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Abstract

This research presents a smartphone application for the automatic control of a
melon growth in the greenhouse. The development process includes four main parts:
greenhouse environmental data observing, fuzzy controller design, smartphone application
of control system development, and system performance testing. The fuzzy controller is
designed and performed based on the experiment of growing melon in the greenhouse
controlled by the agriculture expert. The smartphone application is developed using the
Node-RED and loT technologies. Compared to the melon yields' system performance with
the traditional process, statistical results with z-test showed no significant difference in
melon yield from both melon's weight and sweetness values at a significance level of 0.05.
Hence, this approach can also be applied to monitor the melon's growth in the greenhouse

same as a human expert.

Keywords: Fuzzy control system, Melon growth in greenhouse, Internet of things
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Flow Meter

Temperature Soil Moisture
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fulndausteziauaanaan (18 15-40 u)

sUuuumslingsuasi 1 sUuuumslinngsudsd 2
Fuil wue.1 Anu.1 Agu.1 ATw.1 YUL.2 ANu.2 APU.2 ATw.2
1 0.3 16.7 133 39.1 0.2 153 13.2 32.4
2 0.3 17.3 13.6 38.0 0.2 16.5 12.6 30.9
30 0.2 16.2 12.7 36.3 0.2 16.3 11.8 33.0

fulndaussaziana (218 41-80 Fu)

sUuuumslingsusi 1 sUuuumsliionasudsd 2
Fuil wue.1 Anu.1 Agu.1 aTw.1 YUL.2 ANu.2 AU.2 asw.2
1 0.2 19.3 15.7 40.3 0.3 20.5 16.9 38.7
2 0.3 19.3 153 41.1 0.4 20.3 16.0 36.5
30 0.3 18.3 15.0 35.0 0.3 18.6 15.1 34.5
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HO: AlAEYDINTTNIET 1 = Aafeveinssudsi 2

H1: AlAsvoINTTIAsT 1 # Aafeveinssuds 2

N1INAFRUANLAFIUAE Z-test Faaunisil (1) faeilafdu Z-test: Two Sample for
Means 484 Data Analysis TUsnsu Microsoft Excel A15197 2 LLamNami‘wmaa‘UmiLﬁaquﬁ‘UIm
YosHuFoUsTETABUDDNADN (91 15-40 Tu) INMsUgNIENsINAFT 1 uaznssudsi 2 e
yup.1 fie TUInLBAMERLTIUgNMENTIIATA 1 LAy Yue.2 A MALenludauTiUgNAIENIIATT
2 Judiu 9nmsmageunuingn P(Z<=2) two-tail e 1smagevuulade vue. Anu. Asv. uax
Asil. Sadu 0.0001, 0.0001, 0.0000 wag 0.0000 ANEIFU TeaauiiAtesnin 0.05 (Alpha)
waneU s (Reject) auyignu HO (Null hypothesis) sena1ilainnisiasaivlnvessugou
5enI19n15UgNAIENTTLAST 1 wagnssudsi 2 Tanuuendneiueensiidoddymeaiffiszdu
ffodfny 0.05 M3 3 uanmaaTUMINAFRUNsERANsIS A TduEsUsTBE Aona (1Y
41-80 T1) NANTNAHRBUNUINAT P(Z<=2) two-tail v@smsvadeuunlade Yue. ANU. ABU. Lay
aswl. ey 0.0001, 0.0000, 0.0000 way 0.8687 Auasy FdluauasousniAiiesnin 0.05
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(Alpha) wansinuiasauyfgiu HO snviululads asw. AfAwnnd1 0.05 ibildaunsayias

HO 1@ wSaldaunsanenanuwaneale

A19199 2. HANTVAFBY z-test N13WATEYAULIvRIULADUTYEZAOUDBNABN (818 15-40 1)

