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ABSTRACT

This paper concerned with the study and development of Supervisory Control
and Data Acquisition (SCADA) system for monitoring fault diagnosis, parameter error,
fuzziness, and uncertainty of control system. At present, the SCADA system provides
only the procedure of monitoring and on — off device. Therefore, we introduce the
method that SCADA system with fuzzy logic module. This new method can optimize PID
(Proportional Integral Derivative) parameters using Personal computer to logically
analyze data from PLC (Programmable Logic Controller). We bring this method to apply
to The KHAO SHONG INDUSTRY plant .We used fuzzy logic for calculate control
parameter take control on the machine. The result of this experiment, Fuzzy module is
more controllable, efficient, and precise than non-fuzzy module. Eventually, we can

apply this method with industrial and factory automation.
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Ethernet Ethernet - -

SCADA flg e TRAEU
HAb < > MACHINE

1/0
Ethernet : PLANT/
PLC = MACHINE
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1% 2.1 madenseuuuNuguluszul SCADA Tnafinsidansiauiiy Ethernet
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noulnzalee anuafaU e el waziannguutsnillEwaunis G
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nlusspenfinneflfmileuiulssnuadannniign iy senyiuafudiia s Tae
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Anugnanalfluteniuafifaaiu udazgnarindasauindunnuazianfwanldanu uaz
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gnanAAnIaitus A AN AR unA-e Fyafignidanididy §rdldeuRenuuy
Developer azilsnAgeandauuy  Runtime  WuauiaBunm-weianmvindume d1uuy
Developer fldanansaiinisulanuvieutladiinlgldnnsdrunsmiinuaznisionundd
nsdunauaziansmm Gufluuuy Runtime n1efldanuazgninianiafunisimnimnig
nelin waazuflannsBunmuaziansmald nefidauliuansinatnsaniuafaaaiim
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o
&
5
3

Bl
[d
=i
=
2
=
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Device Stalus
PuUmipA i
, Pump B
VB2

| 15:27:50  5/20,2004 BedDepth | HIGH

511912.3 uamagiinsruaunis GUI vesanmnaassaniyiuaf CITECH
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2.1.1 MINVBITTUUENIAN
1. faonilanssuuuy Client-Server
A ] o = ' [

2 . fiauannsalumsidensiags wazanansaiaudaszseiuld

o A ] o Ly rnll b4
3. awnsainnsidenserugLnsailszgniauls
4. gansainanuilu Graphical HMI wuuiadauluald
5. fn1aiuANYTaNnieIu LLUBUAENT SQL Server WU Real-time Relational

Database



6. aAunsaldanAaniy PLC 16 wazeasdu Object Linking and Embedding COLE

7. fanutiavgjuluniswmuniysunsugs

8. aunsndngluuunszuaunnsiding

T AR EEN AL R MRS AR R = Ll x)

e DO Tler

come |

Engine Demonstration

aphics capabilities of CX-Supervisor

=l g
519 2.4 uanegUnszuIUNITAILAN CX-Supervisor

2.2 Tﬂsaﬂhﬂu,azmsﬂ'amwmszuuamm

f-ﬁmwiu'nmm:‘ﬂq"hy'ﬁmmmmmmszuuﬂmm anetihawilde nnadanisdunis
dagnslulasstng Tasgounnnazausaidensiaiy Remote Terminal Unit (RTU) waz
Programmable Logic controllers (PLCs) Tmm:‘%ufaauiﬁuTﬂTTﬂﬂﬂan'\ﬁ‘%"ﬂmﬂm PLC W
ﬂ:u?‘ﬁ'w&u']uamqmmL%ﬂmiﬂn"u Intelligent electronic device (IEDs) @MM17UAAY

] . R
swuunsidentaslassdnaessziugniasalugii 2.5 [13]



Corporate

Data
Warehouse

SA System

.

Data

Concentrator

Router

l SA LAN User Interface

= |
GPRS Time Reference 1 {_T'_‘
Dircct NIM NIM
15 sl B e
525] IED
[T T 1] IED IED
Inputs&

Remote Access

Qutputs
< i \
g1 2.5 uuunsitenlalaseingaesszuuanian

2.2.1 Tlslnnaa

Wslnreanisieanniunisdeansseudnegiingal 2 i Tmﬂqﬂmrﬁﬁ’mfaqﬁas’fﬂaqﬁ
Wslnneaflmilouty dgunsaffdisinpearisiuasfioansiulals aunsalineiu Aos
WA nuiEmuamaafiuvzaeld mm:ﬁuﬁﬂ?ﬁqunﬂ?ﬁamw?Lﬁﬂqﬁu T lilunmsgnu
sinnaslugnaunssnazinoufage uazdss@ndnangedon Haouifalunisds
Uz 10 Mbls vdefinnsuas 100 Mofs Ai3andnszuu Ethernet Tasnnsdaansildfinsie
fugunsnflnginfiaz\dagi 1200-9600 bis ﬁﬂﬁs:ﬂquag’uq R P LTI DE LR PIE T RE
Uszanas 56 Kols TakLLMNASFIMNNSARANTULY RS-232, RS-422AUA% RS-485 31Ul 2.6

auitlusinatneraellsinAaaa SYSMAC WAY2249Li5#M Omron Electronic

Unit no Beginning word No.of words C
@ 11 of R |R 3 2 1 0 5 4 1 o| FCS * B
x10|x1o X10 X10 X10 X10 | X10 X10 XI0 X10 |
; Response Data From Beginni Data From second I
Unit no Code |€— wﬁgm—ng»«— Word  —»]
@l 1 dRr|R| P (€3 P4, RS T, T S | K
X10| x10 X10 X10 | X10 X10 X10 XI10| X10 X10 X10 X10 |

d [ o = a
31/%1 2.6 uamalilsTnnaaans PLC Tun1siu-dedayaaes PLC Omron NUABNRILADS



2.2.2 NMSARETWUL Ethernet
2.2.2.1 IP ADDRESS Configuration
nnsdaasuuy Ethemet  1lUsTmmaaynuuy TCPAP  Tnadldsuanuisos

WHNELAT IP address @miun1sAaansmNANIInzaNTeElF Thefanuneiaaiisn
Host Computer Lae 17‘; Ethernet Card Ltﬁiﬁ:ﬂuﬁﬁl mumﬂsﬁ’mum]
fleuazanadaniunuantid Ethernet  Units 98915 Omron  Electronic 1
CSIW-ETNO1 Tneifiasiaifu PLC §u CS1d3 A1 IP address Haun 32 fim Tasuinilu 4
dou udazdauilauns 8 dm wazinsusedulasadaeilu 5 szau Aa A, B, C, D, E s
sudulngedne D way E azlifinaslilananunsauamednizaed IP address WARZIZAU

TAsadng dagn 2.7

Bit 31
23 00
Class A | 0 |Network number ( 7 bits) Host number(24 bits)
Bit 31
15 00
ClassB | | o [Network number (14 bits)| ~ Host number(16 bits)
Bit 31
7 00
ClassC |1 |1 |q | Network number ( 21 bits) | Host number(8 bits)

Bit 31 00
ClassD |1]1]11]0 Multicast address

Bit 31 00
ClassE |1|111/1 Test address

d o 1] or 1]
51lfl 2.7 dnwuraes IP address uaazszALlaseng
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Anuouaadlasadne LAa s ULATANNLANANNTAAN I UTNUALARETEALLAAY
TuAN9199 2.1

= ° : o a
AN949N 2.1 LAANATUIUTLBY Host LLF]@:T'JG]U‘IE@QEL’VI@%LHV]

sEAU | AruUTATeTNg ANUMLRY Hosts
JUAL A UNALAN 2%_ 2" max (16,777,214 max )
srAL B UIANAN 2'°. 2° max ( 65,534 max )
926U C PRI 2% _ 2% max ( 254 max )

2.2.2.2 Subnet Masks

nssmBnauuaznisdanisdnussuuiaseing uFesnieanwaaunas drnnely

4' =

v '
niaasAnsinanaiasaang aﬂﬁﬂﬂ?ﬁéﬂuqﬂtﬂﬁlﬂ'ﬂﬂ’l‘u IP address WaLWMHILAYUBY Host ﬁ
= :'/ = ' I

S ABI3eNdN Subnet Mask i1 fa8tin Subnet Mask NHanuau 8 1im 14lu IP address

P =

AL B HANAINANTINN 2.2

d U 1 1 o’ _— [ 3
AN919N 2.2 uandArundalasetnuredufazesa Ul N LLIDIBINATIUN

LA ANNdAlATIINe
A 255.000.000.000
B 255.255.000.000
C 255.255.255.000

2.2.2.3 ANHMENITADINUALRIFZUL Ethernet

TunnssalnuaTa9szUL Ethernet 1an1ddsiiaznanatanissaluluy 10 Base-5
WAaZ10 Base-T

2.2.2.3.1 10 Base-5 : Thick Ethernet

10 Base-5 (hutniulafizes Local Area Network Annenantsiafisiegegasznin

EniuslE 500 wms uazANeatszinsnungegald 2.5 war daldgagn 5 dinumd



Segment 1 Segment 5
Repeater Repeater D
= =

500 meters - 500 meters

5segments: 2500 meters: 1000 stations

A

5117 2.8 uanslarvineAMANTR Ethernet WuL 10 Base -5

2.2.2.3.2 10 Base —T: Twisted-Pair Ethernet
nssauuuilaziflunienldiuann lunnsgau IEEE 802.3 Taei 4@ Unshielded

twisted pair (UTP) sae5una1adafl 10 Mbls HAZANNENGagAT8eaIadu (Station) Dedy

(Hub) 100 LuAs uaAINI9eiBAgLIN 2.9 [14]

4-pair UTP

g gm

[] ooooo

55 000

(] "ooooo

Network Interface
Card(inside the station)

517 2.9 uamalaseineqmantiR Ethernet LUL 10 Base -T
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2.3 TAseds19manNI wasSanIA

2.3.1 danuad /O driver
o 2/ dl dl 2 = = ] s L [
nuingeuanilasudeya vive Anseiugunsalfu-dadyqaduanadynyin
dayanlaFuazgnifuldaglumisnaciusn e ldgansiuafawinendayannlin
wiepnuswRsaiu el 10 driver tihlldaligunsnu-de dryrynos lunsdiiiludeys
. X 1o a i oo 1
WA avYiuas 1O driver Enansuunauegivaiauariiiaresgunsnifu-dedtyonn G

ilsTnreanazldudasdyoyousnain

2.3.2 danyiLIsAILANNSTL-deTaya

wmtifnuandnsnisfu-dedays (SCAN) mungldimua Wasaingavviuaf
VO driver intiiuanilasudeyatugunsafu-dedoymyrnetinanaaludnsnisiu-de
Y - 1 = as :’4 <8 L1 i o« r-:t o ot o’
Foyalaifusafoy deiu AaudundinaesgeniuainaziinisaruanensIn1sFu-a

b

Foyaliiusifinvlnanisausniildan 110 driver uiulNugudeyafigldlatimnly
waztrA1angudeyalil Update Wil 1/0 driver snuzAa futenyiuafil azinuding
AsaaduLazdadyanufawiledenslailded lunaeimuaitu guAuly (High Alarm)
wisasniAuly (Low Alarm) saaasedyanoaiewlunsdliigunsafiu-dedoyynananis

