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ABSTRACT

This thesis proposes a methodology for improving the limited measurement
range of concentration measurement which caused directly from conductivity value
which relates with concentration value. The principle of this thesis uses multiple
sensors that are conductivity and pH instrument to obtain the input data, processed
measurement signal and solving the solution by using the fuzzy inference system of
Takagi-Sugeno model. The surface output chviously shows that proposed inference
system and it is able to extend the concentration measurement range and reading
error is acceptable. This thesis is done by using the simulation structure of processing
system and tested measurement system in MATLAB software and use NaOH solution
as a case study.
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wanFassd 2.1

o | P
ATV 2.1 Bani1se

wihedl 1 wiaedl 2 i 3 e 4 e 5
% = Percent =V/V = W/V = W/W
0.1 % opthe] = 1/e/k =1l =1 T
0.001 gt'1 =1 ppm = 1 me/t = X mgt'1 =1 meske =1 me. kg-l
0.001 mgl'1 =1 ppb =1 pe/l ] pgl-l = 1 pe/ke =1 ug. kg-1

2 13 4 1 ci’ = = [l v A 1 o '
e durisiugwnaaillagashifivdssnsianonislduiaznisfimesna
wil Fsavaguenimieveuiunveyingndwusavull

€

2.3 mhuasiguilagumidn (Percent by weight)

(7
o

ﬁﬁiwumﬁﬂﬂuaaﬁfggnaxmEJL“‘{“Jumwehumaaﬂfmﬁﬂ‘uanmiaxam L TRRICEY

3
'
&) =t

ansaraeudauiausznaunig Uy 25.0 NSU warlaniuea 75.0 ndu wwdiulasiiuiinue
Yndusadl

Wime = 25.0 NTUURIUT / 25.0 NTU89UN + 75.0 N3y UodanIues
= 25.0 n§u / 100.0 nsu
Wy = 0.250 (Uh 1y = pwanulnetmtingeiin

Tuyihwaadeniu wwediulneiivinueienivea

1-6.250

0.750

Tl



Tuuensdienaeseyanudndutuaswuilasiiuin (Percent by weight) Fuvinfu
WiwEILAsUIAIN X 100 satuilesiwudlrauminuosinluaisazaisenuaainanuiLas
RG]

Wesiduslaomnuasi = 0.250 x 100
= 25 Wasiudlagtimn (Percent by weight)
warluvnuaadsfussouslasimdnusiemuealuansasaneie
Wesiduslnetimtnueaeviuea = 0.750 x 100

= 75 wWostdudlaatmdn (Percent by weicht)

2.4. nmyiaaanuinlni (Conductivity Measurement)

Aranniniiwel [1-2)  Aeariuatunsnvesvadluanseulinszualuiinulesaiy
wniineiftourinisnmaiafunnluvasenamns s

luunissnaniavetiamsiodianuiliiaviadnfouisidonsuanuasuvedle
pelindvaiansasateviatitiues n1siad1anmhlibiaunsaasaitmnniivesiag
wuuizaslifasiifeandonuasiy uiifuan ey suenaudnsnevowesluariotiluda
vowsfnlduazannsoyimsnsn e farznafimofldidnsunsnduneu
gulunisimdiiv (indirect method) |

msUsegndldiiulfnnufonsasiadanmnasniiy msdsuanussdniniwees

0
o °

WsaInkssmrsaldinasy@nsounuinauiutuveaisar ane b uiuTansdlifa

1
e

nsalAnw lAnendwusaTul

2.4.1 vuivainsinaianiun i
Araufumuestanamisadivantasdydnual R wasiimiodulertn (Q)

=1

druvenuataudlWihidegiundurssaianuaiunulun dydnunife G uasdl
whoJutiuud (S) msadiundures Q7' Tanu O Feenuduiussyuitemnauin
TfnagarmnuAIUNIURD

G= (2.1)

1
R

AAIUILYaLiagdtag it sTaldunuandianngusiavesiuieaife

v o

AURMen A wareugnvesiu 1 lunsdiifedaivinnsTaiduwaslva (nsdidiaualy
nendnusadul)  diudi A svduiiufivesgddninsauuveuiuiazaiiuens | dugnuny

4

madydnwal  d  dufdeszayvinmwoseBianinsauiies Aeinudumiuame (Specific



s -

resistivity) 13oulumndydnun p uaziuwiiody (Q—com) (Ohm-centimeter) 9%
Heudisaunigi 2.2,

Meter

-~-._  Voltage Source
Electron /'y ™

(|
Flow '-.(:_\/.' B

Cathode

J 2 > K
U 2.1 NI5UAWIVBIUIUS DVR YA

d

Tuihusadgatutiuatr i Wi iaway (Specific conductivity) Woumuniadydnual o
wardvioduduuaseuiuns (S/cm) ANuNSnlanrLALNLEAENNSA 2.3

o, =L = (l)(i) = G(i) =Go (2.3}
p R A A

|
as

< 2 o d | ) o ¢ - o v
lne@t 6 deiwvindy " Tunae cm” Tasf @ WJuflsddurasgunsadianivsaililunisia

fuldduiviuonaudnvurradidninianiofiGondndeiuad (Cell constant) @
'5Lﬁﬂimmﬁgﬂs’wﬁuanmﬁammﬂusxmuﬁ%muﬁummﬁmaémmsmﬂéﬂmamsﬁwmii’m
asavanefisrdaiemildiuenizuasldaunis? 23 lumsmAtasiiead (Cell-
constant) tues arsavaneidlunisdredaferinisnidinsfiwaduanldsimised 2.2

WAYAILITOLEAIPINALAUSUDIANAITLAA, ATAZINAIUNIULAEEILNNSTRAYAI LN TN
Tuns1an 2.3



AC ‘_——-a-»@—
{ Load '—

Electrodes

\
{
- __.‘

W

’ d Aréa (A) =W X H

d L Ta
5UN2.2 Inssastaandianmsaduut g

- v & © v - ' o £ . \
M157IN 2.2 @savange sasanauaoumtdnnanieaa (Cell comstant)

luan3h onMsRULanS P anni ()0 | eI (uS /om)
! Molarity |, ‘Method'of Preparation . Temperzature €onductivity value
| 10 76,2660 ¢ KCk per liter 0 ' 65,176
of solution at 26°G | 18 | 97,838
! 25 ' 111,342
0.1 | 7.4365 ¢ KCl per liter of | 0 7,138
solution at 20°C 18 11,167
25 12,856
0.01 0.7440 g KCl per liter of 0 773.6
solution at 20°C 18 1,220.5
25 1,408.8
0.001 | Dilute 100 mL of 0.01M 25 146.93
to 1 liter at 20°C




A Qs L v 1 H 1] L l o
1T 2.3 ANuENNUSYIRRIRIad, ArAumuINLarAA NN WY

K Conductivity” 005 041 10 10 1 100 10t 105 108
0.05 LIMe  S00ke Soka  Ske 5002 509 I 5@

0.1 MR~ MR 100KR  10k2 K@ 1008 1007~ 19

1.0 20MQ  10MST ~ IMQ  100ke  10kQ  1k®  100Q  10Q" ~ 10
10 JOMT ~ MR 100ke  10k@ k@ 100@  108°

242 A3astasAuth Wi (Conductivity instrument)

TooirluiaIesdotadmiutamarmiridinesdidiedu 2 Ussian Uszunnusnfe
winsdairuesduiatueslvalaunseda dunuuiteridiulasinlUuazuuuiiassie
wiataiwuweslidudatuvesialasnsdagldndnnisvasaumutmdnuinsiadumaim
shlwihdswuuiigasiisnarlivenanluinediwusadudl dudufidsasvenanisvansen
gaamsavinlunuuiviiafissetadmfinonseadlolpisweeiduiatuvesiva

insdiotaararunilwiuuiviweodusswiiass funuadavesueetie
WuUADIBLAN IR (Two-electrode cells) uastuuBiEninsm (Four-electrode cells) Tngil
srwazdonveraraiinsmelud

wuvasadianinga (Two electrode cells) 303U 2.3 uandbiviufiamigesind
aruhliwiailunarequuu Tnevluudasuwessiindasviunanunadicy, nstlw,
Ivdaswasisamiluuinds udwuwesihanuwaitufeidusugesianan

Fandnmsvhnuvosdidnlyserdaiannsndidainiide 24.1 uazaunsd 2.1 d
Aaunsi 2.3 161'Lﬂaamnmé'nmsﬁ1mumaa§Léniwwuﬁmflﬁwé’nm5ﬁu§1u‘ua:mﬁmm
i lnihues

Lﬁ‘amii’mmﬁtﬁmmaazﬂ'juqmuqﬁmaaﬁ'gasjwﬁwﬁwmﬁm (Sample) uazguunil
50Ut (Ambient) ﬂu'um's%:ﬁmmﬁﬁﬂmaﬁﬂﬂm‘?uqquﬁuﬁaLﬂa’m (°K) MiAnTunioanas
Wanqaaumaisnedensiinaseaanuiisnaalunisin 2% vssiin (lng Maluaumgi
9199IEIMIAY 25 BeAwaldea) ﬁqﬁ?uLﬂ%;aqﬁai'ﬂmwzﬁnﬁ'um‘vquwqﬂﬁw
(Temperature Compensate) dwvnsiuansieadinisidaniinzaniugiunisinfiay
ymsinlnouansiannsed 2.4

A 1 ﬂ. ‘ﬂ. L] 1 1 L
TN 2.4 AmasiwadRuuzuluunazg1unsin

gruraama il (uS/cm) | Armsfvaead cm )
Conductivity Rangé Cell Constant
0.05-20 0.01
1-200 0.1
10 - 2,000 1.0
100 - 20,000 10.0
1,000 - 200,000 50.0




o S E NS L L 2 3 /P Ve 4 N T eI
wirudsia mvisa-(Four-electrede ‘call) L« 1 "hﬂuﬂadv’ll Wfl‘L ulauudnuuasidy

< 8 - O & i Pt <3 y a 2 ¢
anlnsafaunaElee RN UY 1’:5'”:'231,"% {baf‘ﬂuw VLT IALVUBDUNURUUAZIOLaNINGGA

L%

(Tworelectrodefell) um.ﬁﬂ‘i 1A h"”“”“h Tog suwibvadlassaansmaluiduuanala

& B

AU 2,4 nmnummwa U ULTDIUTS wmarm*aﬁs\a FEMUTDIAIAHI UNIUTLAATUIIN

q vw g b g = a
‘WT?LU?BﬁL‘UHU (Coating) ~wae@n Sb! ')t N'V]M(ﬂal.‘?f AL“U?]?LLﬁzﬁTiJT;E'\k‘U‘J'&"\LUU'T“[H"H"\'W’W"IXJ‘LS"I

"H}*.-‘-I“a-‘fﬂéiﬁ mqg':!{? 2.8 Eaiiﬁnrmaﬁmumm.ﬁ“.fﬂ‘aamu;,maf'ﬁ'wi'n?rgﬂw’{lH{'i"w’uﬁ

ATV AT D Ll',—-"l"'l\rl/g{r Jutlosns LY 4" Wf Jb"dutq‘i’.\ AUUNILNAUTIAURAN

[y ' ' Y = . \
NevINaIMIBLNLaZAIM WATUNUTaAsIUseziUau (Coating)

"
{
3

usYuedunnsl

. ) (2.4)

Sedutron

ussdusnAsouuaz 1 Aenszualwihiduiudidninse Aaudumuiinldilunasiuves
AYTIUAUIUTIANINETTA0E (R, ,)LLa:mnﬂ'ﬁL“JﬁazﬁJat Coating) ¥83@135M88N

) \om & & L» 1= o
(R ) BENNIARINAIAIINAIUNINIINNITIUTBEW DU (R,.,,,,,. ) Yuldifinansznuiy
E,. WSiuanasauiminin (Ry,,..)) A1umunivsesarsazaisaiuisomlasin

= a L [} 3 LB

AUNTSY 2.5, LAsUSINUANATILTILARAINAIILAIUNIULDIATSH2DE (R Mlaaan

Serlusrron
- a

auUN13H 2.5, iUy n1sYALrs g Nt eI nlurunumilounuiniadiniuuass
dannse
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! EVME :
i
. A =] W= [N i
R Coating R Solution R Coating |,
L 4 _
\\. - ,

J———
oy et

Voltage Measuring Electrodes

Current Carrying Electrodes

o a fas 1 ° aa
UM 2.8 szuumsinvensugaiinAamilwiwuuddidninen (Four-electrode)

S E\'MI:' (25)

RSUhm'nn ot ]

Forsududmiuwuwasuuuasdidninsg (Two-electrode) warimwwasuuuisianinim
(Four-electrode cell) Apuwnasdrslnvhiisslisuwesmadulwiinssuaadumsyini
nssuanssliannsanssdumsviufitewesdidninsiaiiaea (Electro-chemical) Mifinuy
ddninsale

2.5. msiamuduturssatsazarslngldindosdlotanruilui

nsiwseilndeUiinuviamsiasmnnduduresatsararsliitasfunse (Acid)
W30mne (Base) tuannsansiatamamdiduratarsavarsldlasnisiasarmitinive
ansavaloules

Analyzer Module
(Processor Module) |

|
‘ | ’ - Selector [
conpueTMITY | 4 SIGNAL PROGRAM FOR el
SENSOR 3 CONDITIONING = CONDUCTIVITY fummep MAIN oispLAY | |
_ | | tncuge aD) MEASUREMENT prOGRAM = (LcD) I
2 .
[ I |
! PROGRAM FOR DA |
[ s CONCENTRATION (Output signal) |
MEASUREMENT
' |
| |
|

< 4w o i < v
U7 2.5 vdenlaezunsuraaaiasindiaanilwiadfaidunnududuansiall



JudureelaaatnalTsua

Tuansaransfuasdaneud Wi diinduwsauuanud
MurunsTaaulyiuresleeeinalds

a1sazany snomgiaiaudildihfdalana
tues ednalsAsuiiarsasarsieaududua@umngduasiliifanisfisassninale
selinaddsluarsazartiuasdalunaliaanisuandineluarsazasiomguaidnlu

anwe et lviianaduanladgudl 2.6
nguT 2.6 Tudusnhnsvauduiusseuinrnududuresansazanefud1nng

b luussglumbodszinanave naiovineniiddusfannsavsiuaamdudy

YDIANTAL AR DINSLA

960 i
HCI
s TN N
£ {1}
e 124V L3\ SN
cLG 640 :'} :." f // ‘1 I \\\\ i \\
© ,~' / , / \ ‘\:\\ o
8 !‘ ‘."I ,"‘I .v-/ \\\ \‘\
§ 480 i { . _ C.0; \:'\‘Hi_ \\\
g II i u’// - <3 \\ \
-g 320 |f l’I -'f': it : ‘\\ | |
8 ‘I fﬁ \_! 155 HNO;
g W0 e LN
$160 W< Nac N
1'% 1 o,
5 / H.S0,
Y
I ‘I
0 10 30 o 0 %
Percent by Weight

A o @ L3 1 ! o L2 1 i 1
sUv 2.6 ﬂ')'liJﬂlJWUﬁi%W)’l\‘]ﬂTﬂ’J']lIu’]lW‘ﬂ’mUﬂ?ﬂ'lWNL‘UJJ‘UU?JEJQH'ﬁﬁgaTU

u

1 =
2.6 MIIWAMLDY (pH Measurement)
mstaareridunisviuenasulunseusarinudunnswasaisazansfUusenau

s dnswasdszauaniiilulelasiulessuy (H) sudsdaswasdssauinlulensonlesd
lagsu (OH) anfumvsvanfsadiiovluaisazarglugiu 0-14pH dranududurasisiaz

[

looputuilAmiiiuast

Junalvarfosdulunans (Ades wiiu 7ToH) Talilusiinsane
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erawadfvsunalalasiaulossunndunnsauiizandunsngsiniuaifesivsfog
wouni1 7TpH  warlunisndududiiivsunulalasiaulessudsaiiansinalsazaloiuiian
avudusieas vieafiesdounnady 7pH lesdredsanaluanined 2.5

< o~
M99 2.5 anauasniay

Concentration of H* lons H Concentration of OH- lons OH
moles/i {1 mole = 1g) P molesti {1 mole = 17g) P
Strong Acid|1.0 10° |0 |0.00000000000001 107414
0.1 107" (1 ]0.0000000000001 1073113
0.01 1072 |2 |0.000000000001 107312
0.001 107 |3 |0.00000000001 10711
0.0001 10~ |4 |0.0000000001 107"%10
0.00001 107 {5 10.000000001 1019
Dilute Acid|0.000001 10°¢ |8 |0.00000001 107% |8
Neutral |0.0000001 107 (7 10.0000001 107 |7
Dilute Alkaline|0.00000001 1018 {0.000001 107 (6
0.000000001 10°¢ |9 |0.00001 10 |5
0.0000000001 101110 |0.0001 10 |4
0.00000000001 107111 10.001 107 |3
0.000000000001 10712112 |0.01 10|12
0.0000000000001 1077113 |0.1 107 |1
Strong Alkaline|0.00600000000001 1074114 1.0 107 {0

