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ABSTRACT

In case of changing a communication between field instruments and
controller from analog signal into digital signal or of changing parameters of process,
performance of controller is degraded because of the fixed parameters of process
controller. To solve this problem, a self-tuning Pl controller is proposed. One of a
popular self-tuning method is self-tuning fuzzy. In this thesis, we present
implementing of self-tuning fuzzy Pl controller for flow control system. Both fuzzy
and PI controller is developmented and implemented on distributed control system
as controller. The analog signal and digital signal are used for communicating
between field instruments and distributed control system. The analog input and and
output modules is employed for analog signal in range 4-20 mA while PROFIBUS PA is
employed for digital signal. The comparison between the responses of flow process
using fixed Pl controller and fuzzy Pl controller are shown. The results show that
when changing a communication from analog to digital signal in case that using fixed
Pl controller, the response of flow process variable oscillates because of process
parameters are changed. To solve the problem, we need to retune Pl parameters. So
when using Fuzzy Pl controller, the response of flow process variable can be
controlled to reach the flow setpoint and result show that Pl are automatic adjusted

by fuzzy according the specified fuzzy rule to the process.
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aodnuuunainnGdiiiesly-lulysequd-wlls uilvdaeinlunssnevaiassau Tadeides

o 1 o I a < Y1 @ g.j/ 1 62
un1sMmuaAiszauALualn®n (Degree of membership) Ingldadaavdausiaudna

vy (Areudunupnuliduandnveandy  Tuvazidmdsuvuniuduaui@inuengy
Tuvaigfirnszringuduimianiszduanudiugndnveanguaintestun)L]

2.2 Hedan
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i (Fuzzy set) 1Wumaniiniseedlvtiarmnundusninvesansening 0 uag 1
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13U 2.1 tuinfledendusudmassaagsudisfiuansannnduanndn
youlwAvesenA 1y’ flgaumall 15-25 °C fldegsenine 0 A 1 wazduguanimden
furninansinsnuamndnyesssnueseinia ‘Sou’ figamnil 26-40 °C flregszning
0 f9 1 pserfudmfugu 2.2 é?fqﬂummwuﬁguaumﬂmLf]uam%ﬂﬁuamwﬁqmmﬁ 0-25°C,
26-40°C flaudins 0 e 1 whily uwithilsfisadinnadomsnnnimiuendelvinsouagu
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gaunnd (°0)

5UN 2.3 Msdeuriuiuvasiledion

2.3 STUUATUANLUUNYY
msoanuuummuauiledidefnsafilidnlurzdodinmsiunanniiouduitu 355n-
lafa (Root-locus) BwanauausiAud (Frequency response) 38152796 WAUdlNA

(Pole placement) ngiildluniupuuuuiladanunsalifududuld seavdensdeluiasla

I =

NaT904AUTEND LAY YaImAUANLUUTREIukIME nuRanLuulwTAmN TN A
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Rule base

o

II# Preprocessing % Fuzzification IJ‘:[ Inference Engine [f;% Defuzzification % Postprocessing IJ‘:D

Controller

Fuzzy controller

JUN 2.4 1n9ai19veeinIuRuLuUiled

ngUlauandlassasiavesmmuauLuuied aedlesrusenaulunisussuiananau
waznds  wWunisusvanndunasaziondnanagldiudimuauiuuiledlifianumneay
lngsneazidgnvodarasrusenavasulandelull

- msuszanananiay (Preprocessing)  Wuduneuilldlunsnien  Tillaaw
winzauagldiuinmuauuesile® (Wsamtuneunsiiiduilsd) lnednfudidunnues
[ 1 a o Ao =) & 1 M va | = o @

szuvasluAdsiaeniavsessndiatngunsaling  wazldlefianluzuniw 93y
gARIinIsUsEINaNanay  WeUSuAmBunawatlidavInzan  F39819U9N13
USgINaNANULTY

- wlasenandyaasewisen iludyaiunines

- Uaddanlvieglusuissuusesiu @wamay, waade)