AmsaAadnsiu PC

2.3.3 gaNnwIsimuagIutaya
\HlnsanndeyafifldFainisaingunsaliu-dedty ooy azsiasdredetaiumie
v
saamisaAnsugUnsafiu-gedy o Tnedldeuatunsaiimuasiumds dredaili

o’

atjlugaesinilsyansa(TAG) 1esdayaunufld ansamsieidhuiadnesfifiaumneuas
apanladng uﬂﬂmnﬁ;ﬁ'ﬁ’mmsnﬁwummmﬁmma‘lun'\ﬂ"ﬁmuimga‘lﬁuﬁwgﬂLLuu Vi
AuuAT991981N1s SCAN aasdiayaimualidayaldtimunisAiwinmadindrans new
Ll%arveeinain fnmun Logic  n1sldeudeyamudaulavie aunariimualiiinns

o H‘ ot ] o o p 7573 HI ot ] k=1 v
YRR LAy QUInfsTALEngT Anuuantsilasiunislddeyanssausine s

o o« v
2.3.4 GaNNLTATINNIN
fdanansnimualifinsuaninagesdeyauusanimiugizedadnmsuuusiie

lnglifesdoullsunsuganiunfalnmdiindr§a dmiuinnlduannaldig Tae

] L3 ) ar or H :” _ d'
el mundrgviesadnmsfifainislfusaniugedads TAG nilugudeyaiild
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o a o Y | o  os &Jb - 9 -:i' o
A lFluganiiafisnuagiudeyagy vsa Aodnuey NaBsazuanInamudeya iy
1 v
a3eangunsaliu-dedyqyraimndnsins SCAN - fidauualy uananilgldarnnsa
o 2/ - ¥ A’ =1 o i = [ 2 | o - ]
Arvualinniainauiinisiudeyaiuainuilufinfaindujimnunuteuls vireian

1oy lof

o o
2.3.5 TaNNUITUAAINA
Anirfinansnaningdnniiflddnunlugeviuefa¥ranaw uanmilaann
=

3/
=l o ]

gawiuafuan wanil deflaeniiuefautnidu sewiuafiiamiiuaninaaes Alarm
3y 4 a ) o 4 a o ' a Y
wiiraauuATasRNTLazuumiaaaudn Weiinisasadamisadyyinsauld vse
H o Av ) - &
ganyiuFnuinfU-dedayasendnelisunsudszgniudiuladuuy DDE AaaIRTIU
Microsoft  \flusu lunsdlnglddaanisarunuuaztinisdayaiieeein fldarursald
o o o’ A L = =1 i = 1)
gaviuafatuayuisueliilfidaulscgndfonnimn ¢ wisdmaadn tivefiasie

grudeya \usiu

Driver Image Table

I/O driver software

Process Hardware [<

Scan,Alarm,Control

I/O sensor

Internal

Database Access

Software

Software Applications

(View)

Database

51171 2.10 uasslassaireinlilvasszuuaning
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2.4 N1583TAYANIS Web Server Laz Mobile phone

n19g9eiNudayanIe Internet dafadnfudaudrAmyetneBaluszuuanianliud
wsrzansndsldsrarlinataunianaluladl Web  Server uaz Mobile phone Taald
TUlsUnsuAENRRRILINIG Web Server (9w J2ME, PHP g sndaslunisinanulfszuy
&n1A1 %78 HMI (Human Machine Interface) Iaginuain1sagdayaann PLC ?{L‘-f@usi@fa%i

fussuvassndls Toedlaezunsudagli 2.11

PC with SCADA system
Internet
SCADA ——
OPC
system with {——— K——
Client server
OPC Server I
APN
GPRS
Mobile phone with
J2ME application

= 1 A
g% 2.11 uaaslaazunsunisdadiayariunie Web Server uaz Mobile phone



<
UNN3

QI FIAILANN DT

3.1 AadLEn (Crisp Set)
nouijedaan (Crisp  Set) ungufuaisfunsiualasndnniiiugiuees

= e A=’l’
ARTLIRN AU

3.1.1 mavilusgandnuasdn
d1 X dluandntendn A warlddysnend
X € A
i x lidluandnreaan A walddyuanwal
X & A
d' = é’ o ' = 5 =] - 1
dalupdmaniimazszydaiaudnaundnaes Universe fluanndnaesan A wrali
wansownuAsziunaiugandn (Membership function) Taunusiaedydneal L,
or dy
Al
L) =1 fdeila X € A

L) =0 fidedla X & A

3.1.2 My udgn

taundnnnirean A Wuanrdnassan B azFunitan A dudurareutn B

o

&y ansainaaduduansan
ACB
3.1.3 NMILYINNUARILTRA

fraundnnnssesan A windudindnyniatedadn B axundt a A liviniy

um B i M uanmoalnsviniudail

3.1.4 nslawinnuaagm
franndnnnsatesan A llwihusundnyniazesan B azFandin A biviniy

w1 B i uanwainislivindusiail

A # B
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3.1.5 NMFLLURLLEAUN

Vo e

Eraundnnniatangn A Whiduanisatn B uszian A liviiim B axFundy

k3

0 A udugawisasan B unlddnydnsninmaduduianuiina
ACB
L o dy 9 ¥ 1
maufiRnniessiuaenn ldun
Complement {lunisaraandlnsaundnaeasnlvdaziiifiuanndneadn A
Complement A = &'
Union {unisaiaaninilaagundnaesanivsiasiianiinseayniansineg
Intersection \lunnsaianlue Iaaauinveanludaziaundndatluaninee

NNLIR

3.2 ‘W’ﬁ%mm (Fuzzy Set)

nouifadian (Fuzzy Set) Whinssanmandnaesuane o AR (Crisp Se) i
flagafauasnaasfidnuzidrsannauls frdneeniuniaduandnaessundnid
SnEnEAEmReIndy JadinmauAouasiiasiesszuinansiliguanifsanis
fhigandnetnemsudow  Aulifauauifsesnadusndnies  widiachinfauiuin

ﬂ‘ o o =
Fegunro i s lvneiussuupfaalé

3.2.1 madluaundnuasiadian
svUUARTIERA (Crisp Set) arfMmuaWiandt X uauninaasn A vizaluily
anndnaaaan A lnsunudoailetdussaunianduanndn  (Membership function) (i 0
<A ' = [ = Ao AJ = - = 1l
van 1 uitlsdmaveenfuanndnafidnrncignifesundounaziaieannadoulil
seuawiney  nsdszgnflinguifiefanaciieauansinszi  (Degree) Fufludd
A [~ ) o ar - ar J
HulgReasfuauninraagmieiaiiussiunaiiugandn  Inaslddydneal 1L unudn
srauanuiluaudndeildtszndng 0 Tia 1
o d"
WARIAI
nx — [0, 1]
PUNEANNTY  TEAUNNTILNANTTNTEY  (Grade of membership 132 Degree of
membership) 189 X lufadimn A agludasionuanis 0 ta 1 dedszgnaiidriufieiaedn
1 Ll Azgniandd ANANARITLARIANSTALIDLIIATRLTAAS

0 < X< 1
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1
1 Ll

TnatihAngauanadnfiaonuiiuanndnuin Enrnduameindinnnaiuaandndes
A1 0 azmunadelifluanndniaouay 1 e uaun@natneanysal

aawiuinNanduseaunavanidn (Membership  function) gaaTE1m
(Fuzzy Set) DausfasfiArszudne 0 e 1 wdedninllduauiuasnaniaziilu (Probability)
ﬂﬂnfnzl.'ml.ﬂugﬂuuwﬁwmmnu’lﬂuﬂuau (Uncertainly) waclnesssus Aned e

ANansn LA uneadaaiua s

= a
3.2.2 SenuNNG R EAUENaNIRINARTLTA
Sadanazdnafisedla Nefdussduniniiuguidnaestadigmiumie 0 Araane X

Aadam A uaz B azeiviufidedle 1 () = B0 dmdugnqxlu X
deuunume A=B

Subset Heu Tne

ACB <> p®
Complement Tasfigdign A @euunudag A fenalan
L) = 1-H1&SHE

Union aaeilidian A uay B eiifaidussdunindusmndn L0 wez [ (x)

AuFLELNTOUNY  Wedn  C nfefussiunafuaundnaeeision  C

Anualag

L, (x) Max [[L, (x), , (X)]

= = 1
PTG G LA TS A0S

1l

p"c p’Av“s(x)

Intersection 18eWadIIn A uer B TiWsidusviunindluaandn B (x) uaz
L () mudrfuansouwnudon Aadioa C Tnafaiduszauninduanndnaeistian

C myualag

RGO = Min[H, (1,00

= = )
$5RRNA LB ALY

B, = K ARM

ptdlsRauluivanmnedadn  n1s  Union  sieseld  Max Operation, 013

Intersection #asld Min Operation ¥3an1s Complement paeld L) = 1- 1,

o

v o i 9 & a ' d . a ea ' a )
padieli general nnAuRsilanudanar (Axiom) ﬂgummmma:mummﬁ


CLP-16
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Complement C: [0, 11 —> [1,0]

Axiom C1:C(0) = 1 uaz C(1) =0 MNIEAININEINITOATALAGNART LTS

Axiom C2: & w¥umn a, b € [0,1] §1 a<b ud? Ca) 2 C(b) MuAMND
C il Monotonic nonincreasing N mi‘ﬂﬁﬁnﬂ?ﬁ%ﬁﬂd’uﬂun’lﬁ‘ Complement I
ﬂﬁﬂQﬁﬂﬂﬁ%’iﬂﬂ:ﬁmﬁ’ﬂMﬂﬁadﬁUﬁQWQﬂ%ﬂﬁﬂd

Union U : [0, 1]x[0, 11— [0, 1]

Axiom U1:U(0,0) = 0;U@0 1) = U, 0) = U, 1) = 1 tumnenaadi
ATABIRINITOATDLAGHARDLDR

Axiom U2 : U(a, b) = U(b, a) : ﬁamﬂuﬂﬁmmﬁuﬁ'

AxiomU3: 1 a<a uaz b < b uda U@ b)<U (a’, b’) NUILIAIINGN

U iJu Monotonic

Axiom U4 : U(U(a, b),c) = U(a, Ub, c)): HRuantimn1ssavynn  nsuUfjimnng
fiazfiednflunng Union ‘Lﬁ’faﬁw’iﬂuﬁqm:ﬁmﬂfﬂmﬂé’mﬁ’uﬁ@wqﬁﬁ’qﬁ
Intersection | : [0, 1] x [0, 1] —> [0, 1]
Axiom 11 : 1(1.1) = 1;1(0, 1) =1(1,0) = 1(0,0) =0 ﬁ’wmﬁm’mdfmzﬁm
ANNTOATBLAGHARTLIR
Axiom 12 : I(a, b) = I(b, a); HAMANLRENTA il
7 I ’ I

AxiomI3: 81 a< a warb <b ua Ifa,b)<l(a ,b ) NuIWAINI
| 1il% Monotonic
Axiom 14 I(I(a, b), ¢) = I(a, I(b, ¢)) ; HAnaNTAinsdAuyn ) MaLfiEnshay

v ]
s

' . ] ﬂj ar Ly
fednilunig Intersection Idetinatenfigaazieinannfasiudanaiiied

3.3 flgdaaan (FUZZY LOGIC)

Hadaean (FUZZY LOGIC) @:ﬁm‘m?:ﬁqm\maﬁmﬁﬂmur-i'm@?msm']'I.ﬁ’nﬂu
Airdaeanadie faudsluszuuaean 2 sziu Tauazdesdiimuednemzaciumuneli
uAnsnamusldAdaneaeanfivileutufia AND, OR uay NOT Aaumunesng 7 T

sxuufad (FUZZY SYSTEM) gninwualng LA Zadeh fAnAuszuufladaedn
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3.3.1 115 AND aasWgdaadn
ANANSRRANTEY  Zadeh AeAasNaliitienign  (Minimum) ude
GmsuATiad A uaz B
WA andB) = min(UA, LLB)
332 mMs OR aasdddaadn

]
=

RINATATAAINTEY Zadeh Aa AAdTNasatluAnInhga (Maximum)
LL(A or B) = max (LA, UB)
H(notA) = 1-HA
denrsnsminde 2 3 Wuannazesmanszinluaedn 2 sefu dmiudr L il

