensor name, sensor ID, sensor status, date, and time of the sensor. The sensors received
data and information is read with the hardware controller device and send to the cloud server. The
architecture was to develop a client server system to be able to access via web or android application.

2.4.4. The representation of information

The representation of information from these devices is done by using web browser [21]-[22], [28]
or mobile application [23], [26], [28], [29]. The web application is responsible for supporting a responsive
design. The application shows the statistics of the general and overall data with details of the system such as
sensor name, sensor ID, sensor status, date, and time. Moreover, the application will show the sensors real
time information. Therefore, the user was able to access web application or mobile application easily and
comfortably.

3. RESEARCH METHOD
3.1. Proposed prototype

In this section, the sensors on real time monitoring of [oT environments will be illustrated. Figure 1
shows the architecture layer of IoT based coriander data cloud platform. Integrated devices such as several
sensors (light: LS, humidity: HS, temperature: TS, and water level: WS) are connected to a controller
(Raspberry PI). The controller can access the sensor values, process and obtain these data and transfer these
data via the internet using cloud computing. The IoT Service will decide the action to be taken based on these
controlled parameters with various views of data and the output results will be shown from the cloud
computing on various layouts based on size and capabilities of the device.

. HS
TS : { ws Cloud service

Rcsponsnc web

Hardware controller device

Figure 1. Framework of IoT ecosystem

3.2. Device selections

The prototype consists of 4 different devices combined to create a system. In this section, the
functions and rationale of using 4 different devices will be explained. Raspberry Pi is a small sized computer
that runs using the Linux operating system. It has USB sockets that can be plugged with a video output and
information can be input into the device. It has general purpose input/output (GPIO) pins and is connected to
custom electronics. It is integrated with WIFI and Bluetooth connection. Raspberry Pi has enough capacity
and capability of performing every task, for examples, about browsing the internet, playing videos, making
documents, and playing games [27], [30].
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The temperature and humidity sensor (DHT11) is a digital temperature and humidity readings. The
DHTI11 exports digital signals. The advantages of using this device is that it is easy to set up and a wire for
the data signal. These sensors are popular to be used in remote weather stations, soil monitors, home
automation systems, and smart farm [30], [31]. Arduino Uno is used to readings of the hygrometer. Arduino
collects analog data from hygrometer and convert analog data to digital data (ADC) [27].

3.3. System architecture

The system architecture is designed and implemented for the internet of things ecosystem for
planting. Raspberry Pi is connected to sensors (light, humidity, temperature, and water level) via GPIO but
GPIO pins has 40 pins then not enough to use many sensors. So, the connecting between GPIO and sensors
need the breadboard. Breadboard is a device for connected between one device and other devices without
soldering them. These holes are connected in strips. The temperature sensor (TS) is the DS18B20 sensor as
waterproof version. The DS18B20 has an operating temperature range of -55 °C to +125 °C and is accurate
to 0.5 °C over the range of -10 °C to +85 °C. This device has an onboard analog to digital converter so
easily connected it up to a digital GPIO pin on the Raspberry Pi. DS18B20 was consisted of 3 wires, the red
wire connects to 3.3-5 V power, the yellow wire (data pin) connects to GPIO, place a 10 K ohm resistor
between VCC, the data pin, and the black wire connects to ground. The water level sensor (WS) has a water
detection area range of 16 mm. to 40 mm. and easy to connect to a digital GPIO pin. WS has 3 pins (ground,
vee, signal) [32]. The signal pin is an analog output. WS detection for a water tank. Placing a water level
sensor in the tank to detect the presence of water. The connecting between WS and raspberry pi is MP3002
(analog-to-digital converter). The humidity sensor (HS) is the DHT11 as relative humidity measure. The
DHTI11 has an operating humidity rang of 20-90% RH and readings with £5% accuracy. The DHT11 was
consisted of 3 wires, the red wire connects to 3.3-5 V power, the white or the yellow wire (data pin) connects
to GPIO, place a 10 K ohm resistor between VCC, the data pin, and the black wire connects to ground [33].
The last sensor is light sensor (LS) as LDR sensor. The LDR sensor is light-dependent resistor or photocell to
detect light and to measure the brightness level of the ambient light. The LDR was consisted of 3 wires, the
red wire connects to 3.3-5 V power, the white wire connects to GPIO and the black wire connects to ground.
Water pump control is used manually by user, when the system showed alert light (red light) for high
temperature above 35 °C on responsive web. User turns on water pump switch, but temperature was low
below 35 °C user turns off switch. Figure 2 shows the system architecture of the Raspberry Pi and sensors
connected via GPIO. It consists of 2 parts: i) Raspberry Pi and sensors and ii) real time of data of humidity
and temperature are displayed on the responsive web design.

ws |[ll  cceccecccerecceccecececacacacacacee

Figure 2. Architecture of raspberry pi and sensors

3.4. Implementation
3.4.1. Input

The input process is keeping a record in a CSV file consisting of a time stamp, humidity, ambient
light, and temperature. The logging data from Raspberry Pi utilizes Python, Excel to collect data, and save
the output of the collection or analysis. This CSV file is uploaded to a cloud server (google firebase).

3.4.2. Output
PHP is an open source, a general-purpose scripting language. PHP proved to be useful and popular.
PHP code is designed to be included easily in a HTML file and runs on a variety of operating systems for the
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usage in websites. Moreover, PHP is customizable and the open source license allows programmers to
modify the PHP software and add or modify features as needed to fit their own environment. User interaction
module of GUI is responsible for various interactions with users including drawing of graphical interface,
disposing of users accidents, receiving data at particular time stamp, sending humidity, temperature data from
the sensors, and presenting all these information in visual form. The data will be displayed on the responsive
web design.

