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Development of Salinity Intrusion Monitoring System

for Nonthaburi Durian Growers
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Abstract

This research is to develop a prototype of a salinity intrusion monitoring system
using fuzzy logic to extract salinity values. A system is developed according to a fuzzy
logic model using FAQ's for appropriate agricultural water quality data, considering the
electrical conductivity (EC) and total dissolved solids (TDS) as indicators of the salinity
value by using the Fuzzy Logic Toolbox to produce and test the generated model.
Transformation of the generated models to Embedded C format using the Simulink Coder
tool installed in the ARM STM32F microcontroller and a 10-fold cross-validation test
was used to validate the data extraction. The Root Mean Square Error (RMSE) for the
test results was 0.58175 on average. This research result indicates that the generated

model is able to extract data that very closely matches the specified data.

Keywords: Salinity Intrusion, Monitoring System, Nonthaburi Durian Growers
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1) flaiduanumaen (Trianeular Membership Function)

Wanduauwaeuivavun 3 miwesae {a, b, c}

0 x<a
(x—a)/(b—a) a<x<bh
(c—x)/(c—b) b<x<c

0 xX>c

triangular(x:a,b,c) =

2) Weiduamasuamy (Trapezoidal Membership Function)
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“SULUUFIUNYA-A9tiL” (IF-THEN rule-base form) %38 JUwuullsife (deductive form) Tu
SULUUNISHAASDUINU MANTIUANHDTS (ToRs Jeauufgu viedet) wdiaunsaeusnu
WIeMUaTUANATIBNBE 1M I TayRnsatony

2.4.4 1A598519WUFIUVRINT1TUTENIANaLUUNYTaaTn (Fuzzy Inference

System)
lAseasenugIuYeInIsUsEananaluuiledasin (Fuzzy Inference System)
LAAIRINING 2.1 (Weedl &9, 2555) a5u1aliin Tassasneiugiuveinisussuianawuuiled

UsgnaumediudAey 4 d1unsil [3]

Knowledge Base

Rule base Database

! LT L

Crips N P N . N\ I
R Fuzzyification Inference Engine DeFuzzyification [
input Eﬂ/ . i E 4 =i Output

Fuzzy Fuzzy

AN 2.1 TAsaasanugIuveInIsUsslanawuuile@asin (Fuzzy Inference

System)
druwdasdunniluidsududunawuudwdsile® (Fuzzfication) wieluguuuy

wailednsaisenindusiuusniw (Linguistic variable)

§1uAN3 (Knowledge base) iudundniiusivsiudeyalunismuaudsenau 2
diufe g1ung (Ruel base) wazguteya (Database)

31Ung) (Ruel base) diuvaamsfimuaisnmsniua Feliangaeisglugliuures
Yatayakuung)ueIn1w (Liguistic rule)

g1utaya (Database) \un1sdnn3eudoyadiundndu laun siavesileiduainy

Wuaundn wazAmnsdinesnige

1
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LASEIBYLIUNTONIIAAIIY (Inference Engine) udiuiivimiinsisdoudernaass
uazng iioldlunsfrnumimaua muauﬂalﬂmmumwmmﬂmamﬂummnﬂmm
SansueIs sV simuiiemfneu

drunwdasnisiondnsbiegludisimuigay (Defuzzification) Wuni1sviinisuuas
v a D | P
Joyanegluguuuuiledlniunnagunanseinisaiuguseuy

2.4.5 nsUszulanawuuNYdasdn (Fuzzy Logic Processing)

(wgell &, 2555) aFureTunaunsUTTLIANaLUUT9Ta0dn (Fuzzy Logic
Processing) figuuuunisvirenudu 5 daudail (3]

dauil 1 nswdasnisdunnwuuriadueiled (fuzzfication) Wunisauuailed
duilsidurnuduaun@naindrudeauyfgiuvesng ilediomafinisening 0 83 1

] PN ' = ' v a .. I3 ! =

YURBUT 2 N135WAMBTIINAIUTRaNLAFIU (combining) un1ssInA YN
Hefduanuduandnludiudoauyigiuasingussngdatferiuidisneiu Iagldao
Aduns fuzzy AND (min) %38 fuzzy OR (max) vindudnimanuudausaduaisening 0

a

fia 1 desanlunndiudeauyigu

Funoudl 3 n158AY (implication) Wun1sldaAnIfledatduauuainiiangiite
° ' ! = 3 o N oA o = - s =
mvunA13Usvesiledignednnveng denuvesngilediludarivuniledigniio1dnnds
wanslpeilanduaiuduau@niigninualhifeuansusunavesteniu ddoauyfigiu
gnaeuiiesusdIn (Afedaindt 1) Aedwneidnnazgninesniy 35n1sndeldlunis
A LA Max-Min method wag Max-Dot method

Funeuil 4 m'ﬁimmﬁwmewmmﬂﬂgmma (aggregation) 1un1551AI1NT

¥

mwaaﬁuaaiﬂmaqﬂg‘mmaLwaLﬂuﬁwlﬁmmmimwwmmmmﬁ fuzzy OR

Tupauil 5 MsviAile@duaUnd (defuzzification) Wunisianilediodnniisay
nngmndoiduruninldlusnuadsluuisdn wu lussuuauay

o v & = = & g aa o ] [ IS
gSutunoud 1 89 4 Wutuneurasisn1smilldmsunisussanananuuieduay
& c{' [ A o o o Pl I (3 13 1 a
Fupeui 5 Wumadendmiumsvihlirfledigaedwaduaung
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a o

(weadl &, 2555) a5unedsnisvinanile@lmdumnialy (Defuzzification) dnane3s
P8 [3]
B1ad8823UMlNn (Weighted average method) #3938AMWUNNAYS (Centroid of
aa ! a - Y] X Ao v N @ ay v a | Ay v
area) Wn1smAatadsasuvnvesiunlan et g lunanlaainnisiniig Aflaag
Ussanaudleusfesrgnaudaislaesiu (central of gravity: cog) awmnlaainnisussuiaum
NANNTT

N
, AR/
. _ Zz:l Mg( ) @

Zgzl MQ(Z@.)