U

- USuabiluussvingiu (Normalization) lughuanizfidesnis
S NT9INIRNARFYEITUNIU
J ! [ & aQ v 6 Y @A a a
- mwmateyius viseusius (Iludunsiivgiv)
TgaridgAreITUABUNTUSENIANAN U - AnadaUsyaninmvsenis

Y

MauvesAIuAuLUUTTElaense MdygufineanazBengeuiilmaiuauvinuld

ARy

<

pgnTuSsunTdivety msudualmduussiagioadwadenisivuasuuslussuy
il (‘small’ ‘medium’ wag ‘large’ ma=) I BunmudazazgnUsuAlmiuussingIud
uansnsiu iliAnaailidellesvesdunm dauendug Aldannisuszmananou lidnas
\Hueineyius (Derivation) W3eUTius (Integration) vl uiudunmussnAuauLiiam
3 LLﬂuaujﬁﬁWUQUﬂgﬁﬁaﬂaaﬂLLUUﬁW%%U@hﬂ’JUﬂ&JQ%ﬁLﬁuu’lﬂ%{uéfﬁﬂ

- maviled (Fuzzification) Aendunmilldannisuszanananeuazgnudasls
Wuarpnuluannfinaniledduaun®n (Membership function) sing ﬁﬁagﬂuisw a9

NITIUHATNSVRIBUNAY auReuly (udsnw) ignesnuuuld



- g1ung Rule base) Aongluszuuilwdioduilalumsdifiunisauay ng
fananansnsaunanievlviivainvans suiluisanmsalsinadnsinnnnin 1 wadnsle ¢
muANTITBunALAzIe NI MTazEendn MIMO (Multi-nput Multi-Output) Tuvais
Asheuauiifismildunauaziondnnaziiondt SISO (Single-input Single-Output) Tag
Unfiuds szuuidu SISO yNIAIUANE Y INAIANLRANEAE 08 1R Tuunensal
0199ginsliASnTnsUdsuulamierazauesaiauianainsudig uiazdinuien
Idudunmiien iesniidnmnsdsuanenazausinaniiusnandunnaiai
Amanaufissanifieod wnAnvesnsldgungluiledasinilissuuilsdanulndidssiunis
yhauateesyed vionanlsindudiformaiues

- nalnnseyunu (Inference engine) AenisthAvdunn ngeiney fifmunlin
oy (nference) Wunadwslumsdadulavessy iy Wessuudadulalindy nisdudiuns
flaonadoatumsindulatuftazdiiudely snfedns Wy ssuuamaduldigamgiinng
nduiil s Seud’ ede mmiy sruLasrinIsisaneIBunanSoNfuRTIAeY
fungnisvihanu - fideandesiuleuludingn winihniseynuniedndulainazviiniside
iwsesvhady “ussian’ Wiy wadwsnisinduilédneglumonvesandaniv Mg
wgnuUasdumilfnusisinedunsusely

- myvinaied (Defuzzification) AeradnsiBsnwinldainnalnnsayuuazey
Tugtuuuwy [Weedewhaudy ‘usdiagn’ vieaniniasiammiou ‘ameussunas 1av
nadwmifana1eggnuUadlidudiaenadoaiunsinusswesssuy Wy Waesesiany
i 25% Judu

- msUszunanany (Postprocessing) Atomaiildainszuvenvazdesgnuiy
Tmngautunsiluldou liegdunsihiiduussingiu lugwildouate wuulas
/1 0 - 100% Wunssiurun -5 89 +5 ad ldwiuauauliedesiheubudealan
Unauiifeanis