] 1 =
BTN 0 D9 1

3.4 mailszandnisldeuuasitdaadn (FUZZY LOGIC APPLICATION)
Tnesialiasiidnumusiassaireuguuidls 3 doundnde
1. mswasundneniduiadion (Fuzzier)
2. nn1sitladel (INFERENCE MECHANISM THAT EMPLOYS RULES)
3. mawlasuigtiiupdan (Defuzzier)
Tunnslfuszusazdeadeyldeglugaesiadlawm (Fuzzy Domain) \Ratne
Usznanadeyaudauasunduldeglugledalamm (Crisp Domain) padNTamiauiy
N1TNTENININAUIAAN(Analog) Lﬂ%"ﬂulﬁ'ﬂgjlugﬂmmimLuuﬂaquﬁ(Frequency Domain)

andayalulanuioan (Time Domain) e lunszuaunslulamuautazdtenda

b

Tamuiaan Wszuuiad (Fuzzy System) ngiugauaunsaasunenisinnuasszuuly

glraedadlddne AodusaznRouadwnluglassedrilegludeilaunmnnndiaz

i A ] B
wiaauanntaaliaglugladalamm

3.5 ngn1931aag (INFERENCE)

duFungnsiiadABunnUAZAIANAT avauayuideuladviunis
ﬂ%"mdouﬁwumgﬂLmuﬁmfi"ﬂfmﬂnﬁﬁ'ﬁ;ﬂfau‘lwLam‘ azguAnasunnuaziunatiaded
el ldnananumae e TILIAAMgE]) sruuazsaenAiit s neq
Bunn WerhuAladeuazlszioana usads LLé’qmsm‘@mquﬁﬂLﬁﬁﬁﬁiﬂﬁqLﬂulunﬂs

1Fuln®
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ngnnsafiadariyldunainnisaieanadiiusisudndunnuazioninniuin e

tilugniyniideants TeflaouduiufssndnBunnuazieniunide RULE whues iy

A 8 v a4 o
L:-J’rﬂwﬂu‘rgmm\'l controller A@ error (er) WAY change of error (ce) gaarzuuilaundy

wazlienvinnaes controller iHluduwnaas process 138 control input (ei) 1T1ATAINITD

v
afpnuduiuslasaiine

IF er=LN AND ce

OR

LN THEN ei = LP

IF er=SN ANDce = SN THEN e = SP

VHIEILUER

anAMNANRusAINaaINLanslFAag

LN
SN
LP
SP

OR

Il

Large Negative
Small Negative
Large Positive

Small Positive

error Change of error Control output output
LP
Rule 1 SN /\ ZE
Rule 2 ZE ok /\\ S
Center of gravity
Rule 3 SN LN LP

= o ] a & i
g1l 3.1 uaaANduRSTEnd AU ua i n 9T

] 1 v
FULAUN rule NIUNANITINAY

fiazléistl Membership Function 984 control

input TaeazainluinA1a8s control input #isaannslasiallan
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3.6 96015 DEFUZZIFIER
= = ool cl d‘ a = 1 a ]
fmaiauazisnislunsulaenianidunde  (DEFUZZIER) mqwmﬂmﬂuﬂ%w:

[ == =Y v n‘i’
aatqfatluuNun At AU

3.6.1 WNANA Maximizer

{unnsldrngegaredszduniaduaundn aannisnssionans 7 Wy wdalaen

o =l dl 9 = © !=i‘d| [ 1 9 2/
nesinfeanilaguuy  dwnnfiansnssniaiiiiAn (L gegamionu 2 eE Azsiaald
L9 = o P <4 9 1 a ' [ S A o o o &
stlmsudtlymidndnmnenils Ao LHA1RREIDIANBINNY WTBIRANNTNIENNANTUS
o ] o 5 = ] =Y y ” ndcju n‘ 1 63 1l
AUANTEALTBITEULNUEIY  TRUANA  Maximize aunfhAtiefiga  wifldd

- - 2
Us2ANBANYINNIARS

) as =
3.6.2 NHYANNUNLAAE

o

:'L'ﬁﬂ‘ﬂLaﬁmmm?ni‘:v‘iwfc’i’qmnmTﬁwumﬁhs‘:ﬁwﬂa?:mumﬂﬂuauﬁnﬁ
1 v v nﬁdd‘ 1 £ -] = -3 L7 X v dl 1 [
ANNULAL HuaandnauazldnnsAnua ndieLandes waifga 1A liAeedaau
wRgafumARA Maximizer A AaarlidaaufinszdnAeinaasiaidussAunig

a ) o ] i 1 ] 3 ' " ' 0 e 9/ Q ar
HugundndAreninuinndmileAsianIngg 1 AmanT 1 Atvuali Arszaunniu
a a0 o " P ] ] ' i ' ] ' o 2 3 a oo
AuNTnTANBYINNNINNIININATFRAT NI 1 ATRIBAT L Aifvuald Avewinniendu
gasmadluanndn  fdnsnepdrofuptsliaiels:iodneen & L = 05 A1
o ' oo :’a v 3 v =l [
wviynanAfaituzesaudygrasiimuIIuerat il = 1 ArHAIMAN L1
o & X
2R Y YU ATUTNUNA
aa o o s o v Y :’: I & os a
a2nsindnaultidaauansnsainlddaenssusunisuantiedn luiariduanvinm

] = IJ 1 ‘J (] 1 4 1 o & = v
faihazidewazligunsa A fiduanssinuaasiaiduauymlunisiinszine

3.6.3 N7TUIBAAULNAT
I L ] ot o ] [# o A:l o
funsuansrneimiiduiusiuAgaguinauoaeaeinn lusvduimng
sneinelidAseuaesiafussiumsduenndn  wazazbifiannilidnaansel
al | - o o a a v y e & acd
nesndsAAndnataiunisAIug afimieuuazdunisuiladaunniasiiinguliisau

ArAudnanainazdniudiurnenimuiio naflFamflunisnszinataneny 7
neludosaaaeyinn  ngia ulazfeefimatlfriRnisiesqapetreusazsziy u
ady ° v o o A e v = v or o
nedifgasinien q Muweneng  WMINIINIMINATY  AZABINANITIBNTILINY

(OVERLAP)  gesAniariduauymassszdunaluanndn Waudlaannuliseiiaans
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=l

o = ) = 3 1 53 . d'dni o A o
LBYINN fauddnasiideunnsaauafiihiisnangalunissauny  (Combination)  UaznI3
wilasAWadnaum (Defuzzification)
ﬂdd" ¥ '8 o 1 1 1 = o 3
NITHATHATIINANAVINNIBINIINTENINATE ] AN Wuaranaaadmiuldluszuy
i 'S 1 =l n’l’ [~1 i %' 0% d' Cs Al ] o o [
wazAawwnAnmtatiiuAniwminesugesguianan  (Centroid) PRIUARZATUTEAL

NFIUANITN

3.6.4 N9TUITBINAAU
= oo aal Cs ] =l = ] d‘ i aal
Lﬂumﬂuﬂ'ﬂLﬁﬁ‘ll‘ﬂ\‘lttﬁ’i_lﬂ?i‘u‘]ﬁﬂ’lﬂuﬂﬂﬂ’ldﬁi"aﬁzL?Elﬂ'i]ﬂ’ﬂf_l’lxiiﬂud'lﬁﬂii‘u')ﬁ
REMAINNING COMBINATION / DEFUZZIFICATION 38fiflunisiAnenivynaeusiaz
dl ] ] o i =l L 73N} z o’ dl o
Hagaunldlml  dudueninmadies TnalfAniminiadeaInnIInsznismnantl
v

ptiAalAAgnARetetndnendBigudnan  uazdeasieamsnisdauiuiuges

Bunnaridu dedlumsvaniassmnalisaiiamasanimiaendnnisuaznsdnnnd

TigaennuazeialifilasAnduaslmiuazindnil nssuRBRANIN a1 HuNuNsINAE AN
Audnansléinngn
input output
Change Crisp = Change Fuzzy
— B - :
Set to Fuzzy Set Fuzzy Control Set to Crisp Set
A A
Membership Membership
function input Rulgraeses function output

d 1
510 3.2 (n)u,ﬂm'lmfa:unmnﬁ*:mumsmma‘:uuﬁﬁ
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Membership

function output

Input
l Defuzzifier <

4

process Fuzzy Control

l ’4—-—- Fuzzifier
output
A
Rule - based
Membership
function Input

d 1
519 3.2 (2)ud A lABTINTNNIZLAUNTTBITLULIN T

3.7 WANNT5W Fuzzy Control Rule
l1n19R8NWLL Fuzzy controller i HiffeymndnAysumilafanismn Fuzzy control

H A - H o — 1 Ll
rle Amunzan Feangunsatiwn 1 l#a3alunm process control agj 3 33 Ae

3.7.1 anafuwazszaunmsalrasdidesgnny

fuzzy controller  dausnazldfunsesnuunlnededeiy amiussdszaunisal
= -4' o dl = b4 ' v :'-‘ . . dl
gadfansAILAN FeduiaRaudaanansanaalidn Fuzzy control iy application ¥

Wl Fazaduuenniaiussuug\desta (Expert system) ReflAEn
nnseanuLLdaeAa RN iuszuungauan  AsuAnilumdndnAty Control rule

:’1 -3 2 . ad I oy 19 Ada’l’dd
Sufadldunannis  list A3nsmauaudn q Taeddensaounn wifeidayediaiiine

dawnnngiaauauarliansadeveseenintfifuaiednunldngs Tnaannzifiaszuudl

AN LRI
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3.7.2 MEANRBINNHULNITINNULBILAILAN
Y 3 \ o o & o -
davinmeaasfarunuiiu@edndty aesuduniniiazun Fuzzy control rule 3137
o o o 9 o aad P o o
nsanaednEznIsiueesfauan  Fedsianansnidullldnazulainisinenaesy
prupuanWdwdunn uazianviynaes controller
AAeud19ARIEARIALNNTANABINTELIUNT WATINITINABINTNNIUTBAE
ANLIANUUATIIENIINITANABINTZLIUNNS iszaunmassszuum lfidnand wel L

a_a :« =3 adai v v o
ANTUNITUATIURNAITACTINIEN 1 UAT 2 1INAENU

3.7.3 N19INNBINTTUIUNS
v L4 ]
LAsusminiitugnuanananwdanin - 1 ifeefuAuANEMEIaINIzIIUNTT
L n' A’ d' = Aa' 5 H‘ﬂd i Add’ 9
dwainiRmudleBunnidiaay  nszuounsil Time lag e doudsh 2 axld
o san vy 4 aaid vl gy =
awrziaulsiiliuddaununszucuns - Gensaesisialldaiemzlunsdigaounui

unundnAny lun1sATLANNIELINNNTYINIEY

e

o

] 1 A’ ] t’4 i i
wit i FeenistuagiugarunuuazdaanisiinanisarupuandinisaLANsaLy

U
'

= o aad 4 A ° P adad o v \
pLAN  AaziiniseenuuuBnianiiahe N1sANGBINTTUIUNT gafhasndudaundn nns

Adn’i‘ Yl - oo :’4 9 o o d'.:i'
aANUULAATIAT N AN Astumanaaadeeie  n1sdassnszuaumsiuniianiiunig
LAPIATIANTILYIDY process BBNNNANE fuzzy set TagRansnanaunnaauLlsaniue
WATLENYINN

fluurANAnaeIndaefulunIsaanuUL Fuzzy controller AMNUULANASINYT

v [
1. nmseanwuulil Control rule i %n19 compensate AnEUENFBINTTIR
i v Ay

nszuaunisialfldmuiwunensanis

2. mseenuuulhiulunumgeiaes Optimal Control  Feazlilaseainuaz
parameter 189 control rule szl Fuzzy controller AuANtiuiiullan

oy
wnueneeanig

3.8 n91nsEUY FUZZY LOGIC CONTROL #1lfA9uANNSZUIUNIG

ile SENSOR dedtyeynninduanldiismsudn Artlaqiu (Present Value) hadl
Anfhuminle LLa:ﬁﬂma‘uﬁamﬁauwaﬁifm’uﬂm'ﬁﬁ’udﬁmﬂﬁfaﬁ@ﬂﬂfhﬁﬂﬁﬁ?ﬂf’n’ (SET
POINT) agjwinla dwiuluszuy PID A Reudeuaniunadeinaietil