ﬁLa%fuﬂawaL{'Juvmwﬁl,ma%ﬁﬁwﬁwmi’;’mﬁ'u'ﬁ'a"tﬂ’l,uqmammsmmuﬁaﬁuﬁmﬁmlu
WammasausymsTauuveatlal vaieqnssuaumsBauazeaaMnssImIadfa L4
Hudruisenouvesnssununisuanuialutssndinszuiunsndama fAlinanssnuse
faedauvdassuudnanah dduihomuaiadudcaniuiisaefomnadeudfio
walunszuunandauagiunisdidainidofaeugunisndaas fnviduindoutuies

2.6.1 msTafiotuuuiiugiu (Basic of pH Measurerent)

msaTRdmitesuuupinduannsoililaensidnseawanta  TiniaUdeud
989nsEAIUARTATLLNEA I o aE (Sample) ﬁﬁﬂﬂwsmsuaaauagﬁuﬁms
LﬂﬁauLLUaaﬁULaqLLaxﬁmaammwémﬁaﬁLﬁmmﬂmiajuﬁuﬁmdwﬁu%ﬂwaﬂﬁ@mﬁmj
Tute mﬁmﬂ'wﬂmﬂmaﬂﬁzmwﬁmﬁaazﬁﬂﬁafﬁ’wﬁ’mlm%wanﬁwmmgﬂcﬁaawmm"]fws
wawenuientsfinudfiiatuduenvasinnuaaue e iiinsusuenisdr oo
raraadeuls fdunisiefiesuuud Sliumnsaudmiunsinuararurylugnainn ssuus
wnnzfumsUsvanamaeieninu

wannsmslwiueidulEisnldfunsiaandies Sidnnstiduiivessurazdoy
Wiunndt 50 Dudalnseguuiiugiusseumaiiisiinduluumedibninsaoy
wanAut (Glass pH Flectrode) Sidninsandaiiasdoddrusuiuinvildianinnide
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- I3 o d' iY [ ' =
Santvsnanade (Reference Electrode) [1. 4] ihalvasuraasivlly drudsynauueafiew
wuosuandlrdagun 2.7 SeiTvarnanisuasiBosuesBianivsauuunasaniiluide
dotundszlunandissazidonueididninsesad duinetinusatul

pH Meter
L
Glass J Reference
Electrode N Electrode
Liquid Junction
“ Tube
Glass Electrode o by
Stem T El?mal lCl.anmel
s g - Reference g o
internal £ = E Element | Ghisride
Etlement - o ———3f =y
: |
—_ E = — —| Internal
internal = Filiing
Filing — . _ . _ [T~ 1 Solution
Solution =78 - _
o ATEY, 7 - " Porous
pH Sensitive t e W ———— e — Junction
Glass
Membrane N . i — =

A o 1 dllj
‘gﬂm 2.7 S8UUMTINATWLEULUUNUF 1Y

2.6.2. idninsauuunasauii (The Glass Electrode)

Slinlvsauuuvaeruiiusznausenizuenuimiunsens dudategnUeniindny
nssidnzuhIvS BlsLUTY (Merbrane) Tainudnvilafasiiiniseevaus wanzlalasioy
looatwiniu Uﬁﬁ%mmamﬁ%gﬁméﬁu o s uTd sy wiasazanefiansie Auivos
mmmuuazaﬂsaxmuﬁagﬂima’lumzmwLLﬁ'Jﬁé’uﬁaﬁ’uuaz%ﬁuﬁmﬁnﬂﬂﬁw%umimws
SuusiomierluarsagsaeiviinsToduies nalnfiferiuviondnnadednvesiioy
muwpsdudeutsgennuazfusaunazatuanwdoveun aviuisaglivonantie uaf
anunsandiethadosduldiinsyurunisnisuaniasulesousziintusenindlalnsion
lopauvasensararsiinsinuarlslasiouleseuilogiulunsuizuive sy

peluiieudidninsaduussgansasaredinilily (ntemal Filling  Solution) Tas
ansazanefaiisasnsusfievasiuiesiinaslsiloseusdlududng arshdualdfuide
Tunadounaslsd (KCU amdnineluddninem (ntemal element) Fl8luaEnTnsaiivh
WIRAWSIEY (Silver) uazedounuiialiasaaslss (AgCl) Imﬁmmﬁaﬁmmjmg’lu Internal
Fitling Solution @4 Internal Filling  Solution fitdivinldnszualufndunisriuszuing
fufaduluresamisugaadiuazandudygialwifovgndseennisgadenisli
viadon Bnedieineueniioing (Sensor Output) iedndduiesgiafiion (oH

analyzer)



263 Lmﬁvgmmwma% (pH Sensor Qutput)
wmpanddninsauaesuiuasdidninndridaiuniunulaueuduiussewing
gunniiuaze eIV 1UEE1893n Nemst Equation [1] slaun1srslud

mV =0.1985(°C + 273)x pH {2.6)

naunsi 2.6, Ywwenladudlearfietluansazaisidvuwlasunazaungiifiiudounyag
tuflanuduiusiuowinaearuwesiatunasnsiiioukdasfiiornilsiaguasansasany
Augamgiiiiuasuwlatluansonanieinudiiusimi s 2.6

4 @ r L3 ' 1 o = EQAI QI‘ = < of Qd‘ d‘
M1INA 2.6 ANaduiusszviveliadhasfnilsioufsuivenmgliiiiaouulas
oG 0 25 50 75 100
mV 1 54.20 | 59.15 | 64.12 | 69.08 | 74.04

uifavanatiunsauaaueaLd 0-14pH 7 25°C Fnfurndadladuemarnadd
AL 14 x 59.15 = 818.1 mV AndluiFiAed uanorwesansazanudiedn Vi e
dndlilrivenmiloeaniiludndlndadidiiniuandaanslusdnlnsaus V, 0se WBE
Bidnlnsndnede v, edndliiiasumaaiuserulusuasoseunsuuazuanidsg Ui
2.8 dndlihiifstunnaianansestufiaduananuasotudolud qausniags
dulaszwinaandndd (Interal Element) iavasazarsnigludidninsavasnuid (Intemal

Filling Solution) #8 V. 30¥idesfiagadudaszvituuuiusuvedidniniaaoauiatiy

'
el = oW '

asazangivinisasiaieda v, Iefiaufendudassuivaindiinsludidninind s
(Internal  Reference Element) Auaisavaronigludidningmenads (ntemal  filling
Solution) Ae V. &sdndlvfariiannsadsuusslfirnyasldloonsusuusaisazais
neludidnTnanuiuazdianingndeds @nludenld kL 35 M) auvilhavinauesy
SLﬁﬂImmﬁy’uﬁmquéiaﬁhaﬁﬁ TpH memzﬁ?umﬂaﬁhav’mawjéLé‘%ﬂimmﬁ OpH, 7pH ua

14pH 9198991 25 °C tiasauanlunisned 2.7

5197 2.7 Anfladlaaivl OpH, 7pH uay 14pH at 25 °C

0 pH 7 pH 14 pH
+414.05 mVY Omv -414.05 mv




pH Meter

< =
<
I

<=

ref
P o oo ¥ I =
U7 2.8 dndlnihiiatuludferdidningg
- & Iy ol a1 ey « = = [l P .
pfilowinavedslaninsadawindugudazseninadianiei Check Reading law

il Check reading awisomildiussniransaoudiou (Calibrate) wisniwesdaglidusaild
UsuannaaaussuteedLs (Zerol Gainanmsdsuiiaes V. dued
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nouRvdladnuuuisnisveminidgunly

3.1 umi

Fnsouuuvaiied (Fuzzy Inference method) [5] Aissdanldfudiumnniie
Sudaaisnsfedinsveniunil (Mamdani's fuzzy inference method) Fafluiznns
oyl iudnnundeisnmailddadulut 1975 Taotund (Mamdani) dwdnis
ﬂ7Wﬁ&ﬁLﬂuﬁiﬁﬂﬁuﬁﬁ%mwaw’m’ﬁ—sgmiu {Takagi-Sugenc fuzzy inference method)
[5-6] FnrshpnAndulnemanivazedidlud 1985 viodondndendsii TS method e
uanaesEnitiaesiinisinfesluuuvemdninnauazdiduduneuluntsssananadels
msvostamdoyldfafidnidudmsninusilunsauuny wilumesstudiaiEnisees
ni-ginTusgliAdesilaifuniaaunindaduiiiduna dududsvosaunisBudman
ndlunseyunudludedaliazna ninewizssasdoauesinisyeminii-ginly
it St sTE i sedenfluinuinusadud

3.2 38n1sveann13-ginlu (Tekagi-Sugeno Fuzzy method)
anusureTin st ewmumniuadinilaidu (Membership Funciion) wosil@idy
A 68 Alu), we U Haddivaginnusuiuaive3nfidulnesaon 5@ nnsneivie
andnuuzesauasinileiduldlasassmalinesAoraindumivu u, v3o u, uazd
ANV BT Aydnualuaiiauat u, Ao A uas w, Ao B uazFmualil

[

susupzuuuivivaniisiinzananliiu “17  uasdeugalusing “0”  uaneay

@ = 3

uSuesunmlasAAILAlanaunT1sH 3.1

EE

'u, is A and u, is B|= A, ) ~Bfu, ) (3.1
3.2.1 suuuvesteuly (Format of Implication)
Jauly (Implication) vesiledfiausluinistunuiedydnua R Isuuuududs
Aun15N 3.2

R:AIf flu is AL u is A ) then y = glu.... u, ) (3.2)

TasfiumagsUsiiaumngs gl

¥ HAANTUDINITOUI
w,—u,  Bunvvennuue STy
A - A, fleddvnfetuvuumusiinilatdudadumszudoula R e

/ liidurodunnluaufisiuwiawsastauly
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¢ Handuvnsaumsdaduenving (Linear equation) tRaustanwadnsyes v

WU R I f(u,is small and, u, is big) then v = u, + u, + 2 u,
ndeulaildvenid u A “small " way u, A " big " Suilderaas v 9

wdusaTIwet,, oy wae 2uloe? o, LildTdwiniluaufsiuan ndusnsgld

“and” Juideusswinausiigiunas i unms waasauyigiunidusudslifua

nstevinvate nduatunsadouduaunisdnguuuniddaa
R:lfu isA and..andu, isA theny = p, + p,u, +.... +p,u, (3.3)

3.2.2 6ans3VNYeInISINAGWS (Algorithm of Reasoning)
fvnsddeulwwasdovly R (1 = 1. n) $997989900@UN97 3.3 LAZNIAUR
W, =) w, =uy ) oed u-u) DuatBunvveanuuosindanduluudaz faula

HadwsvouoYINe v @nsawildaniunoudallil

Jupoun 1. luuwsaz@auly R ansevn v lgannisauandlndy ¢ aesunisy 3.4

{ O
vi=gtu) )

= po+ Pt et oy (3.4

Jumnaufl 2. Areuasavewaazdeuly v = v (Truth value) asnsauwilalasaunis
solul

1 . j 0 .
Iy =y1=lu isA and..andu isAl

= (A (u)A oA AL () (3.5)
Taefasoavng A Aa And operation wuu Min term duwoaay 1" is Al = A (1"
9]

::' P s v . n:i‘ =4 P <
qupuil 3. vewiwagaing (Final Cutput) 204 v Fadumiseyaiuain n Goululeenis
wiAuaasues v AUuA1AINRSE [y = vl (Rule weight) VywuawSa7iSuni “Weight
average” sduslpeAnnlaangunisn 3.6

Sjrevey

yE (3.6)

Sh=]

123056



P v Y (A
135199 3.1 LEARITBAUBVDINIDY IV 3.1

Implication Premise Consequence T+
=mall | emall | v =12-5 0.25 ~ 0373
\ \ =17 = Q.05
1 b 0.25 0.375
R S N
¢] 16 0 §
big i y=2x12
2 =4 0.20
R ‘
A a.20
16 20
big 2
# y=3x3
4 0.573 i
: WAL Py | =13 0.357
R b 10
X1 =12 Nl=3

.
P

Madnafl 3.1 anyinfiteulvdsielUd
wWiguld u, =y,
R': If x, is small, and x, is small, then y = x, +x,

R°: Ifx, ishig, then v=2x
R If x, is big, then y =3x,

211915199 3.1 lauaninssuunIsIvemaawss s e vaslaemuuali x, = 12 uag
o e o ) | = o o

vy o= 5 wezradluseduiuoEuniigiu Premise) luwsasiiouladislunised 3.1 uans

s uasIn At U3 “ small " way  big " Ao aunfiznu @i unoauy

wesaans (Consequence) lolananaaws v danuralneflantu ¢ 20andaziouluas

“Tv” ABAIAITIR3ITIRIUNT And operation WUU Min term #3a Rule weight #iunulag

o W

anwol [y = v dweddneiiogndwod

,
by =3y 1=Ix =small'l A |x] =small’l

small, (x!'} ~ small, (x} )

={.25

Sa@neyuIuRadnsInvatsdeulalasidn yiaar 1y = v fignedeainansed
3.1 wAnnaluaunisi 3.6
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- (0.25x17) + (0.2 x24) + (0.375 % 15)
) 0.25+0.2+0.375
=17.8

3.3 qruanvRvasnadwsild (Properties of Reasoning)

nanaig U lfuaninssuIumsRadniandaneiuilddnausluus
luﬁaﬁaﬂ‘wLfJumﬁna'ﬂﬁaqmauﬂ'ﬁuazﬂmﬁnwmx‘uaamsaqmuuaﬁws’s‘ﬁamngﬂﬁ 3.1 uans
Arwduiudues x uar vy Juvinodulsiilidudnual <+ wandunst R'war R

Hasduitldandouls R'uay R mugadu

s 1

A as L3 =) =
U 3.1 MednkadnivesmIayunulaeNdlain

2ah)

1ITDIEUINNITRANTAUNAMLUANNIEWINTE MU TR a8 uuuuIRTAld M lUuas
SEnnsiiiaue (edladn SusudennisUssnaauuudiusnfasduainnsuiuinie
Avunvoulnvasdunsluudastwasiviinsaiemuduiussswindunauasie ving
wudaduvieaumadaduluisazinedunaiiimualy fusendeguainnsdiiiaiuly
guﬁ 3.1 wsfpnfivaunsdaduiunsnuirudiiusiiadeurossing R, war R,
Fwhlriaunsidaduusznaudufsavaunisuasinisdeurefilistuidau (Not smoothly)
Tumanduiuiudmiussiinauoluund Gedladn) sxdrvandnnuvssaumsdaduuas
wlnsideusosewinaunisidadutusuieviu (Smoothly) #In15ansIUINTBIANATS
Gadududdiddgannlunsdvesnnudiiuduvuvaneia

3.4 msUssanalefudlna (Fuzzy Model Application)
Tuhdatiaruaninmsuszgndldauvesivdlumaiinausfunssuaunslugaam
nssuasslagazendesininilaensiledinaueluldaiuaunszuiunisvinaiuazenn
1 (Water Cleaning Process) lagtinorilu@lumaluviuifiunugufdinas Operator)
Lﬁ@ﬂ’)UF}MﬂSZU‘)uﬂ’I‘SLLﬁZIﬁ%BIMLﬂﬂﬁ')"]”Fuzzy modeling of human operator’s control
actions for Water Cleaning Process” [6] n‘s:mumsﬁﬁwmmﬂuﬁﬁanizmums'ﬁw
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AINALDIMININUMENNSTSNYIR (River water) FaLanIdunBUTRINSLUIY nsRaguUa 3.2
Tnafinsrurunisaziduainnistiiiannunasindwnfidenay Mixing tank)
wazthiedlAamifed PAC uazeaedumaniuih ludianantuh draniuedl (PAQ)
andiuvnsielufifinnazneu (Sedimentation tank) lasfidauairaeugulsiduthasdy
sy PAC Lmzmnm:mauaEgﬁo'fmf:iwuaaﬁ’a nsanaenauarldinaussunuauiasady
Tusfuegiunnuasilasidlaanannizuiunsiiae Treated  Water  wazaziiu
mastpludianses (Filtration) WWavnisnsasliiasen drumeduaasiuidulylunss
vumsifievinssndelsaldiuiniues

PAC

River Water
_—

Mixing Tank Mixed Water
j T ——

Sedi;n;&mﬁon Treated \\'z\ter= Fifration Tank Cleaned Water

U 3.2 ATTUAUMTYA R A

‘Ummwé’n‘ummmwm‘lmﬁﬂﬁﬁ'ﬁms (Operator) ) lunssvaunsiifemamuiina
Avinganual PAC mmuaﬂ.ﬂmam'[,um'm‘uumaamuuau‘lui~m‘uv1m‘u¢m Usmmmwm“
auiilidaenieldunawivlunes PAC muaanmmanwmumm ﬂUﬂ'nmu'uaamLLa i
dAyUTunuves PAC uumuJumaamua;uLwam'iammu"quumm ANSAVUAAMEN YL TBA
nsTUILNISRRILLT YT st uman s iEnAlasduded snsanuinliaunsa
vaanaudnvurransidsuuamasmauguagiafundnnisiiaseglduszaunisa
maawﬂgummsLﬂuf]aaaamm‘lumsmuaunnmums pg1alsAmuiiuusidanina
AensEUIUMITUIT AN nEAweaLAarfuls i laeinisinAtues sreTouasduusi
Auidananusuanldeaaluil _

