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Abstract

This project presents the design and invention of water’s pH controlled by
using fuzzy logic with the use of Arduino microcontroller. This controller can control
pH’s water to the pH setting within 6 to 8 by using the acid and base buffer solution
with pH 4 and 10, respectively. The pH sensor, SKU: SEN0161, is used for measurement
the water and transduces to Arduino for evaluation by fuzzy logic. Arduino commands
1.5 volt oxygen pump via relay for dropping the acid or base buffer solution according
to the evaluated result from fuzzy logic. Then the number of required droplets is
displayed on LCD screen. In fuzzy logic controller, the inputs of fuzzy compose of two
member functions: required pH and pH difference between required pH and measured
pH. The output of fuzzy is member function of the number of required droplets. From
the results, it is found that this fuzzy logic controller can adjust the pH of water within

acceptable range with maximum error 2.8% and operating time is within 10 seconds.
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UINTFIY
\NaSINIMUA nasiaylay
o v z . GRGIT GRGLT
AMENEOLY iAW YUY
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Acceptable Allowable
Concentration) | Concentration)
1) & (Colour) Janfidu-la
Uaan
S 15
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Cobalt)
2) vé (Taste) ; Lfunsaios | Liduiisaies
semenn. | 3) naw (Odoun) - Liduifafes | lLiduidufes
, Fan1 dna giin
4) ANUYU
(Silica scale - 20
(Turbidity)
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- 6.5-8.5 9.2
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A a 1 =] 1 & A 1o Y a A A o J
3n11 pH balance islillunsavdsiualiinliiiinn1sszaeiosaRvts 1Al pH
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Wunsanazivavesiudlunisuds

2.3 dsazanginliusuuseriiey

asazansiignihldlunisusuugeaditerlutagiuifiefunarvia 1du
Twunadoslensonlosselnuna@ounisvon Tndoulonsenlomnsolaatin Mlumsidiy
Afile Lavnsalunsnusensavoanasn nsalalasaaasnnsonsanaes Lolun1sanAiiey
wilulassruduiidentdarsozaesnmesfion 4 waedion 10 Tunsududgediiey
dasniinnuavenlunsldaunasaiunsanss ldnasiasmanainly

asazareUvies mneﬁqmsazmaﬁié’mﬂmwamaqﬂsméauﬁ’uﬁL*uasuaaﬂim
fuvdeiagoutugninvenuaiu a¢ldmsarasdiflosausau 1y CH3COOH fu CH3COO-
3 NH3 fu NHa+ niiiddnuesansazaedied Idmuauanudunsauasivaves
ansaransldlilasunlasunndledunseviowaasludnies dureielvaisazatsaunsa
fhwseiuiierSlaReunsfiianousiasiuinwiensasetvaasluidntieofldvinlvies
yesansavansiasuudasluanntdn 1su3enanuasnselunsiununsiasunasiitevd
31 Anugtniles (Buffer Capacity)

Fau Seanunsnenatenlédnansazaretiies Aeansazanefianunsadediunis
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looausiu siavostwiwesiuteandy 2 via
1) Jlasnsm AeUnwasNAnINNSABaUNUNARYeINIABaY NiNEYLesNIN 7

f21987190 WD SHILANTIN 2.2

AN5199 2.2 UnesNAnaINNsAsaunuINanYe9nIneau

nNINBaU LNADVDINTATDU dsazargunas
CH,COOH CH,COONa CH,COOH + CH,COONa
HCOOH HCOONa HCOOH + HCOONa
HF KF HF + KF
HCN KCN HCN + KCN

i ; http://119.46.166.126/self all/selfaccess11/m5/chemistry5 2/

lessond/lessond 3.php

2) Urllasiua AstinesAinanuasauiunNaevaduaeau NlNeIuINn1 7

fr087190 B SAUANT T 2.3

= L% s a ! % = 1
AN 2.3 UHLWBIVIANANNL AR UNULNABUB I UAD DY

RIGHOM! WNADVDIUFTDU d1sazarginnes
NH;(aq) NH,4Cl NH;(ag) + NH,CL
NH,OH NH,NO, NH,OH + NH,NO,
Fe(HO), FeCl, Fe(HO), + FeCl,
N,H,(aq) N,H:(aq) N,H,(ag) +N,H: (ag)

i : http://119.46.166.126/self all/selfaccess11/m5/chemistry5 2/
lessond/lessond 3.php

f19819 a1sazateUles eun1s19N 2.4

AN5199 2.4 a@sazarsunines



asazaraunines ansazaraunmas
CH,COOH CH,COONa
H,PO, NaH,PO,
H,CO, NaHCO,

fisn : http://119.46.166.126/self all/selfaccess11/m5/chemistry5 2/
lessond/lessond 3.php

ansildlunisusuaiiervenilidunse Aoansazaredvinesnsaiivey 4 nugy
#1 2.2(n) warasulgusuafilervesliiluafoarsavaretnmesivaiiiey 10 anugud
2.2(%)

(n) (¥)

JUN 2.2 ansezangtiilosnsniiey 4 (n) wavarsasastvivesiuaitey 10 (v)

2.4 NyuiwTasin

fladao3n (fuzzy logic) manidunsmuaiidhandunuimunnduluiinisive
aupeuiimes wazdelagnirluuszgndldsiuduausieg anununeg wu sun1sunmeg
U fugsia sugaavnssa Wusu Tamduduegredeaiith@nwduiangsy
poufiames Ingmsreuiiuned uazweluladansauma msaglddnuviiiovihanudilaly

Aansiledaodnuazlassiieyssamiteulands netlimeurluussendldauaiiueig 9

'
v v a

JUTuazdallnu@AIn1sIEUUABLRIABS NHAINA LTS lunIsUSUWABUSsuUlALlAe

anludAnuanmuandaudeuly dnsdndulawuungaaindsayedlauniy Jauyed
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annsawidaymisingg ndslaimenulalagonduanudiinlaiseusinussendlunisudtam

Ipagnafiuse@nsan

2.4.1 WUFIUUUIAAWUUAYE

1 1 v

nssnzuuuilediduniesiionvislunisdndulaneldmiulsiwiusuvesteyalag
gouliinudaveuls TivdnivanafindronsidounuuisewAaiduioueuyed lad
aednddnuaiitiauniinssneuuuasadia (Boolean logic) WunuAnfiinsseveneludin
U84AIUII (partial true) laeA1AINA39920ElUYI95EMT199349 (completely true) UL

(completely false) drunssnenansiauasiinnduaieiuinaminy uandluun 2.3

2549 259
) ANUVLIYAIINAFS
' 9
Yauaedn Wytaadn /A

JUN 2.3 A5INTRUUTIATD (YAuaedn) Aunssneuuuile® (Hedasin)

DU : WIEAIIAIUE USTAUNSWEG. NISHAIUIAILUUINADIALALILAD IR ONITHINAIE AR

18T HE. 15aN5IANTSUAIENS UPINeISuRaUns, 2554.

& =~ | ad o I o a & . =% a1 a
ANMULTUNDT (fuzziness) A¥oL58N37 Taf181ug (multivalance) F9dAINAIIY

5

HuaunBnannnin 2 Aduly wazusnsnsfuluaius (bivalance) 7iflanufuaundndios 2
A Hedan (Fuzzy set) Wunsesdlonadamanifideds “anulduiueu (Uncertainty)” 7
Lillawdies 2 n3dl Fomnfmuniauiidndeaudiiiimdnunn 75 flandy reufiimesay
Tiuadraufithindn 74,50 Alansu lidmduauiidru avasraaeimunguiuy (modeling)
vosdnwazamilinueuiiiunuaguiede mnuldmes safsauuadeyaunsdiu
Inenguivesiladiwnvzlddnyusanuanedius (linguistic) 1nn31Usu (quantitative)
Y0IFIWUT LU N1IMIANNINEYRY “Auiidau” sllanunsadenumanuduiinsetusay
szyiunilafen (dentical) dmduauiidrn wie n. aglvimnuvanesues “Audiu” vaneds
audifldndnunnidunda 70 Alany we 2. Waumneinduauiiddmdnunniunia 75
Alanfu Fevlsaosausuaninumngvessinauiidlasieuiieunayluyus 0sves

sesuutnvesay lunisvieuluyuueswuugiuass (Binary sense) aglanailu 19 us
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< 1 agll < 1% 9«; Y o a o = V1 agll = %:’ Y
sziuInyerathiluauliutdininifeuas 75 Alansu wazhwdnuaratiazduimin 75
Alansu uimnfinnsanannguaundummineds 90 Alansy yaaaifvzlidneglunguaui
9au wansliiiuiausuldlafidnwazauldwdusunuudu mnnsanerdguiiing 1d

wuanafagUwuUANYrNINSENeveIdym

Hggazasnaisnsndnaaniivanddsanunqunse Aulduiueuresssuudn
NetasiuauAnANFanvesuy e Wellansandiulsenaudia Tuaulduuuauiite
Auundeulalunisdndula (Decision making) lnsadeinuesninuliiduaudn (Set

membership)

2.4.2 ¥iavasnandunnuluaudn (Membership Functions)

= A

a ¢ o , a oy v Y = a ! a4 !
%u@%@ﬂﬂ@ﬂsﬁu@?qmL‘Uualﬂ%ﬂmisﬁq7'14%']11]1]%67850‘14@ LL@IUWUQSﬂaWQOQLWUQ 6

1) flariduananmden (trianeular membership function)

(%
v

WINTUBUMABUTNIUA 3 WISTMBSAB {a, b, c} @un1N 2.1

0 x<a
) (x=a)/(b—a) a<x<b
triangular(x:a,b,c) = (C—x)/(o—b) b<x<e (2.1)
0 X>C

2) fanduamaeun1avy (trapezoidal membership function)

(%

landuamdeunmygivanae 4 wsfiweshe {a, b, ¢, d} aun1si 2.2

0 X<a
(x—-a)/(b-a) a<x<b
trapezoidal (x:a,b,c,d) = 1 b<x<c (2.2)
(d-x)/(d-c) c<x<d
0 x>d

3) Hanuindldeu (Gaussian membership function)

o
Y

HanFunddeuiinaiun 2 W Amesmenuae {(m, O} F9 m NUIEDIALRAY ey

O vingds ALJ8RUUIIATEIU JUNIST 2.3
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guassian(x:m,o) = exp(—(x_—fn)] (2.3)
O

4) Haridusedisah (Bell-shaped membership function)

(%

anduguszdlaniniinnsdwesviavan 3 mAe {a, b, ¢} aunisi 2.4

bell —shaped(x:a,b,c) = ;Zb (2.4)
X—C

a

1+

5) fangudatea (Smooth Membership Function)

[

landuguiieainislineinanun 2 A1fe {a, b} aunisn 2.5

0 Xx<a
2(xbj2 a<X<a+b
_ (2.5)
S(x:a,b)= b-a , /
1_2(x—bj a+b3xsb
b-a
1 X>b

6) fentusaugn (Z-membership function)

fandugUineainislineinvun 2 A1Ae {a, b} auni1sn 2.6

1 X<a
Xx=b Y a+b
N2l 2y €
(ba) = (2.6)
Z(x:a,b)= .
z(x—_—bj a+b3xgb
b—-a ?:
0 x>b

2.4.3 faudsn1en (linguistic variable)

wanuuiedanusouszgndldlunisesuiervesiulsdufstuenuuuaaiy
iy Usgloa “gampiluviondu” din “Bu” WumildlunisuansUnagumgiiluniegy
o anunsadeulilulsunagumngiiluiondu wse TemperatureQuantity is Cold fauys
TemperatureQuantity +Jusauusn1w (linguistic variable) Fadunuidnfidrdayuinly

AsINzlUUTled Muwlsnwiteimuedvesdmazesuieiduguaunim laglinalnaiw
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(linguistic term) wagluguusuna lnenislditanduainuluani@n (membership function)
Fauanspuluaundnveusnuuuiied natnwlddmiunisuansuifnuazasdaiuiiu
msdeansvosyed diliiduanuiuanndndvszlevilunsianisiuduneidutoyaids

ALAY

Highly comprehensible membership functions

Médium!

v % % 4 N
T el e e teZ - L -

2 3 4 5 6

Universe of discourse

Complete fuzzy partitioning

sUN 2.4 fMeg1eiuUINIY

fian - http://www.thapra.lib.su.ac.th/thesis/showthesis_th.asp?id=0000007431

snUsnrendunisuseneauiu (composition) vesianUsdydnweal (symbolic
variable) wagfuUsid9a (numerical variable) fiagaianUsdyanual 1wy “gusradu
y59n3EUBN” (Shape = Cylinder) A31 “3uUs1s” Wumusiiuenisgusnawesing fegiadh
WUSBRAY WU “AuERnIiU 4 Wa” (Height = 4') fuusiaavasiildiuluanviaudiu
Weeans Ienssuans adnmans nswmd wazdug druiuwlsdudnuaifinudfy
Tuinermaiieiuiygussiviuagnsinaula msldfuvsnvidumsmuduyndaa
fusuwlsdydnualiddaeiu il 2.4 wansdmegrnnfwlsniwivenaniled Taun

Extremely Low, Very Low, Low, Medium, High, Very High Lag Extremely High

2.4.4 A15AIUNISNIINIRLn

nsanfiunisvesiledigniinuandimilouduienlagaly dn1saniunis
(operation) Aagiilgw (Union), Buitnadigndu (Intersection) khag ABUNALUUA

(Complement) $18/8zLdUARM AT 2.5
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AMEUUR | Opera
aunns JUnuu
19 -tion
ANLUUNIS
93 1
Sl OR | Hre OO =00 0 42 (X)
(Union) = max (2, (X), 45 (X))
0
u
A ANB
a 6 % I
DULRIDILYNYL AR5 s o (X) = 220 (X 1 (X)
(Intersection) = max (£, (X), 15 (X))
4 B
(9] > 4\
M —
N A A
ABUNELLUG Sub e 1
K =1-
(Complement) set ‘ -

0

> X

s : http://www.thapra.lib.su.ac.th/thesis/showthesis_th.asp?id=0000007431

2.4.5 YURdUNISUSTUIaNARUUNGTa0IN

F1gazienfolUlazna181eaAUusEnausIee YaefIAIUANLUUTET MINLUINIG

dmiun1seonuuuludalenssunugun 2.5 wandlaseasnaredfinuauwuuiled o9d

Uszneulunisuszanananauuaznad Wunisusuanmdunauaziendnaiiagldiusauay

wuuledlitienumnnzanseavidenveusazadussnavagul

1%
Yo A

AR
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FIUNg

Rule Base

A

ANsUsTINANaNaU | UL - | | sy | NTUTTANANANL
iy nalnmseuuy [ — i
Preprocessing |ﬂ | Fuzzification | g Y Defuzzification | Postprocessing