Uszanananneadiamand wazliraauay dlulilunszusunissialy wiluszuy FUZZY

e

AilFazgnunuBeufisud 5 seaufil
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2
3
4.
5
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PV u1nN91 SP 11N

. PV 110091 SP Uunang
. PV w1y SP

PV Haandn SP Ununana

. PV tlaandn SP w1n

nsiaRuladinasnerzudne sP uar PV amfludnlaludising 5 Ardnesiuas

dulananazemqsl FUZZY LOGIC fnludn ERROR sine o Asanansaifluasndnaes

Asziusng v WinFauiunaeduazsvduaasiuanndndn e eenautauenli

o [y ' V3 e - o a v Ay ' , A
Lﬂﬂﬁqﬁlmmﬂﬂfﬁ’wﬂ’]?ﬂr]ﬂ']ﬂﬂ'l\uLUUﬂQ\’uquuﬂ 'ﬂquﬂqlﬂﬂqﬂlmlﬂuﬂWIQﬂ'\ﬁu\ﬂIﬂﬂ

Batna faatinaeiu SP=30 PV =36 ER=6 T9A1-6 arfisviumnuidluanidnis

nsn madluldne + way — douamflueslstufiaamndinatsdinafauila

LN SN ZE SP LP

CE
20 -10 0 10 20
IN SN ZE SP LP

ER

-30 .15 0 15 30

< a i
511 3.3 namuamspafusundnrecis’

Tusruumsaauan wun PID luwad D @wnsamilidannAInasiiages ERROR

fanan lussuy FUZzY wau D Al iduiuusisn@andn CHANGE OF ERROR WA

uBeafuiy ERROR Arnldlunisauansluszuy FUZZY auiin1suLiesesiu CE lu 5

LA WA "’ﬂﬂLLLl\? weinlatLAnam FNENTARAINAN LL‘LI']JE]'N'M"I‘HHH mw‘lmvnnmmm‘vm

‘Y]’)\%Gli“i‘ﬂﬂ’]ﬂﬂﬁ]'iﬂ’ﬂ FUZZY SET m'*n“[fﬂ@"ﬂnmmmmnmquuumqwmun@nﬂs‘wm
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NouAaNRIAasuAELaAT

t:r =Y -3

4.1 SEUUNUFIUVDIABNNIADT

4.1.1 wineilszaananana (Central Processing Unit:CPU)

1 A o o lil d‘ _ gl 3 ‘ﬁl o ) )

e dn Aty g aaersasnanRarafiniiNALANNITNNIUIBINIILAN"]

Tuszuupanfawmafiiauaanadasiu las CPU azlsznausat
1 = ] A o H 9 H

4.1.1.1 witi3aaines (Register) TaFauiaiiauanasfiinuiriiudayandean
annuiganuananuaznasin 1 dlszuoana

4.1.1.2 MU A IILAZATINE (Arithmetic Logic Unit :ALU) ilumdagilszniana
1 Y aa] = = Y
fayafatAEN1UaTATIALATNNATINIEN LN AU AN M3 uRauiey s

v

4.1.1.3 wiauAauAy (Control Unit) misetiazaaupunatinadayasendndsiaines

wazaingasuuasiasefudiuniauanfaguanainiifapsugunisauviianisidey

s

fayaanmisaanuavisegUnsalzaudnesae

< & a T
5191 4.1 sruuRugINIeIABNNILAGT



27

4.1.2 %U8IA9INAT (Memory)
MiraAuanludau CPU H 2 misutiatAn
4.1.2.1 5 am0f (Register)

4.1.2.2 WHAEAIMNSILAT (Cache Memory) iumiatiaanuandaasnaniiaoniialuy

U
= L

nsinsudenlassninamisatszunananans uazmisaanudmanldiudeyausesiie
amFunsnia i
4.1.3 Lm'ﬁw‘n (Output)
v o & Y da ' o A o oo a -
wihfrasdautiazuansdayaniot IWnUIBAMNAIMTANAANS NIATEIABNNILART
v 1 4 A y 1 AJ dJ -l = ' o A
Fruuanld wazudaieanuILuaanIw iediatnaauTiinatila 1y nsEATEEINLIUNN
s
41.4 'Euvg‘n (Input)
] } i A = v
isasilevifegUnsnfiannsndndeyauardedoyadiliiivluereneniiomedli
4.1.5 AAABAUNN/ARMINN (Input/Output Port)
- = - Y dy 3 a v
Aeanfigunsafraudnanneuenamsadanaiiveanisuanslinenfiunesls a1aaz

o o

- = P & oW pd \ 3 [y
UNTARANTULLUNINLALL UTDABINI ﬂiﬂﬂlﬂ’ﬂgﬂﬂﬂﬂﬁmzm ?l'ﬂTﬂQﬁl'ﬂHﬂ

4.2 nadasstaya

421 ﬂﬂia'ﬂﬂ'ﬁ"ﬁ"ﬂgﬂ BULTUIULASBUNTH

!
2

o f s ' «
dayaflddeansanaazgndeainganiialdsBnqganilslugtluuuauuyie aynsui
vlﬂl ' o aa 9 o o o =l 4:; ' ] ﬂ’l‘
1% Falunsdawsiazaiafifandesluiniues feuasduniaznansiellil
v : =l 1 dA a j o ' v ar
Tunnsdedayauuusuuivasiifiymietimilaistu ansaatadu nederisia
14
é - o ol
ueanaeunudardaya 7 fin gndafluszaznnalnar iy defayadrudaninviednnlszma
azinlidaadeAr@nada(Transmission Lines) ann sadudhdedayanisaz 1 fin llluae
dufeameiaasinlfamnsolsuinlduinndnazdelluaradeatadu 3n1sded
defayanfaaz 1 n w1 desdyginilisnFundy nsdauuuayny dayandalyd
wnTAnneinraspeniamefaruisaildauuasaingluuuauiuiluaynsy 1o
dasdnyeurnudslaeld parallel-in serial-out (PISO) shift register visaluntanduiudeya
nuufidesdtyyrouiy nasdadayauuvaynsuuuy Balasia (Synchronized Serial Data
v i - ool o =
Transfer) Msdedeyauuueynsuiiasifasdiieie Afequnaniildds uaz fudieyaazsiasd
& o & o " aa o L o o -
ANTNARAAARIRNWUSAYW (Synchronized)  ABn1sazinldgunanl dauazsuinanig

¥

synchronized fiuldiiu inlaTaantsdedtyayrcuadan (Clock Signal) T luanedeanidu
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]
<2

nils A5gUnsalndansanada uazduiuarlddyaruadiaatudanivualunisde-Fu

v
Foun 151 Fundnnsdedayaunnilin nsdauuu@slania (Synchronous Transmission) 1

U

n4.2
Control circuit
Parallel data
DO D1 D2 D3 D4 D5 D6D7
™ Load i
8-bit PISO Doutt—»  Series Data
. » CLK shift register
Clock signal

» Clock
“ =y o
519 4.2 Madauunmalasils

L

= o

HeywdAoyaesnisdeunndelasiail fre Aududediseds 2 ane widn2gias
ﬂi"uﬂqammnmsm'}s’wmmummuuﬁqﬁmuﬁﬂ'qﬁm?ﬁmm‘ﬁwaimﬂamﬁ'\mumudqm
AnlFivaaiiies 1 @1t Tude deslilddunineden Aansdedeyalaebilidyiunden

d"d 1 = o
AFunq1 nsdauLaTa A

4.2.2 nsdetayauuuadslasia(Asynchronous Data Transfer)

aal d" o A dl' o (g 1 4 " [

AR nsuULS ASanTaAiedenazLAFasfu i udes synchronized (1A
o 9 o A A =l ar 4 o’ dl o e oo VY =Y
Afugaanieuiianiuasidairei) AT LLAsIATIAIA TN UANRUSIUALELIR
furfignidifindndn i usiadeyslinilddnldluszndninsdeiinie dnaniimuas
finadeul (start and stop bit) veinammuazinadeliiaziudia wdalAsaefunsautianng

Guaeesiadoya idunisdasia 8 In uwuedelasiadeglianngulii 4.3

Start bit

Mark(1)
Space(0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7

>

Time period—» <4+—— Data @ —

A = % =
511714.3 nsdedeyauuuadelaia 8 Un
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TunschiledalifinsdedoyaanadaazgninlierluaniuznGundiuna (Mark) G
anuziiazgnunudanaean 1 dauannusfignunudanaadn 0 Fundd ault (Space)
29393107 4.4 naasilfaedeyaeynauuuuedelasia ssasaruguazivanieys

ar &

wraunadnammuazdnanatidnluly PISO Taamas

P Stop bit
Control circuit ’
Parallel data Start bit
L v ) \\1\rv\l’l
> Load ; B
HABL PR Douti—  Series Data
> shift register
/64 CLK g
Y
Clock signal

< = s = =3
3117 4.4 medediayauuuedalania anuAunstvandeyanieuinanimuazaned

mngﬂ‘?; 4.3 Q:Lﬁ%‘iﬂﬂﬂ?ﬁﬁﬁﬂiﬂﬂuﬂqxﬁ:m Taannsvinlianiuzaastesdoy o
Fuaniueat 1 bit time wdundiausniidn Tnamim Saamimiazinliaasdusy
Gaine luszuuedlasiafundersaariadiuaziates a"ugnﬂnmm‘tﬁ’ﬁmmﬁua:
Wawilauiu g7 4.4 {flussasivudeyaunuadalasia a9asilazinguiudayauuy
@qnmﬁgndqmmmwﬂugﬂﬁ 4.4 Taefiguuuresdays ﬁqgﬂﬁua aaluglit 4.3

Tmﬂﬂnﬁu.é’qqﬂnmiﬁﬂmmm'ﬂmﬁmmqm;faﬁmmLmzﬁ’uﬁfaqmmmﬁfa:dmm
Fudayalé ﬁumﬂmmdqm\aa’if]uﬂmﬂmwﬂwmé’mmﬂméﬂﬁﬂﬁﬁﬁLﬂmzﬁmﬂﬁ’qm?
deuazvasiudays i@nunsanneasfianansadauaziulaluguunees LI (LS form)
qﬂﬂ?cﬁﬁﬁnq:mmqmm:‘muqu, Sviaawmes, afeauaraasianulunisdeaisdeys
8 &anfu UART  daulnqjaransoasgnasitsunsulivnanlivanss uenim (baud

rates) lAigael
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4.3 szuumrupnuuulaunsuwasHenduilanlunafuaad

4.3.1 szuuAtuANuULLlaunay

Musruupuanuuuilaundufatuanasnezuinm Wdd faudlslisaaii
wirruAivaneegase lunsdlfiin Disturbance luszuuite finswlasuAntihuang
avvlisulslsia fansneannAndimanglisnsuil fapouesuasneneuacugn i
wlsldsiafidrvinfudniimaneiluiige snwuznisivdisaudstlsaalidnings
Wmnneil QUANANTUATNALANTRT8SEIUATLAN UNTLUUAILANDIAATLAN LIH
wlstsiragadimandimingldamia udureszuuetannléands imaunsanaasy

v i
ANNATNNT0IB9TE LAY LIANUTALANNARBLIBINITAILAN

Disturbance
Controller l
+
Target Value
—*O* PID > Process > Output
As
Sensor

A ar
51l9 4.5 svuumuAuuULTiauNdY

?:uuma‘muqulugﬂﬁ 4.5 §raealauAniivung AaRIuANAEHENLINALIAN
Wisiquds Tsiraadadnmunen dhuaneiy namauaueresdaulsisaasiinanauuy il

1.5 Overshoot WaEN1TUNGS

2 .AAUFLE

3 saudstusasiAnldwinfuandiusnaudioarazinuiuldwuiEandaiia Offset

4 maufudiunn

desurstsuanyaiisii Anflmane Tuanuzi (Aadl Disturbance 1fwnsunay
TUswa (Disturbance laun naulaauaesinannisfsuuasrasaninuandan fusiv)
nanaUAuedrasllagd astinaneuuy