3.4.3. Experiment conditions

Three different types of seeds were prepared, and each was planted into their individual capsule as
shown in Figure 3. The device is monitoring several controlled parameters to determine if there are any
changes in the environment as shown in Figures 4 and 5. Water level sensor will send out signals when the
water level is lower than the controlled water parameter, then the pump will automatically water the plants.
Along with the water level sensor, the device also monitors the changes in temperature, humidity, and the
sensor will send this information to the web interface. When the temperature and humidity are out of the
controlled range, signals will be sent to the water pump, allowing water flow in the set up plantation system.

Figure 5. The device set up with different sensors to determine changes in water level,
temperature, and humidity level.
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4. RESULTS AND DISCUSSION
4.1. The samples

In Thailand, coriander is an economic plant and is a famous ingredient for cooking as it is one of the
crucial vegetables in many of the Thai dishes. The local coriander species and African coriander species are
popularly used and grown in the country with the following differences in their characters and properties.
The characteristics of local coriander are small, with thin leaf, small seed, early flowering, having a short life
and providing a very pungent smell. While the characteristics of African coriander tends to be bigger in size,
with thick, big leaves, having lighter fragrance, and longer life than local coriander. In this research, 3 local
types of corianders are selected for the experiments: coriander, culantro, and dill weed. 10 samples were used
per coriander type.

4.2. The result

After the device is installed in the specified location, the result parameters including time stamp,
humidity, and temperature were displayed through the User Interface. Results showed that all 3 plant
cultivations had similar measurements. The results of this experiment with data collected after 30 days are
shown in Figure 6 and Tables 1-3. Table 1 show the average height of coriander of 10 samples is 25.16 cm,
trunk width 13.15 mm, and leaf width 2.53 mm. The average height of the coriander grown under this system
after 30 days is slightly lower than the average height of coriander grown conventional method which
requires 40-50 days before harvest (30-40cm). So, the growth of the experimented coriander might be
comparable to the growth of the conventional method after 40 days.

(b)

Figure 6. Show plant height, trunk width, leaf width of; (a) coriander, (b) cilantro, and (c) dill weed

Table 1. Shows plant height, trunk width, leaf width of coriander after 30 days
Sample  plant height (cm)  trunk width (mm)  leaf width (mm)

1 252 12.7 2.5
2 25.3 13.1 2.8
3 249 13.9 22
4 24.6 133 2.7
5 24.2 12.8 2.8
6 259 12.9 2.8
7 259 12.9 24
8 25.2 12.9 2.8
9 259 133 2.1
10 24.5 13.7 2.2
Average 25.16 13.15 2.53

An internet of things ecosystem for planting of coriander ... (Panana Tangwannawit)



4574 0O ISSN: 2088-8708

The Table 2 show the average height of culantro of 10 samples is 25.06 cm, trunk width 10.14 mm.
and leaf width 27.17 mm. The average height and the leaf width of culantro grown under this system after
30 days showed comparable results with the average height and leaf width of culantro grown with the
conventional method which requires 40-50 days before harvest (15-51 cm for height and 20-30 mm for leaf
width). Thus, this system resulted in 10-20 days faster time to harvest than the conventional method to yield
the same quality of harvest.

Table 2. Shows plant height, trunk width, leaf width of culantro after 30 days
Sample  plant height (cm)  trunk width (mm)  leaf width (mm)

1 25.2 10.5 27.2
2 253 10.9 27.3
3 253 10.2 27.2
4 25.6 10.0 27.2
5 259 10.3 27.1
6 252 10.9 27.1
7 243 10.3 27.1
8 242 10.3 27.1
9 24.1 10.6 27.2
10 25.5 10.0 27.2
Average 25.06 10.4 27.17

The Table 3 show the average height of dill weed of 10 samples is 26.37 cm, trunk width 6.86 mm.
and leaf width 0.45 mm. The average height and leaf width of dill weed grown under this system for 30 days
are slightly lower than average height and leaf width of dill weed grown with the conventional method which
take 40-50 days before harvest (30 cm for height and approximately 50 mm or lesser for leaf width). So, the
growth of the experimented coriander might be comparable to the growth of the conventional method given
that the experiment would continue for 40 days.

Table 3. Shows plant height, trunk width, leaf width of dill weed after 30 days
Sample  plant height (cm)  trunk width (mm)  leaf width (mm)

1 26.2 7.1 0.5
2 26.1 72 0.2
3 26.2 7.3 0.2
4 26.7 7.2 0.3
5 26.8 7.1 0.3
6 26.1 7.1 0.7
7 26.7 7.1 0.9
8 26.2 6.5 0.3
9 26.2 6.0 0.2
10 26.5 6.0 0.9
Average 26.37 6.86 0.45

5. CONCLUSION

The prototype IoT ecosystem is used to automatically operate the watering system by having
temperature sensor, humidity sensor, light sensor, and water level sensor to determine when the plants are
under the environmental condition that requires water. The research also showed an excellent demonstration
platform for IoT sensors to collect and store data. All three different plant samples grown under this
automatically controlled system showed a result vs. conventional method in terms of their growth rate,
height, width, and ready to harvest after 30 days. This system could produce effective and efficient plant
growth and ready for harvest with a shorter time than conventional method. This smart agriculture could
provide farmers and planters alternative method to do farming remotely, creating a more efficient agricultural
system that could be beneficial for Thailand agricultural industry.
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