FivaziBuaifnaivesdlsznevvesiimuauiitdazeSuneseaziden uavfegn

TanapalUdl

2.3.1 Ml
mMeviiled Aemssunamearseiuanuduandnveaandfuuadaniw
yosuusluszuy lutumeunsnvesniseynuiisfagdesinnsmanseduauduaundn
yosmfananveiuUsBuns T9sAveswnuusBunaidiungluszuy avegluguvesands

flay ndsentunaliszauauiuaindnvesdunaaitug  ssaunsamldainilandu
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aundn myhiledvesiiudsdunnaziuegiunguesiledmetuiu Wosndmiudunnen
wilsq sziinasenguesiiedursdowiiiu
snegsmsmummasziuauduanveBunnanguil 2.5 ane
oAl -1.5 °C Fafurniogiiaen N (wn ‘au’) wasien Z (n ‘qué’) dufiodmiy
lsfduandnuesenanuianaindiiiun f -1.5 °C fsaunduauiasanundugus Tned
fisvduanuluan@nvesen N (Seanuluau) wiiu 0.75 wazliszaumnuduaundn
vouwm Z (Wioarundugud) wiiu 025 fegsiuanmuiuileivesrinanuiianan
1.5 °C Hoghedoau thiferarnuiananduandnvosisamuduauuazanudugudus

fszauanuluavinnniienudugud  @nAssduanuduanndn 075 waz  0.25)

a

WulReInuivansNsasuLUaeAInNuianan fagun 2.6 1 4.0 °C/s Faanilendu
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1

a a:l' o 1 ::9{::4 5 I 4 I~ = < 1 4:1' 'Y} ¢ a"
aunIniinvua Auiivsanuduauduayanuluvin Aeludmegnsluen Z (‘aud’) uae
We P (‘UIN’) AIEATERUANMTUANNTNWYINTY 0.2 1Az 0.8 audisu (Asesuaulu
AUNTNUIUININITATINITUAIULUAIVBIAIAURANAIA 4.0 - °C/s HAnutduuinuinni
anuduaud) danaindudsaanuiianaadisyauanuiluann@nues ‘vin’ Wi 0.0 &
nnganuIliladanuduuinasideminietduay lusviwesdeddu  duuseonsinig
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3UN 2.6 fegrmsinilegvesdunndnsinisidsundasmanuranan

[

asUasgiiuauluauninveaivae Bunaluguilanduandnlanad

H(Error—N)(-1.5)=0.75 (2.1)
H(Error=z)(~1.5)=0.25 (2.2)
H(Error—p)(~1.5)=0.0 (2.3)
M(ErrorRate=N)(4.0) =0.0 (2.4)
H(ErrorRate=7)(4.0) =0.2 (2.5)
H(ErrorRate=P) (4.0) =0.8 (2.6)

2.3.2 mssyuuiladaingiung

nEmnsuImmAszduanduauInveBunaanaelindy  duneu
soluAsmsUsziiuavesuUsilalungvesilad msUszliudngdnanagidudw “61”
(IF)  yeussasdidierinisussdiuiedsulvandunnbuazsiilingladesnsesih Tudw
“Wi” seld Beeraaziinglueuludsnaunnimilingndenn fu ideswnainszuud
Summnnnimils - (Tufermiuiianaanagnnisiasunlamosiinnuianain Tu
fegna) eulvvossdazdunnargnussidussnefinssvivosiledioniy  “uaz” (AND)
vide “vie” (OR) uielldnadndanvhoiduadiaviiansahlulsediuddm “ud”
(THEN)  fidanendsazgniluvssifiufienarszdunnufuandnvesiuusiedely

Tupaudeall lunllaginsandinseyi “uay” Rnnguanazlad
H(AUB) (X) =min[z ) (X), 4B) (X)] 2.7)

Tuvnansainstafandure 9N TLYiNYauYANLANANINY 971998 TANALTA?

PN ! U VY o a i a A aaa ]
LaSUV]LLG]ﬂW’]\‘]ﬂubL@ Waﬂf\ﬂﬂﬂigLNUﬂ']SUENLL@agLQQUIEULLagirJllLQE]UIGU1Uﬂ§mV]3J3J7ﬂﬂ'J'] 1
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Foulvludmves  “&” ud wafildazgnihluuszidunainngdelandesgnitansanlugiu
“wh” deld Rnsanandesnassuumuauiledteinguesilediome o e Houlvves
Suwpsimisloun AmnuRanann = -1.5 °C Falsimsziuanuduandnues N uas 7 il
winfugud Geulvdsnaniaminningud uavegludiu “61” vesngde 12 4 5 7 uaz 8
Tuveteulvvesdunniifiaedliun dasnisiasunlawesdanruionatn = 4.0 °C/s
falviensziuanuduaindnues Z uag P iliwindugusluazegludi “61” vesnglof 4,
5.6, 7, 8uaz 9 Wevns “waz” AFfleituainaunisi 2.7) Houlwassudiaglain

