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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 FAO'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
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the Simulink Coder tool installed in the Arm Cortex-M4 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.

Keyword: Salinity Intrusion, Monitoring System, Fuzzy logic, Nonthaburi Durian Growers.
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sgninarn sl EC (Electrical Conductivity)
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A15199 1 FAO Guideline for Interpretations of Water Quality of Irrigation

Degree of Restriction on Use

Potential Irrigation Problem Units None Slight to Severe
Moderate

Salinity (Affects Crop Water Availability)

EC, (or) ds/m <07 0.7-30 >3.0
TDS mg/l < 450 450 - 2,000 > 2,000
Infiltration (Affects Infiltration Rate of

Water into the Soil. Evaluate Using EC,, and
SAR Together)

SAR 0-3 and >0.7 0.7-0.2 <02
EC,

3-6 >1.2 1.2-03 <0.3

6 -12 >1.9 1.9-05 <05

12- 20 >2.9 29-13 <13

20 - 40 >5.0 50-29 <29

Specific lon Toxicity (Affects Sensitive

Crops)
Sodium (Na) SAR <3 3-9 >9
Surface Irrigation me/l <3 >3
Sprinkler Irrigation

Chloride (Cl)

Surface Irrigation me/l <4 4-10 > 10
Sprinkler Irrigation me/l <3 >3
Boron (B) mg/l <07 0.7-3.0 >3.0

Trace Elements

Miscellaneous Effects (Affects Susceptible

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

(Overhead Sprinkling mg/L <15 1.5-85 > 85
Only)
pH Normal Range 6.5 - 8.4

M13799 3.2 msudarsyauauausientsiiluldsmuandeyaiiug1u FAO Guideline 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 0.71-144 147 -2220 2230 -2990 >3.0
TDS ppm <450 458 - 966 967 — 1,483 1,484 - 1,999 > 2,000
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g -
DS
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g‘d‘ﬁ 4 EC Member Ship Function
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T3 aVBINYNINUALAAIUUY Surface Viewer

%1319 TDS EC wag SAL é’fﬁgﬂ‘ﬁ 8

E‘Uf/‘i 8 Surface Viewer 5¥%#114 TDS EC wag SAL
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M—c
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Fuzzy Logic
TDS Controller

E‘Uﬁ 9 Simulink model

3.3 MSNIUYITEUY
dun13AUANNI1TYINeY Control vimtAsy
Joyadunnangunsalenue wargunsaliiiteya

M sUszanaranisinuniL Flowchart Tugud 10
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4. wan1siAssideya
4.1  wanITVAdeUveaIuNITHAFUlR
nsnagaudIun1sandula Fuzzy Inference
System Model (FIS) Az 338vn1snaaeulaeg
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(Total Dissolved solids) tileuansnsinuenaIsziu
AULAY (Salinity) 51919 FAO Guideline Audau
n1sandula Fuzzy Inference System Model (FIS)

9 =
LEARANANANTINN 3

Initialize Data
Display

Main Program

Process ADC
i .

es
spl

/ =Main Dariny -

Main Program

Display

PushButton = EC £CTemp Value

Process EC, Temp
Process T0S, Temp

Display

PushButten = TDS 105,Temp Value

Dizplay
SAL, EC, TDS Value

PushButton = SAL

Display
Temp Value

FushButton = Temp

JUT 10 2NN SYUTessy UL

4.2 wamsvageunIINgndesvedluaaiiaiieiu

mwﬂﬁa‘ummqﬂﬁawad Fuzzy Inference
System Model (FIS) ﬁa%wﬁyﬂsﬁﬁayjaﬁ]m 1A53A19
sy U5 TIA A MUILUY Real Time 389013
UseUruasnan [27] Wuteya a aonddnuzun
s¥M719TUR 22 &9 31 unsaAY 2563, 189 20
NUAUS 2563, 25 B4 31 1AL 2563 wag 15 A
24 wwioy 2563 Toyadilinaasuddiuiu 1,200
Yoy a lagvni1snaaouLuy 10-Fold Cross
Validation [28] titetfunsnsivaeuniugniiosly
msfakendeyarsziuaufy doyanan1snageu
uanafaguil 11 wazn13n9fl 4 wansAnannsmaaey
Root Mean Square Error (RMSE) e out19mm