Tngauns IAmMuuAAIveaNNISeal
| A v a 1 & I a
y/ wnu Arflaannsildsuaile@idusuni
N unu 1wiugeidenisaiivin
pe(z)  wnu aniteBvosendwluenilediumsd i
Z;  uwnu Aesanglansnfledenunueg i
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2.5 91u3wNNYIVa9

(Anna F Rusydi, 2017) la@nw1A1 EC (Electrical conductwlty) wagA1 TDS (Total
dissolved solids) LﬂumwwmLmaimisﬂumﬁmuaﬂmﬂmmwmaqmiwmaﬁmmmmm
WA A ieesii 2 Ardiiauduiusuuuunfesungldann TS = k EC wqmmm 25
perwalded Lonansiuaninsnsidiu TDS 3o EC ifnsanlagmananadnsay [5)

(Priya KL, 2013) lé’ﬁﬂmLmeqmsﬁmssﬂsmam‘uwﬂqmLﬂ%'e)mﬂﬁé’fl,ﬁa
Ussifiuguunmireaussniu nadidne quihengiuen Usemaduide Tnefinsamnndioes
SAR ey EC dmamﬂé’aaﬁ’umsﬁwLLuﬂ@mmW‘fwaa USSL (United States Salinity
Laboratory) namsfinwinuniimsansmansuvuagueieiithunliduasnadasiunisns
"\T’ILLUﬂ@ﬂm’IWﬂj’VUEN USSL (United States Salinity Laboratory) [6]

(Samad Abdi, et al, 2015) lé’ﬁﬂmmsﬂszLﬁu@mmwfﬂé’ﬁumaaﬁsw el
wruan Ussineduitu Fe3Basngamaniuuuaguiaie tnonisinudeyanmaini
BaUsENIuved FAO wiead1s FIS Tneldan salinity wazan sodicity hazard wiieldlunis
Usediunmnmih wamsdnwmuiauamihiisudinanamninlidd 89 vunas [7]

(ﬁwﬁmu?mﬁmmiﬁwLLazq‘mﬂ%‘mm nsuvausENIy, 2557) Laauiunng
Lﬁ&jﬁ‘uLLa‘wwam%’u@uéﬂszma’imﬁwﬁamumﬁaﬁw nsuaUsEI esuniulardaiu
Gé’fa%aﬁﬁﬁﬁyﬁm 9 %quuﬁﬂﬁzma‘imeﬁamumiaﬁﬂ dmsunsiiaTsiuazUseanana
Tugduuusng 1 eldusznounmsdadulalunisuimsdanisiheesnsusaUssyu i
Wauazdaiuenwaladuiiatuayulunistuiinuaz SenlddeyaidaAvlugruteyals
ansoldnulaazainuazsana W%’amﬁhLLammaMEULLUUGzJawmmiﬁmamaﬁﬂULmsJLL‘Wi'
Tfumhenunngluazneuenls 4]

(ASaberi Nasr, 2012) lafinwiuuinienisuinssneenansuuunguasauld
TunsUssdiunmuamininaludonin o1sd Ussnaduiiu gideldhaminiimesnaai
finlalugognsasiina 60 Frog1e nansidenuindiegiesnmnmituiaia 20 ngy
Mage agluszaudinely 20 nqudiedne egdlusedveeausuls way 20 nqusdiedis aglu
seiusanFulaild dmuinguazasdlunisiu (8]
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uni 3
35N HUNSIVY

3.1 MsAn¥tayaRMNINUNTIMUNZENABNITIINTINEAS
3.1.1 MsAnwdayanmAWINNIMINEANAaNITINTINEAS

nsdnudeyanisdauenuaznislithsatssnuiiauainifmunsausonts
nsneRsAIsiiauA (Salinity) agluszaula andeyadinwiauiseves (FAO, 1976) [9]
nanfanisAnuiamuamifinzausonisralsenuuagiinsieseiiieg s sauds
nsfnLenAMA TN AN TYaUTENIL 9109133884 (Anna F Rusydi, 2017) [5]
naReANLELTUSsENINeAIns e EC (Electrical conductivity) wazA1vaaudeazane
1irviamun TDS (Total dissolved solids) AaAdmI1dIuTaIAMAIMLT 21N91UTT8 YD
(Samad Abdi, et al.,2015) [7] namfanisUssiudnndunasenududunsedmiuih
diensvaussmulagliiledanin annsAnuidoyatis 3 undmuirtiadeiiduasorianu
LA (Salinity) Ae AnnsElnH EC (Electrical conductivity) visarveudsavaretiavue
TDS (Total dissolved solids) azuandlasansneit 3.1

91199 Y alum1519913.1 FAO guideline for interpretations of water quality of
irrigation lud@luvesArszauAIlAnsen1st lulduvesaIn1sialadn EC (Electrical
conductivity) wazAnvosudsazanetisianun TDS (Total dissolved solids) fiites 3 sesfuie
seavlifinansznu (None), seiuidniiesfiauiunand (Slight to Moderate) wa 3AUTURI
(Severe) usazdaunaliinArssaunnufusonisiluldnudinaesiiies 3 seiumindy
il lumadssYazdmalininihssy Tagliaunsadouliiumamsnififinduls

A15797 3.1 FAO guideline for interpretations of water quality of irrigation

12

Degree of Restriction on Use

Potential Irrigation Problem Units  None Slight to Severe
Moderate

Salinity (Affects crop water availability)

EC, (or) dsS/m <07 0.7 -3.0 > 3.0
TDS meg/l <450 450 - 2000 > 2000

Infiltration (Affects infiltration rate of water into the soil.
Evaluate using EC,, and SAR together)

SAR 0-3 and EC,, >0.7 0.7-02 <0.2
3 -6 >1.2 1.2-03 <03
6 -12 >1.9 19-05 <05
12- 20 >2.9 29-13 <13
20 - 40 >5.0 50-29 <29
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15197 3.1 FAO guideline for interpretations of water quality of irrigation (#®)

Specific lon Toxicity (Affects sensitive crops)
Sodium (Na) SAR <3 3-9 >9
surface irrigation me/| <3 >3
sprinkler irrigation

Chloride (Cl)

surface irrigation me/l <4 4-10 > 10
sprinkler irrigation me/| <3 >3
Boron (B) mg/l <07 0.7-30 >30

Trace Elements

Miscellaneous Effects (Affects susceptible crops)

Nitrogen (NO® - N) mg/l <5 5-30 > 30
Bicarbonate (HCO?)