[

Foulvivaesniialiiluaudnfe Seulalude 4 5 7 uaz 8 lnvaunsaagulanail

ng 1 o (Error = N) iy (ErrorRate = N) w1 Output = C
N9 2: (Error = 2) ey (ErrorRate = N) ud  Output = H
a1 MError=z) =025 UA%  ErrorRate—N) =0.0 WA Output = H
ng 3: (Error = P) wag  (ErrorRate = N) w1 Output = H
ng 4: i (Error = N) WAy  (ErrorRate = 2) win - Output = C
nf) 5: o (Error = 2) wag  (ErrorRate = 2) Wi Output = NC
a1 H(Error=z) =025 U8%  t(ErrorRate~z) =0.2 A2 Qutput = NC
g 6: € (Error = P) waz  (ErrorRate = 2) uwd? Output = H
N9 7: 0 (Error = N) WAy (ErrorRate = P) wda  Output = C
ng) 8: o (Error = 2) Wiy (ErrorRate = P) ud?  Output = C
o HError=z) =025 U8%  f(ErrorRate—p) =0.8 W& Output = C
N9 9: (Error = P) wag  (ErrorRate = P) ud?  Output = H

MNANTIRANATIN = -1.5 °C uay Sasnsasunlawesinruianatn
= 4.0 °C/s Analvidin “uar” %aﬁﬁaﬁmﬂnméwmmﬂg% 4,5, 7 uar 8 gnusziliumluy
fumeudely Aszduanuiiuandnandeulvduneludn “6” audusuenindauys
wdneaziisusnvesseiuanuluaindnedls Ineilsduaundnvedednnazgningen

(clipped) munaaiszauAuluauBnvesduouludunn “d1” dwes nelusiagaves
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Mamdani (Mamdani-style Inference)
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2.3.3 n13974N4)

n&aaInngeneg gnussidiududy npfialaivinfugud azgnsaddnedu
TnonsTunadndvesileituaundniiinunsusediuan sanundhdsiudumaioidmsu
uiazsuUsIne Masaungazlddanszyiedeu fgui 2.9 uaninssungdnanan
szuufitnanufianainviafu -1.5 °C wazsnsinswasuulaseinuianaiawindu 4.0

/s Tudumeusioliazimanissungilvulasduadiauihsaiiodienluldlunis
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C NC
1 1
05 0.5
0.2 0.2
, c NC
0 0 0.75
-100 0 100 -100 0 100
ng 4 ng s ':> 05
A 0 02
! 0.75 1
' 0
-100 0 100
0.5 0.5 WNATINNY)
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\ NN
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ng 7 ng 8

JUN 2.9 nan1TIIUNHURI AAUNRANAA = -1.5 °C

LazdnIINITUABULUABIAIAIINRANETA = 4.0 °C/s

2.3.4 nsvinaTlad

nnduneuusnuauicuneut Anen luszuuluailed lihazndudune
nNANaY vidoLedmg uiidmTunnIEUY AesedwnIiegnudastieglugufianusald
NulFasaguAdYIRSITY  AIFLIMAIUAN 18 Femmaniildannsaduiledls
weailedanduiidlanessuuitedihy oﬁ’qﬁ?umqmﬁwmmmﬁwmaqazw%éfmﬂu
FrdiaLau (Crisp value) msvindiiled Aetumeulunisuvasdrainuanssungliogluguves
AR

mevhited duivansuuy Bviliiduiifenldautuosauninasfielsm
AU (Centroid 138 Center Of Gravity, COG) fin COG Yosildien A Turas [a, b]

aunsalaannAnuduRusSAese Ul
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o Ha(x)dx
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TumeaiRn1sAuan COG anansamlanndeyanisindiegiedsil

b
D up(¥)x

_ X=a
COG = B

D up(x)