TB1 mm‘tju‘vaaﬁ"’wmnwéaﬁw (Resource water) luviigviisdrusedudu (ppm)

TB2 mm‘*zjuwaaﬁﬁﬂﬁm Tumthewiladusedua (opm)

PAC Y3inewwes PAC Tumhenilsdrusiedudn (ppm)

e aampluesilumityosmimaidon (°0)

PH A#aY (pH)

AL AuansnTeidumig

cL USinamesraniulumbovdadiunodwau (ppm)

as b

v o s W e ol 'y ° . o
fete o1 TE fardisaiuiadadlylain PAC dudusasiuSunmuuinuasyia PH was AL

P - a v . W a = < <
eilnanssnunuuliiindadu (Nonlinear) AuUSunueed PAC &aUSunmuuas PAC mmang

2

audufuagiumulsinandidiiu uadmsuiadinysiiidninaiunsyuiunisigu
uwasiiou (Plankton) lwih@sasiiy springtime  wildauniniinisanaialddivglu
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mizmumsﬁwmmazmmﬁw%ﬁam%wimmamaaﬁﬁﬁm%’ummmizmummwﬁmma
suuitlidesarusiugdnuials vndrednaninfesnds 181 esfidaetuilonuandady
N15AIUAN PAC 9zuBulen TBL, TE, PH, AL war TB2 undudunalunismiununssuiunis
YoV souanslFFagUT 3.3

i TE| AL| PH

TURBL PAC TUB2
[E— Operator Procss

Y
v

CL

E'Uﬂ 3.3 ADYUNINTDING AIUANNITUIUNTT

A 123 U a U _Soasss
M99 3.2 LLﬂﬂQ“UEJlSﬁ"UENLWIﬁSW'}LLU?iSﬂ’JNUQUWﬂTﬁ

TB1 PH s AL PAC TBZ2
{ppmi | (ppm) | (Degree C) (ppm) | (ppm}
10.0 7.1 18.8 53.0 1 1300 1.0
17.0 7.0 18.6 50.0 | 1300 1.0
22.0 7.3 19.4 46.0 | 1400 2.0
50.0 7.1 19.5 40.0 | 1400 1.0
5.0 7.3 233 48.0 | 900 4.0
11.0 7.1 20.7 50.0 L 900 1.0
12.0 7.2 21.3 50.0 1 900 30
1490 7.2 23.6 530 900 4.0
35.0 7.0 178 35.0 | 1200 1.0
20.0 7.0 16.6 40.0 | 1100 1.0
20.0 6.9 17.8 42.0 1 1100 1.0
18.0 7.1 17.3 40.0 | 1100 1.0
12.0 7.2 18.8 5501 900 3.0
8.0 7.2 18.0 50.0 } 1000 1.5
11.0 7.1 19.2 49.0 | 1000 2.0
50.0 7.0 18.0 37.0| 1200 1.5
35.0 7.0 177 42.0 | 1200 1.5
320.0 7.0 17.2 41.0 ] 1100 1.5
16.0 7.1 19.3 42.0 | 1100 2.0
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3.6.1 ﬁmﬁuaaﬁ'aulmmsmuaw {Derivation of Control Rules)

Aisuunauddeyansufiinndudiuiunleeiivinisasiaiadundsiiie
Foutsmmneuisi-luafunaififon. Susuvssdeyadommmazviify 24 F7a x 30 fu
x 4 \fou = 2880 Touedensi 32 LanaResduniwesiagamand  dwaudeys
fusndenldfuiiusznamnnfesteyaluanstiafauiigusuiasfounsngiaudsiou
foueuluusswndiu esosfuszmadiy) Duggpuiazdouningemiuggdou

small big

:\._\ //:

) R - |

1 - |

i 5T i

i |

I I
6.90 T.28 7.30 7.50
small big

A

E\\\\\\ A E

: ‘\\\\\ -"’"/‘,.- :

1 - ’_—'“ 1

: Y :

! T E At
35,0 509 330 600
small big

]

AN :

D E

) [}

NN s
16.6 18.7 20.1 4.6

4 LR I3 ﬂ:’ | @
glhfl 3.4 LAAIILUB TN aNTuLnasiIwlg

mudanaifiundnavensuntnd Gdsuunanulatmuadeululivundouludmsu
A3AIUAY (Control rule) uaziaulunsatuauiisuuuuduialyil

If (PH is *). (AL is *), and (TE is *)

(3.7)
then PAC = p, + p, . TBl + p,. TB2 + p,. PH + p, AL + p,. TE



R':IfPH is \ CALis

/

,and TE is

6.90 35.0 530

16.6 20,

2

Then PAC = 2664TB1 - 8093TB2 + 11230PH - 1147AL ~ 2218TE + 8858

/

,and TE is

R*:IfPH is \ ,AL is
50 530

Then PAC = 124TB1 - 427TB2 + 761PH + 52AL - 17TE - 7484

R®:IfPH is \ , AL is

6,90 09 60.0

Then PAC = 42TB1 - 547B2 - 1368PH + 10AL + 158TE + 7270

R* I PH is \ JAL s

6.90 509 60.0

,and TE is

,and TE is

Then PAC = 5TB1 = 34TB2 - 221PH - 8AL + 40TE + 2202

S:fPH is / AL is

7.50 530

Then PAC = 3TB1 - 6TB2 + 2110PH — 13AL + 2TE - 13918

R®:IfPH is / AL is
0

Then PAC = 22TB1 + 11TBZ + 64PH - 8AL - 9TE + 770

R”:IfPH is / LAL s
7.35

Then PAC = 1597TB1 - 14782 + 2337PH —~ 25AL - 69TE - 14819

R®:fPH is / .AL is
(.9 50.0

Then PAC = -13TB1 - 16TB2 + 29PH - 6AL - 41TE - 317

/

,and TE 1s

,and TE is

,and TE is

60.0

,and TE is

JUR 3.5 deulvnisaunuvianus

18.7 24.6

16.6 2

f]

o=

7 24.6

o
2
=3

o
~J
[
=

=y
o

2
=)

1

oo
~3
1)
=1
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PH, AL uaz TE gnmbviundududslutaululasusariulsazdsznavluseany

Linguistic fauanslugu?l 3.4 Swawveaieulvwosniseivauezeiiu 20 = 8 (Saule

Feannsouanatouluimualadagui 3.5

< & o
ATV 3.3 HANTINAZBUNTIATUANNTE UIUNTTVINETNTD

Operator | Statistical Model Fuzzy Model
{ppm} (ppm) (ppm)
1300 994.7 1308.6
1300 995.9 1027.4
1300 11196 1063.0
1400 11511 1386.2
1400 140%.4 15511
900 1066.4 923.9
900 1068.9 965.5
900 10123 875.4
1200 1286.8 LA36%
1200 1246.8 1172.6
1100 11514 10759
1100 119895 1115.1
1160 1159.4 1130.5
1000 985.7 934.1
1000 1009.3 973.8
1000 10282 984.6
1200 $398.3 1285.3
1200 1290.6 1160.8

3.4.2 wadwsvosnsaiuaulagfivdladn
A uanusauasdsulefaialutugnueaeulagnisld Testing data Tawanisva

ADULARILAFIRTIT1EN 3.3

warlumsiadieatuivaninavasnisaruaulauduiudinig

(Operator control) uasnanisvadountsmvaulaslumawaifdoe  lagidoyailiiy

nmnaaeudl 38 Joyameiu  Lumavnsaiiviuansi@unii 3.8 Wuaunisilaly water

cleaning process

PAC = 9.114/TB1 -79.8PH +12.7CL +1255.6
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suiudinamvgulasvdlueaduwiulumaiiansaiwiiunugdfoiinsldegad
1 < I ® 1 a vy o was ' ¢
AefuvomannEuysalssrintmansneaoudnilydluwa fugu S URnsuasnasizeasy sol

sEINNaNINadaUINtsanED At ulURUR nsuandadsialuilnusiy

Fuzzy model 48.5 ppm
Statistical model 128.0 ppm

PINHASNSUuLand AR seLeaafuy el a



UN9 4

PANNISIAAI UL NTUYDIETSALANUNEUDLAE N1TODN LU

4.1 umin |
Tuuniesiauendnmsmsinamudutusoansazarslaeniosiariauiliing
Hundnnis#ild funiuiunds sandulutdedaluazifedladnuldlunisveiy
drumsTarnududuresansazapveanieaiarauiliily eldiiedlaininnsus
mindginlulea (Takagi-Sugeno model) wneyuuAIMsTRuazyInldansave1egu
msfaeanduduvesansasanglinirndmdnnisuuuiiuviofamududuldgedy
ﬁmaﬁﬂumsaanLLUULLawmaaué‘i?{YﬂﬁLﬁaﬂ'i,‘é?aﬁazmEJI%Lﬁamamaﬂlmﬁﬂumaﬁﬂm

1.2 myteamuidudusasasazaielafonlensenludlngnTesindrniniilu
wdnmsiauuuiiarlfiedostadnniiliii (Conductivity analyzer) n1uUssgndld
detnnsidudasnnududur ssarsasanosyiaanud i Bsuuyadiul
wiazaudndudiseuduiuslududansouanadunsmaudiusidsud a1
ansavansazilane il iy dunssufummuduturasansazans dadaowaian
il AYaldAedufumsiaerndudulosenatdslumsaraotuas adialsinud
arsagatpieundudugsiunn g e biAanisianasnindesetina @53 a dunalsian
msuandavodleseiinmelumsasatstiuios frownraiiaduanagiiainudiliihanag
FroFuanadegud 4.1 luduildetes favemannisiuazasuiulss
nsUssnaldnulasiaiufanmsodlufannududulduddaaiinisimungaclu
msfa Fsuduouidimeiafiamisavinsieldffadudiutaudiduaud e fidusay
fadulansarvasunsindiannfilfugnasgaueansmeudiiuidaduaaneuiion i
nsTudoutearnr i vl ir A iddusnndu fediatu 0 -15 % NaOH wsiwi

= = L

Audurdediduitulufssiamstutourossamnudiiliindue:  luduassnisasy
druiuasduasuiiguivansasaisu sy it e snm (Conductivity
standard solution) waPwWaIUR 4.2 sedursassaraesnsgudidenldifuats
Fenlinseunaugumsiavvsmuiigiuntsiaeaaduduedi 0-5 % NaOH fiazms ety
guvearAaranilinR R 0-210 ms/cm Alidenltasazamnasyiindidsaiuandu
(Span) vasgTumMsInfaR 210 mS/cm viagasiniilsthe
msdseyndldvomdnnisiauuuies falumuiifaududuligannwy mstana
dsduaansauassnaflilunis Regeneration resin ssinssurunisuanasulszaay (Cat
ion exchanger process) LLaxﬂixmummanLU?ﬂ'EJUU’:TSQU’JH (Anion exchanger process)
Tulssviisimainuss n (Water treatment plant) uansfaguil 4 3 dldarsaifidunse
wazanafimuLdulfuaedanndesdiuilaoimin % by weight) denisTarnd
Fulugedasiliinansanseinsududuronsauazialduasilieuquinsives
USinaunsauazanaiidlugnszuiuns Regeneration resin laegnaativsnm
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960 ;
HCI
[} /‘ \Y,H_“\,
5 800 e
wn
E a’f // 4 \‘\ \\
o / i y ,‘5,_ N, \
i 640 L 1) e b
o "I / ?.f // \ \\ \
‘g [ / \\ &
e
o i g N N
80 -+~ -
.%4 ¥ Croa \ \
2 \ N\ "
8 " HNO,
o NaOH
'
2 A\,
8. \__/./’_‘\\_
y HaS0,
| | y
50 70 90

Percent by Weight

d o s & i 1 a o o
EUVI 4.1 ?‘w'}’}llﬁiu‘wUﬁ‘5%JVT'E’N?"iﬂ’g"lilu']vlﬁv“‘]‘l.ﬁ"f“ijﬂ'ﬂhL‘ﬁﬂﬁ]’u%‘@ avasay

o o i & & Al g & ¥ B
UM 4.2 d@1sazatsunnsgru (Standard solution) @msuasuliguasasinAtAnutnlnvh

U
LALIAIBITAAILEY

wilunszuaumsniinududuresaisiaiiunng wulsawdna H,50, wie NaOH F4ldia3asin
Arrududulunsauauntsndavsensivinanutudurswdniundddatuisalinan
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mzi’muu?’fwﬁui‘@lﬁmmsiwﬁmﬁmﬁﬁﬁwmﬁﬁﬁ'uﬁm'lmﬁu%'uﬁqamm‘ﬁaﬁaﬂ%’wﬁﬂma
auq lunsiafaiisaunaniuasnisidnuiigeennds fadusededrinuemdnmsinwuy
wsnIadudadismesvannsaievenggun1sTnvo iy

Inlet
&
monitoring
—x
Regenerate Regenerate :
Acid Alkali Anion
2~ 5% H,80; 2-5%NagH | Exchanger

Used Regenerate Used Regenerate

Outlet Outlet

Eﬂﬁ 4.3 5N uindurp indauasenshinTsuIunag Regeneration resin lu cation

Exchanger &g Anion:Exchanger

815 A AN TTINPIAWMIVIIN 15T AR NI YDa1sasaeladuulansanlan

ar

(NaOH Solution) legldinsesieatamrudaldiifannsoyldsunulassdmnnuduius

W
sewivmndiidsgiasasaisuazAaud i Aaguiel” Tennuduiuides
ussliludiuyszuTanauasligailashiwanisdavief luanaunssuaziiundn
“Transmitter” ¥38 “Analyzer” ﬁmaaimﬂluaaﬁaz-%‘uﬁwmmﬁﬂﬂﬁwﬁﬁm%ﬂuﬁwaaa18
ludeulansenledanmumaiuasindiitaldunussianatuanaduiusiismunlSuay
wastwdudrnnududurasarsavarsladonlensanlodddunaninavumniae

wazdsoaniludyyiuunasgiu ( 4-20 mA) Bnvnaviiaeig

4.3 mauladladnuildlunisveisgiunisinanututuresaisazany
%mﬁ’mmwwfﬁwﬁuﬁﬁwLauaﬁ'sazﬁmsLuﬁaugﬂxmumii’mazmwwmawamnﬁq
foit 4.1 TeeludnmsnAonisldirsosiadiiion (pH Sensor) mdamvhnistadioTiudusn
durnistalasiluSenidafifiawuses (Multiple sensors) dufiaasianisuszuiana
Imvﬁ‘cﬁﬂa%ﬂ%ﬂu?wmﬁwuéaﬁ’uﬁwbﬁ%'mwaamm‘i-fgmiuiuLma (Takagi-Sugenc Model)

7R O VI v

Fiinguiegluunn 3 Malinmiudiueinauesadliedaiifatunaznisdinisusanana
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Tnoftedladnunldufiioutdes e uns Tnuaménnsluide 4.1 Tuedaeiily
i1 daAna e sasaratslugtunnsIafinteduid e Wi s
Feafu a Aeraduduiinstuiazaugniemesnsinfeglutisfseuiulfuiulaglu
Tnerdnusatuiinlihasaraneladiodlensonlesundunsdinulne 18 snanaduius
sswinesmnududuvosensavarsladioalansanlsduaraui i iiAatudigud a1
deunlufudunddunisesnuuude diusieavloanisosnwutkasnisvinauedsnng

(Y]

paunzLant T ada U

4.3 1 wiasioanaswuaifdontd

il tadldlunisuaseudiainduduradudoulensenladldun trdasinm
auiriuasetasiadfen wisrieaauliiaildlumsmeadauasduwuuEsién
s (four-electrode) Evin ABB Liasainanansainanmtilniildgeis 2,000 ms/cm
38 2,000,000 uS/cm-dsnsauagudiunisiannududuvesansazanslaiolansonled
(5N§wqﬂgﬂ‘ﬁ a.1) irsesinanioritidlunisnaasudunuudidninsauis (Glass elec
trode) grun1sianseuATIRILG O-1apH  Efe WTW lnesiazdundanadeuseios
fovsmatazaglunaruan v nsvadeuaduiusseninedianu e fier
FouFuseudutugs sansaranslaeslensonludaznaasuianuaduidantady
Julann 0%, 5%, 10%, 15%, 20%. 25%, 30%, 35%, 40%, 45%, uay 50% Lasvadau
aued e teudutiunniviositlumanadswasaiionyuassiu. Snmdadu
5uﬁﬁ7Lﬁmmummsgma&ﬂummeﬁﬁaau%’Ulﬁﬁ%ﬁﬂﬁmmﬁ'wmm‘s*;"mﬁmmL%wﬁwfm
dedalsuasinanianaasudings 6311 uas 4.3.1.2

4311 nan1sveasumauilddluudazanuudueesaisazanslafiouls

asanlyn

nensvadevisznaasulauAtesInn1p1ntt i uuudaidninse Four-
electrode) Gt ABB Ju TBA6S vmsveasusmduduararunfiuazmanadonase
Heavunasguduandun e a1 warhlundondunsdanudaiudsywindie
ﬁwlw%uasmmLﬁuﬂumaaaﬁaxamimawlamaml%ﬂugﬂﬁ 4.4

A o 1 ] i 54 i 23 < =]
MITNN 4.1 wassansiaaaudlivinlutdas AuLTuYesE1saLa U LAl
lamseanleya

Ay | Anadresremiliiy | dnudusuuninsgi
(% weight) (mS/cm) (mS/cm)
0 0 0

5 224 2
10 359 3
15 410 2
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P5197 4.1 ()

anrududu | Anadovasmamiliih | dnadoauunasg
(% weight) (mS/cm) (mS/cm)
20 375 3
25 315 3
30 248 3
35 185 2
4o 140 1
45 109 2
50 84 2
mS/cm
450 b T i T T ] T T T T
400} /74 ]
o ™
/// b
350 Y i
/
300+ d i i
/ i

>
S0/ ' :
5 /
€ 200/ / o |
o N,
o i

150 - / e .