FATUALLUUTIYE

Inference Engine

FanIUAL

Fuzzy Controller

5UN 2.5 lassaseipiunuuuuiled

i : httpsy//www.acadernia.edu/7750667/unil 18 # %% 483 n Fuzzy Logic

n13Uszanananon ( Preprocessing ) Lludunaufildluniainioudunnainlanais
Tidamngaufiagldfumaaunilulanesited (dsndurountsyinlffuite?) Tagund
uwddunavesszuuazduanlsiaviiiaviossnuiainniesidesiiey wazlalédalusy
a1 SedndusedesdinsUszinananouiioufuadunnmarildiaumngan fog

29N15UTUIBNAND UL
' o [ VY [ aa
- wasmandggraueurdentiludygyiuninea
- Uardaulieglugunszuusesu (wuladudniusu)

N3y (Fuzzification) AdunanliainnisussaianansuazgnuUadiidue
puduaunnanilanduaun@naneg Alegluszuu udwihnissuradnsvesdunmiy au

Reuly Fhuusnw) Mgneenuuuld
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51ung (Rule Base) ngluszuuiledfoduiilalunisaniiunismivgu ngdinan
annsnunndeuluivainvany Tulufeannsolinadnsidlauinni 1 wadwsle e
muANTiBunRLazIoALINNImTdeazFondn MIMO (Multi-input Multi-Output) Tuvsniy
ffhemuauifiiesniledunauaziendnnazi3onin SISO (Single-Input Single-Output) Tne
Unfuds suufidu SIso 8YN1IAIVANFYIUAIANRANAAL N RE9ReY Tuuensal
o1vaziinsldddnsnsdsunlamiemazauvosainnuianaininiy wiagding
Senindudunmaiiien Lﬁaamm??&é’m’]miLﬂ?iaul,maw%aﬁhazamﬁ’méf]’;ﬁ'uananﬂ%iuwmm
mRawaAissALfe) wunAnvesnsldgungluiistaednyiliszuuildianaingides

funsvhauesswesuyed wienanlainduiideyiues

nalnn15ousu (Inference Engine) ngeine fifmualiazgneyunufunadnslu
nssmdulavesszu iesruudndulaléuda nisdidumsiisonadoatunisiaduladufiay
fudiusiely snfognatu ssuvanaduldimumniondnnadud 1 fd Seuty’ et
‘a8’ szuvansiiniiiansanA B unaneuiunnaaeuiungnisinauiiaeandeadu
Reulufanan udwiniseysuvidedaauladnaginsaisesimnduussige’ 1 Busu
nadwsnsinauiiladinsaglumenvaadndaniv 19azgnuvasduariildaruaiede

Junause LU

MsviRiled (Defuzzification) Hadwsidanwiiliainnalnniseysnuazeglugy
U WalpSosvha iy ‘Lssiign’ videaniaSosrhanieu ‘asmevUszana nadwsfng
wgnudadvifudiiiaenadosivnsitnuasesszuy wulnedoshanubuisdy 25
Wosidus (Judu

n15UsEaIaRARY (Postprocessing) Lo1nA Tldanszuuensazdasgnuiuly
wanganiunsiluldaulidiandunsi i duussingu (Normalization) Tugwiildanu
939 WuuUasdn 0-100 wWosiiud \unssfuruin -5 fs +5 haddmsuauaulmeaasin

ALEUTA-UamuUsunuiaeInig

2.4.6 nmsaysuNeguuuLuNnl (Mamdani)

n1seun e duu kL TuIENdeuunIBuila 35n1seyuuiinaueiduass
wsnbul 1975 lngrnansnansduauniil (Ebrahim Mamdani) wisuming duasunau lu
asausniawenulaldlunisauauesosdnsletnasviosuloun (boiler) lunundnaue

Wuiimsuszendldnguesiladnasisangidervay vuiumsewsnuilediuuiuunilseneu



a

LUdne 4 Tupeu Aen1sinfled, n1suseiliunguesiled, n19590ng) warn15vinAnlsda

a ! & a a c v ! a
swazdendelull (asanssuumuatgamiliduiiegidlunisesuiy)

1) n3viiled@ (fuzzification) Aon1sAuiamAszauALduaBnvedEnAIfi
waBsnmvasudsluszuy Tutumeuusnuasnseyauiie@aeoshnismeissduaniu
\Wuandnvesemiananveswnuusduwn Adrveaiuysdunmiinangluszuy aveglusy
yosAndaiian ndsnduudirvesseiuanuduaudnvedunaaniug aganmsamls

NN TuaLIInn1sVN N

Juauan

I

FLHUANLUL

-3 -2 -0.67 0

AAINHANATA (aqmmal,%aa)

Juaunan

LAUAIUL

»

(RaALwaReaRDUT)

()
JUN 2.6 (n) szavenuluaun@nuesrmuRanaindl -0.67 ssruaaided Tiansziuaiu
Juau@nves ‘av’ wihiu 0.36 wazszauanuduaun@nues ‘gud’ wiriu 0.62
() SnsNsiUAEuLUaIves AANURANENAT +1.67 asrngalliua/ il TSy
<) a ¢ L) - 1 < a ¢ N v
ANUTuEINTNYeY ‘Aud’ Wiy 0.35 wavseau anuduannees ‘vIn’ Wiy

0.64
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fian : https://www.academia.edu/7750667/un#_18 il @& a3 n Fuzzy Logic

vowulBunnasiuogiunguesiiedfeuiu iesandwmiudunadnila oy
fnasionguesiledursdoriniu finsanmsduameassfunnuduaBnvosdunm a1n
SUft 2.7 anAanuRananeil -0.67 ssmuuadea Saduilogiaen N (o9 ‘au’) uasien
Z (wn ‘@ug’) JufedmiuiletuaunTnvesmauianaindisunal -0.67 ssrwaidod
fivannnduavuaranufugud Tnsdidseduaruduaudnvonsn N (deauduau)
Wiy 0.36 uariiszauanuduaundnvesen Z Seaudugud) wiriu 0.62 Frethadl
wanspuduilsdvasainnuiinnain -0.67 ssrwalloa dogradaiay TuferiaIy
ﬁ@wa’mLﬂuam%maaﬁu’qmmlﬁuauLLazmwmi‘QJu@ué wilszduauduauduinniininy
Huau @inaszduauduanin 0.36 waz 0.62) wulierduiudnsniswisuwlames
AANAANAINT +1.67 BeAealdud/und deannileddudundndidivun ainnennudy
ausuazaduun Aodudiflegiivluien Z (gud”) wasien P (‘van’) Faeseduaiy
Wuaun@nvindu 0.35 way 0.64 m1ua1au (A1sEAUYadImnduau1Inueuaninansinig
Wasuwlaswesrinuianaln +1.67 ssangadea/und danuduvanuinnianuiu
aud) dunadndudsainuianaindszduannuduanidnves ‘van’ wiadu 0.0 3
wungaualllddanuduuinasdesaniaBuau Tuivesudeaiu dudsensinig
WasuwlaswesaianuRanainilsziuanudugsndnues au’ Wiy 0.0 Fauureaudd

Wilatiaruduauaeiominidanluuin aguarseruanuluandnvensgesdunslugy

v
Y A

Hantuauvnlanadl

p(Error = N)(-0.67)=0.36
p(Error =Z7)(-0.67)=0.62
p(Error =P)(-0.67)=0.00
p(ErrorRate = N)(1.67)=0.00
p(ErrorRate=7)(1.67)=0.35
p(ErrorRate = P)(1.67)=0.64

2) MsUsEiuAINUesiled (fuzzy rule evaluation) MEIINANUIUNIAITEAY

[ a a & v Y & 1 A a 1 Y )
AnuduanBnvesdunanivualane TunsusslupenisussiuAvasiwlsilalungues
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e nsuszduAngfanananludin IF auszasdilovhnsussifiuindteulaanduns
tfuagvilingladesnsgyiludan THEN solu Fsenaazdngludouladndnuinniniang
w¥ouqiu 1iloswnainszuuiidunnuinnimils (FufeArauianaiauazdnsinis
WasuuUaswesmmuiiamann) Houlvweausazdunmazgnussidiudmesnsyyhveailed
199 LU AND w38 OR iilelvldnadnsaavieifuddiavianunsotiludssifiudadiu THEN
fsmendnazgninluvssduiomaseduauduanBnvesfuusevinslutuseusely

fisandansgyi OR Mnnguimayléfannisi 2.7
HAUB(X) = max[ uA(x), #B(x)] (2.7)

9819L5A7 Anseyi1 OR aunsaditenulavaneedne enfiegnaay mnseyi OR Tu
naedASeilovadLunLaUTiodandn (MATLAB Fuzzy Logic Toolbox) aziieanisigflendu
max 919AU LarHeATun19EdfLTunI probor NIaNasTINVANR (algebraic sum) A

AUN17 2.8 Uz 2.9
pAUB(x) = probor [ #A(x), B(X)] (2.8)
= 1A(X) + uB(X) — 1t A(X) x 1B(X) (2.9)

WULAEAUAUFINTZYI1 AND F9lunaaaiesaailavosnunuduiiedandn (MATLAB
Fuzzy Logic Toolbox) #msn1sldilsndu min way flandunanas (prod) Aaunisi 2.10, 2.11

ey 2.12

HANB(X)=min[ ZA(X), #B(X)] (2.10)

130
HANB(X) = prod [ £A(X), 1B(X)] (2.11)
= 1 A(X) x 1£B(X) (2.12)

Tuunensdlmslifladduresinsysivesaniuandaiu oaazlinaiddiand
uaneefuls ndanussiuaveausazfouluarsufoulvlunsdififiinndt 1 Jeulaly
drves IF udnaildazgniludszidiunainngdelafidiosgniionsanludiu THEN sely
firnsandogeszuy musgangiideiinguesitedianun 9 4o Foulvvesdunadaiinis
1#uA Error = -0.67 ssmwailoa eliAnsziuanuduaudnes N uaz Z Alsivindugud
Foulufananidannnnitguduazegludim IF vesngde 1, 2, 4, 5, 7 uaz 8 luvuziitouly

YoduNARIfiaeslaln ErrorRate = +1.67 asmgaidoa/u1i delvianseauainuduaudn
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Y83 Z way P ldwihduauduazegludiu IF vesngten 4, 5,6, 7, 8 wag 9 WWaviin1s AND

(d#eridu min) Geulvsasndraglinndeuluivaesiiidliiluguanfodeulalude 4, 5,

7 waz 8 lavanusaazulanadl

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

9)

[

IF (Error =N) AND (ErrorRate=N) THEN Output =C
IF (0.36 AND 0.00) = 0.00 THEN Output =C
IF (Error =Z) AND (ErrorRate=N) THEN Output = H
IF (0.62  AND 0.00) = 0.00 THEN Output =H
IF (Error=P) AND (ErrorRate=N) THEN Output =H
IF (0.00 AND 0.00) = 0.00 THEN Output =H
IF (Error =N) AND (ErrorRate =2Z) THEN Output =C
IF (0.36  AND 0.35) = 0.35 THEN  Qutput =C
IF (Error =Z) AND (ErrorRate=2Z) THEN Output = NC
IF (0.62  AND  0.35) = 0.35 THEN Output = NC
IF (Error=P) AND (ErrorRate=2Z) THEN Output =H
IF (0.00  AND 0.35) = 0.00 THEN Output = H
IF (Error =N) AND (ErrorRate=P) THEN Output =C
IF (0.36 ~ AND 0.64) =0.36 THEN Output = C
IF (Error =2Z) AND (ErrorRate=P) THEN Output =C
IF (0.62 AND 0.64) = 0.62 THEN OQutput =C
= (Error=P) AND (ErrorRate =P) THEN Output =H

IF (0.00 AND 0.64) = 0.00 THEN Output = H

7NA1 Error = -0.67 94AALT8E WAL ErrorRate = 1.67 a4AALTgd/UNT Analrdiu

THEN Fshfasuusiendnnvengde 4, 5,7 uaz 8 gnussiliuatuduneunaly Arszau

[ a Py a ! I Y 1w 3 = ] [y
ﬂ’J’mL'U'L!ﬁll’]“tiﬂﬂ’]ﬂLQ@Ul“U@NWG\IUﬁ’J‘U IF 533L‘U‘HWJ‘UEJﬂ’NG]’JLL‘U?L@W@WW‘\]%&IEUSN“H@Q?%@U

I a 1 & o a 3 o . G| [
rnuduaungnegals Tneflenduaundnvesordnnazgndngen (clipped) W3agnusuauin

(scaled) purarszauauluauBnvesdiudouladuns IF Wuies deuandluguin 2.8

fauiidnnisangenileiduaniBnvesiiudsiendnnagyinliiinnisgyidedayaunsdiu ue
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v 2 ada

Bsdenaduisiisuas hedmiunsduin nulufmnilvldussnanaluiueey
solUBnine UM 2.9 WisuifisusenindisnsingenuazBnsuiurun

3)N13331N4) (aggregation) 1839INNYA197 gnusEidiuaILad ngAdnalaiwiiu
gudazrgnuddeiulasnissunadwsvesiladiduaindniiiunisuseifiua (gningen
viouurun) Teuadidetudueadordmiuutasfudsiendnn nssungaglin
nseshgillon U 2.10 uansn35Iun A INa1I9NTEUUAIUANENNATIIAIANARANAR
Wiy -0.67 ssrmwaldea wazdniinisivdsunUasAiauiianaiauitiu +1.67 s
waiea Tutuneuseluavinanisyungdlunvaniummianieuiiedieluldlunis

Uszunananaly

4) n15vAHeE (defuzzification) NTURBULINLIAUDITUAD UL ARN9 TUTEUU
Juaedlaiinazludunm ngane vieodng wiidmiunnszuuareueimnazsesgn
wlasleglusunanunsaldaulaasagu Ardyaiauseiu Ardyninniual a9 F96n
wandldarunsaduariledla inszariledazidundrlanieluszuuilediviitu dedue
gAvNeaINLeaNRYeITEULAzAnluA Y (crisp value) nsvalvddetunsulunis

| Y o aa o S8 Y a aa = o & o
wlasArnuanisTinngedlusuvasmdaiauisnisialesdiuiivalowuy Wvdenidun
Hedlduiuegraunsvanefeizmanaudais (centroid or center of gravity, COG) fin COG

Yaafedion A Tudig [a, bl @015 lANNANUFUNUSAIENNIST 2.13

[ 1409 xax (2.13)

COG =2,
J, #4090



0.36

0.35 /

> +

-0.67

APURANAN "C

0.62

0.36

0.62

i1 © https://www.academia.edu/7750667/unii_18 #l #3 @83 n Fuzzy Losic

+1.67
gnsnsasullas

AANURANAR ((C/UT)

% LN

Z z C NC
O [ Ji i\
-0.67 +1.67
ANPNURANATN °C dnsInsasuLUas

AANURANAR ((C/U)

0.64 ¢

-0.67
AANLRANAIR °C

... 0.64

+1.67
sns1nsilasuLUag

ARNURANAN ((C /Ui

-0.67

ANANURANAR °

+1.67
C gnsnswasuulag

AANURANAIR (“C/U)

% Lo MINA

0 .