F0e RVSE ogjfl 0.58175
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A15199 3 NaNISNAARUNSARAUlAANTEIUANUANTENIN FAO Guideline wardunissindula FIS

Salinity

EC TDS FAO Guide line Salinity FIS Result EC TDS FAO Guide line Salinity FIS Result
0.1 150 None 0.100 LOW 1.6 1,300  Slight to moderate 0.500 MID

0.2 250 None 0.100 LOW 1.8 1,500  Slight to moderate 0.623 MIDHIGH
0.4 350 None 0.100 LOW 2.1 1,700  Slight to moderate 0.700 MIDHIGH
0.6 450 None 0.100 LOW 2.2 1900  Slight to moderate 0.700 MIDHIGH
0.8 500 Slight to moderate 0.300 MIDLOW 24 2,100  Severe 0.900 HIGH

1.1 700 Slight to moderate 0.300 MIDLOW 2.6 2,300  Severe 0.900 HIGH

1.2 900 Slight to moderate 0.337 MIDLOW 2.8 2500  Severe 0.900 HIGH

1.4 1,100 Slight to moderate 0.500 MID 3.1 2,700 Severe 0.900 HIGH

miwqﬁ 4 wan1snageayu 10-Fold Cross Validation

Index Number of Dataset RMSE
1 120 0.98560
2 240 0.81650
3 360 0.56900
q 480 0.57740
5 600 0.51640
6 720 0.47140
7 840 0.57740
8 960 0.39070
9 1,080 0.48110
10 1,200 0.43200
X 0.58175
1.00000 Ly
o 080000 \!\
£ 060000 -t .
2 hd \ A
€ 040000 A o
3
=
g
@ 0.20000 -
0.00000 - - - - -
0 200 400 600 800 1,000 1,200
Number of Dataset
a
UM 11 namlanIn1Ivagaay RMSE
5. @3

1A5aNsITesEUUdunanIsensnEIve AL

Y
v A A

dnduiuivgnyiSeudmiauunyiiduszuuiiadg

JUINUANNITATINAAASARNAT D (Fuzzy Logic)

TneliFeyanmuamiiimunzaudonisinunsain
Food and Agriculture Organization (FAO) Wa1581
An15UlWH 1 EC (Electrical Conductivity) wagan
vosudsavarsuw anua TDS (Total Dissolved
Solids) Mdutlasedimasion1nnufu (Salinity) ua

’i]’]ﬂﬂﬂi%ﬂﬁ@UﬂﬂiﬁﬂLLﬂﬂﬁ?ﬂ’)’mLﬁmiﬂﬂﬁﬁﬁim?ﬁ]’m

1 a

1 Root Mean Square Error (RMSE) ﬁﬂ'naﬁ'aaq
0.58175 Wam411 Fuzzy Inference System Model
(FIS) fiad19T uanunsodnuendoyarinuidald
TndiAsiudeyamsdaugnaanuiaifiinun
szuufInanuananaiaavedsarateii
Wanua TDS (Total Dissolved Solids) wazA1n151n
T##1 EC (Electrical Conductivity) ldudardu deiae
Tumsindulaiertudanuiy dmsuyanasily
Tranunsadlaldineund sty Tnefinisudassiuan
AULAY (Salinity) eantdu 5 seau laun LOW,
MIDLOW, MID, MIDHIGH wag HIGH W ludu
nmsdaiudayadunieainuduy Flash Memory
wazaunsinsedeaswuuliaeendulsslawily

madaiusaznisteudedeyaiiolldlusuanle

6. nAARNSINUSZNIA

v

UEH ITHV0VUAMAMEINYIAIANT WAL

3

wAlLlad AaenauanItUITULAYIAILT Ui NeNae
wialulag vuspanszuns Alvinsatdvayunuise

sulszunusgla ausinemans wazwmalulad
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