P
100+ / \\
/
501 / -
0 3 1 ! 1 1 L L !

0 5 10 15 20 25 30 35 40 45 50
Concentration % by weight
A as s . i v v - 3 1 )
JUR 4.4 nswmduiusseuinaududuradedsulensenleduasaimiuniilni
Tuusazanuduyy

4.3.1.2 wanmsnaaauaievlunsazmidutuvssasaranslvioulensonlos

nansvaasuimaasulnoAissiafitevdie WTW nisvaasuasvaasuadudu
aranuaiauayvidnadsuazAndsnuunnsgiuduierfunisinaiaa i lwing
nandlunnsien 4.2 wasuasiluniomdunsiauduiudseninaarnuiiliiuazau
vﬁwﬁwaqmsazmu‘[mﬁUulmsanlftwﬂuguﬁ 4.4
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J as L =l [} v 13 -} [
AT 4.2 wananansIsA ALY luLAasAMNITLTuTDsansarantlmeulensanlen

AR Aade dnudonuunasgu
(% by weight) (pH)
<5 Nonstable * -
5 14.10 0.07
10 13.65 0.01
15 13.50 0.02
20 13.23 0.02
25 13.02 0.01
30 12.65 0.02
35 11.95 0.01
iy 11.60 0.01
a5 11.20 0.02
50 10.70 0.02
pH
14-5 i T T T T T
14
13.5
13
T 125}

12

11

105 ! i 1 ) i ] ! {
5 10 15 20 25 30 35 40 45 50

concentration % by weight

n: & as 3 ) 174 v =l « L]
U7 4.5 nsIANALRLS St uLturelufvulansenlenuazAiay
TuusazauNYY

* Nonstable: A1n1sviagou o ndanarliiadiosniasnafesiiadufitodsunan
unsieanussnnnidinaeasasiadniduimignagais



4.3.2 pansuszuians -

fainanlilusdousnqirilvdlednfonguimsussinanavesnsiniidfoiiaue
waziSn1sveminid-ginly (Takag-Sugeno model) L‘f]u%%ﬁ;‘ﬁﬁmﬁaniﬂﬁwmﬁwuéaﬁuﬁ
fAdpasldnisdrasimsdszmnanavasmsinaududurtunislusunsy MATLAB 1iosdu
7.4 Fsmsadraumiueiinilaidu (Membership Function), susuuranalnnisouuy
(Inference mechanism), Msiwuaieula (mplication), wasn safeBiady (Defuzzica-
tion) sulludeyananisielugurasiawnieluguvesnswdeazdiansuulusunsy MATLAB
Tnuviavan

4.3.2.1 AMsanauuuesiwiTiduyasauis
nninaluidgeisuntniimaon)siangiduuimuweiuwiuiuuiafiiawuses
Falmharniasasdamauiidfaianasenhlicaridud Bunmivinuubuwnves

TEUUMTOULNURYT (Fuzzy-inference system){fassiaodunmamanihduwausn (u, )

SUN 4.6 nvuanIvnzyinnIsIaamun W LasAfitey

v

AeArAL AN U9 “Conductivity”  wasBuwaiiass (u,) AsAfieylitadn “pH”

fatuasadoudunmlums u, - “ Conductivity” uay u,: “pH” @uneAiu Linguistic

i

values fzuanimunadalundazduna Linguistic value w03 u, “Conductivity” azilne

o oo W -]

NuAAIAe u), u, u, u way Linguistic value ¥83 u, “pH” azlitsiunnAfe u),

2 ey @t = L

uy, uy, uy, uy, us NNAYSnwaiRiansiiieuoIntilaein  astuRiIdedauiuldeu

Uy u
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Foydnwalues Linguistic value Twillu €1, €2, €3, Ca Tuduves u, uay pH1, pH2, pH3,
pH4, pH5 , pH6 Tuduvee I,

n1seenwuuUaiIwilaidures 1, “Conductivity"w3adunnainaradnanirlnih
wdunnnsdengUsreassiuesinilyidulaodisndenlfuvuiledduanumas (Trian-
gular Membership Function) Mnufaginsihmanudii figuiusfuraadudy
vosasazaneladiodlansanladonmseil 4.1 wazguil 4.4 wvhnsahamuuesBnited
Fulnuivusvaulunuaiusiay Linguistic value MiungauuazySuusmunudiug
vasivumelutivesveuiun [0,450] lumiiy mS/em Bauanaldwasuil 4.7 uazudng
n1sadsuszimuATeULIATBILsaY Linguistic value vulUsunsy MATLAB fagufi 4.8 fa
4.11 sudndusiolui

0 50 160l | 450 200 250 300
Inpur venable "Condustivity”

JUR AT tsuas Inilaniduaes u, “Conddctivity”

-} Membership Function Editor: NaOH Measurement

Fle El v O I
FIS Variables i v AL
3 ch
NN Tt | 2
(.;_mduct;?vity' Concertration
o 1
I i i 1
6] 5 160 150 200 250 300 358 400 450

5U 4.8 N15a373 Linguistic value C1 uussuasdwilenduneas u, “Conductivity”
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-} Membership Function Editor: NaOH Measurement

File Edit View
FIS Variables Membership function plots 181]
¥ ==t ¥ ¥ —_— o
c? €3 ch
Conductivity Cancertration |
XX
e
eH |
| A
O : 14 1 L L 1 L ! 1
o a0 100 140 200 250 300 350 4000 450
input variable “Conductivity"

< o = 1. W, ! e Dam ¢ o T
g‘LJ‘/l 49'n15a313 Linguistic value C2 yuaiuassniandian uy “ Condugtivity

Membership function plots
= T

T T

ey o3 ch

- ¥ ; $od g o o
U7 4.10 n158579 Linguistic value C3 uusiuasawianduves u, “Conductivity”
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=} Membership Function Editor: NaOH Measurement
Fie Edit View

FIS Variables

Conductivity Concentration

pH

= v - M - L o = e A _)
JUn 4. 1) nea374 Linguistic value 'C4 IR AT LG N L TR TR uy “Condugtivity

AU TuRTeeUU e SERIA R 1) “pH uSpBunsasnATovfiasi]
Funoumsennuutmileuiueny u) AseGininms S omsdintedaniugsiwiediduddd
LuU R UL MABE (Triateular | Mermbership | Fuction) iy adnguraeginistia
fovidiuiiumdmititiunetarsas dhaluidaslanssnlgdersusl 45 jsavhnisain
winva sl lno s ausdivatndilaay Linguistic value- limnsaullgsUsund s
arwdageesfidunslutute sl Fian 10; 18/5) fumie pif Hawadslddsui 412
LazLanINsASI WAt Mvunve anwadlaay inguistic value pidusunsl MATLAB ﬁegﬂﬁ
4.13 03 4.18

'L T T [ T i T T T
pH1 pHZ PH3 pH4 pHS D+E

! 7

/
of
'
/,K
0.5 s =
}'//
i
0 | 1 = ! 1 T 1 J
10 105 " "5 12 125 13 13.5 14 145
ngdl variable “pH”

IJ ) E € @
§UM 4.12 lnuastnilanduues u, “pH”
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«} ‘Membership Function Editor: NaOH Measurement
File Edt View

FIS Variables Mermbership function plots piot points: 181!

e i

|1li'l I ‘ pH2 I .pH3 ' pH4 pl-;5 pHE
X [ y
EAW AN pd

Conductivity Concentration

T T 1

T
125 13

AN/
-

14 155
input veriable “pH"
- e ——

(1010 11.6)

e

o

P Sowrnrdl . Bt g T o— & o
E‘UVI 4.13 M5 Linglistic value pH 1 Ludigiy asvwlsnguna -, “pH’

Membership Function Editor: NaOH Measurement

ks
il

(114118127

iz

@

a o 4 s e i £ i ”
JU¥ 4.14 n15&319 Linguistic value pH2 vuluastwientuves u, “pH
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=} Membership Function Editor: NaOH Measurem
File Edit View

FIS Variables Membership function plots pidtpoits; | 181

pH1 ' pH2 pH3 pH4 pHS

< s v 4 L= v L8
SUN 415 Ms5#3 s LingUistic value pH3 LwalinvasBaiidune o, ¢ pH

v . 11 e % AeTTITY YT T II R L 1] e

FIS Varisbles . Membersti funetion plots PERONRE: |

¥ {5
pH2 pH3 pHApHS

= L . sy £ £ I ”
U 4.16 n3@319 Linguistic value pH4 vumsuasindanduves u, “pH
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} Membership Function Editor: NaDH Measurement
Fle Edt View

FIS Variables - Membership function plots piot points 181

T ek

'
€

U 4.17-98573 LingUistic Value pHS UL a5nilei o, ¢ pH”

} Memnbership Function Editor: NaOH Measurement
Fie Edt View b2 I - : & ¥y
FIS Variables ) Membership 'I.I"&TI'\ plots ) piot nr“ s 4 181 '

J | " . " i a ¥ o - ™
UM 4.18 n15a3na Linguistic value pH6 vumuastnlanduwes u, “pH
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4.3.2.2 nalnn1seyanu (Inference mechanism)

sUwvuvanmsaunisUsznamaidonalnnisoyuutuesdinalaniseyuuay
Wuiiwuatuneuresnsussnanasaudnisiudady, msm Rule weight WaLAs
AlyF Aty nalnnsoyuiuvsInIsinAtAuduTuessasasatulefoulansanles
finausuandlddesui 4.19 uasaduevdnmahamlddaglui

winnsiaeenalafieziiuainmstiouianauitlni (Conductivity  vatue)
uazALeY (pH value) uBuwslifumafanisidulnawmusiinileidussusnianz
wiazdunn wauvesinilaiduiiansazudasiimuinlwiuasaradliaglusuvosityd
G Fu,) war Flu,) Ltaza'aaanmmmmﬁwmmmuLua':f%wﬁaﬁ%’uw‘i‘aﬁﬁumﬁnqsﬁw%
iy (Fuzzication) tuias ntuasiainwsianss Fu,) way Fu,) wdnadidy
AND WUU min term tRew Rule weight lusnzidionfususauniiniiwas A feufiay
ufrimusaunsevinadoiuiulosidaudoulalumsad 4.3 Gaewiwavas
uraseulomildanauns Ourpur = au,) + ¢ wazinArrmhinivagafiovluanaglu

Input MI-
Conductivity \ F(u,)
£
(lujl) A
]
- 'AND
Operation " .
Input MF Rl Weight | Final Outpwt
‘ - Average Concentration
pH ) o,
u // ——b’
(1), R
Y a.
... Ourput MF
=
.
Rule B Ouiput = a(u))+c

< a o
JU9 4.19 nalnnsenuininaue

P2mquiATovietiiiudaufusewinada Linguistics Aarmunegludavlalunised 43
fasvinliAavarsdeulrlunisianfaiunasiannisiowiwavatgaunisigusu sy
nadwiNlFINaunIseMIwALEE Rule weight waausazdauluazgmirluniawiwsanting
(Final Output) wiaFeninisifivfiadu (Defuzzication) FaftRornududurasans
aranolaioylansonladiuies
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4.3.2.3 Msfmuaiauley {Implication)

ievhmsaiauuueiinilaidureidunmasadeuosfminefvidunaandrniu
Wil uazarfaslagnuuanduitedanioviosldun Fu,) way F(u,) nnuriA
aSafildnHedidnisansaztinlum Rule weight wasBnmiamikdunmanainrunitinii
warenieraziiumimuaiouly (mplication) e ouly (mplication) fias1sTun

T Ll T Or‘ 1 13 L] T 4 LS
a0t Pa < Conductmity

Conduclivity line

160

T

100 -

Conductivity (mS/cm)
g

1 L 1 1 1 ] 1 1 1 1

0 5 10 15 20 25 30 35 10 45

Concentration { % by weight
b g

o a [ { {asr s o G o ' v oW
UM 4.20 aunsidadu (tangent line) idudayunsmauduiusssninwnuiduiy
ypsansararvlafsulsnsanlenuazAinu lwia

dmdunisvaaosdatunsoiasisinnqaiuduiiussevindiamiudutusesarsasais
TndoulansenladtudrniunitlwihiiAatulnouansdesudl .20 Tasmsivunaunis
Fady (Linear Equation) Tuwsazidududa (tangent line) MdudafUnIwaudNiLSTs
msﬁ'wumu%aa%’waumsv‘z‘mLé’uﬁu‘uﬁaaﬁmmmmsamazag”luqmﬁﬁﬂﬁmmsi’mﬁuﬁw
fian wimmvesudazFouladnaldainaunisidaduiiuunllusasieulugaiy
ansouansiaulufidmunewasandssusuaardunaduiewinalddeielud

If conductivity is C1 and pH is pH6 then, output 1;

If conductivity is C2 and pH is pH6 then, cutput 2,

If conductivity is C3 and pH is pH6 then, output 3;

If conductivity is C4 and pH is pH6 then, output 4,

If conductivity is C4 and pH is pH5 then, output 5;

If conductivity is C3 and pH is pH4 then, output 6,

If conductivity is C2 and pH is pH3 then, output 7,

If conductivity is C1 and pH is pH2 then, output 8,

If conductivity is Ct and pH is pH1 then, output 9,

If conductivity is C1 and pH is pH3 then, output 10;



7 Rule Editor: NaOH Measurement

T

B0t . rr 1)
12.If (Conductivity is C2) and (pH is pHE) then (Cancentration is Output2) (1)
-3 It (Conductivity is C3) and (pH is pHE) then (Concentration is Outpud3) (1)
14_It (Conductivity is C4) and (pH is pHE) then (Concentration is Outputd) (1)
5. If (Conductivity is C4) and (pH is pH5) then (Concentration is Outputs) (1)
‘6. If (Conductivity is C3) end (pH is pH4) then (Concentration is Output) (1)
+7. 1t (Conductivity is C2) end (pH is pH3) then (Concentration is Outpul?) (1)
|| 8 it (Conductivity is C1) and (pH is pH2) then (Concentration is Output8) (1)
4:19. It (Conductivity is C1) and (pH is pH1) then (Concentration is OutputS) (1)
i 10.If (Conductivity is C1) and (pH is pH3) then (Concentration is Output10) (1)

gﬂﬁ 4.21 mshuadsiaxiEeuluasiulysirsivATLAB

4.3.2.4 nas MBI 5L W

anTsieniyaltiudinisiuanuadnsiiunas Savuladesdunatianaalvinlae
= [ = s A a5 ) v fal o & ‘
fisUuvuiaunsie-d WasnnlRmsnuratadsynotlUdds duletluf sibadnisionving

Output, kofp,) = aX #bY +¢ (4.1)

fesiifvaunisiiuMuseis oA Boawnasadsaiaunisi a1’ adesluil “op.© Ao
"fyé’nmﬁuwunaﬁ’wéﬂaeaum'sﬁv'msiannﬁﬁ 1 uie v, “a"Porrmaliduveaunis (Gain),
“X* FeArrrni g teendudtivity | vatoeiash “C”_Adathiiivasaunis (Equation
constant) @ “b” AerATediTesduwavieedBuniiantife “Y” Juwaustugnsn
senluanaumsiilasainlifinistoudunaviasaingaunisudafiduitfuaudduesia
Wlvinagusendng “b” uar Y TAwviriuguduarannsadneanluainaunisladevinlvgy
yasaun sl vmaAsuiufiaunisi 4.2 duies aumsxmﬁvgmﬁ':muﬂ%‘a%’w%"ummmﬁ

avRoulvannsouanifimsng 4.3 wuiu nuuudazaunisazgnimunasilulusunsy
Output (o p,)=aX +c¢ (4.2)

s o = ° ¢ o
MATLAB Lwammwmaawammimt.amm*mwumaumsmegﬁmwumuuiﬂmniu
MATLAB laidlagun 4.22 s 4.31



o < o w a W v .
m15197 4.3 Beulvdwdunsidenaunsiladuliduiening

linguistic values | linguistic values Output Equation
(Conductivity) (pH)
1 pH6 o/pl = 0.0227X
c2 pH6 o/p2 = 0.036X - 3.14
a3 pH6 o/p3 = 0.0667X - 13.668
ca pH6 o/pd = 0.2X - 67
Ca pH5 o/p5 =-03X + 138
€3 pH4 o/p6 =-0.1X + 57.5
C2 pH3 o/pTe= 0.0769X + 49.22
o1 pti2 {o/p8-= - 0.1T4X%; 55.55
€1 BH1 67p9==T201X N
Gl pH3 o/p10™=-0.0769X + 4922