(overhead sprinkling only) me/l <15 1.5-85 > 85
pH Normal Range 6.5 - 8.4

napuegInvdalawdsaszduanuansenisitluldauvesainisiilin EC
(Electrical Conductivity) wazAvosuisazatstinanun TDS (Total dissolved solids) lae
gadayarrszduainuiannenisinluldaiuann m15197 3.1 FAO guideline for
interpretations of water quality of irrigation Lag LONANTLNELNIVDS (Terrie K. Boguski,
P.E., 2006) [10] n@1389 Units of Measurement Lﬁuﬁugm a1unsanusandu 5 seausa
AN9197 3.2

M15199 3.2 nsudsansgiiuanuAusenisiilulgnuaindeyaiiugnu FAO suideline for

interpretations of water quality of irrigation

Potential Irrigation Problem Degree of Restriction on Use
Units LOW MIDLOW MID MIDHIGH HIGH
Salinity
(affects crop water vailability)
EC, (or) ds/m <0.7 0.71 - 1.44 1.47 - 2.220 2.23-2.99 >3.0
TDS ppm <450 458 - 966 967 - 1,483 1,484 - 1,999 > 2,000

3.2 N1359BNLUUIZUY

A150BNWUUITULILLARIT NN 3.1 nmszuuntsdidananisunsnivesinf
AazRITeinsuUsnseenwuulu 2 diufe

dwil 1 mathdeyadineunissindla

@l 2 n36inaula Fuzzy Inference System
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DS

(Analog)

Temp
(Digital)

TDS

Input

Module Temp

(TDS)

(EC)

TDS

Crips
Input

EC

Temp

A

Fuzzyification

Inference unit

Knowledge Base

i

Decision making Unit

ot Output
DeFuzzyification
Inference unit

P

TDS | EC
A,

DS Temp

Pushbutton

Data

Control

Fuzzy Inference System

FIS Output

Sensor  Sensor

SPI

Y

Display

AN 3.1 LNUEeszUUNSENFUNANISUNINEIYD LA

3.3 msihdayadrneunsandula

nsviudnil 1 Yseneuludegunsalsurvesudiararethionun TDS Sensor
ﬁﬂwﬁwﬁém%gaﬁwaqLLGﬁaazamﬂfﬂﬁ’jwm TDS (Total dissolved solids) ¥i191us33AY
Input Module Teyaislfdutuunouzdon (Analog) uansisnni 3.2 (a) gunsalsuen
gaunqil Temperature Sensor ¥hutihdiguAgaumgivinarusaufu Input Module Foyadi
SruldidunuuAda Digital uwansianind 3.2 (b) n1sudasA1ann TDS uen EC (TDS) to
(EQ) Yimitihfinsuasrnainavosudsazanetiiavn TDS (Total dissolved solids) ifiue
N5l EC (Electrical conductivity) lagldruninesreansazarglaiden a1ndeya

LAAITNELNIVDY (Clarence Q) [11]

AWl 3.2 gUnsalguA TDS Sensor (a) Wag gunsaletuA Tempture Sensor (b)

(@)

(b)

14
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3.4 nsUszulanawuun9dasin (Fuzzy Inference System)

d2un1356naula Fuzzy Inference System 11n15&514 Fuzzy Inference System
Model Tnglddogaainnisutsdrseduaruausoniniluldeuaindoyaiiugiu FAO
guideline for interpretations of water quality of irrigation Tups19ft 3.2 Rsa91A
n15u1 W1 EC (Electrical Conductivity) LavAveudsazatgyitanun TDS (Total
dissolved solids) ﬂmzt}:ﬁ%’mﬁaﬂ Mamdani Fuzzy Inference System lun1sasisluina
esanszuudnansesiudunpiiuywdaunsoitilald uaziedonisieandilangnns
andulavessruy Tun1sesnuuuasne Fuzzy Inference System Model anugg3dely fuzzy
logic toolbox 1HuLaTasilefieglusemduis MATLAB R20158 9a8lun1seonuuy d1uves
Fuzzy Inference System Model fiadnstmiienluldlunisindulawuy Fuzzy Logic ¥
wihidauenaszduanududenniluldou ssuudnanagidunadmou 2 Sunmdue
n15u1 Wil EC (Electrical Conductivity) LavAveIudsazatgyianun TDS (Total
dissolved solids) fllednnduau 1 w1dnsduaszauauhy SAL Salinity) wanIRanIm

733
/ {(mamdani)

XX g

TDS

salinity v0.30

m

Al 3.3 Fuzzy Inference System Model

dune EC Judunaildlunisihdeyarinisialai EC (Electrical Conductivity)
wardune TDS Wudunaildlunisiideyarivesudasareivisnun TDS (Total dissolved
solids) 1inanluszuy Wedausnuasdnaulalussuy

N1598NWUU Member Ship Function ¥898UNAILeaNLUUANTBLANTHULATEMU
amufudenniluldannased 3.2 msudsrsgduanmdnsonisiluldeeandeya
ﬁu;ﬂ:’]u FAO guideline for interpretations of water quality of irrigation ﬂ"@uwm Member
Ship Function 904A1 EC Wag TDS agfinsuusszausanidu 5 seaude ‘LOW’,
‘MIDLOW’,‘MID’, ‘MIDHIGH’, ‘HIGH’  fan1wil 3.4 waganil 3.5