1. \fim offset WiAnAalanAnthuuneny

2. Ransundadnifas neunaudngantimunesia

3. AANITUNTILATINALETETATN
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fleRansunnanauasn1saLaNTiaf1ee wa1lAwaagUlddn szuunisaIuAN
d‘ﬂl =l oy o/ A=’i’
15 armeilAuANTRA
1.fadasnw Lifiannsunds (Oscillation) iBgNNTLEU
” ol .
2 mevFunsilasustimung vida Disturbance 1diami3a

3. liifim Offset

4.3.2 gnupaasn1saaEtasnwlussuy

4.3.2.1 navRsTILAILANI R eRL
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mngﬂmsé‘yfoFiq'lﬁt'il"\‘lﬂ'lumﬂ'.nm FINS Network Setting Program finsuafasiuandl
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fvun A1da FINS 1l 0501 natly start Tulsunsuuanafu PLC wsaiuilneusuliRnsels
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. PLC Omron 1 CS1W-CPU45

. Input Module CS1W-1D212

. Output Module CS1W-0C222

Ethernet Unit CSTW-ETNO1

PLC Power Supply C200H-PA204
Fuzzy Logic Module C200H-FZ001
Analog Output Module C200H-DA001

©® N ® O A w N

Device Net Compo Bus/D CS1W-DRM21
Rack CS1W-BC081
10. Remote Input Unit DRT1-ID16
11. Remote Output Unit DRT1-0D16
semsfildanuanunsaesung il
anunsadsuilsunsuusamaiauAunIsineuldnunszuaung uazaINIsn
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113 00 to 15 First Output word
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nsfuiinasanifinvideananuiduefines Inalinnsnaseuaniuzainifuteiia 3

3
o o =l

Ragial
;o4 : :
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L | o
m 2R (About Even) i
gasmsli
uaii Slow speedalot | Slowspeedalot | Slowspeedalitle | Speeditupalitle | Speeditup
(Time is short) | Slow speed alot | Slow speed Slow speed alittle | Speeditupalitle |  Speeditup
Wen
Slowspeed | Slowspeedalitle | Don'tchange | Speeditupalitte Speed it up
(About Even)
Tuadh Slowspeed | Slowspeedalitle | Speeditupalitle |  Speeditup Speeditup alot
(Timeislong) | Slowspeed | Slow speed alitile | Speeditupalitie | Speeditupalot Speed it up a lot

Flauldndadaudansdunmininiuniseiuens

Input data:

SLAUABINRANILN ; E

NAFNNYDINEAN : DE (4E)
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Output data:

ALANAINITIBUNRTIAET VR

d ] ] ] A o
A15197 5.4 uamaRaulanulasudasiouls

DE . NL NS ZR PS PL
FL NL NL NS PS PM
PS NL NM NS PS PM
ZR NM NS ZR PS PM
NS NM NS PS PM PL
NL NM NS PS PL PL

sanansaiasuannmssldaglugidaula 1Then iWalfiesenisdauarlugl
Tsunsulé 25 ng
1. If E=ENL AND DE=PL THEN VR=NL
If E=ENL AND DE=PS THEN VR=NL
If EENL AND DE=ZR TlHEN VR=NM
If EENL AND DE=NS THEN VR=NM

2

3

4

5. If EENL AND DE=NL THEN VR=NM
6. If EENS AND DE=PL THEN VR=NM
7. If EENS AND DE=PS THEN VR=NM
8. If EENS AND DE=ZR THEN VR=NS
9. If EENS AND DE=NS THEN VR=NS
10. If E=NS AND DE=NL THEN VR=NS
11. If E=ZR AND DE=PL THEN VR=NS
12. If E=ZR AND DE=PS THEN VR=NS
13. If E=ZR AND DE=ZR THEN VR=ZR
14. If E=ZR AND DE=NS THEN VR=PS
15. If E=ZR AND DE=NL THEN VR=PS

16. If E=PS AND DE=PL THEN VR=PS
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17. If E=PS AND DE=PS THEN VR=PS
18. If E=PS AND DE=ZR THEN VR=PS
19. If E=PS AND DE=NS THEN VR=PM
20. If E=PS AND DE=NL THEN VR=PL
21. If E=PL AND DE=PL THEN VR=PM
22. If E=PL AND DE=PS THEN VR=PM
23. If E=PL AND DE=ZR THEN VR=PM
24. If E=PL AND DE=NS THEN VR=PL
25. If E=PL AND DE=NL THEN VR=PL

A J o o ;i
Falddeulanimineuld download Tsunswluda Fuzzy Logic Module uazi

n19\dau Ladder diagram
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d rl ] Iq o
51191 5.12 uamansreAeTaURNIaTEAUTRINEAN TN
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i F: File | € Chack | L: Link | W: Help | Model No: CZBEH
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<l A & @ _a
519 5.14 uamanissiaAgmianineasauiBunefined

5.4.3 MsAassszndndaavaanfanasiusiandunnuazianyinm
N2ATLANBUNNUATLIANTNNAZATLANKINNINTZLL Ethernet  AINLATAS

panRames Hrueeng Hub uaz Ethemet Board 89 PLC nelusa PLC uazitansialyds
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CPU Unit Device Net Unit
= Unit Number
“g r" CPU Local memory
m
% I/O memory user state area
5 rogram parameter Local Memory
Host Computer % prog arza

31/91 5.15 waaan1siiiensiaszning Host Computer il Device Net Unit

n1reanuuullsunsuanianszunaruanainsawmuise ldliiacmdalunag

I ~ A’ af ~ o = (3

UszanananazArauifiueatafaniunisimuinisldmatindaaiosineunntsre nd
1 [ 4 l.-é’ 1o o '

soufuldsunsuaniaratusavinlituegiuawdsy uazdszaunisallunisminaiu usnis

o a a o ‘z ¥ .
WauImAuanfawaiinldann iwsrzauetiusa PLC  uazszuu Device Net nng

AUIIMIANNIAINNTARANTANNTININ AN e s e lisasia Ui

Tl'as‘k Task
i Enter Leave Send Send Epd
l Queue Queue First Bit . Last Bit
Receive Receive
¢ First Bit Last Bit
Tlcbmp Tlcudt Tqume Thleck T Source
% * _* frame )1] Node
Tpr
Th:rm Dest.
T seose 4™ Node
]
Tm * | - * Ty * Tpcm
Source Node * Network Node *Dut. Node
Tlr: Tdeﬂ
> Time

d 1 1
519 5.16 laazunsudeaminnasenininuasiumauacininlanemis

Tc'ie!ay = ]Ziest = I;rc (5.2)
= T;Jrc +Twm‘! +Ttx +];ost

An Taaeanszusananisdadiayaredinunsumng

§ &

fa daaasanisdedayazesluunsiunig

] lJ 1 1
Aa doananFlunsaeansaaslasedng

=3
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T, A8 dneslsznasanisiudeyaredimunarenis

AINNNINARBLIIANTEEENNSRUABd 10l asiinasiananuialunisdeans
fot AFanawesléliu DIP. sw. mnadalunisdearsdeyseth 125 kbps Niszaznia
500 . HinsldTuundunnuaruaeinwnsaniu 22 us Bunninuaduiusuius 3300

@i inuaEuNLTULWE 3200

5.5n13AuIl AN NN
aunsoldannisi 53 lunsdmdlaglszanaaestsnnainisieans (Taw)
fwiussuuiitinamesifn
Ty = Z(Communicarions time per slave)
+ High density unit processing time
+ Explicit message processingtime (5.3)

+ cos/ ¢yclic connection time(ms)
+0.01x N +0.1(ms)

Communication time per slave

{uAnnsdeanssieuilisiagndunn vde iy
High density unit processing time

Lﬂum'ﬁi’i’ﬂnmana[s?;mmimwia:ﬁa'ﬁwm@uwwﬁmﬂﬂﬁwﬂa‘:mm 3.5 ms.
Explicit message processing time

Az lianngms

Tp =(0.11x Ty )xn(ms) (5.4)

n Aie ﬁ'imawnmn'\s‘dqil’mdauﬂﬁﬂgﬂlums:‘*’uuﬂszfi Aatilunilidasnaimsiieans
= finlszneurasnisfevefaim
(500 Kbps: T,=2; 250 Kops: Ty=4; 125 Kbps: T,=8)

cos / cyclic connection time

°

AuandliiaIngmasiail
Trps = {(0.05+0.008x S ) x Ty }xn(ms) (5.5)
S : AMUIUHATINTBIDUNNUAZIBNYINN TU COS
Tyt fintlsznenaanisevesam

L i _ -3 1 1 ot
n: mmumml‘uumﬁanlu'l.uma‘ﬁﬂmﬁ* 1 ‘ﬂ'NI.'Jﬂ'W‘H'ﬂQL’Jﬂ’]ﬂ’li‘ﬁ’ﬂﬂ']ﬁ“ﬂ@qm'}‘tﬁuﬂﬂﬂﬂﬂ
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v 1
m'qqmmm?ﬁfam?&i@amﬂLﬂum?mfauauﬂqﬁifa 1 ga1nvinidu anaNn1siugna

b4 ' o 4:!. 1 ] =
ANUANAZUDNNITATUINLLIAINITADANTABARINLFRL TN

wvinnaa W livasnds 8 lus

TRT = 0.016XTB XSOUTI +0]1><TB +007(ms)

Soyrr ARAUATBIBINNARIHLDTA

T, A8 fiatlsznaunisiauainiem

Y

Aunnaanias 8 lust

TRT = 0.016XTB XSIN] +0.06 x TB +005(m5)

s o

Sy ARATUNIBIBUNNAAIHLETA

< o

v
T, A8 salsznaunsiauasalem

B uaz laiynluasideaiulaidiv 8 Tus Bunmvize laviym

q

TRT =OOIGXTB X(SOUTZ +S]N2)+0'IIXTB +007(ms)

A o

Sy ABRTUINLBIBUNNARINIATA
- o « as
Sour ARATUIULBNBWINNARINITA

= o :’r I3
T, A8 MUssnaumsiueiasm
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AC
CPU
DCS
DC
HMI
I/O
LAD
LAN
MAP
OLE
(O]
PA
PC
PID
PLC
RTU
SCADA
WAN
IED
NIM

Alternative Current

Central Processing Unit
Distributed Control System
Directive Current

Human Machine Interface
Input/Output

Ladder Diagram

Local Area Network

Manufacturing Automation Protocol
Object Link and Embedding
Operation System

Process Automation

Personal Computer

Proportional Integral Differential
Programmable Logic Controller
Remote Terminal Unit

Supervisory Control And Data Acquisition
Wide Area Network

Intelligence Electronic Device

Network Interface Machine
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NTARNUEN N

Gravity Separator ca 100

Grains or particles of almost identical size are fed
continuously on the separating deck surface of the
separator, providing a uniform bed of material over the
deck surface.

The deck is fluidised by a completely uniform pressurised
air system stratifying the light material to the top of the
product bed and allowing the heavy material to contact the
deck surface. The deck is inclined from side to side and
inlet end to discharge end at adjustable angles.

The deck itself is powered by a fully balanced eccentric
drive, which moves the deck at low amplitude and high
frequency up hill. The heavy material contacting a specially
designed square wire deck surface moves up hill, while the
light material fluidised by the air system moves down hill
due to gravitational pull. A typically separation pattern is
depicted below.

1a. Intake pre-storage hopper
for intake adjustment between feeder-elevator and
electro-magnetic feeder SP 18
incl. 3 level indicator switches.
Delivery with or without supporting legs.

1b. Feed hopper with supporting column
to be arranged before the electro-magnetic feeder in
case of direct feeding of product.