-} Membership Function Editor: NaOH Measurement
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-} Membership Function Editor: NaOH Measurement

He Edit View

FIS Variables

Membership function plots

- 181
— —
= | ows
Conductivity Concentration * Outputs Outpuds
1—% {
iXX! | Output3 Outouts
) |
pH } Oatpant2 Output7
’ Output! Outputs
|

e f
CRWRE TR T e
ot = i

-

FIS Variables

i
Conductivity Concentration Outputa
| | Ouputd
pH Outpui2

| Outputt

output variable “Concentration™

guﬁ 4.25 miﬁmumawmsmﬁwmﬁmu (Output 3) asuulusunsy MATLAB
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} Membership Function Editor: NaOH Measurement

FIS Vanables Niaborshis fonclion phals e
XX - -
ivity Concentration ‘ Outputd Outputs
’ Outputd
pH

output variable "Concerntration”

} Membership Function Editor: NaOH Measurement
Fis Edt View

FIS Variables Menberstip fictonpials . Bktpges: 7 T 5]
XX ok -
Cancentration Outpute oldpies
@ Output3 Outputs

pH ; |

Oltput2 Oldpu? .
Outputt Outputs Q
|
output variable “Concentration”
{f
Jet et

" 1:030138)

e e e

¥ D F E2 o 1

13

g'dﬁ 4.26 nﬂ‘iﬁwuﬂaumﬂmﬁvgmﬁm (Output 5) asuulusunsy MATLAB
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-} Membership Function Editor: NaOH Measurement

File Edit View
FIS Variables - _ Membership function plots ot polnte: [ 49
X i Outputs 10
R -~
Conductivity Concentration Cutput4 Output9
(XX o it
- Output2 Output7
Outputt Oupné
output varisble “Concentration™ B

zﬂﬁ 4.27 m‘sﬁwumammnmﬂwmﬂm (©utput 6) AsuulUsiesLMATLAR

-} Membership Function Editor: NaOH Measurement

Fie Edt View 5

FIS Variables Memberstip functon piots ege JJ w
—s ANSNIL - Al ESY & 5 i
avdl e { Outputs Outpu10 [
S ELE .! |
Conductivity Concentration l Outputd Outptag }
| \
XX | S |

o Output2 apand

g‘dﬁ 4.28 MsimuRaNMSIEWINETIEA (Output 7) asuulusunsy MATLAB



} ‘Membership Function Editor: NaDH Measurement
File Edt View

FIS Variables Membership function plots 181
o o S
N7 |
=] oo o
Conductivity Concertration 1 Outputd Outputg
‘XX ] ; Output Outpuas
e | Output2 Output 7
| |
| Outputt Outputs
L
output variable "Concentration”

bership Function Editor: NaOH Measurement

FIS Variables

Output10
Ourpued

Outputd

U 4.30 msimuaaumsiomimaiii (Output 9) asuulusunsy MATLAB
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} Membership Function Editor: NaDH Measurement

File Edit View
FIS Variables Mambarship:function pkits i 181
NSNS 5 oy

3] () - =

Conchuctivity Concentration Outputs  Oupus

Output3 Outputs

pH Output2 Outout?

Outputt Outpute

output variable “Concentration”

Uil 4.3¥ s iavmEesiasleinafiay (Outbus 10) astuTysunsuMATLAR

4.2:2'5. prse iR IDE UZzication)

W suvduewaeglustvasisdEnlinas fulanineiudadnnsiannu
Waduassatseranaleionlansanleflngdin safeda iy weicht averace Sufiuusn
ROINIIYAIATINNSY (Rule  weight) ﬁLﬁmmﬂ%qﬁaaﬁuwmﬁ‘aﬁau%’lam‘lﬁmmﬁ%ms AND
operationylyusmin term ﬁu-ﬁﬂﬁdﬁua%q-m=aam’azauwmu’amﬁaaunﬁﬁ 43 Tnufidanu
354 (Rule  welghtapmasininiavtaraflamennisinsunalmsuyiudsiunnegludas
gansudauug i edesLinsuistic EensTnuiawluiiimmuin (Mplication)

Rule-weight = mindF(u, ).Flu, )] (4.3)

MnlulihAIAuasfilasnaunis 4.3 vausaziteuluuaziovineiilaanudaziiouly
UMD WINPZAYIY (Final Output) TidlumAududuresansazaslufuulansenledly
aun1s# 4.4.

Z Rule weight, x Output,
Concentration = -=—— (4.9)
Z Rule weight,

i=|
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} FIS Editor: NaOH 1

NaOH 1

fw)
(sugeno)

ﬁ Concentration

U 8,327 nsfviudIsmam diananais (Rule weight) Lt ANDMethéd 1T min term
(1) uasidoniomapnvtirdiiiuuul weight-average-(2uillUsupsu MATLAB

4.2.2,6, F0E1901 SIS TS AR s T U U anu oy
fhag1 M sANAMMINEMAs InAuluTet e isazas unenlansanidn
fhatheft 1. Semainilifh@saiiesiidgannsieauddureansasasladio
lemsenlodivindu 150 mSrenwae.11.70 pH Aauaady
81

JuaDuY 1. WwssuAmniiuasA I ied@IvsunI s
A, Wiy 150 mS/cm
ALEY 1, WU 11.70 pH

Jumaud 2. wasmenuilviuaza et miduieddnainuuesiniiduvadiaiu
wilvivhuazeiiievauaduanuuliniiaswes Linguistic uazAIANTiwBUiasdunn
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T 1 T 1 T T 1 T

c2 3 e
/
A

0.5} B
F(150) = 0.423

0 1 1 I ) bl 1 1 {
0 50 100 150 200 250 300 350 400 450
input vanable *Cenductivity”

Aydinuasiaraniilwiia (w) Ao Fu,) = F (150) Tneanagunueiiued Linguistic “C1”
WaLiAIANDIA (A)) Wiy 0.423

T ¥ 1] T T T B T
pH1 pHZ pH3 pH4 pH5 ﬂi&

' /]
F(11.70) = 0750 \

0.5¢

1 ! L4 1 1
10 10.5 i1 11.5 12 12.5 13 135 1" 14.5
input varleble “pH”

HuBgnvaaitfies (u,) Ao Fu,) = F(11.70) lnsanaguuyiaues Linguistic “pH2”
wardl A1ANase (A)) wihiu 0.750

Fumaudl 3. viwedwsTINaINSIEWIRATnsImIoUly
Lﬁaamnﬂ'nmmﬁﬁlﬂﬂmasﬁnﬁLamﬁumnaQUulu%}aamaa Linguistic “C1” uay “pH2”
padady Kafusesstudeuluvoneninad 8 2inmsi 4.3 Jagld o/p, = 0.111X +
55.55 wazmmadnsvonawinalddsd, Tndl u, whiuaanudiluh

Output, = -0.111X + 55.55

-0.111(150) + 55.55; u, WU 150 mS/cm
38.9

W MiwATivils (Output,) Winf 38.9

fymayﬁ 4, ¥ Rule weight
9NDININAUNISA 4.3 Rule weight = min{F(u, ).F(u, )/
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Rule weight; = min {F (150), F {11.70}}
= min {0.423, 0.750}
= (.423

Rule weight, winiu 0.423

& pu| e v = ' voow = P
PUADUN 5 “']Laq"/lwma;ﬂvnEn/ﬁaﬂ'\ﬂ’)’]ut‘uuﬂu‘naﬁﬂqiaza'ﬁﬂ‘ﬁLﬂﬂlllﬂmﬁﬂﬂl‘ﬁﬂ
v a ¢=|

DNDINNAUNITN 4.4

z Rule weight, x Quiput,

i=l

Concentration = -
Z Rule weight,
i=|
. Rule weight, x Output
Concentration = £ - Prh
Ruleweight,
: 0423%x389
Concentration = —————— =389
0.423

AMutuTurssasasaulsfsulansanlgninny 389 wWasiudlasdwiin (% by weight)

“ 1 JJ v 1 o ' { o as » v -
fang1a 2. Srdemnitiiiwazaderiiiieainnisiannududueesaisazarslaiole
asanleMvinfiu 365 mS/cm wag 13.80 pH auaneu

Sumguit 1. wissuam Wi LaEToTd W URINT A

A A (i) Wiy 365 mS/cm

AMEY (u,) Wiy 13.80 pH
wasmanhlwiuazaferividuisdidnanuuuaiinilnidueasaianuhiiiiuas
Aftaymudduaniulividases linguistic wavAIAMUIIWBIAREDUNR

T ¥ T T

I R B— T T
(s} c2 c3 Ca
1
o5 / _
F(365) = 0.495
F(365)=0.150 /
0 1 1 1 ' T n ) 1
o 50 100 150 200 250 300 50 400 450

Input vanable *Conductivity"
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HuRiamvsdrauiluiy (u,) fia F(u,) = F (365) Tnumnaguutiswes Linguistic “C2”
fidnruase (A)) Wiy 0.150 waxfinneguuyaswes Linguistic “C3” fAAI1M93¢
(A} iy 0.495

T ] T T T T T ¥ ]
phtt pH2 pH3 pH4 pHS pHiG
1
05) 4
NAEVANR TV
0 ! L B 1 1 1 b L.
10 10.5 11 11.5 12 125 13 135 14 14.5
input variable “pH"

Wodignupsaries (u,) Ao F(u,) = F (13.80) Inganaguutitass Linguistic “pH6”
wardlAIA AT ANIAL 0.333

fumpudl 3. wmadwsanauntseWinaTinsanwdouly
Lﬁaamnﬁwmmﬁﬂﬂﬁmnag’lwﬁw Linguistic “C2" uwag “C3” LLazﬁhﬁLa‘uﬂv'umnanuu'lu
T2 “pHE” Fevilvnsafvasaiouladie o/p, wer o/ps 9NA15197 4.3 Fahudawinld
aovawivmAntulusruudielui

Output, = 0.037X - 3.14

Output, = 0.0667X - 13.668

mmmmwaé’wémmmazLmﬁwmlﬁé’m‘f; Tnodi X wihduata s
Output, = 0.036X - 3.14
= 0.036(365) - 3.14; u, WA 365 mS/cm
= 10.000
Lmﬁwmﬁ‘uﬁq (Output,) wiru 10.365
Output, = 0.0667X — 13.668
= 0.0667X - 13.668 ; u, WU 365 MmS/cm
= 10.677
Lmﬁvgmﬁaaa (Outputy) Winfiu 10.677

JumpuR 4, 1 Rule weight
= v e § a & & 08w . e
wesannludeifianadeuluinluievinbifians Rule weight LUy

E‘)’%‘iﬁamnﬁun’\‘iﬁ 4.3 Rule weight = min{F(u, ).F(u, )/
Rule weighty = min {F (365), F (13.80)



= min {0.150, 0.333}
= 0.150
Rule weight, = min {F (365), F (13.80%}
min {0.495, 0.333}
=0.333

1

Rule weight; 11770 0.150 Wag Rule weight, i1y 0.333

Tupawdl 5. vievinnaavine e i durensasaeluifoulansanled
819899 INALNTY 4.9

Z Rule weight. x Outpur,

Concentration = =

H
Z Rule weight.

i=1

X Rule weight, x Output, )+ (Rule weight., < Outpit,
Conecentration = ( £ ], 1 '{’ = R /
Rule weight, + Rule weight,

- (0.150 x10.000) + (0.333x10.677)
Concentration =
0.150+0.333

=10.46

A tuesarsazateladoslassenladivindu10.46 Wesibudlastiwin (% by weight)
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NANNINARDUAMANURUINANNITNULEUD

5.1 umin

Tuuniasnamimanismageunsuenagumsine it ure e sazaelniole
asonleganudnnisiviaus lasdruusnvasuniiaenanimmaaounisiiiedladnunldly
msinenuduiureansaraelufoulansonladdedndsmududuiinsiafanedosind
Al uazsinSesiaafevluimde 4311 war 4312 wasvedifudanuie
wan (% Error of Reading) waspnsyseamamanasindie  Juduwesifuinuiianaa
awiznansUssuranalagluaiuiias s duiaatsundaunisina 1 dudy
gasarsazaolupdulEnsonlaniovann 1T iinauedSuATaIma oA A Ll
Lazadesin riaslneviinimedpuRiaRssEs s udnwionatn (% Eror of
Reading) P4 aunRIWATINSHYINIAUasdauUnisUSETaNa — anaaingluuniifoms
AR TR Sasn s A AR S

5.2 wansyadasunisuvdladnynlvlunisvensgunisinvesaisazanelaifey
o4 v a v 9 o o al P ° - w
lansonleddeenedirinuididunansiadinaininsaiamar it wiuasiasedn

At luAITeN 4.3.1.1 uag 4.3.1.2
nafinsvaaoun g ldassalddlneinnasilotan a1 lWila (Conductivity)
wazAfiled (pH) AduiusAvamidiuduvesarsasa lafsulonsanluine ®aaniided

-} Rule Viewer: NaOH Measurement

» NSV AT T Y A7
3 IS LAY T
L .. A [ 1]
) — — ] I —
o TN N I I
o e 11 —— I —

450 10 145 ::

U7 5.1 uanswiiniia Rule Viewer Tuluswnsy MATLAB
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4.3.1.1 uay 4.3.1.2 aalufidune u, “Conductivity” wasdunm  u, “pH” mwdduitly
NTOUNITeAUaIdilovemiign Rule viewer lu Toolbox FIS Editor waslusunsy
MATLAB #agufl 5.1 daunnsshunanisvieaeuuesnisinazuanslunisnd 5.1, uazuans
Dunsmlanusifdegud 5.2

JUW5.2 ranaginuuunsaviansdif

M3 5.1 dERsadauMsT T Tar R e e sz a et gillan senlasud
nSUTUL AL i as TRl st Ul apaT i sadAnadiius vearrg i i
avAiesima s aGoulansentsdsuiaton 4.3.1 1 uas 4.3.1.2
[Wudtayadmiumsngay

R P PIA TP SR P R bv Rl At ArteY ATl flesiduianu
firimue Cu,) (us) () HAnA
% by weight HS/em pH %by weight % of reading
0.0 0 ld.14q 2 0.0 0.0
1.0 45 el ot 1.0 0.0
2.0 90 14.10 * 2.0 0.0
3.0 135 14,10 * 3:1 33
4.0 180 14.10 * 4.1 2.5
5.0 224 14.10 * 50 0.0
6.0 255 14.00 6.0 0.0
7.0 285 13,90 £l 1.4
8.0 310 13.80 8.0 0.0
9.0 335 13.70 89 ' 1.1




A15749 5.1 (@)

ANRILANTY | ArANLN LW Aoy Aanaduduniiald | Wesidudai
fArsiun (ut,) (ut5) (v} RAnans
% by weight KS/cm pH % by weight % of reading
10.0 359 13.65 10.0 0.0
11.0 375 13.60 11.1 0%
12.0 385 1357 12.0 0.0
132.0 400 13.54 13.0 0.0
14.0 403 13.52 144 2.8
150 410 13.50 150 0.0
16.0 407 1345 159 0.6
17.0 403 13.40 17.1 0.6
18.0 395 13.30 18.0 0.0
19.0 385 13.27 19.0 0.0
20.0 375 13.23 20.0 0.0
21.0 365 13.20 21.0 0.0
22.0 355 13.15 22.0 0.0
230 340 13.10 231 0.d
24.0 325 13.07 28.2 0.8
25.0 315 13.02 25.0 0.0
26.0 305 12.98 258 08
27.0 290 12.85 26.9 0.4
28.0 275 12.80 28.1 0.3
290 2560 12.75 29.2 0.7
30.0 248 12.65 30.0 0.0
31.0 230 12.50 31.2 0.6
32.0 220 12.40 319 03
33.0 205 12.25 33,1 0.3
34.0 195 12.10 34.0 0.0
35.0 185 11.95 35.0 0.0
36.0 175 11.90 36.1 03
37.0 165 11.80 37.2 0.5
38.0 158 11.75 38.0 0.0




56

Aaadudu | Arrudalivivi ALY Amnnduduiield | Wesidudaw
ffvu (u,) (uy) (y) AAnaIn

% by weight uS/cm pH % by weight % of reading
39.0 150 11.65 38.9 0.3
40.0 140 11.60 40.0 0.0
41.0 130 11.55 40.9 0.2
42.0 125 11.45 41.8 0.5
43.0 120 11.40 42.9 0.2
44.0 115 11.30 439 0.2
450 109 11.20 451 0.2
46.0 105 11.10 459 0.2
4a7.0 100 11.00 46.9 02
48.0 95 10.90 479 0.2
49.0 S0 10.80 48.9 0.2
50.0 84 10.70 49.9 0.2