0.62

% LO1VINA

JUT 2.7 MseuunukuuuLuAn

22
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In
3N

Huaan

g

SYAUA7

SELAUAILL

Y

\ =
»
ad v

JUT 2.8 M3UszuAlaiduaun®n (n) WBengen (v) TBUTurwm

s : https://www.academia.edu/7750667/un?_18 W % @93 n Fuzzy Logic

Fn
|

Juaun
@)
ZT~
A b
@
S
!%
S
[@))
Vo]

szauaId
| |
o
(9%]
(9]
|
-
™
o
(O8]
W
-
(en]
(98]
(o)
/(‘
Y N
(=)
[9%)
(9]

ng 4 ng 5 ng 7 ng 8 HETINN)

E‘U‘ﬁ 2.9 NaN197UNLVBY Error = -0.67°C way ErrorRate = +1.67°C

i : httpsy//www.academia.edu/7750667/unii_18_#_ &% a3 n Fuzzy Logic

TunUZon n1sAwin COG awnsaminaindeyanisiniieg esisaunisn 2.14

b
COG = %M% (2.14)
eaHMaX

¥
v A

T INFVRITTUUAIUANEANTLUTUN 2.11 A1 COG anunsafuiailanall

(~100—83.33—66.67 50— 33.33)  0.62 + (~16.67 + 0+ 16.67 + 33.33)x 0.35
0.62+0.62+0.62+0.62+0.62+0.35+0.35+0.35+0.35

COG = (2.15)

=—43.33

AnednanliannsiAleduing -43.33 Wesidud Winumuiednseuudesdanseeyi

ANULEUNTERU 43.33 Wesidus
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0.62

0.35

K 43.33% I

-
>

-100 -50 0 +50 %

5UN 2.10 MevidflegAIuANguunall

=

fian : https://www.academia.edu/7750667/un?_18 W & @93 n Fuzzy Logic

2.5 vainagli

Juvesalulasroulnsiaesnszna AVR ffinnsiauuuy Open Source Aaiinis

& o 6 6

Damedoyarisdin s13eusd uay sonduad duessavaineigli gnoonuuuslildeuld
d1e FeduFamnedmiudiiuduin fddldnugiannsodaulas iuds daurresen
faauadn videlusunsusaldEnde audievetuetaeiglu lumsegUnsaliaiusing Ao
flduaninsosersasdidnnsediadainnisusnudidensieliisnio /0 vesuadn viaiile
ANATAINANTALTONFBAUUBTALATH (aruine shietd) UTELANAI9Y W ufiuvesauuuesa
919l udndeulusunsuinndeldiaedelel dwiulasanuiidenlivedneigli Mega
2560 RaJuveinlulasaenlnsaiaosfivinsuuuiiugiures ATmega2560 1uvesad
ponuuuLNdmsUudedlineinduyatuledrunnituesneglu Uno R3 gy 91ud
ARIMITUA AN ULED ST aAIUANIBINRILED S v i lnesndunaiueNe
v83up$ADglU Uno R3 laianninsassuld viaduaineiqlu Mega 2560 R3 fafineanush
wuuwrlazuInnItueiae1ali Uno R3 inlvaunsadeulanlusunsudalulauinndnlu

Anusedlulasraulnsalaasmvinnuy

2.5.1 lulasaaulnsaraas AVR

lulasaaulnsatans AVR tuledlulaseaulnsatansvosusen Atmel i

a

antnenssunigludunuu RISC (reduced instruction set computer) Tnglddeygauning
Wes 1 gnlunisufifnulu 1 ads lneasdsenaumemiennudilusunsuneluindy
wuuunad Wsunsudeyalalulasiaelidesnandnlulasroulnsaaes wazluuiauesids

~ ° ° 1 1 o a w I3 ¢, A a
ﬁ']ll'ﬁﬂllﬂ'ﬁﬂ']‘mu@G]']LLM‘LNGU?N‘WN'JEJﬂ'J']llﬁ]'W]ﬂi'NLUu‘iﬁJ@I‘ViaﬂLﬂas (LGUEJUIﬂiLLﬂiﬂJLW@GWIG]B


http://www.thaieasyelec.com/products/development-boards/arduino/unofficial-shields.html
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AuppNN MBI Blad@IduY wazdiamnsalusiunsulviudiesle) dvuinvesrtieainudn

s = ! U
putuasveledunaz i

RISC flanslgiigyinauinilleiiawiueu lngandnuiumdmelindomdaugi
wndign uimldnannisludlad (pipeline) Aomsuiormdwnissansvhnuliduiuuruiy
wideniunsaidinulusdaziumsnudduisseiuly adiurianuagiinisauiey

= I3 o o QIJ gj ‘:! a o aa dyd
paeavadndunisanduudAdiaciues Jusennsviheuvesdngwuuiiluusenn RISC
Fuduantaenssunilassasradunuu RISC Faviraulaswazidunalnfiaiuisaiuida
anuasalnesnlanteiddldinamilignuesdygin dufedndu 10 wnudsed Avilla

10 duidaluiaan 1 3ui vilanunsaldmdsiedu llgeendudeu

1A58¢LUTUATURUY ISP (In-System Programming) @1115alUsunsudayaaslu
nreaudlusunsulalaensilaglinesaanlefoonainuein drsasilddudeou nisuala
1% o ¥ I3 % g:/l % L4 1 o Qll 1 £ =
Toyavilaagninuarsinsy datunsusulsoyaluviiennudlusunsuiegneludiled

Felaegvazainiazsanisn

2.5.2 Yoyanluvesuain

vesno1glu Mega 2560 sl luguUiuUsei 3 (Revition 3) vde R3 flnmawa

WANAINTUUTUUTIT 2 fadl

- WaTADWNA 1.0 : il SDA uay SCL (eglnaiunesn AREF) uasBnasanasnluy
Ao IOREF Wunasanldlunisisudaiudaniewladdunsssunilaainuasa @udn 1 wads

Awmdaiilidwmsuldsunululaseaulnsaaasiusuinn

v

199551 9a AT

- 14 ATmega 16U2 unu 8U2 faguit 2.11
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ICSP for 16U2

USB interface

MISO
SCK

Reset

Vee
MOSI
GND

interrupt 0

interrupt 5
interrupt 4
interrupt 3
interrupt 2

=
=
B
&
2
=

5V pins
23
25
27

use 29

ICSP for
ATmega2560

PWM on
44,45,46

(SPI) MOSI
(SPI) S8

use for digital
ground

7 to 12V
DC input,
center
positive

use for
reset

analog ground

sUN 2.11 lAssainsvesuesneigli

i - https://g00.gl/images/MpDdkB

- VIN unesausaiurasuasnonti tneldunasinaainaauen
- 5V (Junesaednaiinsuay 5 laadanuesn

- 3v3 Wundmdsa 3.3 Taad fadduannsnpawesvuteiauaglvinseuald

g9gn 50 daduoud
- GND Wuwasansng

- |OREF Wunasanliusssus1sdaiululasaaulnsaiass ioldanaiwsesuliiu

(3

FanNuWIaUADNUUDIA
- LVAINAIIU

afmwsalf‘?iau%’uwé’muiﬂaﬂﬁLe?iamiaafmimimgLaaﬁw%mﬂwnna%%’uw]mm
euanld lnsunaandinuazgnifentnednlud wnadieanaeuenaInnsauntiand
wladlnnszuaasuifunssuansanieainuuames Ima&iaL%’ﬂﬂ%ﬂsummLé’ur;hul,é’uquéﬂmq
gun 2.1 fadluns TUfidendsuunasinsuasnissedifulunmesaiunsarlalagnisee

WiunsInkasnesamuTegaeNsaLraItiely

- PUIWAIININ

i
Y

Tveenuan 256 lalus (8 Alalua TudnsusUlnanluswnsy) uanannidadian

8 Alalud dnSUNUIEAINUTLUUALARNLSY (SRAM) wag 4 Alalud dnsuniieainusn
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wuuBdnseu (EEPROM) luusiasfdmaanasnia 54 wose vuuesaonly anunsaidulena

dunauaziewing lagazaunsavhauiiusadu 5 Tiad wavlinssuagegn 40 dadueud

- Msfnsiadeas

lulasmaulnsaiaasuuuasnfio ATmega32ud a¢lin1sdeasiuuaunsy UART
TTL (5 1aad) Gadieglunase 0 (RY) waz 1 (Tx) wonanil 32U4 aunsaldnisdeansuuy
aunsuruaedeusegeaiuazzUsnglunesnreuaiouludwonduwis wiogrslsnnu

fodld ild .inf vussuufuRnsTuladdus uualated wazdund awnsasuslalnednluli

& 1 [ 3
2.6 LWULYDTINANAIMULTUNTA-LUAYDIUN

1%
o

v a A [ [ = ) A a [ @ o
NN3IANLDY ABNIFINANTNANNLUUNTAVTOLUULUATDIENTAZANY NUUNTURINN

.
A v a

. Y o = PN a A <
azany (Aqueous Solution)laglduannrsAinwinisivasuluasmaeiiniingafudianasou

' v
o a =

naznszualila lngn15InmIuA AN gNANTUSEI199LANINSA91989 (Reference

a < [

Electrode) Audlaninsnnsiadn (Sensing Electrode) AU adng#ilatinaindnuiuees

lalasiaudoau (H+) Anuedngminandaeu (lonic Potential) azgnivdsulmduainy

v
I~

sadndnabnliln (Electronic Potential) uaawenelvidnnunefdndastumeiniasioviines

(Potentiometer) fasuil 2.12

Y

a & [ a & 2 a
BANINIAIn LANININON9D4

sUN 2.12 mMsvhauvedhiadiines

s ; https://www.dfrobot.com/wiki/index.php/PH_meter(SKU: SEN0161)

2.6.1 d@9UUsENaUVBILATDIINATNLDY
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pydnes AowmsasionaliiileinAa1itesresaisazany taenann1sInAIu
adndUsznaumedIudIfy 2 d Mviliasesannsainaulaasuisasdiulsesnaung 2

Ao DlAnInTALazAILAToY

1) B1anInsa utnnduniansiasuanuutuvedalasiaudesuluaisazals?
ey 7 (Standard pH Buffer) muansfngseninedlaninsaa 2 Ao dianlnsno1edeiu

v 6 [ &

Bianininnsa9dn sfimpnuaednduinduguiadliad dmnanududuvedlalasaud

[
=

DOUNNTUNS DAY ANNANANGAALIALTUMTDaRaINANUTLTUYdlalasaudaauly

[

ansavaetu InefidaninsadudyinminSudyyiu
2) fAsesiileriines NAehadiimesviwinfiddn 3 Usens Ae
2.1) Usupuanedngliiudiantnsngnsds ludianeunsdndiluguduas

o
AN

2.2) wasdyaannanuasdnguesdesuvesdianinsaliiduninumieing
el

[ |

2.3) v1uFUIUAIAINAIEN SN WA TAnu NI Ut NI na i

L Y]

WAPINANTILP DS LU LTS D5 LAY

Sdnlnsndagtudlugiunuudidninsnsin Geonuuuliliazainlunsldau

Ingsmdiuresdianingngduardidnininnsininuegdeiu ammgui 2.13

dlanlnsnngaadn Mmumadadieeiveulnaniglalasiaudeouniu dulug
sonuuuilugunszilz areluussyilesionliualursUszunmduguau wu Ul vn

RN UNUATIUSIUNLELATLAUDDDUMNIURNILLAIDLUIIUIN

|
a o Y

a & 14 Y o 6 A a £ 4Ad3 [ a
glaninsngnede i alddndluirinad untinsiainiuasuieas lag
Tnunadeunaslsiviindusifiogludidnining1adeduiueenunduaeniuloseunsaaeniy

INAaUSEANINIANTINA
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a
anedaningm
(
el
3+Ua |
ac (v
'l Bantnsmnin
-
. 4M KCl1
H
£
34
s
ﬂ‘ .
8 Ag/AgCl (internal element
. PR Meheline )
nszienny A SRUMNDITIINUDILNAT

4 T asALeY 7.00

s (internal standard solution)
UM 2.13 dudsznaurewininiauauies

s - https://www.dfrobot.com/wiki/index.php/PH_meter(SKU: SEN0161)

2.6.2 LA99IANLDY

TilvguLgeIIY SKU: SEN0161 feanuuuniieldiusiuiuveinenly Weswin
Lifiwdesianiismgnuaziiiordnadunuukeuzdond msuldiuuesneighl Taewndaue
wgdondmivldnudenseduveineigli iesuaiitetlaieTusnsie dnumzves

g suanslagaguil 2.14

Ul 2.14 Tlevwuleasiu SENO161

i : https://www.dfrobot.com/wiki/index.php/PH_meter(SKU: SEN0161)

1) deyailuvesiitovivuiges



1) wsasuladd: 5 + 0.217aa

2) nseualin: 5-10 Nadwau

3) ANUDUVUNATIINUL: 0-14 NLa%

4) gaunlunvinanu: 0-60 asrLaTa

5) natnauauas: < 1 3u

6) ANUWLUET: + 0.1 WY (M 25 DIALTALYE)

7) ANLAU: 95 Wosiiud AMUTUSURNS

8) 1gn15hdau: 3 Y

2) Anwaue AR LAUDIINSUTLD UL ULYDS

30

wrsnandnladanduiiadlhaduazileufieududfiey LaniAiannsned 2.6

Ingyinsinfigamgil 25 asruaidesa

A9 2.6 anwalzAIAlevaIRLaULYULY DS

useAu (Hadlaan) ALY us9au (adlaan) ALY

414.12 0.00" 414.12 14.00
354.96 1.00 -354.96 13.00
295.80 2.00 -295.80 12.00
236.64 3.00 -236.64 11.00
177.48 4.00 -177.48 10.00
118.32 5.00 -118.32 9.00
59.16 6.00 -59.16 8.00

0.00 7.00 0.00 7.00

e Ailleyaud Ao AilevliansBaesiiioyaugesiviniy

i1 :https://www.dfrobot.com/wiki/index.php/PH_meter(SKU: SEN0161)

2.7 UNoanDLaunsewansy

w3eslueendiau fe ww3oslienne awnsanuslendu a4 wanluge laun
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1) Thermal-Type 1Jutn3oslaoyoinideanun 2-3 a3saeiudl lnefissuunis