2.  Electro-magnetic feeder type SP 18
for the troublefree, continuous feeding of the
machines.

3a. Intake dust-aspiration hopper
light dust and fines removal from the product to be
cleaned. Connection to central dust exhaust unit.
Air requirement: 10 m*min, 300 Pa.

3b. Partial dust hood
In case of heavy dust formation, for the removal of
dust from the incoming material and the light produce
area.

Connection to central dust exhaust or individual
cyclone and ventilator. Incl. Intake dust-aspiration
hopper and frame.

3c. Full dust hood
complete closed; suction over the whole table area.
With frame.

4a. Discharge hopper for heavy product

4b. Vibrating discharge trough for heavy product
with stone trap.

5a. Vibrating discharge trough for light product

5b. Bagging-off type hopper

6. Combined fan and cyclone filter unit
Cyclofan

Exhaust fan
With motor, without support structure

9. Dust separating cyclone with rotary valve
Capacity: =z iiigs FiiIbs T hEE
corn, wheat, soybeans
peas, beans

clover

rapeseed

Fan drivesiaiiis

Reciprocating drive s

Table area: s aiSmnsisiag

Air requirementsis i~ I mPmin LS CFM 87

-Dimensions:iidissinsagindis
Length

Width

Height

Net
Landtransport *
Seatransport

Seapacked
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Data Sheet 116.1

Cimbria DELTA 116, recirculation

Cimbria DELTA 116 has been developed for high quality
fine cleaning of malting barley, seed grain, legumes, grass
and garden seeds.

The machine’s efficient screen system with its accurately
matched stroke and frequency, is complemented by
Cimbria's highly developed pre- and after suction system.

1. Inlet

Optimal feed over the width of the machine is achieved by

either a vibratory feeder or feed roller, with stepless
adjustment via gearbox, frequency transformer or an
integral motor.

2, Agitator

Ensures an uniform feeding on the entire width of the
machine also when cleaning difficult floating products, i.e.
grass seed.

3. Spring-loaded feed valve
Protects the machine from mechanical damage from
stones and similar.

4. Pre suction with air recirculation

A finely adjustable airflow from the systems independent
cross flow fan suck through the grain flow directly under
the feed gate and suck fine particles to the screw conveyor
outlet and mini cyclone. Only 700 m*h air is lead to the
external aspiration.

5. Screens .
(Lx W =800 x 1250 mm) can be employed as sieves,
sorters or graders, and are effectively kept clean by rubber
balls in newly developed ball boxes. It is not necessary to
take out the ball boxes when changing screens.

Cimbria Manufacturing A/S . Faartoftvej 22 . 7700 Thisted . Denmark . Tel. +45 9617 9000 . Fax +45 9617 9099
Web: www.cimbria.com . €-mail: mianufacturing@cimbria.com . Member of the Cimbria Group of Companies

6. Eccentric drive system for screen boats
Supplied standard with fixed speed or alternative manually
operated frequency variator

7. After suction with air recirculation

A close adjustable air flow from the systems independent
cross flow fan suck through the grain flow directly into the
outlet for cleaned product and suck light particles to the
screw conveyor outlet and mini cyclone.

Only 700 m*h air is lead to the external aspiration.

8. Recirculating units (2 pcs.)
For adjustment of air quantity in both the pre- and after
suction systems (not shown).

9. Adjustment
Of air and feed valves is easily done with worm gear
regulators (not shown).

Capacity: (at max. 15% moisture content)

Wheat, Rye, Sorghum and Malted Barley 12.0 th
Oats, Maize, White Rice 9.0t/h
Soya, Peas, Rape, Coffee 9.0t/h
Paddy Rice, 7.0th
Sunflower, Roasted Coffee, Beet Seed  4.5-5.0 t/h
Rye Grass, Clover 1.8-2.2 th
Dimensions:

Machine height 3455 mm
Machine length 3870 mm
Machine breadth 1940 mm
Height, standard inlet hopper 532 mm
Screen area: 15.0 m?
Square outlet pipes:

(Adapter to round available)

a) from screens 160 x 160 mm
b) from expansion chamber 240 x 240 mm
Motors: (standard)

Screen 4.0 kW
Feed roller 1.1 kW
1 fan pre 7,5 kW
1 fan post 7.5 kW
Air volume:

Internal air volume (pre- and after 14,000 m%h
suction)

External suction (60 mm WG) 4,000 m*h
Total weight of cleaner 3,810 kg
Freight volume 26 m?
Dynamic loading at 4.6-4.8 Hz:
PH=+/-1100 N  PV=+/-2450 N 10N =1kg

Technical data can vary for certain of the above due to continued develop-
ment, or a different machine composition.

This DELTA machine can, in a few minutes, be converted
to different cleaning programmes, e.g.:

Beans, lupin seed, maize

QOats, wheat

Rye grass, Red fescue

Rape, peas, lentils

Copyright @ - The right to alterations is reserved
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Data Sheet 220

Dry Stoners Ts g0-s

Dry stoners are used to separate granular material 8°) to facilitate a rapid table discharge (i.e. for change of
according to the specific weight into two fractions and in product).

dry material condition. A. Intake

They find their application mainly in the elimination of
heavy impurities, such as stones, metallic particles, ele.,
from coffee, grain, pulse etc. ’

Outlet for cleaned product

Stone outlet

Adjustment of table inclination

B.

C.

D. Connection for aspirated air

E.

F.  Adjustment of aspirated air volume
G.

Intake

Total electrical:
Power consumption:
Air demand (at 600 Pa):

The granular material to be separated is taken to the table
deck (in its conveying direction) through an adjustable
spring-actuated flap.

Depending on the grain size, the deck surface, with its Height . 1500 mm
adjustable inclination of 6-15°, is covered by afine-meshed

or a large-meshed wire cloth, through which is a steady  Technical data can vary for certain of the above due lo continued
and adjustable airflow is aspirated. development, or a different machine composition.

The combined effect of the vibrating movement and of the

air passing through the deck causes an arranging in layers

of the material flowing in (fuidization). '

The heavy admixtures sink towards the bottomn and are

moved to the highest point of the table deck surface (stone

outlet) by the contact with the rough deck covering.

The main product (cleaned product) floats towards the top
and flows, against the conveying direction of the table, to
the lowest point of the deck surface, the cleaned product
discharge. In the outlet area of the heavy particles, a
~counter-air flow zone" avoids the cleaned product being
discharged into the heavy particles outlet during operation.
On request the machine can also be equipped with a
residual discharge (standard version, working inclination +

Copyright © - The right to alterations is reserved
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€ienmeier Cimbria Held GmbH . Emstbrunner Strasse 31 . A-2000 Stockerau -Austria . Tel. +43 2266 699 . Fax +43 2266 65590 C(N BR)B
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Data Sheet 74.2

CYCLOFAN

The Cimbria Cyclofan combines in one compact unit an
exhaust fan and a highly efficient dust separating cyclone.

Applications
The Cimbria Cyclofan was initially developed to counteract
the problems inherent in the air pollution caused by grain

drying installations, but it has also proved useful in other-

instances of exhaust from machines or rooms with heavy
dust concentration.

The Cyclofans are available in four models with different
capacities:

Table 1: Models and Capacities

Type Motoreffect Airvolume Pressure Weight
KwW Nm¥h Ps Kg
[mm WG]

CF 10 7.5 13.000 75 346

CF15. 11.0 16.000 75 373

CF 20 15.0 23.000 75 530

CF 30 22.0 30.000 75 590

Function

The impeller employed in the Cyclofan is of the mixed flow
type, which blows the air through vanes to further increase
the spin effect initiated by the impeller. By the extremely
intense rotation of the air, all dust paricles are
concentrated in a small fraction of the total air volume.

The dust-laden air is separated from the rest of the air in
the separation part of the cyclofan. The dust is separated
from the air in the minicyclone and the air is retumned to the

73

Type CF 10, 15, 20 & 30

suction side of the Cyclofan. A small portion of the dust will
remain in the air, which is the reason for another
recirculation of the air to allow a second dust separation.

Efficiency

The Danish institute “Bioteknisk Institut® has issued a test
report with the Cyclofan performance separating grain dust
from dust-laden air. The test shows'a dust separation of up
to more than 98% - a remarkable high separation
compared to conventional fans and cyclones.

To obtain the most efficient dust separation we
recommend the use of a Cimbria air lock valve after the
mini cyclone to ensure airtight dust discharge.

Energy Consumption

The power consumption is considerably less than required
for conventional cyclone and fan systems of equivalent
efficiency. '

Energy Saving Air Regulation

The Cyclofan is supplied with an air volume regulator, type
Varifan. The Varifan is made of adjustable guide plates
placed as a rosette. The Varifan is placed in the inlet end
of the Cyclofan. It regulates the air volume and reduces
the energy consumption with lowered capacity.

Flexibility
The Cyclofan can be installed both vertically and
horizontally, as the position has no effect to the degree of
separation.

.
C(ﬂﬂfm Copyright © - The right to alterations is reserved
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Data Sheet 26
Air-Lock Valve type QDG-52

Application

CIMBRIA’s air-lock valve type QDG-52 is used for
discharge of dust and other separated particles from
systems working with vacuum or pressure. It is dust proof
and is used as a pressure block between a cyclone and a
dust collecting bag. i

In connection with CIMBRIA’s dust collecting cyclofans the
air-lock valve is mounted between the bottom outlet of the
mini cyclone and the dust bag, where it ensures a uniform
and continuous discharge of dust and other particles, and
at the same time minimises the air escaping through the
outlet into the dust bag.

Design

The air-lock valve is manufactured from galvanised plate
and is complete with a 200 mm (87) steel roller with 6 radial
rubber vanes on the shaft. The rotor is carried by ball

bearings and its speed does not normally exceed 40
RPMs. The airlock valve is lubricated for life and is
designed for continuous operation.
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Installation
The air-lock valve is designed for mounting directly on the
o Cimbria Q-20 spouting system
oy Capacity lires per RPM
10 m? per hour
Motor Power 0.37 kW (0.5 HK)
1.3 Amp, 400V
i —ﬂ- Revolutions 1400/40 RPM/min.
bl
A b B Gear Box BJ 01/M4-30/85 220
E} Approx. weight with motor 30kg
o Approx. volume incl. 0.1m
seaworthy packing
- i | ' Inlet size (square) 200 mm (87 Q-20
261 158
419
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Data Sheet 32

Trapezoid Chain Conveyor RS

Cimbria trapezoid chain conveyors are designed with a  The trapezoid chain conveyor is in particular suitable for
special bottom and chain that ensure a totally emptying of conveying tasks with frequent product changes having
the conveyor. limited allowance of product mixture.

m¥h. 20 40 60 80 100

J { |
W T
* . + [ v
‘ -
R e
& et - 2 < % = 3 i e v
RL3-5=620 L =490, 990 & 1990 ' RL 3-5=1200 || 150

Cimbria trapezoid chain conveyors are designed with the  Intermediate Section:

principle of a conventional chain conveyorinmindandare 10 mm PEHD wearplate on the
manufactured with capacities up to 100 m¥/h. bottom ensures a low level of noise
The trapezoid chain conveyors are supplied in easily and wear.

assembled modular sections in galvanised plate,  The chain conveyor is joined with fish
alternatively a painted finish. plates to ensure a tight and flush
fitting internal wall.

Tension terminal with air nozzles:
Air nozzles in the tension terminal make it possible to  Qutlets and Shutters (see data sheet 34.2):

obtain a perfect cleaning of the chain conveyor. The chain conveyors can be fitted with a number of outlets,
which are fitted with shutters which can be controlled by
any of the following:

® Manual

® Pneumatic

®  Spindle Motor

Shutters are supplied with free hanging brushes cleaning
the chain as standard.

Drive Terminal (see data sheet 34.1):

Right mounted hollow shaft gearbox is standard. Direct
mounted gear motor can be supplied upon request.
Sensor mounted as an overflow control. Outlet spout with
a Q-flange. The drive terminal is prepared for an inspection
window.