We.l | vue.2 ANu.1 ANY.2 ABu.1 AYY.2 A1 AN.2
Mean 0.2333 | 0.1867 | 16.4600 15.5100 13.0100 12.2267 35.2133 31.9333
Known Variance 0.0023 | 0.0019 0.7294 1.0982 0.2451 0.6117 0.2389 3.1257
Observations 30 30 30 30 30 30 30 30
Hypothesized Mean 0 0 0 0
z 3.9441 3.8490 4.6352 9.7942
P(Z<=2) one-tail 0.0000 0.0001 0.0000 0.0000
z Critical one-tail 1.6449 1.6449 1.6449 1.6449
P(Z<=2) two-tail 0.0001 0.0001 0.0000 0.0000
z Critical two-tail 1.9600 1.9600 1.9600 1.9600
A9 3. HaNIMAFDU Z-test MataTaAulavesiuLAaUTE I ARNG (91 41-80 Tu)
ULl | vuY.2 ANu.1 ANU.2 Agv.1 ABv.2 AsN.1 AN.2
Mean 0.2700 | 0.3167 | 18.0900 19.4133 14.9066 15.5966 36.4733 36.5667
Known Variance 0.0022 | 0.0021 0.4878 0.5212 0.19030 0.38790 7.3834 2.1795
Observations 30 30 30 30 30 30 30 30
Hypothesized Mean 0 0 0 0
z -3.8979 -7.2158 -4.9702 -0.1653
P(Z<=2) one-tail 0.0000 0.0000 0.0000 0.4343
z Critical one-tail 1.6449 1.6449 1.6449 1.6449
P(Z<=2) two-tail 0.0001 0.0000 0.0000 0.8687
z Critical two-tail 1.9600 1.9600 1.9600 1.9600

nHan1TIessRdsduilinsusduuunsiiunmingaufiazdiluldeenuuuda
AuAuile® lnedensuuuunsivili 2 aswieu Maludeusseznousennenvseiieny 15-40 u
wazilaRuTTEEAaNavIaiiengu1nndn 40 Fu
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a
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IF x, is A; AND ... AND x,, is A, THEN Y, is B,
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VN9BUNT ¥; A FILUIAWIMNARINY Wag B; Ap AN09AIkUInIyImMnaeving Wioledidnmng
BRIV

AAraudaussvesngiled (Firing Strength) ansnsadunildfuanduaunisd 3

w; = 121 Ai(x;) (3)

dlo w; fie Aauudansavengied j uaz 4;(x;) Ao Amnuduaundnues x; luile@idn 4
A INMYIMsATteaTaty (a3un 1) ansnsadnnnlafaanduaunisi 4

f‘f B(x)xdx

COG =2
fa B(x)dx

dle coG fia fn Center Of Gravity w3egnAudavasiivdidn B uutisszning a fe b

U 5 (n) uazguil 5 (@) wansfuysnwimaduym dwsuiluldlunssuiunsilediie-
Fu 1fun daudsargamgll (Temperature) waiudsnmvinuduiu (Soil Moisture) Tasdien
YIAWMUTNIMIUTENBUAIY Low Average Lag High gih’?i 5 (A) UAAIFILYTAIWINILDINT
dwsuihluldlunsguiumsailedilatu fe duwdsnwindiniuae (Control Valve) A1vadsa
wlsneUsznausme VL (Very Low), L (Low), M (Medium), H (High) wag VH (Very High)

Temperature

\
g AN

DEGREE OF MEMBERSHIP

i

L
m
o
0]
e}
a

0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 0 5 10 15 17 20 22
CELSIUS MOISTURE
— OV cmm—ACIEGC High —— OV c— AV ETACE High
@ a o & a
(M) MuUsnmergungill (¥) faUInwIANTUAY
i Control Valve

o

:

g 0.5

G

g o

g o

- 0 0.5 1 1.5 2 25 3 35 4 45

Liter

— c— M H  cmmmm—H

(A) FudsMwINSInIUAL
3UN 5. dudsnwdmsuihlUldlussuuauauiled
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A51971 4 uansfegangiadlsannseenuuulaglideya nssqdulnvesiuaen
Foyaruiuiu Joyagamgd uardeyansliidussouesfifoangy Fangiedfand e
ihluldlunszuiunsidedevessyuuiied faguil 1 Tneduusmwmedunniisnay 2 f fe
gaunqil (Temperature: TM) uagauduludu (Soil Moisture: SM) Fautsntwmaiesinyil
§1unu 1 1 Ae AR (Control Valve: CV) degnanisldaungiledlusuiuy IF-THEN vod
G]’]i']\i‘ﬁl 4 19U R1: IF TM is Low AND SM is Low THEN CV is M 1Jugu