15
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. . lot points:
FIS Variables , Membership function plots Do 181

LOW MIDLOW MID MIDHIGH HIGH
XX '
EC SAL

TDS

0.5 1 1.5 3, 2 5 3 35 y. | A5 i

inout variable "EC"

Al 3.4 EC Membership function

. . b 2 :
FIS Variables Mgmbwshlp f'unchon plots S 181

Low MIDLOW MID MIDHIGH HIGH

TDS

inout variable *“TDS"

AMd 3.5 TDS Membership function

1
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FIS Variables

XX

EC

XX

TDS

Membership function plots

olot points:

181

Low MIDLOW

MID MIDHIGH

HIGH

outout variable *SAL*

N1388NLUU Member Ship Function wadte1vinnazinisuusszaveandu 5 szau

A 3.6 OUTPUT Membership function

A ‘LOW’, ‘MIDLOW’,*MID’, ‘MIDHIGH’, ‘HIGH’ Fannd 3.6

31NBUNM Member Ship Function ¥8sdune EC wag TDS d91uiudunniavianegs
ay 5 Bunmagiendeung fuzzy logic vieawsaniule1dnm Member Ship Function Mavian

Tneldng (fuzzy if-then rules) wieldlunisindulafausnszduanuAuazfosasing el

17

1.

IF ECis LOW and TDS is LOW

then SAL is LOW

2. IF ECis LOW and TDS is MIDLOW then SAL is LOW

3. IF ECis LOW and TDS is MID then SAL is MIDLOW
4. |F ECis LOW and TDS is MIDHIGH then SAL is MID
5.IF ECis LOW and TDS is HIGH then SAL is MIDHIGH
6. IF EC is MIDLOW and TDS is LOW then SAL is LOW

7. IF EC is MIDLOW and TDS is MIDLOW then SAL is MIDLOW
8. IF EC is MIDLOW and TDS is MID then SAL is MID

9. IF EC is MIDLOW and TDS is MIDHIGH then SAL is MIDHIGH
10. IF EC is MIDLOW and TDS is HIGH then SAL is MIDHIGH
11. IF EC is MID and TDS is LOW then SAL is MIDLOW
12. IF EC is MID and TDS is MIDLOW then SAL is MID
13.IF EC is MID and TDS is MID then SAL is MID

14. IF EC is MID and TDS is MIDHIGH then SAL is MIDHIGH
15. IF EC is MID and TDS is HIGH then SAL is MIDHIGH
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16. IF EC is MIDHIGH and TDS is LOW then SAL is MIDLOW
17. IF EC is MIDHIGH and TDS is MIDLOW then SAL is MID

18. IF EC is MIDHIGH and TDS is MID then SAL is MIDHIGH
19. IF EC is MIDHIGH and TDS is MIDHIGH then SAL is MIDHIGH
20. IF EC is MIDHIGH and TDS is HIGH then SAL is HIGH

21. IF ECis HIGH and TDS is LOW then SAL is MID
22.IF EC is HIGH and TDS is MIDLOW then SAL is MID

23. IF EC is HIGH and TDS is MID then SAL is MIDHIGH
24. |F EC is HIGH and TDS is MIDHIGH then SAL is HIGH

25. IF EC is HIGH and TDS is HIGH then SAL is HIGH

HIGH MIDHIGH | MIDHIGH | MIDHIGH
MIDHIGH MID MIDHIGH | MIDHIGH
MID MIDLOW MID MID
MIDLOW LOW MIDLOW MID
LOW LOW LOW MIDLOW
T EC LOW MIDLOW MID MIDHIGH

HIGH

AWl 3.7 Feyavesng (Fuzzy ifthen rules) siavsn

NNM5aI9ng (fuzzy if-then rules) Visvun 25 ng wansléFanmil 3.8
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EC=25 TDS = 1.5e+03 s

IR | [N ] 1 AN |
2 [\ | .7 | | N\ |
s [ | A | [ A\ |
s | | 7 —— 2
B | I L e ] I PAT
& | | - | 7~ |
| | I | | [ 7% |
e | I | I AN |
@ | | | = | 25
10 | | I L 7~ | I 7 -
1 | I | | N |
| | I | | I pAY |
13 | | I VAN | I N |
14| | I Koo | I ZN |
15 | | I | o | I AN
16 | R | L\ | | LGN |
17 | A\ | Lo | | I N |
18 | /N | I | I JOL |
w0 | N | | 7 | o
0 | A ] | T | N
21 | ‘ | I | | I 2N |
2 | | L | I N |
23 | | I AN | I -
2 | | I Y | I N
25 | | I 2 I A
0 5 0 3000 [ = TE

0 1

AN 3.8 ToyaveINHUUNTINTILIY 25 Ny

AUNTUARINAANFURUT ¥ Bunn Member Ship Function t01dnn Member
Ship Function LLazsﬁa;ﬂa%aaﬂg (fuzzy if-then rules) MNUALAAILUU Surface viewer #14

A 3.9
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SAL

1000
TDS 0 o EC

.ﬂ’]‘wﬁ 3.9 Surface viewer ¥%#3149 TDS EC wag SAL

dlevinswaaau Fuzzy Inference System Model (FIS) \@59au sudunisingg
Fuzzy logic model ﬁa%w%uaqqﬂmai Microcontroller lagn151n Fuzzy logic mode aﬂﬁg\‘i
Tu Simulink model Lilawuas Fuzzy logic mode Tegluguuvuniu C fmsnzansonis
thluAnsslugunsal Microcontroller ARM STM32F4 Tagiwual#iBunadiuau 2 Suns
Usgnause EC uag TDS dautewinmdl 1 wwwinafvualidu SAL fanmil 3.10