MU U UANwUEYeIlUY

2) Vibrator-Type 1Jutn3asldnsduaziiiouainnasnulagnszualuii indoadia

amaileaildunfenld siegnivsednanmmeauais

3) Piston Pump tJuiasesiilddnsvinisnyuliifaussdiueiniatu taeiiy

[

A latdUINTANSINUR wingdmsuldnulsanizveenus

q

4) Water Pump LUuta3esiildnistuian vliAnausedueinie ia3saiineinie

RN HuImzamsunisiasslantuuetn

dusulassuihdenldUuaon@aunsewansakuy MINI AIR PUMP 12 V wws1gd

YUIANLTIATA LAz iiksan Ul ULz ay

A 8mm

5

g‘lh?i 2.15 MINI AIR PUMP 12 V
i ; https://www.igetled.com/product/104

AENUR : MINI AIR PUMP 12 V
1) wewsidusuAugna : 24.2 dadiuns
2) vadludurnugudnans : 27 fadiuns
3) I LEYUDINTA : 4.2 Tadluns [@euivaigeendiay
4) usesuliii - 12 Thad (@ansaldaulddaus 5-12 Taad, 30 Saduend)
5) didn - 59 n3a
6) ANNAUBINAGER : > 300 Hadkunsusen

7) @89 : <65 WU
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YURDUITAUUIIU

NARINANY AR INUMEANNITHIY Uagsieazdunneliudiulsenaurenismiuay
AlerveslagmMauALLUUiTEaednLaT Woniuntagnarifs n1sesnuuulaseasie
WAZIZUUIATEIAIUANATTILEYYDIN NSYINAUVBITEUY kaEN1IMENTINITIURsULUAIATHN

wrusoanidu 4 drudail
1) NM30NKUVINATAIVANNTYIINUMEINEIYI5H (Flowchart)
2) msoonuuulassaianiesmuauaiiey
3) mamewangeslunisudesaisazans

4) NM1TEBNLUUNTUNIUFIAIUANL UL TARIN

3.1 ﬂ"liél’é]ﬂLLUU'Nﬁl'iﬂ'JUﬂqSJﬂ”I'iﬁ'N’m

ludiuvensasiiwendenigludiiaTestiuaunsaesuiglaniuguin 3.1 diuves

(%
[ o

TUABUNITNINUVBITTUUAIUANTLEYETARTUIELAINTUN 3.2 duaswianisinale

Wuanudulng iy Jsazuuslasad
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HAcid
LAcid

MUUANITINDS 5 5 6  65]

MUUANISTNDS 6 65 7 ]

6.5



Neutral mMuuANISIWes  [6.7 7 7 73]
LBase  MuuanIs dwes  [7 75 75 8 ]
HBase  MuUuUANISIM®S [7.5 8 9 9 ]

Fauandluguil 3.15

File Edit View

FIS Variables

\VAVA |
X I |

PHN.~ TIME
\GV/ 4

A\

PHD

Membership function plots *' = 181

HAcid LAcid Neutral LBase HBase

input vadable "PHN"

Current Variable
Name

Type

Range

Display Range

PHN

input

[5 9]

Current Membership Function (click on MF to select)
Name

iype

Params

Help

Ready

JUT 3.15 Bunpvarifiterdadumgiuiiey
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d1UDIBUNAANAAI9TDITLEYINEWTDS WUITaTwnaandu NL (Negative

Large), NS (Negative Small), Z (Zero), PS (Positive Small) wag PL (Positive Large) TupuLun

9ET¥1NI9Y -2 ey §9 2 Moy InglivaniuumBunarasiiemal

NL  mruan1siiimes
NS mnuaAnIsames
Z AMRUANIIIHRDS
PS  mRuANISHMDS
PL  mMRuaANISIEmeS

Fauanslugui 3.16

[

[-2 -2 -1 -0.5]
[-1 -0.5
05 O 0 0.5]
[0 0.5 05 1 ]
(05 1 2 2 ]
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a - O X
File Edit View

Membership function plots ! 2o 181

FISV

m l[DBase MDBaseSDBasHoDrop SDAcid MDAcid LDAcid
1
Ii'XX -

PHD

150 100 50 0 50 100 150
outout varable "Drop®

Current Variable Current Membership Function (click on MF to select)
Name Drop Name
Type output Tyne | trimf
Params
Range [-166.7 166.7]
Display Range [-166.7 166.7] Help [ Close | I

Selected variable "Drop’ |

JUN 3.16 BunnAINaA19UDINeYIINLY LD

2) M5EFNGINNG

\WlansudunAILaRa asvitnsasenguesiiedilunisasnennnuduiudsening

[
v v A

sunaluduendnals Weusgluguuuauduiusasil “IF (x is A)AND (y is B) THEN (z is

Q) dsl¥eanuuunguesilediuwiolud wasiendmafifiennsdulyldansmumsnd 3.11
1. IF (PHN is HAcid) AND (PHD is NL) THEN (Drop is LDAcid)
2. IF (PHNis HAcid) AND (PHD is NS) THEN (Drop is SDAcid)
3. IF (PHNis HAcid) AND (PHDis Z) THEN (Drop s NoDrop)
4.1F (PHNis LAcid) AND (PHDis NL) THEN (Drop is LDAcid)
5.1F (PHNis LAcid) AND (PHD is NS) THEN (Drop is SDAcid)
6.IF (PHNis LAcid) AND (PHDis Z) THEN (Drop is NoDrop)
7.1F (PHNis LAcid) AND (PHDis PS) THEN (Drop is SDBase)
8.IF (PHNis LAcid) AND (PHDis PL) THEN (Drop is LDBase)
9.IF (PHN is Neutral) AND (PHD is NL) THEN (Drop is LDAcid)

10. IF (PHN is Neutral) AND (PHD is NS) THEN (Drop is SDAcid)

11.IF (PHN is Neutral) AND (PHD is Z) THEN (Drop is NoDrop)



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

IF (PHN is Neutral) AND (PHD is PS) THEN (Drop is SDBase)
IF (PHN is Neutral) AND (PHD is PL) THEN (Drop is LDBase)
IF (PHN is LBase) AND (PHD is NL) THEN (Drop is SDAcid)
IF (PHN is LBase) AND (PHD is NS) THEN (Drop is SDAcid)
IF (PHN is LBase) AND (PHDis Z) THEN (Drop is NoDrop)
IF (PHN is LBase) AND (PHDis PS) THEN (Drop is SDBase)
IF (PHN is LBase) AND (PHDis PL) THEN (Drop is LDBase)
IF (PHN is HBase) AND (PHDis Z) THEN (Drop is NoDrop)
IF (PHN is HBase) AND (PHD is PS) THEN (Drop is SDBase)

IF (PHN is HBase) AND (PHD is NL) THEN  (Drop is LDBase)

= |
197191 3.11 NANITIAIUANATNLDY

NL NS Z PS PL

HAcid LDAcid | MDAcid | NoDrop

LAcid LDAcid | MDAcid | NoDrop | SDBase | SDBase

Neutral | LDAcid | SDAcid | NoDrop | SDBase | LDBase

LBase SDAcid | SDAcid | NoDrop | SDBase | LDBase

HBase NoDrop | SDBase | MDBase

3) nalnnisouuu
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File Edit View Options

X (input); PHN + Y (input): PHD + Z (output): Drop -
X grids: 15 Y grids: 15 v o

LRef, Input: Plot points:  1g1 I | Help i Close
Ready

JUN 3.17 N5 MHUNRINITAIVANAINLD YYD

T A~
LA Rule Viewer: Rulesy
| = &
File' Edit View Options
PHN=7 PHD=0 Drop = -0.012
2
3
4
| 5 o
6 PZnN
7 A
& = pa)
9 N
10 4 D
11 >\ 2
12 EEN X
13 =
14 Z ~ AN
15 “X e
16 z N
17 BN N Al
18 Z
19 &
20 > S Pz
21
c o 2 2 7 N
|IM }[7;[* ‘ IIPIotpoNs: [1917\||Mwe left I rmldownl up ll
|owsmmm.z1nm “ Rep| e ||

5UM 3.18 Uszananaluun)mMsmuauaAfileyvesii
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a) NSYNANDY

1
'

MnTunoUUsNIATURDUT] ﬁaﬁﬂgumauslummﬂaﬂﬁﬂLaﬂsﬁwmmﬂmamsmuﬂﬂﬁag
gﬂﬁuaqszstnmﬂéaamiazmﬂﬁ’wLW@%LW@U%’UmﬁLam WU @L9e LDBase (Large Drop
Base), MDBase (Mideam Drop Base), SDBase (Small Drop Base), NoDrop, SDAcid (Small
Drop Acid), MDAcid (Mideam Drop Acid) tag LDAcid (Large Drop Acid) duautunlutig

-6 Ju¥l 63 6 U9 aNUUULIFANELTBLINLAZANAITILEYYN 6 09 8 Tnvaanuuulifall

LDBase AMUUANITIILDS [-166.8 -166.8 -139  -65.40]
MDBase  AMMUANISIHLHDS [-139 65.4  -654  -32.69]
SDBase MAUANITIILDS [-65.4  -27.13 -27.13 -16.36]
NoDrop  AuuanIsdnes [-27.78 0 0 27.78 ]
SDAcid MUUANITHLADS [21.28 4254 4254 8518 ]
MDAcid MAUANIIRLRDS [42.54 8518 85.18 149.9 ]
LDAcid AMAUANIT LD [85.18  149.9  166.7 166.7 ]

wamslugu? 3.19

|/ Membership Function Editog: RulesOle

File 'Edit View
FIS Variables A . Membership function plots “*%"* | 181
:/ m LDBase MDBase SDBasHoDrop SDAcid  MDAcid LDAcid
_PHN Drop |
/7
86
PHD
Il outout vardable *Diop®
Current Variable Current Membership Function (click on MF to select)
Name Drop Name
Type | trimf
Type output
Params
Range [-166.7 166.7]
Display Range [-166.7 166.7] | Help I Close |

JUT 3.19 1dnndnnuneavesasaraedmuuTuAiiiey

A13199 3.12 Jayananinisusumiitevvesinfievisuduwiniu 7.03 Ysudu 6
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. AINLDY A .
ATNLDY , ATNLEYRN AR
2 a | g gl AMUIUTEN . . -

ASIN | NNBINTST . . LULYBINAIRN | HANAIA
- LYULYDT (Gl , v
(@uwal) | _ Uaegasazany (308@2)

(uUnn2)
1 6 7.03 139 6.65 9.77
2 6 6.65 101 6.30 a.76
3 6 6.30 67 6.15 2.44
4 6 6.15 50 6.07 1.15

A5 LUBS T UAPIILAAIALARDY
dimuali S Wurusnafidnduinsgiu was B luamviunafldndifendu s

LALAAINNITNABDY LUBSITUAAINLAAIALARD UM LAMINALNITA 3.1

< AN X [E-S|
WasigusamnuAaInLeaDY =gk x100% (3.2)

NNITNABIUTUAINLEYAIN 7.03 TmTuiiLes 6 wanalasin1snen 3.12 T4
Funelenszuvaiunsadsvedeavlviadnlnaniey 6 19939 uidosnaliszuuyinaud 4
A9 Ima%Lﬁuj’]cﬂhmmﬁmwamﬁmi@}%ﬂﬂé’ 0 1NNTUNNATI ANAURANANGIgRRE NS 0Y
a 9.77 winseenuuuifiadidgmasmifiteuleiubiidulyauisdesnis delugienis

A A | oA A i a a o ° v
WasukUasafievlunsazinaiinisiuasukuadlaivindy insnziinnsausvasasazalevinty

aealduSuruaisifinuniu n1seanuuutetdnnidsdiliaonndesiua1ninlaaiy

A1519% 3.13 YeyauaninsuTuafitevlagiitevsuauririu 7.03 Ysudu 8

L ATNLDY 4 ,
ATNLDY \ ATNLBYIN AR

% oa | d 7N AMUIUNEA . -

AN | NNBINNS . . LYULYDINARIN | HAANAIN
- LYULYDI (Gl , Y
(@uwnl) | _ Uaeaeansazany (308@2)

(BuUnn2)
1 8 7.03 78 7.62 4.99
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2 8 7.62 25 7.76 3.10
3 8 7.76 17 7.84 2.04
4 8 7.84 13 7.90 1.27

JnnsneassUSuaitesan 7.03 Idufitey 8 wansladanisiedt 3.13 J9ay
Funaladnssuvarnnsausuafiterlrdianglnafitey 8 1aase unfosnaliszuuyinaIuia 4
a1 Ingazifiuimemiuianaiadnsgidilng 0 intunneads marulanangeanogisos
8 4.99 winseenuuuismadityminemiesildduliduldmafisndanis ddurams
Wasuwlasmierluwsazansdimsddsunladivindy wssiinsdusvesasazarevili

sodldusuauasiniInTu nseeniuuednaifadiliaanadasiuaninlaase

3.4.2 N159DNWUUAIAIANNYT Wuun 2

1) NSy

YNIseeNKULBUNALazLe1ANATeITE UL Ingldlusunsuwunuduiiedelunis
panuUULarAUInLUUTle® Felavinniseeniuuszuulaeddunanavun 2 67 fe Sunmves
ALY AU BUNAAINAAIIUDITNBYIINLGULDS LAZLBIANG 1 F7 AD I1UIUNLATD

asasaneldlunisifvansazaley mugun 3.20
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File Edit View
\ e
PHN
5 5 / e ﬁ
TIME .
PHD
‘ |FISName: Rules FIS Type: ‘mamdani | \
And method min + | || Current Variable
Or method o | JIl[jame | TME ‘
. ———— ||l ¢ output
Implication i |1
: || Range [-2060]
Aggregation max X
Defuzzification centroid | Help Close |
i 3 i
’ Opening Membership Function Editor I

5UN 3.20 N159ONUUUBUNARATLDIANS

CY N %

widetloSureardunnvesafitergiu wisilediwnoenilu HACd (High Acid),

LAcid (Low Acid), Neutral, LBase (Low Base), ke HBase (High Acid) dvauiumagsening

[
v A

H23 5 fitey G 9 Moy Inglasanuuuaitovgnududsil

HAcid ~ fuusawisidwes  [5 5 6 6.5]
LAcid — Aviuanisdees (6 634 657 A
Neutral = fnuswIsEwes [67 7 7 73]
LBase  AanuamIdiees - [7 7.5 /15.8/]

HBase  MIVUANISILWBS  [7.5 8 9 9 ]

Fawandluzuil 3.21



File Edit View

e Membership function plots °° s 181
HAcid LAcid Neutral LBase HBase

.