3

* Nonstable: AnNsnaday o Prasanamldiaiesnimiioinainaefnadudtaduunan

tUAInuss N UBinuyssaseiidduiignarais

mS/cm

450

400

350+

300

250 -

200~

Conductivity

150+
100+

50 ba,

-

—e— |deal value

—A = Measurement valve [

1 1 i

10

15

20 25
Concentration

30

35 40

45 50
% by weight

A “~ v v o s L7 .7 1}
JUT 5.3 wansvaaaumsinaudnduvesasazarsladenlansanleindsainnisuiuue
wawesiniindulasandannanuduwusvssaiauih i was amfiossuaiainuandy

vpsladsulansenladsainded 4.3.1.1 war 4.3.1.2 InaSouiaussninemnnivuauazAn

Male
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% of reading
10 T T T T L] T T T T

9r N

Percentage error
o
F
J

.| | u

!
1+ /\/\ - I \1 -
/l\ | /‘\ /\\ ; . \
0 \\ \/ \ / \/ “l/\/\_- /\/'\\l/f L'_I__—'

0 5 10 15 20 25 30 35 40 45 50
Concentration % by weight

- 4 f " %) b o
JUn 5.4 wesusnnuiananusanisin (% of reading) IINATNN 5.1

nnuamsvagaulunsnm 5.1 Taanistousdrrauniisiuasaiesdiduiusiv
armduturesasasasladoulonsenledaniidedt 4.3.1.1 uaz 4.3.1.2 adlulunthe
Rule Viewer lulusunsy MATLAB qsifiudadmsinamududuildainmsussmanalag
vEnnsinaveiuiianulndidsstusnruduiud fsunnnviefanainfidntosun
mumamur«ﬂmﬂmmwumaamiaumawmmmmu’flﬂﬁmavmwLawmnaﬂumaﬂaumsa
‘umuumuas‘vwﬁmﬂmwsamwauwmmaaamnaa’luwmwwaunusvm'\aaaa Linguistic tfufl
finadwsvomsussnanalaonisouuuilndidesfuaududuiifuuaguiy (ssuuidi
thiaueansaayualdlndssfuamiduduiisivue) 1w sasfinnudududidvue
Wiy 100 Wesifudlaeiwin 9 by weight) fiAraudnlwvuazAmiowfiu 359
uS/cm fadfuanowuiluniuaz13.65 pH auasu *?‘J"qﬁrr'h5uwmﬁﬂuﬁ1mmﬁﬂﬂﬁwﬂu’u
nnaglugansiivdoures Linguistics €2 waz 3 wadwshldRaarududuiiy 100
Wasiuilagrimin (9 by weight) Fafimvirfuanududuaasarsiimmeaay  d@wdn
wilsfagefetsiieanududuiiimunmiiiu 220 Wefdudlamiwin (% by weight)
%Lﬁu’hﬁ"'oﬁuwmﬁl,ﬂummﬁuﬁﬂ.ﬂﬁWLLazﬂ'wﬁLa‘zjﬁuviNr‘mnaq’lu‘zhaﬁﬁu%’auﬁuswiwaaa
Linguistics @B Linguistics C2 way C3 dmiuatanmiriniuag Linguistics PH3 wax PH4
Amduaiior Swmadwinivssanaldilumamudududuiidwiniu 220 Wedidudlae
1wl (% by weight) afiAinfusaududuiidivualy snaaasaegnafiiusntus
veninsayuvesiedlagisnisveaminii-gnlutuivssaniamlunisutlugasossod
Winanmsiiudeuiusenivaes Linguistic w3agnseunasyninaaaunisiovimalagyinlu
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Aneviwagavie (Final  Output)  wusinnsuusdunmandunsisdasdunmagnasiuiioy
(Smoothl )mmumuuﬂﬂawamamm’mLﬁumwaﬂmmamlamaﬂlmwmmaaLLaumasmq
tues ardufevenliinisasnogiunsierdudureasay vaned AL ALl

UsednSamuandodels

5.3 wan1sneasunsinanuuduesaisasasladoulansanledinundnnisia

funauesiuiuiedesiadarhiwiuesnsasinfiton
Fglsvitnisvsaaumsinarudutuvesansazarvloioslonsenlasudsainans
gengunsTadefuinaue SeiiasvinisTalaoetestamaui i uasiato sia oy
LLauﬁwiauaﬁlﬁﬁuMWLﬁwés suunIsUssanaNanavekazlesduimiuienats (% of
Reading) mmaumaummumsmamm drunsussinanakazLEnee s lUR Ay
Fgansaveamsimisaunsed siivanismnaounnsaniinaandanalud

‘4 w v % 3 =] L& LY ﬂ. o
AN 5.2 RANITNAZEUNISIRAIHENT R Bsdsasawlaruulansanlemlagndnnisiun
due (ASefivda)

FZR]

ALty | drrmnudtini | e | kanstaasifivds | Wesdudeuiianana
% by weight MS/cm oH % by weight % of reading
0.0 0 - 0.0 G.0
50 218 14.12 4.8 -4.0
10.0 359 13.68 10.0 0.0
150 405 13.55 14.6 -2.6
20.0 375 13.26 20.0 0.0
250 319 13.04 24.7 -1.2
30.0 245 12.62 30.2 07
35.0 180 12.01 35.6 1.7
40.0 144 11.69 39.6 -1.0
45.0 104 11.25 46.1 24
50.0 85 10.69 49.9 -0.2

J @t 1% {23 = as dl ©
AN 5.3 man1sveaaunIsInA L uTRsEnsazanalaRsulansenleflaendnnisaiun
@D (Asefidaa)

fatudy | Anenudtividh | erfiey | nanisieniafides | Wesdudanufianans
% by weight HS/cm pH % by weight % of reading

0.0 0 - 0.0 0.0

5.0 222 14.06 4.9 -290




- |
M990 5.3 819
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Aaanduty | dmdiladh | eitey | mamsianditaes | wedidusaiuianain
% by weight pS/em pH % by weight % of reading
10.0 357 13.63 a9 -1.0
15.0 412 13.45 14.4 -4.0
20.0 371 13.24 20.4 2.0
25.0 322 13.00 24.5 -2.0
30.0 247 12.66 30.1 0.3
35.0 184 12.03 35.1 0.2
40.0 143 11.69 397 -1.2
45.0 102 11.25 46.5 33
50.0 84 10.64 50.1 0.2

o o [V ) = < @ o o
H15 19 5.4 HansNAagauNITIaa LNTLTaE sazatvlsneylansanlunlegndnnisit

Ua (AseRany)

\a
Anpandudy | Aennssiivil | difiies | nentsiredifiaes | Weddudauiionatm
% by weight HS/cm pH % by weight % of reading

0.0 0 - 0.0 0.0
50 220 14.08 49 -2.2
10.6 352 1360 9.6 -39
15.0 414 13.44 13.8 -8.0
20.0 371 13.26 20.4 2.0
25.0 322 13.07 245 -2.0
30.0 243 12.67 30.4 1.3
35.0 183 11.96 35.2 0.6
40.0 142 11.62 39.8 -0.5
45.0 103 11.28 46.3 2.8
50.0 80 10.61 50.9 1.8
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% of reading

10 T T T T T 7 T T 1
~—E3— Test 1
8r 3 - Test 2
6L - - Test 3
S
@
Q
o
]
z
@
e
@D
a
8
_10 L - = | | 1 1 [ b |
0 5 10 15 20 25 30 35 40 45 50
Concentration % by weight

A = as ﬂ.‘; I‘; 1
gUw 5.5 nsuanaladidunuiinwans (% of Reading) 994n15 VARSI luLAaz AL
v v v <
L?J:J?Ju'uaamsazmﬂmn‘uaga'lumswm 52,53 uay 54

o « a & &
MITN 5.5 LtammasL%ummwﬂwamauu“mﬁwaams*nmaaummmsa

Aty | wWesdummufiananussnsiaann
% by weight % of reading
0.0 +0.0
50 +4.0
10.0 +3.9
15.0 +8.0
20.0 +2.0
25.0 +2.0
30.0 +1.3
350 +18
40.0 +1.2
450 +33
50.0 +1.8




- ' & o o | vy i
NITIN 5.6 uaﬂaﬂﬂﬂlTluwaamid%ﬂdﬂWiwﬂaaUVNaﬂuﬂS5h4umazﬂdﬁuL%uﬂUQﬂnmﬂiﬁdﬁ
52,53 uar 54
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fediudy | Areiieanss | faudloanss | Aeandioanse | aveanuiios

% by weight adainils adaiiana adsitany nsRdY
0.0 1.000 1.000 1.000 1.000
5.0 0.986 0.993 0.993 0.990
10.0 0.982 0.992 0.976 0.983
15.0 0.976 0.990 0.967 0.977
20.0 0.987 0.993 0.993 0.991
25.0 0.994 0.997 0.997 0.996
30.0 0.999 0.995 0.994 0.996
35.0 0.991 0.994 0.997 0.994
40.0 0.997 1.000 0.997 0.998
45.0 0.995 0.995 1.000 0.996
50.0 0.992 0.996 0.988 0.992

Constant value
105

0.99+-
0.98+
0.97+F
3 o9st -
[
>
5 0.95¢ .
R4
Q
® 0.94- A
o
0.93r —3~— Test 1|
0.92+ —&- - Test 2| |
~—&— Test 3
0.91+ -
0_9 1 1 . il L 1 ) ‘
0 10 15 20 25 30 35 40 45 50
Concentration % by Weight

o . o v & vl .. =
JUN 5.6 N9 UANIAIAMUNGINTIVBINITIONIEINATY (Precision value) INA11 5.6
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Constant value

1 B i . T T T . i T

0.991 N
0.8} W
0.97 - N
0.86 | B
0.95+ _

0.94 - -

Precision value

0.93} i

0.92} : i

091+ (___ Average precision

0.9 1 ] 3 i il i 1 b (!
0 5 10 15 20 25 30 35 40 45 50

Caoncentration % by weight

<l ' = al a ' v v
JUT 5.7 nTWUARIAIAINUNBINSIRGEYBINTS I luLAaYA DL DY
(Average Precision Value) 23013197 5.6

namsmagauluitetildviinimarouiimusaimafindiardudamamdududaiu
nsdmailwihuaz e ridnulamuanududuresarsasareludolensen
Tefusazamdutunmagauansialaglusunsy MATLAB HANISIABUIINAIIINT 5.2,
5.3 was 5.0 Usnghmiialdduliensfianainnniudennniwansnaaeuluiaton 5.2
Wasnnifinanuiawaraainasaumasie 1) anmsialasiaiaadaaianumilniiuas
iw3asiadfies 2) 9InnansUsznana (ngszuuiiviladnfiiaus) Saanguil 5.5 1
Wil wefduimuiiananiiasiignfio 8 wosilus (% of reading) inlunisTnnsatianui
ardududuiedidud Faediludamulianaialasriniudiaglunasifseuiuld

AILBIRTa (Precision)  vasnisiataindudnvilsminiimesidussvenan
ATNUBINTFIA 91NN 5.6 ReriAudisensiiliennsTaisaiunfinanaed 5.2,
5.3 uay 5.4 luusiagAudngy ?ﬁ'wzLﬁu'jwmﬂ’nmﬁuqmwmmﬁmLm'azﬂ'ixqﬂguagﬂmnmﬁ
fidvun Tasmmiioanssfidfiaaiidiiiy 0967 FeldannsTafiaimdudu 15
Wesdudlagimiin 9% by weight) lumsvaasuadsfian Saaguldindauiisnsdog
smvpamsinagluinumivireuinafuaz souduls
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7199 91Ul 4 wazunit 5 aunsoasUlddsialul wiautudelinaniauumanistan

solupuIARY
6.1 NTODNLUUALHANITVIAADU

s iastaveiianinsovensgunisaenaduiue satsaraneluiioles
asonledlapadasinaiaianlvilaldas nmsldfedlainluisnsveminii-giniy
(Takagi-sugeno} 11¥nIsayinuANaUssaan s Tt uasdiul i savildaiuasns
oysnusadwiandunaiinogluandutaussuinigas nedistic AildRdusy nadnwsiils
nnatieesunlusunsy MATLAB uanslundisig Rule viewer faunsafigadldainms
Funmunaunsitaualfuiulselaniag s mduaitadei 4.2.2 6 luunit g

anmsvsaauluund 5 %Lﬁuleﬁwmmuu’u&iwaamsUizmamaﬁ?uﬁagﬂummeﬁﬁa
i uianaiadauine annsmedsussiuididiauiawaindianstd 33 % of
reading tnefinamsnaasuluiade 5.2 vesunil 5 wadledwmaaaunisinsntumiadin
Ararstiluiuasiedesindfevesiuléiiinuianaisiunsieuind uuasiidiaa
Annwannasanogd 8% of reading Tufhumaliipanuifioms twasnisfoluuisgaiudoudieh
Iﬂaﬁwamwmaauag’tuﬁﬁaﬁ 5.3 YEIUIIT 5

97nMsBanLUILAE NsREs Ui TuumAewmi v suenldiiinsiiiauet
anansevediunsinvesnsinaudnturesaseransladonlansenlenleudidalinn
Aananalunisineglusedumildadugaidesimumeluauaniloanafinsaiavesnis
I

6.2 LLU'W]Nﬂ'ﬁﬁ’WUW‘IU'ﬂU"Iﬂm
TiAnefinusatuilladniawednni5ueIn15287881UA1TTRAT TN T U IAT S
avanglasdansazanslafoslansonlodidunsdfnum@dlasuannismenuduiudsening

Conduct“ﬂ{y Conducti\’ity Fuzzy Inference
Sensor Signal conditioning System
> (Propose method)
| v
oH Ly pH 7 Concentration
Sensor Signal conditioning Display (LCD)

o - @ Y @ o o 9
E‘LJ'VI 6.1 IﬂagLLﬂiﬂJma\jLﬂﬁa\jq@ﬁ'gqumN%uﬁ]qﬂwaﬂﬂqﬁwquau@ (LLUFJWWQ‘WWUP]QLU@UWQW)
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auduturesasazaslufonlassenladduaieui i lnevinsesistalaomioa s
ArAudn MR ez A NEuTLS sy I nudNdunesasaratelnfoylansonlydAuaii
eaduiunniufddiisiuleudssvunsouummesiivilainfieansuulflasHunns
wmaauLmumsﬁwaaqﬂ'ﬂmanswﬁmsmmaamﬂﬂ”’umawﬂmme MATLAB n1snaaeinsy
wansuuvee Rule viewer Ssoglulusunsy MATLAB duias uumwnslunswanndovos]
S¥pRensidinsiiiaueiuladraduedesdioSauuunnmlaglfiauesdSaraiui
IWWWLLazﬁm‘mﬂuﬁﬁmmwmﬁwﬁumﬂﬁy’u%daé’mmmmmmmﬁmﬁu’daaawwm‘ima%uﬁng
mevuudadyadiaiilidnnisiaanuiliinuas flevegluguvasdyyim 0-5 Tad
Mndufiardaralufinayssananafidssnisyseiananuuiausluingdnudaduiing
Tusunauiifmunnisvauimueasgnidsuadulesaoulvsaiaosuazasuansdnnisiruuas
woadn (LCD) %ﬁLLamﬂmaxuﬂaumiﬁwmﬁagﬂﬁ' 6.1 wasdndrunilafidasimundefonisan
Aeuiananalumsialivesauleldmsrdudpugndes wuduandeield
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TUsINSH MATLAB (Fuzzy Logic Toolbox) Alumsias

[System]

Name="NaOH Measurement'
Type='sugeno’
Version=2.0
Numinputs=2
NumOutputs=1
NumRules=10
AndMethod="min’
OrMethod="max’
impMethod="prod’
AggMethod="sum’
DefuzzMethod='wtaver'

[Input1]

Narme="Conductivity'
Range=[0 450]

NumFs=4
MF1="C1""trimf',[0 O 260]
MF2="C2""trimf,[210 280 380]
MF3='C3""trimf,[350 380 410]
MFa="C4" trimf',[400 450 450]

Input2]

Name='gH'

Range=[10 14.5]

NumMFs=6
MF1="pH1""trimf [10 10 11.6]

[
MF2="pH2"trimf,[11.4 11.8 12.7]
MF3="pH3"trimf [12 12.6 13.2]

MFa="pHA"'trimf,[13.1 13.3 13.4)
MF5="pH5""trimf',[13.3 13.5 13.7]
MF&="pHE"'trimf [13.45 14.5 14.5]

ANAKRUIN N,

Tuivefinus

ee

W
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[Outputl]

Name='Concentration’

Range=[0 1]

NumMFs=10
MF1="Output1"'linear’,[0.0227 0 0]
MF2="Output2"tinear,{0.036 0 -3.14]
MF3="Output3"linear' [0.0667 0 -13.7]
MF4="Outputd''linear,{0.2 0 -67]
MF5="Output5”'linear'[-0.3 0 138]
MF6="Outputé'iinear,[-0.1 0 57.5]
MF7="Output?"linear,[-0.0769 0 49.22]
MF8="Output8''linear,[-0.111 0 55.55]
MF9="Output9''linear,[-0.201 0 67]
MF10="Cutput10-'linear' [-0.0769 0 49.22]

[Rules]

16,1(1):
26,2(1):
36,3(1):
46,4 (1);
45 5}
34,6(1):
23, 7(1):
12,8(1):
11,9(1):
13,10(1):1

s g . AR R L . EY i e s
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E:éiir;fft Analytical Instruments
- Two-Wire Conductivity Transmitters
Model TB82 Series

B Designed With the Real World'in Mind
Easy to use menus guide the operater through
set-up, calibration andmaintenance

B Two-Electrode (Model TBB2TE), Four-Electrode
(Model TB82EC) or Toroidal (Mcdel TB82TC)
Make measurements in ultra-pure or high
conductivity applications

B Advanced Digital Communications
Available with PROFIBUS® PA,
FOUNDATION™ Fieldbus or HART eommunications.