EC
| /XK (D)
SAL

Fuzzy Logic

TOS Contoller

Ad 3.10 wans Simulink model ﬁaﬂﬁg\‘i Fuzzy logic model
3.5 NITVINUVDITIUY

d2un15AUANNITI9U Control ufinrugun1sineuesssuule
Microcontroller ARM STM32F4 daumsmugmzmugmmiﬂﬁa;ﬂaL%’]LLazaaﬂé’qif

ﬁaém%’a;ﬂaﬁwmLLﬁTjﬂasawﬁmzwm (TDS Sensor) W1un1sweasn ADC (Analog to
Digital Converters)

AguANgngil (Temperature Sensor) KUN1NB3H Digital
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Juna (Pushbutton) H1un19masn ADC (Analog to Digital Converters) wagnasn
Digital

druuanina (Display) HUN1SWeSH SPI (Serial Peripheral Interface)
duves EC (TDS) to (EC) iuilaiduiiegmelulusunsuauaumsvihaiuuaninisvinuiuy
AIMNTILVBITTUUMINING 3.11 d9u Fuzzy Inference System L%Uﬁﬂﬁﬁi&ﬁgﬂﬂ%’]ﬁ%ﬁiﬂﬂ
Simulink wazfindsagnielulusunsuaiuaunisineu vutiidaduladeyauuy Fuzzy
Logic

NM9YIUTDITEUUILRAAIRININT 3.11 1BuFuaINTZULAZTINISAVUAAS U
Y045¥UUONTIIY drunisifousaszuy Serial Peripheral Interface (SPI) Analog-to-digital
converter (ADC) uaza181UYBLAIINAY Sensor 7138 Initialize Data niusTUUMIe
sﬁagaqmmﬁuw Digital 911 Process Temp mﬂﬁ?uﬁwmmamdau Main Program Ulgu
LANINAVYDITEUU mﬂﬁ?u ﬁwnwaéwu%’auﬂamﬂwa%m Analog-to-digital converter (ADC) die
111N1581UA9IN Sensor TDS Ware1uAINNSAAYNIIN Process ADC INTUTTUURETINNS
ATvEpUATis U INAT Auddnsvihauresuls seuvaduiunsUsznanan LA
ynsruuATIRae UL linumMseuAIMsnall sTULazEufusuteyaaInesa Analog-
to-digital converter (ADC) 28 Process ADC %WLLUU Loop

N1991197U99 Process EC, Temp 2¢¥110119971UA13IN Sensor kagA1uIuAINIgin
9l EC (Electrical conductivity) 31n@n factor WagAIUIUAIIN Sensor Temp Nt
n1suanauar1n1sda by EC (Electrical conductivity) WagArgamail (Temperature) Uy
ATULARINAYDITE U

N1991197UU99 Process TDS, Temp 2¢11n11991UAYAIN Sensor kagAIuIAT TDS
91NA1 factor LAEAIUIUAIAIN Sensor Temp MntuinsuansrarAve L iiazatei
fiamaa TDS (Total dissolved solids) wazA1guunail (Temperature) UUAILUARINATDY
S$UU

AM9¥eILTes Process FIS 983n1sAuauAvesuisazatauvienun TDS (Total
dissolved solids) wag A1n15u1 WA EC (Electrical conductivity) GLug‘IJLLU‘U Fuzzy Logic
Pl Fuzzy Inference System Model (FIS) ﬁagw%’ﬁu mﬂﬁ?uﬁwmilmmwaaamﬁuﬁwzﬁ’u
ANALAY (Salinity) SAL UUEIULAAINATDITEUY

N1991197UUDY Process Temp 98¥11N1581UA191N Sensor Temp KUy Digital A8l
1-WIRE mﬂﬁ?uﬁwmmamwamqmmﬁ (Temperature) UUAIULAAINATDITLUY
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Display
Main Program

»

Frocess ADC

PushButton = Main

22

PushButton = EC

PushButton = TDS

PushButton = 5AL

Display
Main Program

Process EC, Temp

Display
EC Temp Value

Precass TDS, Tamp

Process FIS

Mo

PushButton = Temp

Frocess Temp

Display
TOE, Temp Value

Display
SAL, EC, TDS Value

Display
Temp Value
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A 3.22 §reg19n153nAn EC (Electrical Conductivity)
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AR 3.23 fegnensinan TDS (Total dissolved solids)

AN 3.24 FRegensInASEAUAINMLAY (Salinity)
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AN 3.25 g 1N1TIRARMYI (Temperature)
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@319 Fuzzy Inference System Model
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NAADY Fuzzy Inference System Model ffuyadayaraen1suszUunImais

\4

Wisuiieudeyalean Fuzzy Inference System Model fiudayanisAnuensssiu
ANALLANTBINTUsEUUATNA

\4
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4.3 Uszansnmvasdrunisanaula

uni 4

HaN13AATITVToYE

N15MAABY Fuzzy Inference System Model AaugHIdeldnsutstoyanisnaaeuli

fyuawiniulaedeyanazinnsmageulzaseuaAquYtoya Fesenaumeninisdl b
EC (Electrical Conductivity) ¥33daya 0 it 3.0 dS/m warAIvBILTIaEaILUNIMNn TDS