PHD

0 T
5 55 6 65 7 75 8 85 9
inout vadable "PHN"
Current Variable Current Membership Function (click on MF to select)
Name PHN Name | ]
Type input = | trmf -]
-~ ||Params

Range 59 \ | |
Display Range [597 ] Help [ Close [ I

Selected variable "PHN*

SUT 3.21 Bunsvasriitendaduagiuiiies

d1UDIBUNAAINAAI9BITIETIINEWTDS wlsiladiwnaandu NL (Negative

61

Large), NS (Negative Small), Z (Zero), PS (Positive Small) ke PL (Positive Large) TupuLun

BETENINYI -2 MY D9 2 WLey lnglaaniuuaABunaNan1Imal

NL  ARUANISIENDS
NS ARUANISIERSS
Z  AuAnEees
PS  AMUANISIHLMDST

PL  MUUANISILLNDT

Fauandlugzui 3.22

[-2 -2 A -0.5]
[-1 0.5/ 10 J O]
(0.5 0 0 0.5]
[0 0.5 0.5 i ]
WY& 2 2 ]



4| Membership Function |

File Edit View

62

FIS

Membership plots Pt eoints: 181

DN

PHD

£

1.5 1 1 1.5 2

input varable "PHD"

Current Variable Current Membership Function (click on MF to select)
Name PHD Ko ‘
Type input dype 1 trimf
< Params |
Bangy 22
Display Range 221 Help | Ciose | '
Selected variable "PHD" ‘
JUN 3.22 BUNAAINAA1IYBITILBYIINLYUYDS

2) MIATNFIUNG

donsuBunavieaua azvinisasenguesileddunisasennuduiussswing

dunaluduenanale Weueglugunuuauduiugeadl “IF (x is A) AND (y is B) THEN (z is

Q)” Fldoanwuunguasiadnsiolul uaziodnandanudululaiansmuasei 3.14

1.

2.

3.

7.

8.

IF

(PHN is HAcid)
(PHN is HAcid)
(PHN is HAcid)

(PHN is LAcid)

AND (PHD is NL) THEN  (Drop is LDAcid1)
AND (PHD is NS) THEN (Drop is SDAcid1)
AND (PHD is Z) THEN (Drop is NoDrop1)

AND (PHD is NL) THEN (Drop is LDAcid1)

PHN is LAcid) AND (PHD is NS) THEN (Drop is SDAcid1)

(PHN is LAcid)

AND (PHDis Z) THEN (Drop is NoDrop1)

PHN is LAcid) AND (PHD is PS) THEN (Drop is SDBase)

(PHN is LAcid)

AND (PHDis PL) THEN (Drop is LDBasel)

9.1F (PHNis Neutral) AND (PHD is NL) THEN (Drop is LDAcid)

10. IF

(PHN is Neutral) AND (PHD is NS) THEN (Drop is SDAcid)

11.IF (PHNis Neutral) AND (PHD is Z) THEN (Drop is NoDrop1)



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

IF (PHN is Neutral) AND (PHD is PS) THEN (Drop is SDBase)
IF (PHN is Neutral) AND (PHDis PL) THEN (Drop is LDBasel)

IF (PHNis LBase) AND (PHD is NL) THEN (Drop is SDAcid)

IF (PHN is LBase) AND (PHD is NS) THEN (Drop is SDAcid)

IF (PHNis LBase) AND (PHDis Z) THEN (Drop is NoDrop)

IF (PHNis LBase) AND (PHDis PS) THEN (Drop is SDBase)

IF (PHN is LBase) AND (PHDis PL) THEN (Drop is LDBase)

IF (PHN is HBase) AND (PHDis Z) THEN (Drop is NoDrop)

IF (PHN is HBase) AND (PHD is PS) THEN (Drop is MDBase)

IF (PHN is HBase) AND (PHDis PL) THEN (Drop is LDBase)

= |
197190 3.14 NANITIAIUANATNLDY

NL NS z A& PL
HAcid | LDAcid1 | SDAcidl | NoDropl
LAcid | LDAcid1 | SDAcid1 | NoDropl | SDBase | LDBasel
Neutral | LDAcid | SDAcid | NoDropl | SDBase | LDBasel
LBase SDAcid | SDAcid | NoDrop | MDBase | LDBase
HBase NoDrop | MDBase | LDBase

3) nalnnisouuu
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File Edit View Options

PHN
X (input): PHN - Yaputy  pyp - Zloutputy gy |
X grids: D [ et |
Ref. Input: l[PIot points: 101 ” ‘ Close ‘ |
Ready |

T
11 :\!Ru’e Viewer: Rul

5U# 3.23 nsmituiiInsauauAfilayve s

§| File Edit ' View Options
PHN =7 PHD =0 Drop =-1.59-16
1 — \
2
3
4
5
6
7 A
8 A
9 A
10 i
1" A
12 17
13 \
14 N
15
16 1
17 )
18 A
19 i ] 1
20 = I
21 A
o o i o FN
[oei Jpervoms: o |[uove: e | oot | cown]_up ||

|Opmedsymmm,21nm

==

JUM 3.24 Ussananaluung)msmuauaAfitleyvesi

4) NM5VANEY

PnTuRpULNINAtuneull Aotunaulumsuuaidierdnmnantanissung ey

64

Y

sUrasszEznaasansazateUresiieusuAiitey wusiledianaenidu LDBase (Large

Drop Base), MDBase (Mideam Drop Base), SDBase (Small Drop Base), NoDrop, SDAcid
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(Small Drop Acid), MDAcid (Mideam Drop Acid), LDAcid (Large Drop Acid), LDAcid1
(Large Drop Acid 1), SDAcid (Small Drop Acid 1), NoDrop1, SDBasel (Small Drop Basel)
e LDBasel (Large Drop Basel) \flosnnsitdsunlaesansazarsannnanshdifunsa

< = v s o &
waznaaluiuiua Jsseseaniuuieinnaedyasiail

dauusnaziliuniseenwuuiendnsiieliuwazanaioyyds 6 i 7 1lea9ndns

n39uFYRYansazaeNldlutaudunsatazalivindu Inseanuwuulisadl

LDBase AMUUANITIILDS [-80  -51.12 -51.12 -40 ]
MDBase  ANAUANIIEILNDS 40 -30 -30 -27.78 ]
SDBase MAUANITIILDS [-27.78 -20 -20 -10 ]
NoDrop  fvuawiIsiliaes 10 0 0 10 ]
SDAcid AMNUANITILADS [21.11 4250 4250 57.22 ]
MDAcid MAUANITTLNBS [42.50 57.22 57.22 138.89]
LDAcid ANUANITTLRDS [57.22 138.89 138.89 166.67]

auidesaziluniseeniuuieAnmiiaiakazanAitovaiey 7 83 8 Al

LDBasel MAUANITHLRDT [-138.9 -83.34 -83.34 -55.56 ]
SDBase1l AMAUANITINMDT [-83.34 -55.56 -55.56 -27.78 ]
NoDropl = AMUANISHAES [30 0 0 30 ]
SDAcidl  AwuANISIHNeS [11.11 8334 8334 138 ]
LDAcid1 MIAUANITLRDS F114, %/ S0 150 220.78 ]

wandluguil 3.25
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File Edit View

Membership function plots =t ot 181

PHD

FIS V.
PHN

XN
Drop

TLDOELERESRENRINDp SDMIATEDA LDAEBA

100 150 200

Current Variable

Name Drop
Type output
Range 7[-500 500]
Display Range [-140 225)

Name
Type
Params

Current Membership Function (click on MF to select)

trimf

Help

Close

I Changing parameter for ME10to [-30.0.30]

]
]

JU# 3.25 @1nndnnungavesasaraedmsudiuiiiey

M13199 3.15 JeyauaninisuSuariievvesillevisuiuiiiu 6.91 Ysudu 6

A\ ALY y = ,
ATNLDY . ATNLBYIIN AAY
%ol g N UIUNYA i/ -
AN | N1999N17 . . WULBINANDIN | HANAIA
- LYULLDT (RRENT); , v
(Buwnl) | _ Uasedrsazany (3owaz)
(dunn2)
1 6 6.91 110 6.07 1.15
2 6 7.00 121 597 0.50
3 6 7.01 121 5.96 0.67

NNISNAABIUSUAIMILEYIIN 6.91, 7.00 waz 7.01 Tnduditey 6 wanaldsanisng

7 3.15 Faazdunaleinszuvaiunsausuaiealriandilndiies 6 1aase lagaziiuinien

puRanaIaLngnsosas 1.15 dedionnanodnafiladunisensula

A13197 3.16 Tayanannisusumiitetlnefitevsuduwiniu 7 sulu 8
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L ATNLDY 4 .
ATNLDY \ ATNLDYIN AR
g a | aa gl AMUIURYN . -

AN | NNBINNS . . LYULYDINRARN | HANAIN
R LYULYDT (Gl , Y
(@uwnl) | _ Uaogansazany (308@2)

(BuUnn2)
1 8 7.00 57 8.07 0.87
2 8 7.02 56 8.08 1.00
3 8 7.06 54 8.12 1.47

INAINAABIUSUAINLBVIIN 7.00, 7.02 waz 7.06 Tmduiiey 8 wanaldfinsig

7 3.16 FaazdunaleainszuvaiuisaUsuaritaslndandlnanioy 8 1aa5e Ineasiiiuinan

AURawAIALIINAnSeray 1.47 Fedonianerdnanlidunieeusula

3.4.3 N15US8UBUINUIUNEAVBIEITaTANY

Tuar Utz dun 1T UT s U B US I UIUNRE AVDIAITAL AU TS NI IUIUREAVD

ansarangUNasNeT 4 waz Wey 10 NheanNN1SAIUINNSIN BN UUAUIIUIURL AT

a1saza1enuuleasy wandlum1san 3.17 wagA1s19n 3.18

A13197 3.17 JayalaninsiseuimeuuIuneavesasarangUniwe ey 4

L anitldaniled A9zt nld .
s | .4 ANLRY AIAIY
A3e | ANLEY U MU _ -
a4 | do N U3ung Ysuns WNAWAIA
N | NhaIg . e Rea .
LYULYDS Gaaang) Giaaang) | (30989
1 6 6.38 65 3.25 70 3.50 7.14
2 6 6.38 65 3.25 68 3.40 4.41
3 6 6.38 65 3.25 67 3.35 2.98

a v = = ° o s al
M99 3.18 sUai,lﬂaLLﬁﬂﬂﬂ'ﬁLUiEJ‘UL‘V]EJ‘UQ"I'U'JUWEJ@GUENﬁ'ﬁa%a']EJU‘WLW@?‘WL'EJGU 10
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L AlaanHed GUEENTRLIN .
M . ATNLDY AR
A3e | ALY : :
U ~ U A
oy 9N U3unsg U3unsg WANATA
n | NF2IN3 .| ven nan y
LYULYDT adans) @adany) | (F098%)
1 8 6.38 57 2.85 62 3.10 8.06
2 8 6.38 57 2.85 59 2.95 3.38
3 8 6.38 57 2.85 60 3.00 5.00

NAITNN 3.17 Laza1s199 3.18 AvinisusuAfitesann 6.38 Tduiiey 6 uaz

a ° ay v ° & o w
WLOY 8 I@EH]'TU’JUWEJ@GUENﬁqiaSa'Tﬂmlﬁ]ﬁ]qﬂﬂqﬁﬁWUQ‘uuu@@ 65 NYALLAY 57 AREA UMY

waklavinnsuunenveIansazateasInUINaIsazateflanuassTuis 1 uuneailiwindu

AMLARINNITAIUNUINTTIWIUEAUINNT AL TIA ARG gARET 0.25 Tadans %5 5

e HAANUAInARDLENERaLTISaUaY 8.06

3.4.4 H78819N15ATUI

frad1eil 1 2 Ysulmdunsauindu

A O A W Yy 1 dAa s v v P !
LN@@QQWWL@%EWULWWﬂ‘U 7.2 LLa’Jﬂ’WlWLEJSULSMLGZIEJ‘J’mlﬂﬂEJ 7.9 Ifﬂﬂ"\]glﬂﬂqwﬁmqﬂ

Y89NLevAD -0.7

1) A5¥ie® (Fuzzification) Aan1sUsuAibedlmyindu 7.2 F99zUsenaunie

FUNAABIANABATNLDYFIUAITUN 3.26 uazAmaravesiilevAIgUN 3.27
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&
MNeutral LBase
1
<
>
=
2
[\
=
i 0.4
pad 0.3333 i
<
[cw
=) / /
D@ »
39
2 6.7 7 7273 8
A ASvy
ANRLeTNAILS

JUN 3.26 szaupnuluanBnvesailiesgiueiszauauduaundn
Wiy 0.3333 uag 0.4

F Y
ML NS
= 1
>
=
b
=2
\32 0.8
z )
I 0.4
(cw
=
99
N >
2 4 D705 0
oA Aoy
ANLRYNAILS

JUN 3.27 svauanuduaundnvesdmasisitesannuduandnvitiu 0.4

wae 0.6
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2) n1sUssLiuAIngueeilad (Fuzzy rule evaluation) lagflefduauidnves

3 [ . = (Y] 1 (Y] < a 1
1annazanean (clipped) 1ignusuruin (scaled) MUNAAITZAUATUIUUANITNVDIAIUY

Foulvduwalu “1” fauansluguil 3.28) uay 3.28%)

nf) 9) IF (PHN is Neutral) and (PHD is NL) then (Dorp is LDAcid)

MNeutral

/\

0.3333

v

ATNLOYFIY

&
NL
N \ AND >
\
\'.
ANANURANAIANLDY

31333

ng) 10) IF (PHN is Neutral) and (PHD is NS) then (Dorp is SDAcid)

03333 —F——————

v

ATNLE YU

NS

0.6 —ff—‘\‘ .
/ AMD

v

ANAURANAIANLDY

3UN 3.28 n1seunuigtluULILATY (n)

0.2333

LDAcid

[\

B

f @ (3 L3
LWoslguslomng

SDAcid

§f (3 L3
WaslgumnLemNe

v
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ng) 14) IF (PHN is LBase) and (PHD is NL) then (Dorp is SDAcid)

LBase ML SDAcid

0.4 0.4

Y

ALOTIU AIAIIURANAATLEY \Wasigudonving

ng 15) IF (PHN is LBase) and (PHD is NS) then (Dorp is SDAcid)

Y

& & r'y
LBase NS SDAcid
/'/A\ \, 'llﬂl.".
/.— \\\\ .I."Ill “-\
A \\\ o6 | —F Al
\\\\ fl “lll.(
AMLOYF Y AAURANAIATLEY \Wasigusionving

5UN 3.28 Moy uiediuukiuniil ()

3) N13394N4) (aggregation) VeNIINNLHANT GNUTZLUUATIR ﬂgﬁnmalmmﬂu
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SDAcid LDAcid

0.3333

\

JUT 3.29 msUssidludilanduanndniigisangen

=

4) msviailed (defuzzification) Feld35manmAudaie (centroid %38 center of

gravity, COG) a@wsamliainauinsi 3.3

b
a Ma (X)X

COG = &
 Ha(X)

(3.3)