719199 4. ngile@dwsuldlunssuiumsidadenssaiivlavewiumdeunislulsuiaunaaes

#Rule R1 R2 R3 R4 R5 R6 R7 R8 R9

™ | Low Low Low | Average | Average | Average | High High High

input SM | Low | Average | High Low Average High Low | Average | High
Output | CV M L VL H M L VH H M

fegansidaungiied nsaldnwinisavaunisliiwdeululsaseu 1wy Weogmmgid
A1 35 aeAgadud wazauduAuilan 16% szausamuinanuLdnssvengiled anu
aun1sn (3) lagsil

Wy = TMy4,, (35) X SM;0,,(16) =0.0x0.0=0.0
Wy = TMy0y (35) X SMyperage(16) = 0.0 X 0.8 = 0.0
Ws = TMy 0, (35) X SMyi5 (16) =0.0x 0.0 = 0.0
Wy = TMaperage (35) X SMy,(16) = 0.3 x 0.0 = 0.0

Ws = TMpperage(35) X SMyperage(16) = 0.3 x 0.8 = 0.24
We = TMpperage(35) X SMyign(16) = 0.3 x 0.0 = 0.0

Wy = TMy;gn (35) X SM,,,(16) =0.4x0.0=0.0
W = TMygn (35) X SMyperage(16) = 0.4 % 0.8 = 0.32
Wo = TMy;gn (35) X SMyi5 (16) =0.4x0.0=0.0

ﬁ]qﬂf’nﬂ'ﬂllLL‘UQLL?QGUENﬂJ;]ﬂ"U"'U WU'J']JJLWENﬂaW"'U"U R5 way R8 WHUUVHJQ'WI']'WNLLSUQLWQ
111171 0.0 Vﬁ@uLWUﬂﬂ{]ﬁeﬁsﬂ R5 uay R8 Wity wmauﬁummammmimu muummmmmﬂ,uiﬂ
ong IF-THEN I6iail

R5: IF TM is Average (0.3) AND SM is Average (0.8) THEN CV is M (0.24)

R8: IF TM is High (0.4) AND SM is Average (0.8) THEN CV is H (0.32)

anngied Rs aglda1vesdaudiniw v iy M Adrananduaundn (Degree of
Membership) 0.24 LLazmﬂﬂgW%% rR8 9zldA1vesiaudsaten v iy H fidraruduaundn
0.32 Mnsutheldumimsatsdiaduieiimaqnauidas U 6 uansdn coc vesiiuiild
AsLst Sadufunuvesdiudsnien CV anmsmuanuaunis @) 1¢@ coc = 2.86
asauvannunungladn dvnneiniedioamall 35 esewaidea wasAudiauEy 16% sain
\Waausuay 2.86 ans
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Control Valve

Degree of Membership
)
n

JUN 6. NMsAledTindume B nsnAagudig

3.3 MnagaulsEAnsnNIsinuveLaUnalAdy

vdsnldadmunuiisdvieflsidumnuausaluiivesueundndubsuosuda v
THueundnduaansamuaumslihunduudeuldessdnlui® vieFeniwoundinduszuy
AuwdaluiR Mnduthueundinduildluldlunisugnudeusssfionaaoudsyansninlunis
yhaw Wewdeuiiugnannsaifiuiiemananle ﬁwmiﬁ’uﬁﬂ%gaﬁmﬁﬂmehmmmmmma
wideufildannisgnieueundindussuumuausnlulih Wisufeutudmdnuagamammn
yomawdeuiildannsugnlaegidomyiiduingsd Wenaaouidoyaii 2 ndudianuunnsis
fusgrafivedfyneadaniold Tnold z-test fisesutioddny 0.05 uagfisziuaudoriu 95%
Tnedaaufgmuded