X=a
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(2.8)

(2.9)

HNTUNIINATDITTUUAIUANTLTLIUFUN 2.10 A1 COG anunsaAuInila

De
De

cog - [7100x0.75] +[0x0.2]
0.75+0.2
COG =-78.95

uiuAednanlaannIsvAiledamiiu -78.95%

N
1
0.75
0.5 oy
()Y
5 0.2
T
0 ~ | > 40790 (%)
-100 0 100
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N1IRBNUUISUUAIUANVBINISUIUNTT

3.1 mseenuuulassaineasszuuaIuauiefiaIuauiles Ui
TusrmAdedldimauivessmuauiilesmfuiled (1), 31, (7] al#lunisesnuuy
sUuunsmuauimeimuguiilesmiuiledlunismuauvedina Tagnisesniuy
vdenlaszunsuvesszuumuANNIEUIUMITIEiaInUANiles A Uled ssdulusegui 3.1
FeozUsznaume 3 dau fe szuuiled (Fuzzy System) fapuANile (Pl Controller) uag

AS¥UIUNIS (Process)

Error Fuzzy Flow
System
Kp Ti
Flow + Flow
m Pl Controller Process ——>
Setpoint Output
Y

o [ ¥ v =) 1 [y N
E‘U‘VI 3.1 ‘Uﬁ@ﬂlﬂ@%LLﬂ’ill“UENiS‘U‘Uﬂ’J‘Uﬂmﬂﬁ%‘U’JUﬂ’ﬁﬁjEJG]’Jﬂ’JU?]iJWlEJiUlIﬂ‘U‘WGZI“U

3.1.1 NSEUIUNS
LLwaﬁaawaaﬂizmuﬂ'ﬁsuaaszwmmmaﬂwaﬁnﬂmzwé’uéfwﬁwﬁamﬂ
nalSaues (FOPDT) fyaunisil (3.1) deilaidudelouaasnszuiunis Gp(s) Usznausny
PMI1VUNBVBINTLUIUNTS (Process gain K ) ALIa1A967 (Time constant 1) way Aals

@upg (Dead time Ty )

-T,s

K.e 'd
Gy(8)=——— (3.1)

p( ) 7s+1
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3.1.2 faAuAuile
U = Id 0 QIJ dld ¥ 1
smuauitte  udmuaumilundldunsvatsluinisgaainnssy loy
Henduaelou Ge(s) Aaun1s9 (3.2) Fsaziinsdwesnusuls 2 A1 laun Asnsivene

Luudndiu (K ) wagAwanduiinga (T;)

1

Ge(s)= Kp -(1+TIS

) (3.2)

3.1.3 syuuiled
mseankuusEUUleddmsuidetantussuund 2 Bune uay 2 ldns

fAaguit 3.2 FsldAannnszuiunsiluduns wazrednndsluadanunuiile

IF ... THEN

a

SUN 3.2 suuiledndl 2 Bunn way 2 Leane

9

lngidunnvassyuuileinnanuuysial

- Buned1eiuil 1 - Error ABAIAYINEANGIATIIAINHARIITENINIAI VRS

Samsinaiigesmsiudsnsnislnaitiold Seiinisulsitedduanesndu 5 we fail
1. NB - Negative Big
2. NS - Negative Small
3. Z-Zero

4. PS - Positive Small

5. PB - Positive Big

Inedfisgiuanuduaundn fagui 3.3
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0.5

Membership function

0 > L/min
20 -15  -10 -5 0 5 10 15 20

Error

UM 3.3 seiuanuduaundnveaduns Eror

- Buwedsuil 2 - Flow Aerndnsinsiuaiiinle dseldangunsalin
Snsmsiva etimsudaile@suimosnidu 3 om fail
1...S=Small
2. M = Medium
3. B - Big

Inefiszaumnuduaunin degun 3.4

= N
5 S M B
B 1
C
>
g—
o
% 05
()
0
&
(O]
= 40 > L/min
0 5 10 15 20 25 30 35 a0
Flow