R IannvessruuUsUAeYlusUN 3.29 aunsagUaualaanmsni 3.19

° Yo A
wazAunlaeal

A1519%1 3.19 AIF19LARIAINITAIUIUNT COG

X 29.270 | 45.4289 | 61.587 | 77.746 | 93.905 | 110.064 | 126.223 | 142.382 | 158.541

Y 0.4 0.4 0.4 0.4 0.3333 | 0.3333 0.3333 0.3333 0.3333

((29.27+45.4289+61.587+77.746)x0.4)+((93.905+110.064+126.223+142.382+158.541)x0.3333

COoG =
0.4+0.4+0.4+0.4+0.3333+0.3333+0.3333+0.3333+0.3333

COG = 90.606 nen
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veaansazateUiinasiiduaednaild WeltuSeuiiisuiudatannaisielusunsy
wunudulunisAwnasdalndifesiu widilanulnnaialieainn1suignainnisingen
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fienuranaadeuidniosnlusunsuiwiliiinanuianain wWisuieuranlusunsy

AU 3.31

IR e

Edit’ View = Options

PHN =72

S OO~ bhWwN

JUT 331 wan15AUIMAINTUTUNTILLNUEY
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firoenan 2 Usulimduiuaunnau

WWaRsAfileyg UM 6.8 uairmnieuugesinlane 6.5 lagazlarinasiig

299N0YAD 0.3

1) n15vinfled (Fuzzification) Asn1sUSUANNLYIAYINAU 6.8 §998Usenaunie

uUNAFRIAAATNLDYFIUAITUN 3.32 uagAnan1avesiilevaagun 3.33

9
- LDAcid Neutral
(- LA A
% Iy A% ™y
4 & /
g 4 g \\\
ﬁg / g ™, .-"'. I"'-.
N \
EE 0.4 £ g N \
03333 - RS \
= s by Y
&= & ™, \
33: A \\ %, .
-
£ 67 68 T 1.5
Aftoinaly

sUN 3.32 szauauluann@nvesaiieygiuenszauanutuaundn

WINAU 0.3333 wag 0.4

F 9
Z Ps
[
(>
=
b
]
o 05917
z /
g 0.4
[cw
=
29
w I
05 0 03 05 1
A AIvy
AN YNAILA

JUT 3.33 szauanuduaindnvesainasiieiiioraanuduaun@nviniu 0.4 uaz 0.5917
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2) M3UszliuAnguasiled (Fuzzy rule evaluation) lnefanduannnvediofng

Jzfngen (clipped) wiognuiuwun (scaled) murariszAuauduannTnvesdmiouls

Sumalu “i” Fauandluguil 3.30(n) wag 3.34(v)

ng) 6) IF (PHN is LDAcid) and (PHD is Z) then (Dorp is NoDrop1)

Y Y
LAcid Z
/\ A AND
0.4 _ . 04 —F
AMILDYF Y AIAURANAATILEY

nf) 7) IF (PHN is LAcid) and (PHD is PS) then (Dorp is SDBase)

0.4

ATNLE YU

U 3.34

0.5917

ANAIURANAINNLDY

RERIHI R RN G)

MNoDropl

0.4

v

§ < (3 L3
WaILgUALDIVING

SDBase

0.4

Y

§f (3 L3
WaslgumLe NG
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nf 11) IF (PHN is Neutral) and (PHD is Z) then (Dorp is NoDrop1)

Neutral Z NoDrop1

03333 04 0.3333

.
L

v

AMLOYFIU AIAURANAINTLOY \Wesiiusionving

n4) 12) IF (PHN is NeuTral) and (PHD is PS) then (Dorp is SDBase)

Neutral PS SDBase
P i \
-+ J,-"' \\ 0.5917 ' N
0.5 A AND /\
03333 % \
ANROTSIY ANANURANAINTILDY Wosldudienying

JUN 3.34 n1seurnuileBuuuuasni (1)
3) N1353N4) (aggregation) MAINANHNT gnussidiuAuay ngdikalivinduaugae
gnTImeiulagn1ssiuRaansvesileantuaudniiunsUssiiiu (ngdsnisingen
= v & Y v v g a o 1Y ! Y (3
v3en1suurn) vinuadmeiuluwaiedmiuudagiiudsiendnn lnen155iungas

[

lgnsevhgllouglansgun 3.35

v



SDBase NoDropl

0.4

/

AN

JUT 3.35 MmyUssidiuAileiduandniigisdngen

7

4) N15YNANGT (defuzzification) %ﬂ%ﬁ%mqﬂﬂuﬁdw (centroid %38 center of

gravity, COG) a@w1sawliannauinisi 3.3

COG =

b
weaHa (X)X

b
™ £ (X)

AT MNAVBITTUUUTUAILYLUIUN 3.36 anasandoyalaainmisnen 3.20

wagFuanleai

AT 3.20 MIFLARIAINITAILIN COG
X | -63.55 | -51.205 | -38.861 | -26.516 | -14.172 | -1.828 | 10.5164 | 22.8608 | 35.2052
Y 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

((-63.55-51.205-38.861-26.516-14.172-1.828+10.5164+22.8608+35.2052)x0.4)

COG=

COG = 15.1466 vgn

0.4+0.4+0.4+0.4+0.4+0.4+0.4+0.4+0.4




-15.1466

i

0.4

>

JUM 3.36 nsvhdfiedmeITmanaudiisvesssuumuANiileY
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ALBIANANLAINNITTNRATYNIAY 16.6 FINU18AIINTITEUULYIINITHEN
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wunwaulunisiwinazdailndlfesiy widilamuianaiaiesainnisiigeainnissingen

fmnumaaleaauLantasanlUsunsudsinliAsauRanate Wisuiisuatanluswasuy

AINAINTUN 3.37

File
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8
9
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Edit View Options

PHN = 6.8
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i
|
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0.3

Drop =-16.6
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N1SNABDILAZILATIZINE

Tuuniaznanifein1snegaun15vuYaINIsAIUANATIYYBIUNLARIAIUAY

a a wa Ly sl [ <
wuuiledasin Mnauautivesarsazatediesnsnwseduanudunsatasiuauas
a1sazanglvned vilvlduSunuasasanedulioslunisauauAiievuaain lvillaiie s 6,
7 uar 8 HUuunuanseiu AT dmaaauUseanSn1mvenIeenluaAuAIiiey lay

LUINISNAABY aam*fJu 2 MSNARDINENAIL
a oA H a o v I X
N1TNAADIN 1 ‘Vl@ﬁ’e]Uﬂ']‘U@Nﬂ'WWL@%%@QU’]ﬂiﬂAﬂiUiﬁﬂJﬂ’ﬂNL‘UUL‘Uaﬂﬂﬂ“UU

ANSNAFBIN 2 W@ﬁaUM‘U@Nﬂ'WﬁL@%%@Qﬁ?ﬂiﬁjﬂ%ﬂﬁﬁmmL‘f]ummﬂﬂ%u

4.1 MInagaunluANAmNiavasnsalusulitiauduuauna

dusunismaaeuniuaNafiovesnsdusulimmduuaindy audenis
naaooenly 2 Mimaasd laensnnaesdl 1 151asUsuafies 6 luilumfites 7 waznng
nAapsft 2 1519susuafites 7 liduaifiien 8 Lﬁa@‘U%mmm@ﬁuaamiazawﬁiﬂmﬁ
AIUANATTILDY LAEANMIARANAINTEN 2 NsnaapsIntoeiidl uazn1meaedlud

UsednEn1muinndt insievnle

4.1.1 nsneaReRIUANAITilaYYesnaNiiey 6 TUiluiiey 7

Tun1snaasatis1aglguINdNLeTUSENIM 6 LA2TIVININISNARRIUSUATNLOTUBIUN

TATAALEY 7 WaANULIUENIITMARDIWNIVNA 5 ATY TTURBUNITNARBIAS
1) wsgudndmiunsnaaeuining 400 dadanslutninesaugui 4.1
2) \UaLesemuauaniitey uawinsinaiiieeninaznnass

3) insantuiinAiitevnaunisnaass NUwsINay A uadldAfiey 7 asly

PNTUNAYL # LINBLTUNITAIUAY

4) FUNANITNARDILAIUUTNNA IULAAZTBUAILUANS 9T 4.1 Y98 1-4 19%uA 5

5) AIUUAIANURANAIAVDIANTTIALA LA TuTinMaadlun1sIe9n 4.2



JUM 4.1 MInAaeuUTEavEnIMYaLATRIAIUALATTLEY

‘SI o 9 Y o A I 3 a !
A15719% 4.1 assudnsIIuReanltusuneslulsazasIssuUUaes @1 Tazany

80

MSNNEBY | | L. | L L s sTuuinsUdesansazane
5 Novisudy | Areunneld .
ATV AUIUNYA A INInlA
1 5.93 7.00 92 6.81
2 597 7.00 92 6.88
3 6.04 7.00 91 6.91
4 6.02 7.00 91 6.85
5 6.07 7.00 90 7.02

A9 4.2 LANIANANURANAIALATATNLESIULAASASINSTUUUaR ANTATANY

sTuUrINIsUanedaNsazane
NANSNAADY o 4z : —
Y 4 CRATIGRI IR b Ca duws ANAURANATA
AN ANNLEININLA Y
(saway)
1 7.00 6.81 2.80
2 7.00 6.88 1.74
3 7.00 6.91 1.30
q 7.00 6.85 2.20
5 7.00 7.02 0.28
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IINHANITNARBINUIINITAIVANAINLBYAINANLEY 6 LUAITLEY 7 TeHANaTA
MNN1TRAeIgIaRagiidosay 2.80 wmHaiiinAumanAsunT el e ndu
nanavtlisfesusuiiliiiaiondunsaiu fefior 6 dufeindeufumsazanstiines
nsmaslUluiineu wazifloisnazufuaniion 6 undudifites 1sn3sfestdesansazans
Slosivaadluifuasazanedilmesnsaludnnesifisatu anauauifvesarsazaty
Silesineremdnwafiiedliasi dldininnisdunisdsuafiordues i
WAsuudaseferldtosdlddnuneavasasararslunisaauauuin Udesansnaisads

wagdlANHANaIngs

4.1.2 NMARBIAIUANAINLETVDIUIRINNLLY 7 lUmiNiay 8

1% ' 1
Y o aada Y = o A o

lunsvnassilisraz g ninesUsENIN 7 Wa397INIsnaassUsuaA1ilovYe el

v ¥
[

1A ALeY 8 LINBAINLUUGLINTINAADIINLA 5 ASI UYUNDUNITNAABIAIL
1) wsguhdmsunisneaesl3uins 400 daddasludninesaugun 4.1
2) WAATIMIUANATLEY kaIINN1TInANLEYYRIUNIIENARDS

3) yin1sanduindniitesneun1sveass NULLIINAYL A uasldrfies 8 adly

PNTuUnAUY # IBLSUNISAIUAN

4) #UNANNSNAFDILAIVUTINHA IULARL TOUAIUNIT NN 4.3 Y9198 1-4 N9ua 5

A9
5) FuRAIAINLARNA N URIATIRlE WaatuTinNaasluanT1eR 4.4
M19199 4.3 ns1ananssuIuvgaTlduSuTevluudazadafisyuuUdeyansazany
nsneans | | . o 4% szuunnsUasgasazane
5 4 NUSUAY | ANLRINASLS ,
GENIT AUIUNLA ANNLYNINLA
1 7.10 8.00 54 8.12
2 7.02 8.00 56 8.08
3 7.08 8.00 54 8.14
q 7.24 8.00 50 7.85
5 7.18 8.00 52 7.98
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A1519% 4.4 LansAamnuRanaalagAiesluuiasAsINssuLUansEsavany
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syuuvinsUaseansazane
MINARABY | . | Lz, : —
Y 4 ALaYNAILS o duus AAURANATN
AN Atarninla .
(Sowaz)
1 8.00 8.12 1.48
2 8.00 8.08 1.00
3 8.00 8.14 1.72
4 8.00 7.85 1.91
5 8.00 7.98 0.25

IINHANITNAFBINUIN N13AIUANAINLDYIMNANEY 7 bUA1ILaY 8 ARIRANAR

MNNIMAaDIEERegTIforay 1.91 31nwanIsnaaedaziulainA e uiuAIIfeInIs

wszhansavaretmesivaiiiey 10 T9psnsiUasunlasgeniiasazatedvinesiey 4

AIM15991 3.10 Uazn13199 3.11 39 lrnisauanAieyldiaidasuasiifianaini

1NANIIUMSUSIUBUUSEANS NNV IN1SNAAD S

4.2 MInadauAlUANANYRasnsaiusuliiaudunsaundy

dmsunisnagauAIUANAINEYYeIINSAUSUTAILTUNTANINTU L5192 WU

NM51AARaNUU 2 N1SNAABY N15NAAIN 1 L519zUSuAINeANTLLY 7 TUAILLY 6 Lag

N13VARRIY 2 L519zUTuAINe¥NTeY 8 ludiiley 7 Liegszazallunimual ay

FUIUATINAIUANVDINT 2 N15NAARINAUYE oL wagn1Tnaaeslnulivsedngain

UINNI WSl

4.2.1 NINARRIAIUANAINIBYVBIUIAINNLEY 7 TUnilas 6

Tunisnaasstiisnazl

YUINUNLDY

va 1 ~ o = & S A o &
s[fV]llﬂ']WLEJSU 6 WBDAIMULUUINIIWINNADIVNUUA 5 AT UIYUNDUNITNAADINIU

1) wsgudndmIun1snaaeUiuns 400 dadanslutninesaugui 4.1

2) \UaLASoamuAuAiiey wawinsinafileveiiasnaasineu 1 Ae

Useaal 7 wal3sinni1sneasausuaievuadun
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3)insandufinAiiteynounIsneass NUWsINadn A wadldaiiey 6 asld

PNTUNAYYL # L1INBITUNTTAIUAY

4) FUNANITNARDILAIUUTNKNA I ULAAZTBUAILUANS NN 4.5 91U 1-4 Vianum 5

A9
5) fuAANLRaNaInveIAInle wauTinnaaslunnsed 4.6
A15197 4.5 ansnauanssuauveafldUSuerluuazASsisyuuUdesansazans
mweass | |, ., o 4% sEuuIn1sUaagdasazane
Y WaBsuAY | ArNtenngl ,
A3V AMUIUNA A ININLA
1 7.01 6.00 121 6.04
2 7.00 6.00 104, 5.98
3 7.02 6.00 121 6.06
q 7.01 6.00 121 6.03
5 7.03 6.00 121 6.08
A15797 4.6 uansAALRananLaze e vluwsaraSfissuuldeansazaney
sTuuNINIsUangansazane
NNSNABD 4 N \\ g2 . -
5 - AL TNAILA R A ANAIINRANANA
AS99] AL AN AL 3
(3988Y)
1 6.00 6.04 0.67
2 6.00 5.98 0.33
3 6.00 6.06 1
q 6.00 6.03 0.50
5 6.00 6.08 1.32