B Industrially Hardened Design
Transmitters that withstands the harshest eaviron-
ments

B Resilient
Cenductivity sensors with designs capable of
withstanding the toughest chemical processes at
«extreme temperatures and pressures

m Large, Easy-to-Read Display
Shows primary measurement along with
user-selectabie secondary display (temperature,
output current or sensor input)

B Industrial™ Level 1 Conformance
Seamlessly integrates onto existing ABB contral
systems. Also certified for use on Delta V* control
platform and may be used on nearly every available
control ptatform

Series TB82
& ‘Rrogrammable Secutity Codas Two Wire Conductivity Transmitters
Prevents unauthorized modifications te transmitter

configuration and.calibration

B Intrinsically Safe, Non-incendive Design
Permits use inhazardous areas

AL HD EP
FREPEP
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General Description

The ABB TB82 Series of two-wire conductivity
transmitters are available in three base configurations to
utihize ABB's two-electrode, four-electrode or oroidal
(electrodeless) sensors, aliowing for installations ranging
from ultra-pure water to the most difficult chemica)
applications

The TBBZ Series is available with traditional program-
mable outputs or with advanced digital communicaticns
utlizing FOUNDATION Fieldbus (FF), PROFIBUS FA
(PA} of HART,

Setup. maintenance and operaticn in the field is simple
Easy to foliow instructions appear above each Sman
Key. The user-friendly interface provides for
straightforward transmitter configuration and calibration

A unigue secongary display clearly defines each menu
oplionwhen programming the transmitters. During
nermal operation, the secondary display may be
configured to show process temperature, current output,
concentration type, raw conductivity or software revision
depending upon configuration

The TB82 series transmitters meet current CE, NEMA
4X, 1PB5. CSA FM, ATEX and FISCQ requirements

Sensor Compatibility and Ranges

Sensor compatibility is determined by the TB82 mode!
number, The TB82 Series is available in three base
configurations. The TB82TE connects to ABB
2-glectrode sensors, TBB2EC 1o ABB 4-electrode
sensors, and TB82TC to ABB toraidal sensors. Amenu
choice dufing programming makes changing from one
cell constant or sensor group simple; no jumpers or
manual adjustments required

Temperature Compensation

The TB82 is compatible with a variety of automatic
temperature compensation elements

See Specification section

Programmable Security Code

The transmitter has a three-digit security code to prevent
unauthorized medifications that may be appliedto any
combination of the following menus: Calibration, Qutput/
Hold, Security, and Configure

Basic¢ or Advanced Programming Modes
(FOLNDATION Freldbus, PROFIBUS FA modets and
HART available in Advanced mode oniy)

Available with either Basic or Advanced pragramming
modes at time of purchase, the Advanced mode cffers
an expanded feature set for more complex operations.
such as:

+ Nonlinear and concentration analyzer modes

["Available Mode | TBB2TE | TBB2EC [ TB821C |
0o 15% NaOR_ | . .

Q10 20% NaCl M PP
{10 18% HCI *

016 20% H:804 . .
User-defined i . .

*  Advance temperature compensation modes

Availahie Mode TBE2TE | TBB2EC | TBBITC

016 15% NaGH - I

0 lo 20% NaCl - . .

0 {0 18% HCI b

010 20% H;50.
User-defined . :

[ Pure water neciral san

Pure water trace base

Pure water trace acig : ' ;

*  Analeg pulse diagnostic output
Impresses a user-defined 0.16 to 18 mA pulse on
the 4 to 20 mA output to alert operator of a fault
condition. {Not available on transmitiers with
digital communication.)

Diagnostics

The transmitter constantly menitors both itse!f and the
sensor to ensure reliability and accuracy. Upon
detection of a diagnostic condition, the transmitter
provides diagnostic notification by flashing FAULT on
the display and supplying a pulse on the analog
cutput (if activated on non-HART devices).

Transmilters equipped with Foundation Fieldbus or
PROFIBUS PA send a complete diagnostic
description over the network to the contralier. This
allows for easy, iImmediate troubleshooting, Pressing
FAULT info on the transmitter provides a short descrip-
tion and fault codes on the secondary display. The
FAULT icon remains active until problem has been
resolved.
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Adjustable Damping

Damping is helpful in process environments where
noise is present. Itis a capacitive type iag where
reaction to any signal change is slowed according to
the entered time constant. For example, the
respense fo a step input change reaches
approximately 63 percent of its final value in five
secands for five seconds of damping

Communications

FOUNDATION Fieldbus (FF) addresses madern

instrument users’ needs for flexibility and cost savings,

whije providing a whole host of additional leatures

*  Measurement variable quality and diagnostic
conditions lransmitted during each scheduled data
transfer

« Easily configured remotely or lacally

s Transmission of muitiple process variables utilizes
two Analog Input Blocks (Al)

+  Transmitter characteristics such as device name,
manufacturer and serial number via a Standard
Resource Block

e Configuration and caiibration capability via custem
Enhanced Transducer Biock

= Provides calibration Methods on supported hast
tools and systems

PROFIBUS PA (PA) is a standardized, open, digital

communications system for process automation.

« Configuration, calibration and trending available via
a Device Type Manager (DTM) when used on
compatible host tools and systems

+  Measuremeant vatiable quality and diagnostic
conditions transmitted during each scheduled data
transfer

« Remote and locat configuration capability

«  Choice of Standard Analyzer Profile or
Manufacturer Specific Profile ~ conforms to
PROFIBUS PAProfile requirements v. 3.0

* GSD files available on all product variations

«  Utilizes one Physical. one Transducer, and two
Analog input Blocks

HART communications protocol provide remote

programming via any HART compatible primary or

secandary communications device

+ Digital communications through a low-level
modulation superimposed on the standard 4-to-20
mA current loop

o« Accommodates Universal, Common Practice and
Device Specific Command Sets for functionalidy
within HART networks and for use with HART
hand-held terminals

+  Driver files for various host systems and teols
available

Calibration

The TB82 features a simple and straightforward
one-point o two-point calibration of the primary
process variable and temperature. Calibration data
may be manually edited

Specifications
Type
2-wire Conductivity Transmitter.
2-Electrode Mogel TB82TE
4-Electrode  Model TB82EC
Torgidal Model TB82TC

Input Sensor Types
TBA2TE: ABS 2-electrode sensors
TB82EC ABB 4-etectrode sensors
TBB2TC ABB {croidal sensors

Input Temperature Compensation Types

Temperature Element | TB32TE | TBE2EC [ Ta8fc

Pt 100 . e I .

Pt 1000 . . .
[BkARTD . -

4.75 k[ RTD : 1

Temperature Display Range
-20° o 300°C (-4°to 572°F)

Advance Temperature Compensation Modes

r Maode TBE2TE | TBREC | TBB2TC
010 15% NaOH . 1 B

0 to 20% NaCl . f

0 to 18% HGI F

0 to 20% H,80.

Usger defined

_Pure walet neulrar salt
Pure waler race base :
Pure water race acie P . i
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Measurement Ranges
2-Electrode Conductivity - Model TB82TE

Output Minimum Span

Celt Gispiay § TSensor | Te@ITE | TBSPEC  TmEZIC |
Constent Measurement Range Resolution Aulo-ange ‘ C:ﬁgnmmo 01 [1pSfem
Call Constani 010 | 10pSem _
0 011998 uSem | 0.001 pSiom ’?;g ‘;Jg;ﬁrm Cei Cn}:ttam 100 [ 100 uSker | —
10 pSiem
010 D10 1999 LSam | 001 pSiem mffyg"“'gzri © 1 TS5 isan |
108910 Congentration: 5% of maximum configured concentration
160 010 19.99 m&iem 0.1 pSiem 1484 pSicen to
1999 mStem Output Maximim Span (Full scale settings)
4-Electrode Conductivity - Mode! TBEZEC P TEMIE [ TONIEC__T8NC
Senvor Display E!VI Conatant 0.10 1!1%991:5!5?1
Aut N Constart 1.00 | 19 m
Group Messurement Range Resolution o G:uupoﬁ;“a S 1996 m3/cm T
Group B 18 psem [
199910 (Totedat [ 1989 mSiem
A 0 1o 139% mSfem 0.t pSiem ’;g:;’ I};S1/9D;?9ITO Concentralion: 1999 digits
1999 mSiem Damping
199,9 Adjustable: .0 to 99.9 seconds
3 010 1999 uSiem 0.01 pSiem wg;czougyw N 1
Environmental {Temperature)
1 , Operating.  -207 to 60°C (-4° to 14Q0°F)
Toroidal Conductivity - Model TB82TC LCD. -20°t0 60°C (-4 {0 140°F)
Dispiay 2 Storage:  -40°to 70°C (-40°to 158°F)
Sensor | Measurement Range Rasolution Auto-range Humidity:  up to 95% RH
193810
d - 1995 om0 Englasure
Torcidal | Dlo 1995 mEien 01 nSrom 15.99 10 199 6 1o NEMA 4X and IP85, anodized aluminum alloy
1598 MSiem with polyester powder coating
Size (1/12 DIN)
Accuracy Hx WxD: 144 0 x 144.0 x 171.0 mm
Display: +/-0.5% of measurement range {567 x5.67x673in)
per decade (TB82EC,TC} Min. pane! depths. 144 8 mm{5.70in.}
+/-1.0% of measurementrange Max. panel thickness: 9.5 mm {0.38 in)
per decade (TBBZTE) Panel cutout:
Output: +7-0.02 mA 135.4 [+1.3, -0.8] by 135.4 [+1.3, -0.8] mm
Temperature:  1°C or 1°F {6.33(+0.05, -0.03] by 5.23 [+0.05, -0.03] in )
Weight 1.9kg(421b)
Repeatability 3.4 kg (7.5 1b) with pipe
Display: +1-0.5% of measurement range mounting hardware
perdecade( TBE82EC & TC)
+/-1.0% of measurement range Conduit Connections
per decade {TBB2TE) Two (2) each: 22 2mm {0.875in.) heles in
Qutput: +/-0,02 mA enclosure that accepts 1/2 inch hubs
Temperature 1°Cto 1°F
Lightning Suppressor
Stability Installed integral to the transmitter to suppress
Disptay: +i-2 L8D lypicat, +/-5 LSD max lightning induced transients. Tested to suppress 10
Output: +-0.01 mA supcessive 8 by 20-psec pulses with a peak value

Temperature:  1°C or 1°F

Output
isolated 4-20 mA, Linear and Non-linear
{non-fieldbus models)

of 20 kA (reference |EEE C62.41)
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Power Requirements

Standard 14.0to 53 VDC (14 0-42 VDC for
certified applications)

HART 14 to 63 VDC (14-42 VDC for
certified applications}. For HART
communication. & 250 £} resislor is
requirad 19 VDC minmum woltage
required. 14 VDC required for liftoff

Foundation Fieldbus

& PROFIBUS PA

bus powered. 9-32 VDG (non-1.5. model)
9-24 VDC (1.§. madel)
15 mA quiescent current
consumption

Agency Certifications '

ATEX 100A
ATEX Category Il 1G; EEX ia, Zone 1; Group |IC, T4
when used with appropriate barriers

Canadian Standards Assogiation (C§A}

Intrinsic safety: Class |, {1, lll, Division 1; applicable
Groups A, B, C, D, E, F and G: when used with
appropriate barriers. T3C

Non-incendive. Class |. Division 2, Groups A, B, C and
D. Class I, Division 2. Groups E. F and G
Class I, Division 2

Factory Mutual (FM)

Intrinsic Safety: Class |, 11, l1i; Division 1; applicable
Groups A, B, C D, E, F and G; when used with
appropriate barriers. T3C (Max ambient
Temperature: 60° C

Non-incendive: Class |, Division 2, Groups A, B. €, and
D. Class i, Division 2. Groups F and G Class Il
Divisicn 2. T5

Fieldbus intrinsicatly Safe Concept (FISCQ)
Fieldbus products (FF and PA) meets the
requirements for the FISCO mode!

EMC Requirements

CE Certified - complies with alt applicable European
Community product requirements, spacifically
those regquired to dispiay the CE markings on the
product nameplate

Note 1 - Contact factary on availabiity
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Analytical Instruments

Endura™ 4-Electrode Conductivity Sensors for

Process Monitoring
Endura TB4

4-electrode measurement: Increases accuracy,
stability, flexibility, and security

Highest temperature and pressure ratings in
the industry

Corrosion resistant stainless steel electrodes:

For all conductivity ranges without polarization

Smaller measurement electrodes: High current
densities are permissible due te feedback
circuitry and polarization compensation

Wide rangeabiiity with excellent linearity.
Compensates for polarization effecls

Overcome and compensate forfouling effects:

Reduces frequency of cleaning

Extent of fouling notification and fouled
sensor relay: Makes it possible far conductivity
instrument to-notify of dirty sensar candition
Integral automatic temperature compensators
Rugged construction and materials
Installation flexibility: Inline, Twist-lock,
Immession, Tri-Clamp, Flow-ce!l, TB18 Safe-T-
Clean Valve & Retractable Hot-Tap

Interchangeable measurement tips

Suitable for all measurements: From low to high

solution concentrations

Endura 4-Electrode Conductivity
Sensors for Process Monitoring

AbE
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Endura 4-Electrode Conductivity Sensors
for Process Monitoring

ABB is the industry leader in advancements resulting in
the increased accuracy, dependability, and environ-
mental limits of on-stream conductivity sensors. The
conductivity sensor line permits resolutions of

0.001 microsiemens per centimeter, full-scale ranges of
one siemen per centimeter, pressure ratings to 2.068
kilopascals (300 psig), and temperature ratings of
200-degrees Celsius (382-degrees Fahrenheit) Group
A sensors have a measurement range spanning five
decades of conduclivity or TDS concentration.

The ABB 4-electrode conductivity system is a patented
concept unique in the process industry. It provides
ultimate sampling flexibility, sensor reliability,
rangeability, and helpful operating and maintenance
information. Smart circuitry detects and compenstates
for the buildup of deposits, and scale and corrosion
products on the sensor. It also provides an alarm before
the interference becomes so serious as to affect the
conductivity signal. The dirty sensor alarm outpulis a
contact closure, & digital signal, or any.other easily
observed format.

Anti-Fouling 4-Electrode Circuit

Figure 1 shows the 4-electrode conductivity system
which consists of two curtent electrodes and two
potential electrodes, a highimpedance amgplifier provid-
ing feedback to anamplitude-controlled ocillator a
conduclivity sensing circuil with associated load resistor
and display, and a dirty sensor alarm circuit

Feedback from the high impedance amplifier causes the
oscillator to vary its amplitude output to maintain a
constant excitation field, created by the current elec-
trodes in the solution, as sensed by the potential elec-
trodes. The current required o create the excitation
field passes through the load resistor and is sensed as a
voltage drop by the conductivity sensing circuit. The
amount of excitation current required to maintain a
censtant excitation field in a solution is directly propor-
tional to conductivity. if fouling of the electrodes occurs,
the AC potential at the electrodes increases to drive the
excitation through the deposits to maintain the constant
excitation. field. The increase in potential at the current
eleclrodes compensates for the increase in interface
resistance at them. The high impedance amplifier
draws no current; therefore, the voltage drop across
deposits on the potential electrodes is negligible and
contributes no signficant error.

The dirty sensoralarm circuit measures the oscillator
amplitude . The amplitude stays below a predefined
threshold during normal operation. |f the amplitude
exceeds that threshold, the conductivity measuring
instrument notifies, via an alarm readout, or other
methad, thatthe sensor.needs cleaning

WTEGRAL
TEMPERAVURE
COMPENIATOR
LOGATION (T¥PiCeL )

V4 MPT

690 ¥PA MDD BEI}
108.C {217°F1.