(Total dissolved solids) Sdaﬂsfljaaala 0 14 3,000 ppm WARIA197 4.1

A15199 4.1 mﬁ’ﬁﬂﬂ%’@;&aLLazmaﬂﬂiwmaaU Fuzzy Inference System Model
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EC TDS FIS Score FIS Class EC TDS FIS Score FIS Class
0.000 0 0.1 LOW 0.710 451 0.200274 | MIDLOW
0.070 a5 0.1 LOW 0.785 502.5 0.3 | MIDLOW
0.140 90 0.1 LOW 0.860 554 0.3 | MIDLOW
0.210 135 0.1 LOW 0.935 605.5 0.3 | MIDLOW
0.280 180 0.1 LOW 1.010 657 0.3 | MIDLOW
0.350 225 0.1 LOW 1.085 708.5 0.3 | MIDLOW
0.420 270 0.1 LOW 1.160 760 0.3 | MIDLOW
0.490 315 0.1 LOW 1.235 811.5 0.3 | MIDLOW
0.560 360 0.1 LOW 1.310 863 0.3 | MIDLOW
0.630 405 0.114876 LOW 1.385 914.5 0.352245 | MIDLOW
0.700 450 0.198257 LOW 1.460 966 0.399771 | MIDLOW
1.470 967 0.403436 MID 2.230 1484 0.600147 | MIDHIGH
1.545 1018.6 0.453236 MID 2.305 1535.5 0.67258 | MIDHIGH
1.620 1070.2 0.5 MID 2.380 1587 0.7 | MIDHIGH
1.695 1121.8 0.5 MID 2.455 1638.5 0.7 | MIDHIGH
1.770 1173.4 0.5 MID 2.530 1690 0.7 | MIDHIGH
1.845 1225 0.5 MID 2.605 1741.5 0.7 | MIDHIGH
1.920 1276.6 0.5 MID 2.680 1793 0.7 | MIDHIGH
1.995 1328.2 0.5 MID 2.755 1844.5 0.7 | MIDHIGH
2.070 1379.8 0.5 MID 2.830 1896 0.7 | MIDHIGH
2.145 1431.4 0.517443 MID 2.905 1947.5 0.752343 | MIDHIGH
2.220 1483 0.598627 MID 2.980 1999 0.799586 | MIDHIGH
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A15199 4.1 mﬁ’ﬁﬂﬂ%’@;&aLLazmaﬂﬂiwmaaU Fuzzy Inference System Model (519)

EC TDS FIS Score | FIS Class
2.981 2000 0.8 HIGH
2.983 2100 0.9 HIGH
2.985 2200 0.9 HIGH
2.987 2300 0.9 HIGH
2.989 2400 0.9 HIGH
2.991 2500 0.9 HIGH
2.992 2600 0.9 HIGH
2.994 2700 0.9 HIGH
2.996 2800 0.9 HIGH
2.998 2900 0.9 HIGH
3.000 3000 0.9 HIGH

4.2 nMNagauuy 10-fold cross validation

nTusn1sneday Fuzzy Inference System Model (FIS) fudeyalAsan1sseuy
Lﬂ’mzi’a@mmwﬁmw Real Time 989n15UszUUATHA %@gaﬁiﬂuﬂﬂswmaauﬁuﬂuﬂﬁ
Sonfudeya v anndinuzausenineiuil 22 s 31 uns1au 2563, 1 fis 20 quANTTUS 2563,
25 99 31 Ju1AY 2563 wag 15 09 24 ww1eu 2563 Sﬁa;ﬂaﬁiﬁﬁﬁwmﬁmaauﬁ?uﬁai’mu 1,200
Joya N3VININAABULUY 10-fold cross validation LﬁaL“fJum':?mmaaummgﬂéfaﬂumi
AnnendoyarisziuauAy %’a;ﬂamamimaammmmiwﬁ 4.2 uazwanesanIni 4.1 910
MsnAAB ULl Root Mean Square Error (RMSE) fifdsudssnaads RMSE g
0.58175 Wan411 Fuzzy Inference System Model ﬁa%ﬁﬂ%ummmﬁ@LLaﬂﬁﬁaaﬂalé‘Lﬂé’Lﬁm

Mudayadaueniinvue

N1snaaau fuzzy logic model NAnRslugunsal Microcontroller laginyun e
a I~ 1 1 [ 1 v a U [ v Y
dunm EC uag TDS Wumduegluyivtoyalunisedl 3.2 nadwsvesnisnaaeuunanifsdaya
Tup3199 4.3
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A15199 4.2 LEAIAIRNANISVAaaU 10-fold cross validation

Index Dataset Number of Dataset RMSE
1 120 0.9856
2 240 0.8165
3 360 0.5690
4 480 0.5774
5 600 0.5164
6 720 0.4714
7 840 0.5774
8 960 0.3907
9 1,080 0.4811
10 1,200 0.4320
X 0.58175
10-fold cross validation
1 G' T T T T
09 o
w
2 o8t _
@
ug:l 0.7 ]
? o6} .
< — °..
% i i
Q? 0.5 ;&,0".. .‘.o- ........ i
,,,,, ‘
04 m
03 | 1 1 1
0 200 400 600 800 1200

Number of Dataset

AN 4.1 LENIARNANISNAEU 10-fold cross validation
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M13197 4.3 YBUALAZHANTINAGBY Fuzzy Inference System fifnnslugunsel

Microcontroller

EC TDS FIS Score FIS Class
0.000 0.000 0.1 LOW
0.280 180 0.1 LOW
0.630 405 0.114876 LOW
0.700 450 0.198257 LOW
0.710 451 0.200274 MIDLOW
0.785 502.5 0.3 MIDLOW
1.385 914.5 0.352245 MIDLOW
1.460 966 0.399771 MID

EC TDS FIS Score FIS Class
1.470 967 0.403436 MID
1.545 1018.6 0.453236 MID
2.145 1431.4 0.517443 MID
2.220 1483 0.598627 MID
2.230 1484 0.600147 MIDHIGH
2.305 1535.5 0.67258 MIDHIGH
2.905 1947.5 0.752343 MIDHIGH
2.980 1999 0.799586 MIDHIGH
2.981 2000 0.8 HIGH
2.983 2100 0.9 HIGH
2.998 2900 0.9 HIGH
3.000 3000 0.9 HIGH
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5.1 #3UNan15Y