UM 3.4 szavanuluanidnuesduns Flow

@1 NAVRITEUUTY A NwUEAIl

s o v A = ! a Iz o d'
- L@'W]V\!ﬂa"lﬂUV] 1 - Kp A ATNITIULADIDAINVYIYENAIU Kp NALE

Tishmuauiile Falinsuwusiledduieneondu 3 e il

1. S-Small
2. M - Medium
3. B-Big

Inedfisgiuanuduaundn Asgui 3.5
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0.5

Membership function

AN
7

0
0 2 4/K 6/\ 8 K 10
428 638 875

Kp

U7 3.5 sedunnuiluanTnvesondnn K,

(3 o w d‘ A ! a 4 a a o PN !
- IANAKINUN 2 - TiAgAINIIIUABINIABUNNTE T Nagadlnm

muauitle Inefvieduiud Fudinnsuusilsdduneandu 3 wn dsil

1. S-Small
2. M- Medium
3. B - Big

Inefiszaunnuduaundn fagui 3.6

c 2~
S s M B
S 1
(@]
(e
)
L
Qo
< 05
Q
L (9]
&
Q
=6 > S
6 /\8 10 /12 14 /\16 18 20
7.81 11.63 155
Tj

JUN 3.6 szaumuuannInvenering T

Tneduiudunauaziondnavesszuuiled saudsseduanuluauidnves
UNALALLOIANAVDITEUUAIVANT BT UULAAIMUATUIINNITNAGD UL TDIAY SIUdT

Usraunisalveddidy uasnuinwanuidy
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3.2 N1599NLUUNG VBN ITNUTUAIALDY

ngueilwanusuatAeslunsidell lagniauiduainnisnaasuiesiu sudq

o [

Uszaun13alveide wariuInwawide Fengeuunu dmsussuuiied azgninvuaediail

ztgz}g
T
=[O

=
— —
[GN] N

Y

: €1 Error tUu NB uag Flow 1u S agld K wag Tj 10u 'S
61 Error 10U NB uay Flow 10u M agld K, uay T 1du S
: 61 Error U NB uay Flow L B aglél Ky uag Tj 1u M
61 Error U NS wag Flow 1u S gld K wag Ty 10u S
61 Error 10U NS wag Flow Wu M agld K wag Ty 1lum
: 61 Enror 10w NS wag Flow U Bagld K, uay T; 10uB
+ 01 Error 0w Z wag Flow Wu S agld K wag T 1lum

: 61 Error U Z Wag Flow 1u M agld Ky uag T 1Uu B

: 61 Error 10U Z wag Flow (WUu B agld K, uag Tj Wu M

£ 61 Error 10 PS Uay Flow 10U S azld K, uas T; 1WuS
: 67 Error LU PS uag Flow 10u M agld Ky, uaw T; 10u B
: 61 Error 18 PS uay Flow 10u B agldl Ky uag Ty 1 S
+ 47 Error \Uu PB uay Flow 1Tu S 9ld Ky uay T 10u S
: 61 Error \u PB uay Flow \u M 2zl K, uay T 1lu S

61 Error \Uu PB Uag Flow 1Ty B 9zl Ky uaz Ty 40uS

nnngMsoyEuiletdnsil agldngnsuTumiled ves K, uag Tj fannsned 3.1
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Kp Ti S M B
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Error Z M B M
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4.1 ﬂqiaﬁlﬂLLUﬂizUUﬂ?Uﬂ]NLLU‘UﬂiZ'iﬂEJﬁI'Ju
TumseiddeilFeenuuusruuauaulngldssuumuauuuunssnediuresuiey
SIEMENS @eeglunguuassdndasifiiidedn PCST [2], 5], [6] 3ondoin fdiea Feusznouly
e 3 Ak
4.1.1 AS (Automation System)
AS AB @IUUTTUIANAENVDITEUUAIVANKUUNTEABEI PCST Usenauly
Fegunsaiwiolud
- Universal Rack : SIEMENS UR2ALU
- Power supply : SIEMENS PS407
- CPU : SIEMENS CPU416-3 PN/DP V5.2 Tneldwadn PN Jousiofiu
\3eU e SN TR T
- CPU-Extension module : SIEMENS. IF964-DP Ineldnadn DP Housie
fuiesetelysiUaAN
- lugauduiaenduns : Al16x13Bit
- luganau1aeniowne : AO8x13Bit
- PROFIBUS PA/DP Coupler : FDC 157-0