1A 1

IINHANITNAGBINUIT N13AIVANAITLEYINAEY 7 TuATiey 6 Tdn1sudes
asavangiieUTuAiiaviiiessouliied uazllAnHAnaInINNSInaeIggnegisoyay 1.32

a0 a ° T A ya 1 A Y o = q v Y] ¢ v
ﬂ@?qﬂqﬂjqﬂmﬂwa’]ﬂmqLWT]SU'TV]Li']I‘UﬂJﬂ']WLE]‘UIﬂaLﬂEN 7 QQI‘U&W?@%@W&UWLW@iUiUIU

' v
a =

YSunauiitesdsliredinadon1svinufizeinisiasuilasaiiesiiintu



85

4.2.2 N3NABRIAUANANLEYVRIUIIINNLDY 8 Tunniitay 7

1% ] v
Y o aaa

Tunsneaestiisagldinninevuseunn 8 Lad3winn1saaesUsuaANiovVe U

1%
v

TAdlAfiteY 7 Womuuwiug s 3mMAaeavun 5 ATY TTUADUNITNAGRIRIT
1) wSgudndmIun1snaaeUiung 400 dadanslutninesaugui 4.1
2) \UaLASoamuAuAiiiey wawinsinafileveiasnaasineu 1 Ase

3) yinsantuiinAiitevnaunisnaass RnUwsInay A uaildafiey 7 asly

PNUAAYL # L1INBLTUNITAIUAY

4) AWNAN15NAARILATUTRNHNATULAAE SR UAIIUAIS T 4.6 919D 1-4 NIUA 5

Qe

A5
5) fuduAIALRRNa v TIAlE LaITuTinraadluns1aTi 4.8
A15197 4.7 ansananssuauveafldUSuTlerluuasASsiisy uuUdesansazans
asneaes | | L AN o syuuinnIsUaagansazane
y NDVSUAY | ANLEINAILA .
A3V IIUIUNYA ANNLYNINLA
1 1.92 7.00 113 7.05
2 7.94 7.00 115 7.20
3 8.03 7.00 121 6.96
q 8.01 7.00 121 6.92
5 7.95 7.00 115 7.18
A15147 4.8 uanIAIALRaNaIRLa AT vluLdaraSifissuLUderansazane
sTuurinnNIsUasednsazane
N1SNAADY o L% : —
s 4 AneuNAglA Cn duus ANAURANANN
AS99] AL YN IA LA .
(CREGH)
1 7.00 7.05 0.71
2 7.00 7.20 2.78
3 7.00 6.96 0.57
q 7.00 6.92 1.16
5 7.00 7.18 2.50
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RCl Labscan

RCl Labscan Limited

GN1017
Specifications
Appearance Clear, red solution
pH at 25°C pH 4.00 + 0.02
Traceable to NIST

Deviations of pH (ApH) at various temperatures :

5°C
10°C
15°C
20°C
25°C
30°C
35°C
40°C
50°C

ApH

-0.01
-0.01
-0.01
-0.01
+0
+0.01
+0.02
+0.02
+0.03
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Buffer pH 10.0 colour coded blue SAFETY DATA SHEET

H360 - May damage fertility or the unbomn child

Precautionary Statements

P201 - Obtain special instructions before use

P202 - Do not handle until all safety precautions have been read and understood
P264 - Wash face, hands and any exposed skin thoroughly after handling

P280 - Wear eye protection/ face protection

P302 + P352 - IF ON SKIN: Wash with plenty of soap and water

P305 + P351 + P338 - IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and
easy to do. Continue rinsing

P308 + P313 - IF exposed or concerned: Get medical advice/ attention

P332 + P313 - If skin irritation occurs: Get medical advice/ attention

P362 - Take off contaminated clothing and wash before reuse

P403 - Store in a well-ventilated place

P501 - Dispose of contents/ container to an approved waste disposal plant

Other information
No information available

Section 3 - Composition and Information on Ingredients

Component 5 CAS-No
Water 7732-18-5
Borates, tetra, sodium salts, decahydrate 1303-96-4
Sodium hydroxide 1310-73-2
C.l. Acid blue 9, disodium salt 3844-45-9

ISection 4 - First Aid Measures

Inhalation Move to fresh air. Get medical attention immediately if symptoms occur.

Ingestion Clean mouth with water and drink afterwards plenty of water. Get medical attention if
symptoms occur.

Skin Contact Wash off immediately with plenty of water for at least 15 minutes. Get medical attention
immediately if symptoms occur.

Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes.
Obtain medical attention.

Protection of First-aiders No special precautions required.

First Aid Facilities Eyewash, safety shower and washroom.

Most important symptoms/effects = None reasonably foreseeable.

Notes to Physician Treat symptomatically.

Section 5 - Fire Fighting Measures

Suitable Extinguishing Media
Use extinguishing measures that are appropriate to local circumstances and the surrounding environment.

Extinguishing media which must not be used for safety reasons
No information available.

Specific Hazards Arising from the Chemical
Thermal decomposition can lead to release of irritating gases and vapors.
Special protective equipment and precautions for fire fighters
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Technical Specification

ARDUINO

EAGLE files: _arduino-mega2560-reference-design.zip Schematic: arduino-mega2560-schematic.pdf

Summar

Microcontroller ATmega2560
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital 1/0 Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16
DC Current per /0 Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
the board
X “Test"” Power
/_@ Led 13 12¢] | Led
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The Theory of pH Measurement

pH measurement has a wide variety of industrial
applications in virtually every industry. These range
from water conditioning to specific process related
measurements to waste treatment.

WHAT IS pH?

pH is a measure of the acidity or alkalinity of a water
solution. The acidity or alkalinity of a water solution is
determined by the relative number of hydrogen ions
(H*) or hydroxyl ions (OH") present. Acidic solutions
have a higher relative number of hydrogen ions, while
alkaline (also called basic) solutions have a higher
relative number of hydroxyl ions. Acids are substances
which either dissociate (split apart) to release hydrogen
ions or react with water to form hydrogen ions. Bases
are substances that dissociate to release hydroxy!
ions or react with water to form hydroxy! ions.

In water solutions, the product of the molar concentra-
tions* of hydrogen and hydroxyl ions is equal to a
dissociation constant (K, ). Knowing the value of the
constant and the concentration of hydrogen ions
makes it possible to calculate the concentration of
hydroxAyl ions, and vice versa. At 25°C, the value of K,
is 10°% (see Figure 1).

Acids: HA = H' + A
acid hydrogenion anion
Bases: MOH - OH + M
base hydrogenion cation

(H) x (OH) = K, = 10" (25°C)

FIGURE 1. Acids and Bases

The concentration of hydrogen and hydroxyl ions can

' Molar concentration is a measurement of the number of atoms, molecules
orions in a solution.

Analytical

Hydrogen lon Concentration (Mole/Liter)

FIGURE 2. pH Values of Acids and Bases

vary over 15 orders of magnitude in water solutions.
Even common household items can reflect this wide
variation (Figure 2).

pH is sfrictly defined as the negative logarithm of the
hydrogen ion activity (a,,):

pH = -log,, ay

The hydrogen ion activity is defined as the molar
concentration of hydrogen ions multiplied by an activity
coefficient, which takes into account the interaction of
hydrogen ions with other chemical species in the solution.
In practice, pH is often assumed to be the negative
logarithm of the hydrogen ion concentration:

pH = -log, [H']

In this form, the usefulness of pH as a convenient
shorthand for expressing hydrogen ion concentration
can be seen on page 2, Figure 3:

At 25°C, a neutral solution has a pH of 7.0, while solu-
tions with pH < 7 are acidic and solutions with pH > 7

4
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PH  [H*] [OH "]
0 1.0 .00000000000001
1 0.1 .0000000000001
2 0.01 .000000000001
ACIDIC 3 g.0m 00000000001
4 0.0001 .0000000001
S 0.00001 .000000001
6 0.000001 .00000001
INeutral 7 0.0000001 .0000001
8 0.00G00001 .000001
9 0.000000001 .00001
10 0.0000000001 .0001
BASIC 11 0.00000000001 .001
12 0.000000000001 .01
13 0.0000000000001 0.1
14 0.00000000000001 1.0

ION CONCENTRATION, MOL/L
FIGURE 3. lon Concentration, MOL/L

are alkaline. The normal overall pH range is 0 to 14
pH, although solutions containing non-water solvents
can have pH values outside this range.

THE MEASUREMENT OF pH

pH measurement is based on the use of a pH sensi-
tive electrode (usually glass), a reference electrode,
and a temperature element to provide a temperature
signal to the pH analyzer.

The pH electrode uses a specially formulated, pH sensitive
glass in contact with the solution, which develops a
potential (voltage) proportional to the pH of the
solution. The reference electrode is designed to
maintain a constant potential at any given temperature,
and serves to complete the pH measuring circuit within
the solution. It provides a known reference potential
for the pH electrode. The difference in the potentials of
the pH and reference electrodes provides a millivolt
signal proportional to pH.

Most pH sensors are designed to produce a 0 mV
signal at 7.0 pH, with a (theoretically ideal) slope
(sensitivity) of -59.16 mV / pH at 25°C.

500
400 4
300 3 Slope of (-} 59.16
200 mipH Unit
100 <
0 4
100 -

T
%

Pe—y

¢ 1 2 3 4 5 @ 7 8 9 10 11 12 13 4

L v T Pr———
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Reference
Electrode

pH Electrode Temperature
Element

pH and reference electrode combination exhibits an
isopotential point, which is a pH and millivoit potential
at which the potential is constant with temperature
changes. The isopotential point is most frequently
designed to be at 7.0 pH and 0 mV. Using the isopo-
tential point with a theoretical knowledge of electrode
behavior makes it possible to compensate (correct)
the pH measurement at any temperature to a reference
temperature (usually 25°C), using a temperature signal
from the temperature element. This makes the pH
measurement independent of changes in the elec-
trodes' output with temperature.

pH MEASUREMENT IN PROCESS SOLUTIONS

The potential effects of process solutions on pH sensors

Error in pH pH Glass Electrode Output
Units
0.6 ”
04 < //
02 T~ PP
. N ¥
0 “MNN:\\‘ //w"’"”'”d
—
A, EAREREZ AR SR
t = AN
| A
0.4 = S
//
0.6 -

{7+ 0C ==100C —~20C —+-25C —=-30C ——40C —— 50C|

will require a more detailed look at the construction of
pH and reference electrodes. But first, some basic
properties of the pH of water solutions need to be
examined.

pH IN AQUEOUS SOLUTIONS

Praciical pH Measurement Range

Although the range of pH measurements is defined to
be 0 to 14 pH, solutions with pH values near the
extremes of this range are often better measured
using conductivity.

At pH values below 1.0 pH, the glass pH electrode
can be subject to acid errors, and the sensor can be



subject to chemical attack. Solutions with a pH in this
range have an acid concentration at, or approaching the
percent by weight range, which will have conductivity
likely to be large in comparison to other electrolytes in
the solution. A toroidal conductivity measurement, with
a read-out in percent acid, can often be successfully
applied in these cases and will be a far more accurate
measurement of acid concentration than pH.

In the case of high pH, the reason for switching to a

Conductivity
{microSiam
1,000.000

100,000
10,000
1.000

conductivity measurement is more compelling: highly
alkaline solutions quickly destroy glass pH electrodes.
If the nominal pH is expected to be above 13 pH, a
conductivity measurement should be considered.

Solution pH Changes with Temperature

pH vs Conductivity for a Strong Base
S ("

The pH of a solution can change with temperature,
due to the effect of temperature on the dissociation of
weak acids and bases, and the dissociation of water
itself. In fact, any solution with a pH of 7 or above will
have some degree of temperature dependence. How
much this will affect the measurement will depend
upon the composition of the solution and how high the
nominal process temperature is above 25°C. This
behavior is frequently the explanation for discrepancies
between laboratory and on-line pH measurements.

Modern pH analyzers allow their temperature compen-
sation routines to be modified to take into account
solution pH changes with temperature as well as
changes in the millivolt output of the electrodes.
Simply entering the temperature coefficient of the
solution (pH change per degree C) into the analyzer
does this. While the temperature coefficient can be
calculated for simple cases, it is often necessary to
measure it in the laboratory by noting the pH at various
temperatures. If the composition of a process
changes, the temperature coefficient can also change;
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therefore, the final product composition should be
used for determining the solution coefficient.

Processes with Mixed Solvents

The conventional pH analyzer and sensor are
designed to measure the pH in water solutions. When
a non-water solvent is present in appreciable quantities,
the pH reading will be shifted from the expected value
by effects of the non-water solvent on the pH and
reference electrodes, and effects on the activity of
hydrogen ion itself. Since pH sensor components are
designed for use in water, the non-water solvent may
attack seals and O-rings.

There are a few mixed solvent cases that can be
considered:

(1) A solvent that is miscible with (mixes with) water
may cause a shift in the pH reading, but if the solvent's
concentration is above 15% by weight, it may dry the
pH electrode, requiring periodic rewetting of the sensor
by water.

(2) A solvent that is non-miscible with water will likely
not have an appreciable concentration of hydrogen
ions; most will be in the water phase. It is better to
make the measurement in a place in the process
where the water and solvent phases separate and
keep the pH sensor in the water phase.

(3) Completely non-water process measurements may
only be possible with periodic rewetting of the pH
sensor with water, and may also require a specially
designed reference electrode.

In all of the above cases, pH measurement of the
mixed solvent solution should be studied in the labora-
tory before going on-line, and the study should include
prolonged exposure of the pH sensor to the process
sample.

PROCESS EFFECTS ON THE GLASS pH
ELECTRODE

A glass pH electrode consists of an inert glass tube
with a pH sensitive glass tip, either hemispherical
(bulb) or flat in shape, blown onto it. The tip contains a
fill solution with a known pH, and it is the influence of
this solution on the inside of the glass tip versus the
influence of the process solution on the outside that
gives rise to its millivolt potential. Ideally, the pH elec-
trode will have a slope (response) of -59.16 mV/pH,
but in practice, a new electrode may only have a slope

Glass

Body
Ag/AgC!
lrlden;,ﬁ * Shield
Wire

pH Sensitive Eil
Glass Solution



of -57 to -58 mV/pH. As the electrode ages, its slope
decreases.

Temperature Effects

In addition to changing millivolt output of the pH electrode,
elevated temperatures accelerate the aging of the
electrode. Extremely high or low temperatures can
alternatively boil the fill solution or freeze it, causing
the electrode tip to break or crack. Elevated tempera-
tures can also affect the interior and exterior of the pH
electrode differently, giving rise to asymmetry poten-
tial, which shifts the zero point of the pH electrode and
changes its temperature behavior, which leads to
temperature compensation errors.