Imqmﬁ%’aszwLEJW%’@LﬂmmiLLmﬂﬁwmﬁwLﬁuﬁm%’uﬁuﬁﬂqﬂnL’%Ema"fwi’@uwﬁ
Huszuuiignatstuannislivdnmsnssnaansaquueie Fuzzy Logic lnslddauanmuaim
51ﬁmmzamiam§mw3mﬂ FAO fansana1n1sinlin EC (Electrical Conductivity) uay
Arvasudazvarsinsienun TDS (Total dissolved solids) ftdutladedenasionniuiy
(Salinity) #a31NNSNAFBUAISARLENAIAMNLALIABNRIITUIAINAT Root Mean Square
Error (RMSE) ﬁﬁ%aﬁﬁ@gjﬁ 0.58175 @M1 Fuzzy Inference System Model ﬁﬂmwﬁﬁa
fnasrstuannsadausndoyamanuauldlndiAssiudeyansdauenmarunduditmun

syuUfInanauenanaz Iarvesudsazatstivianun TDS (Total dissolved solids)
warA1n 15Ul EC (Electrical Conductivity) toudatu Seaelunisinaulaiieatuen
ananfis dmsuyaaamluliansadilaldiennddy Tnednsudssefuanuds
(Salinity) sendu 5 szau laua ‘LOW’, ‘MIDLOW’,‘MID’, ‘MIDHIGH’ uag ‘HIGH’

5.2 foLauamus

5.2.1 amsfiufnludwvesmsiniiuteyamianuduadumiisarudmioudy
thufinian (Time Stamp) lumsitaunadsdeld

522 miLﬁudauﬂﬁamaﬁamiLL‘UUVL%fmsJL‘ﬁaﬁﬁaa&aﬁlﬁlﬂwﬂiz‘[mﬂé’mﬂ?jaﬁﬁu

35

F1eWsatuanysal swuszanueld auyineimaniuazimalulad w.e. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



36

UIFUIUNTA

[1] 95uns AeSNY wazgan1ns wiaazlle. (2549). N1sAnwiAunIndwlds Jamdaguie
Usgdnt 2545-2549.

'
U Aa v v LY )

[2] E1UNIFUAETHAIUINTIANISARY. (2556). [paula]. WNDIlAann
http://ord101.ldd.¢o.th/home.aspx

[3] §928@1@7519158 A5 Wyl §3 (2555). szuuileduazlaseingUssainiien Fuzzy
Systems and Neural Network. (fiutingadl 1). anzinaluladansauna. audwinmsisey
WIngaemAlulagnszIsunaNIEUATIVTe.

(4] ﬁwﬁm%mi%’ﬂmsfwLLazqwﬂﬁmm nsurausenu. (2557). [eaulaul. wrdsldain
http://hydrology.rid.go.th/

[5] Anna F Rusydi. (2017). Correlation between conductivity and total dissolved solid
in various type of water: A review. Global Colloquium on GeoSciences and Engineering.
doi :10.1088/1755-1315/118/1/012019

[6] Priya KL. (2013). A Fuzzy Logic Approach for Irrigation Water Quality Assessment: A
Case Study of Karunya Watershed, India. J Hydrogeol Hydrol Eng 2:1. doi:10.4172/2325-
9647.1000104

[7] Samad Abdi, et al. (2015). Assessing salinity and sodicity hazards of groundwater
for irrigation purposes using fuzzy logic. Desalination and Water Treatment.
doi:10.1080/19443994.2015.1072740

[8] A. Saberi Nasr, et al. (2012). Analysis of Groundwater Quality using Mamdani Fuzzy
Inference System (MFIS) in Yazd Province, Iran. International Journal of Computer
Applications (0975 - 8887). Volume 59- No.7

[9] R.S. Ayers, D.W. Westcott, Water quality for agricul-ture, F.A.O. Irrigation and Drainage
Paper No. 29 FAO Rome, 1976.

[10] Terrie K. Boguski, P.E. (2006). Understanding Units of Measurement. Center for

Hazadous Substance Reseach.

F1eWsatuanysal swuszanueld auyineimaniuazimalulad w.e. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



37

UITUYNTY (F1D)

[11] Clarence C. Salt Concentration In The Soil. United States Department of Agriculture

Natural Resources Conservation Service. Nd.

1
F18ITatuanysal suUssnusels augdneimaniuasinalulad w.ea. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



38

AMARNUIN

F18ITatuanysal suUssnusels augdneimaniuasinalulad w.ea. 2563

A

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”

an o o

ANEEIAE: A3t anseulla wagisuss yyevlsau



39

v Y 0 A v
U3eI0{N1998
WanlaseanIs
1. ¥e-uwana
(nwlne) w1y A3de arsvuila
(M19Ing) Mr. Sirichai Saramanus

2. aunisdagiuy
9197159819139 INYINITABUNHDS

AMLANENFERSwarmAlulad UINeNaeALLlATTITUIAANTLUAT

3. nidigauuasioy
AMZANYNFERSwazALULAT
LNINYIBNALULAE TN VLIPANTTUAS

nsAws 0 2836 3000

E-mail : sirichai.s@rmutp.ac.th

4. YszInn1sanen

AD.U.(AAINTSUARNAMMBS)  d@nnvuwmaluladsnvuana w.a. 2540
WA (aluladansaune) LNAINYB AU NTLADUNAINTLUATIATD
W.A. 2549

5. @1913vN1INRANUT Y NLAY

- Cluster Analysis

1
F18ITatuanysal suUssnusels augdneimaniuasinalulad w.ea. 2563
Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”

ANEEIAE: A3t anseulla wagisuss yyevlsau



40

- Computer System

- Computer Network

- Data Communication

- Computer Organization and Architecture
- Microcomputer System and Interfacing

- Internet and Intranet System

1
F18ITatuanysal suUssnusels augdneimaniuasinalulad w.ea. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



1. ¥e-uana

(i) 3. 33U5T Uyeelsal

(M¥199ng) Dr. VARINTHORN BOONYAROJ

2. auvsdagiu
919158U5E@NVIV 1IN AR S Az AlUlag A Ina e

AEINYIANENSHALALULAE UINYIBBNALULATTIVLIPANTZUAS

3. Mmilgaunaziag
AEINYIAERSwaTALLLAE

LNAINYBNALULAE SN VUIPANT T UAT
InsAn 0 2836 3000 Mo 4189

E-mail : varinthorn.b@rmutp.ac.th

4. YszannisAne

MU (BUNLBEINADN) UNNINYTHY TN

7.4 AN TUAILINADL) LMINYIRULNEATAANT

WA (@ENANVTIVINTIANTAWINGDN) PAINTAUUIING G

5. @113 nAANUTIUIYNLAY
Waste Utilization

Land application of solid waste landfill leachate

F18ITatuanysal suUssnusels augdneimaniuasinalulad w.ea. 2563

41

n.A. 2546

n.A. 2549

N.A. 2555

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”