- aunsaluUasdyygnainszuadulusiidadiia - SMAR IF303 [9]

- aunsaluasdyanalusiidaiedunszua : SMAR FI303 [9]

LAENI15LBUABTENINNTEUUAIVANLUUNTEANEAIUAURUN T TALAZ 3187

AIUAY il 2 AnunieAe

a

- msWeunserulugaleuaandunaLazlugauauIaenRNm Ay
4.1
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SIEMENS PCS7
-UR2ALU

-PS407

-CPU416-2 PN/DP V5.2

Analog input/
-IF964-DP
_AIL6 x 16 Bit Analog output module
-AO8 x 13 Bit
PT2 FT1 V1 Cv2
4-20 mA 4-20 mA 4-20 mA 4-20 mA

JUN 4.1 MsweuserulugauemaendunaLarlugaLe AN 1ANn

- nsWensenulusiivaiiie lneldgunsaludasdyaunssuadulusil

Uaiie uazaunsalulasdyaalusivaiieidunseua dsgui 4.2

JoMENS PCST PROFIBUS DP DP/PA Coupler
-UR2ALU - FDC 157-0
-PSA07
-CPU416-2 PN/DP V5.2 PROFIBUS PA
F964-DP i | 'Y
“AI16 x 16 Bit SMAR @: @I SMAR
-AO8 x 13 Bit -1F303 ] ) - FI303

|

PT2 FT1 cv1 Cv2
4-20 mA 4-20 mA 4-20 mA 4-20 mA

JUN 4.2 msweusiorulusiivae

4.1.2 OS (Operator Station)
OS fip dunlgdinsuazianInan139UYBITEUUAIUANLUUNTEAUE Y

1 v
saa v

PCs7 Tngluduiiaziduneufinmesiiansememyiuas PCS7 OS Software Single Station [2]

4.1.3 ES (Engineering Station)

ES fio duildlusunsunsvinauveddiu AS wag OS U8458UUATUANKUY

nszanedu PCS7 Ingludiuiaviumeuiiunesinndamensinag PCS7 Engineering AS/OS

(2], [5], [6] ﬁiﬁumﬂﬂiLmiumiv‘f’musuaﬂ AS @un1wn CFC (Continuous Function

Chart) [5] wavwonsiwag FuzzyControl++ [7] fildlunislusunsuiladduiiienfussuuiled
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=

Faludiu ES Uaziin15vin Hardware Configuration lWenWualil AS 1108

' [
faa o

aunsaiffnaslidulumufioaniuy Asgui 4.3 waelin1svih Network Configuration e

a

Amuali AS nsudunsednefiasslidulusuiieanuuu dsgun 4.4

B HW Config - [SIMATIC 400(1) (Configuration) -- Fuzzy_Prj]
B Station Edit Inset PLC View Options Window Help BEE
bs® RS Pl el =R
- Dlx|
PROFIBUS(1): DP master system (1) =
o) UR2ALU B [ g
1 [ Ps 407108
& FOC 15 = | Profie:  [PCS7_vED -
3 CPU 4163 PN/DP
e FOUNDATION-FIELDBUS
F1 F9540P b1 PROFIBUS DP
X7 HPLDP. 248 PROFIBUS-PA
X5 PNO T P30 O Actuatars
X5P1 Port T = 10 Converter
P For 2 %}) (1 SMAR Mef- und Fregehechnik GmbH
5 A0S 13Bt 2 P e
5 AMGAIER ‘@ P
7 IF303
0 | Universal moduls
5 EMPTY_MODLLE
| Anzlog Irput fshart]
Analog Input flong)
Totd
Tatal_Settat
Total_Settat_Modetat
I (] Discrete Input
{7 Discrete Output
{1 Sensors
|| A PROFINET 10
B SIMATIC 400
| BB, SIMATIC PC Station
« s [ - 7 r Il
|
0) UR2ALU
= o .
Shot Modie | Ondermumber | Frmware | M| laddiess | D address | Comment !
1 PS5 407 104 BES7 407-DKAZ-0440 -
4=
3 |[H CPU 416 3PN/DP  [GES7 416.3ERD5.0AB0 [V5.2 |2
1
|
IF1- ([ IF 5640F FEST 964 2RA04-0AE0 IGE 14
Al T T H|
Rl FERET 1ol |
S5Al] At TERT b4
w5il] Awe TER ]
5 A0 360 BEST 432 THFO0-0AE0 532 547 1| i
g 11641361 EES? 431-0HHO0-0480 532..563
7 gl
Press Fl to get Help I. 3. e NN