Sodium Error

More correctly called alkali ion error, sodium ion error
occurs at high pH, where hydrogen ion concentration
is very low in comparison to sodium ion concentration.
The sodium ion concentration can be so high relative
to hydrogen ion contration that the electrode begins to
respond to the sodium ion. This results in a reading
that is lower than the actual pH. Depending on the pH
glass formulation, this can occur as low as 10 pH.
Where accurate high pH readings are required, the
upper pH limit of the pH electrode should be checked
and a specially formulated, high pH electrode used if
necessary. Compared to sodium, lithium ions will
produce a larger error, while the effect of potassium
ions is negligible.

Components Attacking pH Electrodes
Caustic

As noted earlier, high concentrations of hydroxyl ions
shorten the life of pH electrodes. Solutions, that reach
a pH in excess of 14 pH (equivalent to 4% caustic
soda) can destroy a pH electrode in a matter of hours.
There is nothing that can be done to prevent this,
short of simply avoiding pH measurements in these
solutions and using conductivity instead.

Hydrofluoric Acid

Hydrofluoric acid (HF) also dissolves pH glass, but
there are pH glass formulations designed to resist
destruction by HF, which when used within their limits
can give satisfactory electrode life.

It is important to note that, while only hydrofluoric acid
(HF) attacks glass and not fluoride ion (F-), hydrofiuo-
ric acid is a weak acid. Therefore, a solution can con-
tain a relatively high concentration of fluoride ion at a
high pH and do no damage to the electrode. But if the
pH of the solution decreases, the fluoride ion will com-
bine with hydrogen ion to form HF, which will damage
the electrode. So, it is important to look at the
extremes of the pH measurement (even in process
upset conditions) and the total concentration of
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fluoride in the solution to determine what the maximum
concentration of HF will be.

PROCESS EFFECTS ON REFERENCE
ELECTRODES

The common reference electrode used in pH mea-
surements consists of a silver wire coated with silver
chloride in a fill solution of potassium chloride. The
purpose of the potassium chloride is to maintain a
reproducible concentration of silver ions in the fill
solution, which in turn, results in a reproducible potential
(voltage) on the silver-silver chloride wire. For the ref-
erence electrode to maintain a reproducible potential,
the fill solution must remain relatively uncontaminated
by certain components in the process solution.

At the same time, the reference electrode must be in
electrical contact with the pH electrode through the
process solution. A porous liquid junction of ceramic,
wood, or plastic, which allows ions to pass between
the fill solution and the process, typically does this.
This passage of ions between the reference electrode
and the process is necessary to maintain electrical
contact, but also creates the potential for contamination
of the reference fill solution by components in the
process solution.

Reference Poisoning

REFERENCE
ELECTRODE
COMPONENTS

I" 1 + Internal element- Ag\AgC

et + Electrolyte fill - KCVAQCH
4

§ ‘

The mechanism of reference poisoning is a conversion
of the reference from a silver-silver chloride based
electrode to an electrode based on a different silver
compound. The ions, which typically cause this form
less soluble salt with silver than does chloride. These
ions include bromide, iodide, and sulfide ions. When
these ions enter the fill solution, they form insoluble
precipitates with the silver ions in the fill solution. But
there is no initiai effect on the potentiai of the reference,
because the silver ions lost to precipitation are replen-
ished by silver ions dissolving off the silver chloride
coating of the silver wire. It is not until the silver chloride
coating is completely lost that a large change in the
potential (and temperature behavior) of the reference
occurs. At this point, the reference electrode must be
replaced.

« Liguid Junctions



Poisoning can also occur by reducing agent (bisulfite)
or complexing agents (ammonia), which reduce the
concentration of silver ion in the fill solution by reducing
it to silver metal or complexing it.

To counter this effect, multiple junction reference elec-
trodes are used, which consist of two or more liquid
junctions and fill solutions to slow the progress of the
poisoning ions. Gelling of the reference fill solution is
also used to prevent the transport of poisoning ions by
convection.

)
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Liquid Junctions

A new approach is the use of a reference with a long
tortuous path to the silver-silver chloride wire, along
with gelling of the fill solution.

Plugging of the Liquid Junction

To maintain electrical contact between the reference
electrode and the pH electrode, there must be a rela-
tively free diffusion of ions between the reference fill
solution and the process solution. In some cases,
large concentrations of an ion that forms an insoluble
precipitate with silver ion (most notably sulfide ion) will
precipitate within the liquid junction and plug it. Metal
ions that form insoluble salts with chloride ion (typically
the heavy metals: silver, lead, and mercury) will also
precipitate in the liquid junction.

When the liquid junction is closed to migration, the pH
reading will drift aimlessly.

To counter these effects, multiple junction reference
electrodes have been used with the outermost fill solu-
tion containing potassium nitrate, rather than potassium
chloride. This lowers the concentration of chloride
available for precipitation by heavy metals, as well as
lowers the concentration of free silver ion, which can
precipitate with sulfide.

Liquid Junction Potential

Potassium chloride is chosen for the fill solution not
only for its ability to solubilize silver ion, but also
because it is equitransferent. Equitransferent means
that the positive potassium ion and the negative chloride
ion diffuse through a water solution at nearly the same
rate. When diffusing through the liquid junction of a
reference electrode, both the positive and negative

ions tend to move together and maintain a net zero
charge at all points within the liquid junction.

However, not all solutions are equitransferent, and
when the process solution is not, a liquid junction
potential can result. When a positive ion diffuses
through the liquid junction faster than a negative ion,
or vice versa, a charge imbalance will result. This
gives rise to an opposing potential, which is liquid
junction potential. The magnitude of this potential
depends upon the composition and concentrations in
the process solution and the design of the liquid junction.

This potential gets added to the potentials of the pH
and reference electrodes and causes an offset to the
pH measurement of typically a few tenths of a pH.
This phenomenon normally takes 15 to 20 minutes to
develop after the pH sensor is put on line. pH buffer
solutions, used to calibrate pH measurements, are by
and large equitransferent, so returning a freshly
buffer-calibrated pH sensor to a buffer solution from
the process will show an offset in the buffer until the
liquid junction potential subsides.

The remedy for liquid junction potential is to standardize
the pH measurement after the sensor has been put
on-line and has stabilized.

LIQUID JUNCTION POTENTIAL

N

Reference E
Potential ~REF

pH
|| Epx Electrode
Potential

Liquid
Junction =i
Potential ——

\I

Process
E=Epy-Erer +E;

pH SENSOR COATING AND CLEANING

Undissolved solids and liquids in a process can coat a
pH sensor, drastically increasing its response time or

even plugging the liquid junction of the reference elec-
trode. Depending upon rate of fouling, the sensor can

either be cleaned manually or on-line.

Manually cleaning the sensor should be done with the
mildest effective cleaning solution possible. Alkaline
deposits can be removed with weak acid solutions
(5% HClI or vinegar), while acid deposits may be
removed with mild caustic (1% caustic soda). Organic
deposits (oil and grease) can often be removed with a
detergent solution, but a more tenacious coating may
require the use of a solvent. The solvent used should
be carefully chosen to avoid attack on the sensor's
O-rings and seals.

In all cases, the exposure to the cleaning solution
should be minimized to limit the amount of cleaning
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solution entering the liquid junction. Cleaning solution
that enters the liquid junction can create a liquid junction
potential, which will persist until the cleaning solution
components diffuse out of the liquid junction.

On-line cleaning reduces maintenance in processes
that quickly foul the sensor. Ultrasonic cleaning was
the first approach to on-line cleaning, but was ineffective
on soft or gelatinous coating, and only marginally
effective with hard crystalline coatings, which it was
designed to address. It has, for the most part, been
abandoned as a cleaning method.

One of the most fruitful methods for on-line cleaning
has been the jet spray cleaner. This method directs a
spray of water or cleaning solution at the face of the
pH sensor at timed intervals or based on a high refer-
ence impedance alarm (see Reference Electrode
Impedance [next page]).

A new liquid junction design, the hydrolysis reference
junction (TUpH™), has proved effective in avoiding the
effects of severe coating. The TUpH junction uses
extremely small pores, difficult to penetrate by most
particulates and suspensions, over a relatively wide
area. Use of this junction can drastically reduce the
required frequency of manual cleaning and, in most
cases, eliminates the need for on-line cleaning.

CALIBRATION
Buffer Calibration

Buffers are standard solutions formulated to maintain
a known pH in spite of small amounts of contamination.
Buffer calibrations use two buffer solutions, usually at
least 3 pH units apart, which allows the pH analyzer to
calculate a new slope and zero value to be used for
deriving pH from the millivolt and temperature signals.

The slope and zero value derived from a buffer
calibration provide an indication of the condition of the
glass electrode from the magnitude of its slope, while
the zero value gives an indication of reference poisoning
or asymmetry potential. Overall, the buffer calibration
can demonstrate how well the pH sensor responds to
pH.

Buffer Calibration Errors

Buffer solutions have a stated pH value at 25°C, but
when that value is 7 pH or above, the actual pH of the
buffer will change with temperature. The values of the
buffer solution at temperatures other than 25°C are
usually listed on the bottle. The pH value at the cali-
bration temperature shouid be used or errors in the
slope and zero values, calculated by the calibration,
will result. An alternative is to use the “buffer recogni-
tion” feature on modern pH analyzers, which automati-
cally corrects the buffer value used by the analyzer for
the temperature.

™ TUpH is a trademark of Rosemount Analytical.
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Another type of calibration error can be caused by
buffer calibrations done in haste, which may not allow
the pH sensor to fully respond to the buffer solution.
This will cause errors, especially in the case of a warm
pH sensor not being given enough time to cool down
to the temperature of the buffer solution. Current pH
analyzers have a “buffer stabilization” feature, which
prevents the analyzer from accepting a buffer pH
reading that has not reached a prescribed level of
stabilization.

Grab Sample Standardization of pH

Standardization is a simple zero adjustment of a pH
analyzer to match the reading of a sample of the pro-
cess solution made using a laboratory or portable pH
analyzer. It is most useful for zeroing out a liquid junc-
tion potential, but some caution should be used when
using the zero adjustment. A simple standardization
does not demonstrate that the pH sensor is respond-
ing to pH, as does a buffer calibration. In some cases,
a broken pH electrode can result in a believable pH
reading, which can then be standardized to a grab
sample value.

A sample can be prone to contamination from the
sample container or even exposure fo air; high purity
water is a prime example. A reaction occurring in the
sample may not have reached completion when the
sample was taken, but will have completed by the time
it reaches the lab. Discrepancies between the labora-
tory measurement and an on-line measurement at an
elevated temperature may be due to the solution pH
being temperature dependent; adjusting the analyzer's
temperature compensation (not a zero adjustment) is
the proper course of action. Finally, it must be remem-
bered that the laboratory or portable analyzer used to
adjust the on-line measurement is not a primary pH
standard, as is a buffer solution, and while it is almost
always assumed that the laboratory is right, this is not
always the case.

pH Diagnostics

The most straightforward way to validate the accuracy
of a pH analyzer and sensor is by a buffer calibration.
This is not possible during on-line operation, and, in
general, the only clue to an on-line problem is a pH
reading that is clearly impossible, given what is known
about the process.

Over the years, on-line pH diagnostics came into use
with the advent of the microprocessor driven analyz-

ers. But these early diagnostics were restricted to the
pH analyzer only. They provided self-checking of the

analyzer and detection of electrode and temperature

sensor inputs that were out of range due to shorts or
open circuits.



pH Sensor Impedance Diagnostics

The pH sensor is the most maintenance intensive part
of the pH measurement, and with the widespread use
of disposable pH sensors, it is likely to fail after 6 to 12
months of use, or even sooner in severe applications.
Failures can occur slowly, such as the gradual loss of
pH electrode slope or poisoning of the reference electrode.
Or they can occur suddenly or catastrophically, as in
the case of pH electrode breakage or coating and
plugging of a reference electrode. In either case, failure
might go undetected until the next routine buffer
calibration. The purpose of impedance diagnostics is
to detect these problems in real time.

Glass pH Electrode Impedance

Glass pH electrode impedance is in the range of 10's
to 100's of megOhms and is strongly temperature
dependent. A crack or break in the glass electrode
creates a short, which results in an impedance of 1
megOhm or less. Detecting broken or cracked pH
electrodes requires impedance measurement circuitry
with temperature compensation and the simple setting
of a low impedance alarm.

Reference Electrode Impedance

The overall impedance of a reference electrode is a
sum of the resistances of its components with the
largest being the liquid junction. This is due to the
limited volume of current carrying electrolyte within the
liquid junction. Coating or blockage of the liquid junction
further increases the impedance of the liquid junction.
Detection of coating or blockage involves setting a
high reference impedance alarm.

SUMMARY

pH measurements are based on the response of a pH
sensor to the logarithmic concentration of hydrogen
ions in solution and are a measure of the acidity or
alkalinity of a solution. There are a number of factors
that should be considered for on-line pH measurements.
These involve the temperature behavior of the solution
pH, the composition of the process solution, and the
potential for fouling of the sensor by undissolved
material in the process. Contemporary pH analyzers
offer the user calibration routines to improve the accu-
racy of calibrations, as well as diagnostics to detect
pH sensor failure on-line.
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Emerson’s Asset Management Solutions software is an excellent tool for tracking changes in the condition of the
pH sensor. The Windows-based software can continuously display live values of sensor diagnostic variables
when used with a compatible HART device. For more information, see Application Data Sheet 43-017.



INSTRUMENTATION

Model 54e pH
Microprocessor Analyzer

« NEMA 4X (IP65) weatherproof,
corrosion-resistant enclosure.

« Comprehensive pH glass and
reference diagnostics.

* Fully descriptive diagnostic messages.

* Two independent outputs.

« Back-lit dot-matrix display.

« HART and AMS aware.

« Optional TPC relays and PID current outputs.

Model 5081 pH/ORP
Smart Two-Wire Transmitter
* Hand-held infrared remote control

link to activate all the transmitter
functions.

« Large custom LCD display.

» NEMA 4X (IP65) weatherproof, corrosion-resistant
enclosure.

» Comprehensive pH glass and reference diagnostics.

* Non-volatile EEPROM memory to hold data in event of
power failure.

« Compatible with FOUNDATION fieldbus and HART
communication protocol and AMS software.

Emerson Process Management

2400 Barranca Parkway
Irvine, CA 92606 USA
Tel: (949) 757-8500
Fax: (949) 474-7250

hitp://www.raihome.com
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Model 396P pH/ORP
TUpH Sensor

* Polypropylene reference junction
and helical pathway mean
longer sensor life in process
solutions containing heavy
solids.

» Disposable, one-piece construction is convenient and
economical where minimal troubleshooting and mainte-
nance downtime are of prime importance.

* Versatile. Can be used in numerous loop configurations
with all Rosemount Analytical and other manufacturers’
instruments.

Model 396R Retractable
pH/ORP TUpH Sensor
* Rugged titanium and

polypropylene construction for
maximum chemical resistance.

¢

* Longer sensor life and reduced maintenance.

* Retractable version for greater insertion depths.
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