Chain:

The conveyor chain is manufactured from special steel
with welded flights, and is fitted with hardened steel
bushes. Integrated plastic flaps ensure a perfect emptying.

Chain box Height (H) 440 mm

Width B 260 mm 310 mm

Grain layer thickness 180 mm 240 mm

Grain layer width 205 mm 255 mm

Top plate 2mm 2mm

Side plate 2mm 2mm

Bottom plate 3 mm 3 mm

Weight empty 35 kg/m 45 kg/m

Weight full 70 kg/m 100 kg/m

m

oo oo o | sarm | somm

0.50 m/sec. 60 m*h 100m¥h | [Te)
(9V)
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The study and development of SCADA system using
Artificial Intelligence Technique

Porntep Rattanakumpon Prapart Prisuwanna
Electrical Engineering Department Electrical Engineering Department
King Mongkut’s Institute of Technology King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand Ladkrabang, Bangkok, Thailand

E-mail: rattanakumpon@yahoo.com

Abstract

This paper concerned the study and development of Supervisory Control and Data
Acquisition (SCADA) system for the monitoring of PID process control, in view of the fuzziness and the
uncertainty of SCADA in fault-diagnosis and parameter-error. The tested model, in this case, was meant
to be an educational-type boiler system, temperature and level sensors attached to the boiler. Involved in
the development of a digital-data-transfer technique between a PC and PLCs,using Ethernet (TCP/IP
Protocol) in communication. The SCADA system provided the procedure for monitoring and improving
the uncertainty of the control loop via recalibrating the parameters. The uncertainty of the control loop
was normally caused by the changes of system dynamics such as inrush in/out flow of the fluid or the
rapid changes of setting temperature. Although many PLCs have tuning procedures for these parameters
adjustment, PLCs still need someone to tell them when to tune. The PC acquired PLCs’ data line
analyzing the logic relations of each signal concurrently. In addition, increase the efficiency and precision
of control system for PLCs has not a fuzzy logic module.

Keywords: SCADA, PID, Fuzzy Control, Artificial Intelligence

1. Introduction

The control of large, complicated engineered systems such as electric power grids, transportation
system ,and manufacturing systems is increasingly being accomplished using sophisticated supervisory
control and data acquisition (SCADA) systems. Modern SCADA systems typically posses a hierarchical
structure characterized by continuous dynamics at the lower levels and logical decision-making at the
upper levels. To a large degree it is this combination of continuous and logical components which makes
possible the successful control of complex and/or poorly understood plants; however, this “hybrid”
structure also makes the analysis and synthesis of SCADA systems very challenging.

The security of SCADA systems is recognized to be a critical national (and international) concern.
An important component of any comprehensive SCADA system security program is the accurately and
reliably assess the capability to accurately and reliably assess the vulnerability of these systems to various
types of failures. It can be demonstrated that in order to assess vulnerability in a rigorous and complete
manner it is necessary to be able to develop an accurate quantitative model for the system using measured
data [1]. It should be noted that this capability is also essential for a wide range of other applications. In
many applications it is often reasonable to assume that the basic structural features of the system model
can be determined a priori, for instance from considerations regarding the relevant physics or the
underlying supervisor logic. Once this basic structural form has been deduced the task of constructing a
mathematical representation of the system becomes one of parametric system identification, in which the
values of (suitably defined) parameters in the model are determined using measurements of inputs and
outputs.
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Very few results have been reported to date on the identification of* SCADA: systerTnSS using
measured data. As indicated above, successful system identification requires the development of and
appropriate (parameterized) model for the system. We seek a modeling framework which is general
enough to be applicable to a wide rage of SCADA systems and yet retains enough structure to reflect the
important properties inherent in the system and to permit meaningful analysis to be conducted using the
resulting model. One criterion any suitable framework must meet is the ability to display the rich
dynamical behavior that results from the interaction of the continuous and logical components of the
system. Additionally, it is desirable to adopt a modeling framework which permits prior knowledge
regarding the system structure to be conveniently incorporated. Once an appropriate parameterized model
is obtained, the task of determining the parameter values can then be undertaken.

Nowadays the SCADA system has been popularly used in Thailand. It is used not only in the
medium-sized industries but also in the large-sized industries. The SCADA system which can reduce the
labor problem is performed by using the monitor system and control to work together with the automatic
machine system. The controller can manage from the center point via the remote terminal unit system
(Multi-drip: 2 wire or wireless) to the automatic controlling equipment or PLC. This can lessen the
inexperience-controlling problem. The information will be back up or built as a database, which is easy to
use and check. Many software companies and the automatic controlling system companies have
collaborate to develop the SCADA system to have more potential use. In addition, these companies have
put some other equipment into the SCADA system which the aim is to increase the controlling ability.

In this paper, we bring Fuzzy system to find PID parameters used to control temperature of boiler
model. This technique can get the wanted temperature rapidly by using Visual Basic 6 to create SCADA
system model and Artificial Intelligence typed Fuzzy to design the feedback compensated value [4], [6]
and then find the out put value of Fuzzy control following the rule called “Parallel Distributed
Compensation or PDC” [2], [4] via Non Fuzzy module PLC transferring data by Ethernet (TCP/IP)
protocol which is the wide transmission standard and easy to develop.

2. Equipment and Method
The communication of PLC Omron uses Compolete V2.0 program, Active X component, and
Visual Basic 6. Its protocol received and sent the information is shown as figure 1.

T
Unit no Beginning word No.of words c
@ 1| 00 R | R - 3 2 1 ol FCs *
X10 | X10 X10 X10 X10 X0 [ X10 X10 XI10 X10 |
. Response Data From Beginning Data From second I
Unit no c
@ lxad] ® ‘R Sode , [5 Youd, —¥T5 Yo, — %y Fos | %
X10]X10 X10 X1i0 X10 X10 X10 X10 | X10 X10 X10 XI10 J R

Figurel: The form of sending and receiving the information between PLC and PC.

Figurel is the communication between PLC and PC in the form of FINS Command developed by
Omron Electronic Company. The equipments used to control temperature transfer information by digital
transmission via RS-485 typed Half Duplex used CompoWay/F protocol. The frame of transmission is
shown in figure2.

Node No. Sub-address BCC
STX ' 0 I A ETX
Node No. Sub-address End code BCC
STX ! 0 l A 1 I 6 ETX

Figure 2: The form of sending and receiving the information
between PLC and Equipment controlled temperature
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Figure 3: The network system of PLC Omron model CS1G and Computer.

The figure 3 is the collaboration between Programmable Logic Controller model CS1G and
Personal Computer typed Ethernet (TCP/IP) which has speed rate 10 Mbps and suitable IP address. The
FINS GATEWAY is the connection between them and Visual Basic 6 is used to develop the controlling
and monitoring system.

The concept of writing Visual Basic 6 uses the Component ActiveX Compolete together. The
general structure of control system used as reference to write SCADA software is in figure4.

Manufacturing system

PLC Pncumatic and hydraulic PLC
Program circuit diagrams 1/0 board
Model-based Artificial Real-time
Knowledge acquisition Knowledge acquisition data acquisition
Knowledge base Data basc

Diagnostic reasoning

Il

Diagnostic report

1.Possible faults | 2.Fault causes I 3. Corrective actions

Figure 4: The structure of general SCADA

Using SCADA system with the boiler system model, Fuzzy logic is brought to control PID

parameters to increase stability of control system .Takagi and Sugeno F uzzy model show the controlling
state and can write the Fuzzy rule below.

L ciIF .r](k)is M, ..and xn(k)fs M,

THEN x(k +1) = A;x (k) + B,u (k)
When
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x (k) =[x, (k) x, (k) x, (k)7
(k) =[u,()u, (), u, (k)

L, isFuzzy rulei;i=12,...n; nis all Fuzzy control rules.
M, member rule i in term set n.
x(k +1)=A4x(k)+Bu(k) is the out put of Fuzzy rule order i and the final output value of Fuzzy

system is

Sw, (), x (k) + B (k)
x(k +1) =1 - (1)
>w, (k)

At
w, (k) =]]M,(x, k)
j=l

w ; (k) is Gravity of rule i
M;; (x ; (k)) is the member rule i in term set j
When j=1, 2,..., n showing term set of input.

ra: B o Wy a;- 1]

1 0 0 0 0
4=y o 0 0 B, =|:
P 0

0 0 0 1] 0

A; is the showing state matrix rule i and B, is the input matrix rule i when open loop of control system in
equation (1).The output of Fuzzy rule is
ST, (k) A,x (k)
x(k +1) =4
2w (k)

i=l

(2)

iwi(k) >1,
i=1
w.(k)=1 i=1,2,..,r

3. Parallel Distributed Compensation
The concept of PDC designs Fuzzy control in order to compensate each rule of Fuzzy system in

Equation (1)
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Fuzzy system

Rule n

Rule 2

/ / P
Rule 1 // / ’;3;“ & Fone

Linear controller design technique '

Figure 5: Parallel Distributed Compensation

Feedback value of Fuzzy u(k)=-F,x(k) in term F,x(k)can find from the feedback
compensation value of linear control system. Feedback Fuzzy control value of each rule can write by
R':IF x (k) is M, ..and x (k)is M,

THEN u(k)=~Fx (k)

Ifi=1,2,...,r Then the output of Fuzzy control is

= Sw, (k)F,x (k)
u(k)=—Lt ()

(k)

Bring equation (3) adding up to equation (1) then
Y Ywkw, ()4, - BF, k)
x(k +1) =4 i=l IR (4)
> wlew (k)

i=l i=1

3.1 Theory 1

The equilibrium point of Fuzzy control in equation (4) is the stability based asymptote. If we can
prove that matrix P then the positive definite can find by equation.

, -B,F VP4, -B}-P<0 (5)
When
w(k)w, (k) #0,Yk, ij=12..r

Therefore, the system in equation (4) can revise as

x (k +1)=L[iwi(k)w,.(k){44,. -B,F,) x(k)+2iw,.(k)w,.(k)6g.x(k)} (6)
Ll i<j
—B.F }+1{4. B F,
G, = ,,h;, o
When
W= 2w kw, k)
i=l j=I
3.2 Theory 2

The equilibrium point of Fuzzy control in equation (4) is the stability based asymptote. If we can
prove that matrix P then the positive definite can find by equation.
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{4 —-B,F,Y P(4, -B,F)-P <0, =12,.,r : 7)

GiPG, —P <0,i <j <r (8)

The problem to design Fuzzy control system is to select the compensation F;(i =1,2,..,r)
therefore, in the condition of equation (7) and (8), the problem of Fuzzy control is to find F;. In this

paper, we use Bode plot or Root locus to find the linear compensation.
Suppose that (4,,B;) is the control, 4 is state matrix, and B, is input matrix when

B, =B = (i =1,2,..,, r) If the input matrix is equal and related to F; then
A -BF, =G %)
G is Hurwitz matrix [1], If P is positive definite thenG" PG —P <0.

4. Design of fuzzy control rules
Design of fuzzy control rules

From a design perspective, fuzzy control rule bases have been constructed based on the following.
(1)Domain expert’s experience/control engineering knowledge. Up to now, most FLC designs have been
based on the expertise and experience of domain experts, mostly arising from qualitative knowledge of
and objective system , combined with control engineering knowledge. This is largely due to the fact that:
(a) fuzzy control rules provide a natural framework for capturing expert knowledge;
(b) many experts have found that fuzzy control rules provide a convenient way to express their domain
knowledge.
Designing fuzzy control rule base by interrogating experts and trying to capture their approach in fuzzy
rules is something of an art form. It is basically a heuristic approach, aimed at capturing the expert’s rules
of thumb. The method has nevertheless met with considerable success. It tends to be an iterative process,
with the fuzzy parameters of the initial system being tuned and adjusted until satisfactory performance is
achieved.
(2) Modeling the operator’s control actions. In many control systems, the input-output relations are not
known with sufficient precision to make it possible to employ classical control theory for modeling and
simulation. Yet skilled human operators can control such systems quite successfully without having any
quantitative models in mind. It is of ten possible to derive fuzzy control rules by modeling the operator’s
control actions. Designing fuzzy control rules in this way is basically a deterministic approach. In
practice, modeling the operator’s control actions is carried out by observing the human controller’s
actions over a period of time and expressing them in terms of the operational input-output data.
(3) Fuzzy modeling. Fuzzy modeling is a qualitative modeling scheme by which the behavior of the
system to be controlled is qualitatively described using fuzzy quantities (or languages). This linguistic
description of the dynamic characteristics of the controlled process may be viewed as a fuzzy model of
the process. Based on the fuzzy model, we can generate a set of fuzzy control rules to obtain optimal
performance of the system.
(4) Self-organizing/learning. Fuzzy control systems can be built which simulate human learning ,and have
the ability to create fuzzy control rules and to modify them based on system performance. Several
schemes have been used to construct these systems, including the use of neural networks, self-tuning and
self-organization.