TEFLOK WETTEDPARTS
4TB5006-0000

WEND TYPE EXTERKAL

MALE CORDU CORNECTION TINNED:
208 R LEADS
N

SHELDED
2MRE CABLE

s
2408 { e R e

INLUINE EXTERMAL
Te4u00

SUBMERSIBLE EXTERKAL
TBaS)

TURN FITTING SROUNDFOR §a
SUBMERSIBLEAPPLICATIONS. 528

90 KO (100 PSY
126CHET F)

BB STAMRLESS STEEL WETTED PARTS
ATBET08.0008
To42548

Figure 1. 4-Electrode Conduclivity System




Analytical Instruments
4-Electrode Cenductivily Senscrs for Frocess Merutoning - Endura TB4

76

D-NCC-TB4 D

Sensor Groups and Ranges

There are two groups of 4-electrode conductivity
sensors. The rangeability of any sensor is defined by
the physical structure of the electrodes and the elec-
tronic circuitry of the associated instrument. The
physical structure of the etectrodes determines the
sensor cell constant; however, the cencept of sensor
cell constants is more applicable to two-electrode
sensors. Unlike 4-electrode sensors, as manufactured
by ABB, the rangeability of two-electrode sensors is
restricted by current density and polarization. 4-
electrode sensors are not lirnited by these factors. The
result is a virtual dimensionfess sensor constant with
wide rangeability.

The actual measurement range is determined by the
sensor group and the instrument range or range factor
inuse. All ABB conductivity instruments are multirange
types. This provides numercus application options for
any sensof and instrument combination

ABB 4-electrode conductivily sensors are arranged in
two groups, loosely athering 1o the sensor cell constant
structure in the following manner

¢ Group A: General purpese for zeroto 100 to zero o
2,000,000 uS/cm.

» Group B: Low to mediumrange for zero to 10.00 to
zero to 2,000 uSicm

Table 1 provides a list of sensor and ranges.

Table 1. Ranges for conductivity instruments

Sersor Groups and Sensors Maasurement Range
TBH2EC, TRB4EC
A TB451.78454 TR457, TBA61, 10.00-2,000,000 uSrem
TB464A, TB468, TB4T1 {autoranging)
B TB452. TB458. TB484B. 0.00-2,000 pSfcm
TB465. TB475 (autoranging)

Temperature Compensation

ABB conductivity sensors are available with temperature
compensators either integral to or separate from them.
The type of temperature compensator must be supported
by the instrument. AX4 series microprocessor-based
instruments accept 3k{}, Pt 160 and Pt 1000 tempera-
ture compensation. Type TBB2EC and TB84EC micro-
processor-based instruments have the option of using a
3k{2 or PL100RTD

Figure 2 shows the temperature compensators. The
effect of temperature on conductivity is significant,
therefere, for measurements to be accurate, conductiv-
ity must be compensated to a reference temperature
(typically 25°C)

Flow Cells

The flow celi (Fig. 3) is available for both conductivity and
pH sensors. It is designed for use with the

Endura TB264 Two-Electrode Conductivity Sensors,
Endura TB464 4-Electrode Conductivity Sensors. and
Endura TB(X)561 pH/ORP Sensors. Multiple inlet and
outlet ports provide flexibility with installation, calibration,
and mounting configurations. The sensor can be
inserted and removed frcm the flow cell quickly and
easily without disconnecting the sensor from the instru-
ment of junction box

Table 2. Ratings and Mounting Arrangements for Conductivity Sensors

Sensor Max. Temp. Max Pressure’ Mounting Arrangement

°C. °F KPag psiy
[TB451, TB452 140 284 689 100 iSterilizable
(TB454 100 212 689 100 i Twist Lock insartion. submersion
[TB457, TB458 175 347 851 125 |Sterilizable

1,650 225  |Directinsertion, submersion, separate flow cell
TERG et 20 52 689 100 |Ball valve inseirton
Steriizable, submersion. separate flow cell, TB18 Safe-T-

TR484 200 302 1,378 200r| 480 at
5468 100 212 889 100 |Directinsertion, submersion

140 284 275 40 Hot tap, ball valve insertion
(TB47 200 397 2,068 300 |High pressure retradabie hot fap, ball valve insertion

Note 1 Temperature affects maximum alfowable pressure. Rafer 1o individure! sensor spacifications for defails.
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Laboratory pH Meters

Along with weight and temperature measurements, pH is the most commaonly measured parameter in the laboratory. With
inoLab®, WTW offers a family of laboratory instruments that meet all application requirements from routine measurements
to research applications.

inoLab® pH 720/7200*

* Routine meter for precise measure-
ment values (0.001 pH)

 Large display

* Easy-to-clean membrane keypad

Simple and reliable

Easy-to-use routine laboratory pH/mV meter with large
multi-functional display for pH and temperature, automatic
temperature compensation, and MultiCal® calibration sys-
tem. For battery or line power operation.

inoLab®pH 730/7300*

* Supports all GLP needs
* Optional built-in printer

* Data logger with memory for
800 data sets

Compact and precise

Precision pH/mV meter with large multifunctional display
for pH and temperature, automatic temperature compensa-
tion, MultiCal® calibration system, built-in measurement
storage with GLP-conforming documentation and digital
interface. Shown with optional built-in printer,

* North American version

For information visit www.WTW.com for a customer care center near you or inside US: call WTW 800 645 5999.

78



VARIO® & pH Electrodes

SenTix® pH electrodes for every application

SenTix® quality electrodes by WTW - convenient mieasurement and precision.

* Low-resistance glass membranes guarantee stable measuring signals even at low temperatures

= Silver ion-free reference electrolyte, together with the proven platinum wire diaphragm, prevent measurement

problems by precipitating silver compounds.

* Functional slide for accessing the refill opening for electrodes with liquid electrolyte.

«  Typical connections: Waterproef DIN connecior, BNC connector, fixed cable (1 or 3 m, 3 ft. or 9 f1.)

or connector head (57 or SMEK)

DS pH/ORP electrodes, see page 14

adn

s
Elec lrode SenTix §]
VAR L0 10000 3.

Low-maintenance pH electrodes with gel electrolyte

Ideal for portable measurements,-as well as for routine meastirements in-the-laboratory: With or without built‘in
temperature probe all electrodes have robust'plastic shafts and a low-maintenance gel referentce system

New: The SenTix® F with temperature-stable iodine/iadide system, specifically for measurements at
changing temperature conditions.

SenTix® 'pH Electrodes

‘MDGUI SenTix® 20 SeqTin* 21 SenTix" 23}.3. SenTix™ 22
f 103 630 103631 103 632 103 633
| Measuring range pH 0 T pH

| Dperating fange *C (°F) 0../80 °C (32 .. 176°H)

:Flelerenca electrolyte (7
Membrane shape Cylindmtal
Membrane resistance <h Gl
at 25 0477 °F)

Diaphragm Filoer

| Shaft material Plastic
Shaft length™ 120 mm (4.72 i)

Shaft g+ 12 e (0.47 )

| Temperature probe —

' Connection 0] o @ ©
Electrode cable ar @ Lo “©
Electrode plug o] ® © @

* not intiuded

" 22 mm/+0.08 in.
“4% 385 mm/+0.02 in.

SenTix™41 SenTix* 41-1 SenTix" 42 SenTix" F  SenTix" F-3
103635 103636 103 637 163 676 103 677
0. .34 pH F E ]
el BB {32, 176°F) 0... 8E-CI37 176 )
Gel el
Cyfindrical Cyhndncal
<1 G0 -1 G4
Fiber Fiber
Plastic. Plastic

120 mm (4.72/i0.)
12 mem (047 iy
Butin NTCA30 K1)

120 mm (4.72n.}
12 mem (0.47 in.)
Built-in NTC {30 ki)

& @ @ @
& ® (9]
[oN0] ©:@ e @

@: Plug head, : Fixed cable, @: AS/DIN, AS/DIN-3 or AS/ENC, ©: Cabie length 1 ni{3 1),
®: Cable length 3 m (911), ©: DIN plug, @: BNC plug, @ Banana plug

For information visit www.WTW.com for a customer care center near you of inside US: call WTW B0O 645 5999,

|
a
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Range Extension of NaOH Solution for Concentration Measurement Using Fuzzy Logic Inference
Approach

. . . 2
Wongsakorn Wongsaroj', Kobchai Dejhan'. Natee Thong-un”

'Faculty of Engineering. King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520 Thailand
“Faculty of Engineering. King Mongkut's University of Technology North Bangkok. Bangkok 1080¢ Thailand
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ABSTRACT

This paper proposes a methodology for improving the
limited measurement range of NaOH solution caused
directly from conductivity probes. The principle of this
paper uses multiple sensors that are conductivity and pH
probes to obtain the input data and solving the solution by
using the tuzzy inference system or Takagi-Sugeno model.
The surface output can obviousty show that this proposed
inference system is able to measure the concentration of
NaOH solution with full scale of measurement range.

Index Terms— Fuzzy inference systenn Takagi-
Sugeno maodel, conductivity, pH. NaOH solution,

1. INTRODUCTION

Conductivity is a characteristic to show the ability of the
electric current. It is used in many different industries,
particularly for water treatment, boilers, cooling towers. leak
detection in heat exchanger. and concemtration inorganic
chemical, as a means of measuring water quality or the
concentration of a chemical solution.

Although, the conductivity may be very useful and
necessary for using in industries. yet this quantity also has a
few disadvantages that are electrodes easily fouled accuracy
across narrow range of conductivity. and the saturation
problem of concentration. In dilute solutions the electrolytic
conductivity will increase as the ionic species higher.
However, if solution becomes more concentrate, the
interionic attraction between ionic species may result in an
effective decrease in dissociation. This phenomenon has the
effect in concentrated solution of causing a decrease of the
conductance  and  conductivity  will  saturate  at  a
concentration level then it becomes same value again (i.e.
HCI and NaOH) as in Fig. 1. This conflict extremely effects
with using applications for wide ranges.

The weak point of conductivity was discussed. thus. this
paper wishes to extend the measurement range. Therefore,
the researchers select NaOH solution to create a case study

for solving this limited measurement range. Practically. not
only conductivity sensors but also pH sensors can used to
measure the concentration of many identicatly solutions,
Nevertheless. they are useless in the industrial section
because of its mnonlinearity. narrow range and high
uncertainty during 0-5 % of NaOH as shown in Fig. 2.
Thereby. it is needed to implement the efficient reasonable
inference system noorder to combine two nputs and
displaying the output correctly.

The fuzzy logic system has been proposed by much
research puper such as the reterences [2-41. concerns about
the signal processing to solve the nenlinear problem.
Consequently. this paper selects to use this mapping
technique to manage the obtained input of both conductivity
and pH values. then inferring them into the exactly values.
This experiment. the instruments are used to coliect the data
of conductivity and pH values of NaOH solution are
conductivity instrument model ABB TB468 series and pH
instrument model WTW [nolab TH level L. which they are
popular and convince in several applications.

2. FUZZY INFERENCE SYSTEM OF
CONCENTRATION

Fuzzy inference system is a mapping calculation method
hased on fuzzy logic theory. The basic structure of fuzzy
inference system consists of three mainly significant parts: a
fuzzification that individually identifies each membership
function which fuzzy rules obtain, a rule based on the
containing series of fuzzy rules which are match between
input and output. and finally is the defuzzification that
provides the reasonably inferable output or conclusion
according to the fuzzy rules and give the fact. This paper
uses Takagi-Sugeno model [5-6] as the inference mechanism
which can be easily defined: if x is A and y is B. then z =
f(x.y), where A and B are the premises of the fuzzy set and 2
= f(x.y) is the functional output of the conclusion part
formed from the polynomial of x and vy inputs. The
membership functions of two input variables. conductivity
and pH parameters. proposed in this inference system
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similarly with the wiangle membership function for the
fuzzification part.
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Fig. 1 The relationship of the concentration (% by weight)
versus the conductivity at 25°C
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Fig. 2 The relationship of the concentration (% by weight)
versus the measured pH for NaOH at 25°C

In the case of the conductivity input that the researchers

assign to divide the membership function to be the four
linguistic values which are composed of C,, C,. C. and C,
positions. Moreover, the input range starts at the original
value (0 mS/cm) to the end value (410 mS/cm) according to
Fig. 3(a). The another input variable, the number of the
membership function will be more than the previous
parameter in order to make the effectively reasonable rules
and designing as pH,, pH,, pH; pHi, pHs, and pH,
respectively, which the boundary value of pH values is
under 10 — 14.5 as shown in Fig. 3(b).

After selecting and creating the membership function of
each input variable, it is able to make the appropriate rule
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bused on this fuzzy inference system, To start the rule bused
on the creation it is able to analyze all rules from the
relationship
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Fig.3 Membership function of both conductivity and pH
input variables

line between the concentration and conductivity only by
using the tangent equations (as shown in Fig. 4) the such line
for synthesizing the reasonable rule-based. The desired
output of each rule is calculated on the linear equation
patterns until it is abte to cover all poussible cases. Therefore,
all rules which have the polynomial function as the
consequences which can show the matching extent method
of input variables as following:

If conductivity is
C, und pH is pH, then output = 0.0227X;
If conductivity is
Cy und pH is pHy then, ouput = 0.037X - 3.14;
If conductivity is
C; and pH 1s pH, then, output = 0.0667X — 13,668,
If conductivity is
C, and pH s pH, then, output = 0.2X - 67;
If conductivity is
C, and pH is pHj then, output = - 0.3X + 138;
If conductivity is
C; and pH is pH, then. output = - 0.1X + 58,
If conductivity is
GC; and pH is pH; then, output = - 0.0769X + 49.22;
If conductivity is
C, and pH is pH, then, outpur = - 0. 111X + 55.55;
If conductivity is
C, and pH is pH, then, output = - 0.2X + 68;
If conductivity is
C, and pH is pHj then, output = - 0.0769X + 49.22;
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linguistic linguistic
values values Output Equation
(Conductivity) (pH)
C, pH. ofp, = 0.0227X i
C, pH. ofp; = 0.037X = 3.14
C, pHq ofp; = 0.0667X — 13.668
(& pH. ofp, = 0.2X - 67
2 pHs o/ps=-03X+ 138
C; pH. o/p,=-0.1X + 58
C, pH; olpy = - 0.0769X + 49.22
C, pH- olpg=-0.111X +55.55
C, pH, olpy=-0.2X + 68 i
& pH: | o/pu=- 0.0769X 449 22

Table | Condition for selecting the linear equation is the
output

Where X is the input variable of the conductivity-valués.
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Fig. 4 The relationship of the.cancentration (% by werght)
versus the conductivity
The final procedure of assembly the inference

mechanism is useful from Takagi-Sugene inference model
as shown in Fig. 5. Consider two input values whieh are
separated as the input and output membership functions
(MF). The input membership function converts real inputs of
both conductivity and pH values to the degree of function
(F(X) and F(Y)) of each linguistic value and then produce
the rule weight by AND operation expressed as min term:

ruleweight = min{ F(X), F(Y)} (1

On the contrary. the output membership function uses
only the conductivity values to compute the needed output
that is the polynomial equation. where *a” letter is the
coefficient values and “¢” letter is the constant values. In the
summary, the final output of this system is weighted average
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of all rule outputs and computing as concentration (% by
weight) for NaOH solution. as the following equation below.

N
Z rulevweight output,

Concentration = - (2)
N

Zi'u."()u‘(‘r‘g/n‘,

i=1

Conductivity

Input MF
Rule
Weight

utput MF

Output = aX+c

Fig. 5 The mechanism of NaOHconcentration measurement,

3. EXPERIMENTAL DATA ANALYSIS

The accuracy of interesting conpcentration. measurement is
important oo solve  the restricted -point of conductivity
sensors under the  nonlinearity which is the bell shape
characteristic.. The lexperimentul data are realized with
mapping the sample of two inputs to the output function. the
result is simulated on. surface which depends on the input
variables in the three “dimension™form,

Concentration

Fig. 6 The complete surface ourput of NaOH concentration.

Fig. 6 can notice brightly that the concentration is able o
be measured over than 15 % by weight and possibly



ITC-CSCC 2050

responding with the maximum range of conductivity sensors.
For the concentration ot NaOH solution during 15 - 50 %
by weight hus two different levels, since they are mostly
affected from pH parameter to modify disadvantage of the
conductivity characteristic.  Furthermore. Takagi--Sugeno
model applied as the inference mechanism of this designed
system ix highly efficient to result the concentration output
more linear and smooth.

4. CONCLUSION

This proposed paper attempts to  demonstrute  another

solution for improving the NaOH nonlinear curve of

conductivity sensors that have a significantly limited issue.
in this case can extend the measurement range hizher by
supporting from pH sensors. The proposed method directly
develop the relationship between the conductivity and pH
signals by fuzzy Jogic system. the popular nonlinear
mapping approaches to build the reasonable inference
system for creating the optimum concentration data, The
result of the implemented inference svstem is effective with
NaOH concentration measurement.

This case study is highly possible to upply for the
recently industrial instrument aspect. since nowadays the
transmitters  are  designed 1o be able to receive both
conductivity and pH signals together and will be capable to
adapt this proposed method usefully by adding the working
function with more efficient. Moreover. it may be the new
idea to modity with the other matters which suffer on the
siame problem.
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