HO: Fndsvesueundlady = AadsvesiiTorvey

H1: Fndeveueundlady » AadsvesiiTorvey

e Anaduveeundinty Ao AnadeuimtdnuarAIANNMIIUYRIHAARUTLIAINNTS
Ugnaeuaundiaduszuusaluli@ uazrnafisvesdiiedvigy Ae AnadsiminuazA1Auny
vosmawaeuildannisugninedidermgyidunywd

P19199 5. feg1etayat MTnUALAIAIINITUYDIHALIEDY

nandnaNNIsUgNAIEsEUUER TR warARaNNsUgNAedideavgy
awu | dwdn (An.) AU (Brix) wwtn (an.) AU (Brix)
1 0.9 13 1.1 15
2 1.2 14 1.2 15
30 1 14 0.8 13
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A15199 6. HAGNSNITIATIEN z-test UNUATUNTNUAL AN UV INANANILEDY

dwidn 1 | dwtn 2 | evawul | eanaweu 2
Mean 1.0500 1.0567 14.2333 13.9667
Known Variance 0.0516 0.0556 0.4609 0.7230
Observations 30 30 30 30
Hypothesized Mean Difference 0 0
z -0.1115 1.3424
P(Z<=2) one-tail 0.4556 0.0897
z Critical one-tail 1.6449 1.6449
P(Z<=2) two-tail 0.9112 0.1795
z Critical two-tail 1.9600 1.9600

M7l 5 uansteyatmiinuaganumIuremaloufildInnsUgnieLeUndiady
spuumUANSAlLTA uazannsugnlneidormgiiduuyud s 6 uanswanismagey
aunfgiuanuuanansiuegaiifeddynsaifvemandnudeuani 2 nqulnefarsaniade
hwiinuazenauvlagld z-test wanismadaunUTIA P(Z<=t) two-tail fAiu 0.9112 uaz
0.1795 muddu Fadueiiigendn 0.05 (Alpha) uansinliasnsaufiasauuigiu Ho 16 wienan
Vlﬁd1‘1/15&1"]a%’aﬁmﬂ’ﬂLLazﬂ"]mmmmmawaLmdauﬁlﬁﬂﬂﬂﬂwiﬂqﬂﬁaa woUnAATUTTUUAIUAY
Salusi@ wazanmsugnlaedidervaidunyed liflanuuandstusgrslifodfgmeadan
seavtudAgy 0.05

4. a3unan1Innag

mu'ﬁ%’aﬁﬁ’]Lauamsﬂ’wmLLaU‘wﬁLﬂ%’uiwummzué’miuﬁ’@ﬁﬁwmuuuam%miﬂu dusu
nmsdgnuaeululsuSeusseglnanudumesidn laedidelineieunenssdauslunisgn
souaniiderngyidunywd ievhosdanuddsnanuldusimuauiled uazlfiduilsdduns
yhaueseUndindussuumuaudeluli Inefigndszasdifofesnslieundinduiivanntun
ifansnsosmaulamugunisliidusdeusiesuuuuwasUTinadinsanld

nsnaaeuUsEanSnImnIsviuYe ke UnAATusEUUAIUANSRLLLR TdnsiUSeudieuen
ugmﬁfﬂLLasmmmmmﬁJaamamﬁmméauﬁﬂqﬂimaLLaUWém%’mwumuquﬁmiuﬁaﬁumamﬁmﬁ
Ugrlaefidermaiiuuyud wui nandnannit 2 nguldfiaruuansafusgredideddyuuns
naouNsadA ztest iszdududifey 0.05 Fevmnanadn uewdieduszuumuusalusiad
fiannPunt ansomuaunsTihdusdeuldifisusiniunsugnlaedidemngiduiyed v
o199znanldueundindudiiantuuni ansavhaumaunuddemgriomusolinau
wssuauld
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ANRANISHUSZAA

NuITeillasunuatvayunsIdeanulssanaduseldunninetds Juseladiuny

Runawmuideuasiam uning1deysn Yauussana w.e. 2562
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