5. Experiment and Analysis

The experiment of SCADA software uses boiler model at temperature 40-80°C to control PID
value in Fuzzy and Non-Fuzzy PLC. The Fuzzy PLC is shown in figure 6.
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Figure 6: Boiler system model simulation

In the test, we use PID control command in PLC and specify Input word, First parameter and
Output word in order to control the boiler model. In figure 6, the computer controls from SCADA via
Communication system typed Ethernet to PLC. This PLC has the PID command which can specify
Proportional band (%P), Integral Constant (Tik), Derivative Constant (Tdk) and can use PID only one
loop, therefore, the change of Set value will change by software value calculated from Fuzzy theory in
order to get more efficient control value from boiler model which has volume 3.5 liters, voltage 220
V.AC 670W.We can design PID control and write the characteristic equation below.

U3l K(s+2.377 0378 Y(s)
S 510.5

The characteristic equation is

U(s) 1052 +52.65 +68.944
Y(s) 1ls®+53.1s +68.944

Then, we design Fuzzy control system of boiler model by specifying X , as temperature of boiler
model and X, as 0.

After that we compare X, , feedback temperature, with the calculating result and send to control
parameters P, Tik, and Tdk in PLC.
The computation of Fuzzy
1. Fuzzification is the change of control system to Fuzzy system _
2. Inference Engine is the analysis of conditions by using IF...THEN. ..
3.Defuzzification is the comparison of all fuzzy outputs with result by Centriod method following
equation (1)

And then take the value of Fuzzy controller to control the angle of Solid state relay controlling the
heat of oil of boiler model. In the second process, we can give the condition of rule as seeing below.

L' :IFx, is OK THEN X = Ax +Bu
I : IFx, is OK THEN X = A,x +B,u
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Figure 7: Fuzzy control of Boiler model
In the figure 7,the output matrix in each rule of Fuzzy control is the result of the experiment by

giving the temperature 20-80°C to control the coil and the variable of boiler model and so take the value
of variables from the experiment place to the boiler model and write output matrix of each rule following

fo 1[0
4"0.43 ol 7?7 |-0.618

0 1 0
4, = B, =
2.15 0 ~0.082

Specify feedback Eigen value [2.5364 + j0.6667] and then F; is
F; =[-11.9058 - 8.2084], F, = [~110.0953 — 61.8634]

below.

0 1
G=4,-B,,F,=4,-B,,F, = '
' -6.8778 -5.0728

G. = (4, -B\F,) +(4, -B,F,)
2= 2

When put every value in equation above, G 18
0 1
G, =
—-33.1926 -19.4523

And P can get from the suitable value of control system.

1.1379 049798
0.0798 0.1201

From the condition abO\}e, the matrix P is positive definite so, the stability is considered following

Learpunof continuous time

(As "'BfFf)TP +P(A; _BiFi) <0

GLP +PG,, <0

-5.2959 —4.4005 0 0
<
—4.4005 -4.5130 0 0
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Figure 9 The signal between PLC and Equipment controlling temperature

typed RS-485, signal negative compare ground.
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6. Conclusions

At the present, the factory automation uses automatic control system via PLC and expands the
capability after technology. It is important to study Control system and SCADA in order to develop the
efficiency of the moderate and small factory in Thailand. In this paper, we use Visual Basic collaborating
with PLC of Omron CSIG adding feedback control PID to increase the efficiency by Fuzzy control
theory applying to Non-Fuzzy PLC module. Observing from the experiment of boiler system model, we
found that PID value getting from Fuzzy PLC is more stable than Non-Fuzzy PLC. Therefore, we can
summarize that controlling via SCADA system can develop the capability to the automatic process up to
the experience and technology developed from general applying program.
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Abstract

This paper concemn the study and development of Supervisory Control and Data Acquisition (SCADA) system for
monitoring fault diagnosis, parameter error and fuzziness and uncertainty of a control system. At present, the SCADA system
provides only the procedure of monitoring and on - off device. Therefore, we introduce a new method that SCADA system
collaborate with fuzzy logic module. This new method can optimize PID (Proportional Integral Derivative) parameters using
Personal Computer to logically analyze data from PLC (Programmable Logic Controller). We experiment this new method with
a boiler model in order to calculate control parameter and compare the output of fuzzy module with the output of non-fuzzy
module. The result of this experiment, shows that the fuzzy module is more controllable, efficient, and precise than non-fuzzy

one. Eventually, we can apply this method with industrial and factory automation.

Keyword s: SCADA, PID, Fuzzy Control, Artificial Intelligence
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The Study and Development of SCADA System Using Fuzzy
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Abstract

This paper concerned with the study and development of Supervisory Control and Data Acquisition
(SCADA) system for monitoring fault diagnosis, parameter error, fuzzine;s, and uncertainty of control
system. At present, the SCADA system provides only the procedure of monitoring and on — off device.
Therefore, we introduce the method that SCADA system with fuzzy logic module. This new method can
optimize PID (Proportional Integral Derivative) parameters using Personal computer to logically analyze data
from PLC (Programmable Logic Controller). We bring this new method to apply to the experiment of boiler
model in order to calculate control parameter and compare the output of fuzzy module with the output of non-
fuzzy module. The result of this experiment, Fuzzy module is more controllable, efficient, and precise than

non-fuzzy module. Eventually, we can apply this method with industrial and factory automation.
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InteractX includes 40+ bundled communication drivers for the major PLC manufacturers. The following drivers are an

integrated part of the InteractX COMM Server. The drivers are provided, at no additional cost, with each development
and runtime system. One or more of the drivers listed below may be used in any application.
Manufacturer Communication  Control Devices Supported Protocol
Type (Driver)
Allen-Bradley ControlLogix Logix5550/5555 processors Ethemet/IP (CIP
Ethemet/IP Via 1761-NET-ENLI: over Ethernet)
Micrologix 1000/1200/1500
SLC 5 Family
PLC-5 series (excluding the PLC5/250 series)
PLC-5/20C, PLC-5/40C, PLC-5/80C
Via DH+ Gateway:
SLC SFamily
PLC-5 series (excluding the PLC5/250 series)
Via ControlNet Gateway:
PLC-5/20C, PLC-5/40C, PLC-5/80C
SLC5/PLCS SLC5/05 processor, PLC5 series excluding the Allen-Bradley
Ethemet PLC5/250 series Ethemnet
SLC5/PLC5(DF1)  Micrologix 1000/1200/1500 series, SLC500 series, DF1 Full-Duplex
Serial PLCS5 series excluding the PLC5/250 series (point-to-point
’ communication) and
Half-Duplex Master
(multidrop
communication, DF1
Polled-Mode)
Aromat FPx Serial FPO, FPM, FP1 (models: C16, C24, and C40), FP3, MEWTOCOL-COM
FP10SH
FPx Ethemet FP series PLC with ET-LAN Ethernet unit FP Ethernet
Protocol
(UDP or TCP)

AutomationDirect

205/405 ECOM

DL-230, DL-240, DL-250, DL-430, DL-440 and DL-

Koyo Ethernet

Ethernet 450 PLCs via an Hx-ECOM module.

205/305/405 DL-230, DL-240, DL-250, DL-330, DL-340, DL-430, DirectNet Hex Mode
DirectNet Serial DL-440 and DL-450 PLCs

205/405 K SG Series PLCs Koyo K Sequence

Sequence Serial

SL Series PLCs

D1-105,

D2-230, D2-240, D2-250
D4-430, D4-440, D4-450

Compumotor 6K 6K Series of Universal Motion Controllers Contact Compumotor
6K2, 6K4, 6K6 and 6K8 i s |
GE Fanuc CCM Serial Series 90-30 311/313, 331/341 GE CCM
Series 90-70 731/732, 771/772, 781/782
Series Six CCM2
GE Ethernet Series 90-30 311/313, 331/341, 350,360 GE Ethernet

Series 90-70 731/732, 771/772, 781/782
GE OPEN (Wide range model support)
Horner OCS (Horner's Operator Control Stations)

GE Ethernet
Global Data

Series 90-30 CPU-364 or higher equipped to handle
EGD transactions
Any device that supports EGD protocol.

EGD Transactions




i 131

Manufacturer Communication  Control Devices Supported Protocol
Type (Driver)
GE Fanuc cont. SNP Serial Series GE Micro GE SNP
Series 90-30 311/313, 331/341, 350,360
Series 90-70 731/732, 771/772, 781/782
GE OPEN Wide range model support
SNPX Serial Series GE Micro GE SNPX
Series 90-30 311/313, 331/341, 350,360
Series 90-70 731/732, 771/772, 781/782
GE-OPEN Wide range model support
General DDE Client - DDE Client Driver is capable of standard "CF TEXT" "CF TEXT" DDE
DDE data format data format
Simulator Live data simulation including Boolean, ramp, wave, -
sine and string values
OPC Client InteractX tags may be served to 3" party OPC -
Clients.
OPC Server 3rd party OPC Servers can be used to interface to -
multiple control devices
User Serial and Ethernet devices Master and
Configurable unsolicited
Driver messaging for ASCII
and Binary
protocols.
Ethernet Devices via
Ethernet Serial
Encapsulation
IDEC Serial Micro1, Micro3, MicroSmart, OpenNet, FA2J, FAZ2, Idec ASCII Protocol
FA3S-CP11 and FA3S-CP12 PLCs
Mitsubishi A and Q Series All A Series PLCs via AJ71E71 Module Mitsubishi Ethernet
Ethernet All Q Series PLCs via A1SJ71QE71 Module
A Series Serial All A Series PLCs Format 1 with
Checksum Enabled
FX Net Serial FX, FX2C, FXON, FX2N Format 1,
Checksum
FX Series Serial FX, FX0, FXON, FX2N Direct Serial
Modicon Modbus Ethernet  Modbus Ethernet compatible devices, both Master Modus Master and
and Slave. Slave (Mailbox)
Modbus Plus Modbus Plus compatible devices, both Master and Modbus Plus via
Slave. SA8S card
Modbus Serial Modbus ASCII compatible devices, Flow Computers Modbus ASCII
ASCII using the Daniels/Omni/Elliot register addressing
Modbus Serial Modbus compatible devices Modbus RTU
RTU Elliott Flow Computer
Magnetek GPD 515 Drive
Omni Flow Computer
Modbus Serial Modbus compatible devices Modbus RTU
RTU SLAVE -
Unsolicited
Omron Fins Ethernet C200H/C200HE/C200HE-Z/C200HG/C200HG- Omron FINS
Z/C200HS/C200HX/C200HX-Z,
C500, C1000H, C2000/C2000H, CV500, CV1000,
CV2000, CYM1/CVM1-V2 (CPUO1/CPU11/CPU21),
CS1H/CS1G
Fins Serial C200H/C200HE/C200HE-Z/C200HG/C200HG- Omron FINS

Z/C200HS/C200HX/C200HX-Z,

C500, C1000H, C2000/C2000H, CV500, CV1000,
CVv2000, CYM1/CVM1-V2 (CPUD1/CPU11/CPU21),
CS1H/CS1G
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