ANEEIAE: A3t anseulla wagisuss yyevlsau



42

Landfill leachate treatment
Membrane bioreactor
Wastewater treatment system

Micro-pollutants removal

1
F18ITatuanysal suUssnusels augdneimaniuasinalulad w.ea. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



43

6. Uszaunisainingadaenun1susnnsaulIdenenielunaznieuandssme
7.1 UILNIASUNISLNELNS/ANUN
1A59N15738

) lawms  msdssdutiinagedesiiistuanangingmansuazsalulad
WA UNALULAD T IYLIAANTEUAS
ITENTAE wlsgnasglanugIngmansuasinalulad
WA UNALULAEIIBLIAANTZUAS
UsgnteauUseuna w.a. 2558
2) Tasans miwﬁmfwﬁwamzmaldl,maamﬂlumgu
TGRS JUUSZUUNANUNINGIR Y URINY1EENALLLATIVUIAANTEUAT
Usgnteauuseunn w.a. 2558
3) IANS MISHARNTEAYINIENMITUNA
VN sulssnuelanugIngrmansuasmalulag
WA UNALULAEIIFLIAANTEUAS
UsgantauUseuna w.a. 2559
Hlpsenns  msAnwenudululslunsldavluanamnsiiondnasuluuiiuiaiun
WWASYIU: wszanuseng
WAV UNALULAEIIFLIAANTEUAS
UsganTeuuseuna w.a. 2559

NAIIUANUNLNELNS

1. Boonyaroj V., Chiemchaisri, C., Chiemchaisri, W., Theepharaksapan S., and

Yamamoto, K. (2012) “Toxic organic micro-pollutants removal mechanisms in

F1eWsatuanysal swuszanueld auyineimaniuazimalulad w.e. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



44

long-term operated membrane bioreactor treating municipal solid waste
leachate”, Bioresource technology 113, 174-180.

2. Boonyaroj, V., Chiemchaisri, C., Chiemchaisri, W., and Yamamoto, K. (2012)
“Removal of organic micro-pollutants from solid waste landfill leachate in
membrane bioreactor operated without excess sludge discharge”, Water
science and technology 66(8), 1774-80.

3. Varinthorn Boonyaroj, Pattanasorn Peansawang, Nonthavorn Sonchan,
Atcharaporn Sukrasorn (2015) “Environmental survey on physicochemical
parameters in surface water: a case of Klong Prem Prachakorn, Thailand”,
Applied Mechanics and Materials 804, 231-234.

4. Varinthorn Boonyaroj, Jiraporn Jinasam, Warangkana Nachailan (2015) “The
removal mechanisms of organic compounds in household wastewater by soil
sediment”, Applied Mechanics and Materials 804, 263-266.

5. Varinthorn Boonyaroj, Chart Chiemchaisri, Wilai Chiemchaisri, Kazuo
Yamamoto (2018) “Enhanced biodegradation of phenolic compounds in
landfill leachate by enriched nitrifying membrane bioreactor sludge”, Journal
of Hazardous Material. (http://dx.doi.org/10.1016/j.jhazmat.2016.06.064)

1
F18ITatuanysal suUssnusels augdneimaniuasinalulad w.ea. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



NIUNEUDNAIUIYINIS

1. Boonyaroj, V., Chiemchaisri, C., Chiemchaisri, W., Theepharaksapan S., and
Yamamoto, K. (2011) Removal of organic micro-pollutants and bio-toxicity from
municipal solid waste landfill leachate in two-stage membrane bioreactor. Proceedings
of the 9th International Symposium on Southeast Asian Water Environment, 1-3
December, 2011, Bangkok, Thailand. (Received Asian Young Professional on Water

Research Award).

2. Boonyaroj, V., Chiemchaisri, C., Chiemchaisri, W., Theepharaksapan and Yamamoto,
K. (2012) Removal of organic micro-pollutants and bio-toxicity from municipal solid
waste landfill leachate in two-stage membrane bioreactor. Proceedings of the 10th
International Symposium on Southeast Asian Water Environment, 8-10 November,

2012, Hanoi, Vietnam. (Received Best Poster Award)

3. Boonyaroj, V., Chiemchaisri, C., Chiemchaisri, W. and Yamamoto, K. (2012) Evaluation
of bio-toxicity removal in two-stage membrane bioreactor for landfill leachate
treatment. Proceedings of the 10th International Conference on Membrane Science
and Technology 2012: Membrane for Sustainable Energy, August 22-24, 2012, Bangkok,
Thailand.

4. Boonyaroj, V., Chiemchaisri, C., Chiemchaisri, W. and Yamamoto, K. (2011) Removal
of phenolic and phthalic acid esters in two-stage membrane bioreactor treating
municipal solid waste landfill leachate. Proceedings of the 1st EnvironmentAsia
International Conference on “Environmental Supporting in Food and Energy Security:

Crisis and Opportunity”, 22-25 March, 2011, Bangkok, Thailand.

45

F1eWsatuanysal swuszanueld auyineimaniuazimalulad w.e. 2563

Tnsan153de s “nsiannssuudhdananisunsndiveaidudmsuiuivgnySeudminuumys”
ANEEIAE: A3t anseulla wagisuss yyevlsau