- w0 — e N O\ B A0S A A —— 4 ™ n
%8 NetPro - [Fuzay Py (Network) - C:\Program Files\.AFuzzy\Fuzz Prj]
%2 Network Edit Jnsert PLC View Options MWindow Help

L eI e

Selection of the network
|

| ¥ FOUNDATION-FIELDBUS

[ || =4 PROFINET 10
=1+ Stations
+ B Other Station

-8, SIMATICPC Station
&) SIMATIC S5
SIMATIC 57-400H

E E {2 Subnets

o
i

[
0
FDC C -
> F1303 IF303
' 157-0 §}> [k
0] Ao 3 Fan ]
3 4 5
< i 5
To display the connection table, please select a module capable of a connection [CPU, FM module,
OPC server or application). To display the network address overview, please select a subnet.
£
Programming Device or PG =
Ready PLCSIM(TCP/TP) X 242 ¥ 23 [Insert (Chg

gll‘ﬁ 4.4 AS - Network Configuration
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TAgNMTINATOUIBLALRUNTIVDISTUUAIUANLUUNTEIBEI PCST  Tu

Nuideszuutiazduludsgun 4.5

PCST - OS PCST - ES

Operating /
INDUSTRIAL ETHERNET

PROFIBUS DP DP/PA Coupler
- FDC 157-0

PCST - AS
-UR2ALU
-Ps407
-CPU416-2 PN/DP V5.2
-IF964-DP
-Al16 x 16 Bit
-AO8 x 13 Bit
Control Level

Field Level PN |

PROFIBUS PA

PT2 FT1
4-20 mA 4-20 mA 4-20 mA 4-20 mA

JUN 4.5 MNTINVDITHUUAIUALLUUNTE eI

anwagnsiusunsuienduly ES aguvalu 2 dwude dawilusunsuisnis
AIUANYBINTFUIUNTL B UAIUTBITENNLIT PCST ~ CFC Programming wawauilglu
N1sMnUAAINIIIEMesVeITEUUTnd NoantuuazegludIuvaweniiag FuzzyControl++

é’fagﬂﬁ 4.6
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PCS7 — CFC Programming FuzzyControl++

_________________________________________________________________________________________________________

| =1 Instance DB }— Global DB |

Fuzzy FB

PCS7 — Automation System
AS416

5UN 4.6 111531903 ABULUTINTUTEUUAIUANLUUN TN LI

4.2 mansangUnsailusivaie

desaniinnsldgunsallusiaiie loun gunsaiwdasdaananszuadulusitaie
uazgunsaiudasdynalusidaiieiunszua  9sifa gunsnidvie SMAR fu IF303 waz
F303 9] wudy FegunsaivdaisudursdedinisdimmininesvesgUnsaiutag

[ J

dyqyauneu Inenthivesgunsalulasdeyaanszuadulsiidadive (F303) viwiiua

[ [

dyaandyanameunaen 4-20 mA Wudygaguuuulusildadie dsddivaunsaluile
gunsalinviinduns druniiiveseunsalulasdaygialusiidaniedunseua (FI303) v
winwlasdyaragUieuulsiivaniedudygimuewiaen 420 mA  Fldiugunsnizile
LIANG LU EIAIUAY
FN13eeAMITIEmasHLdaNdAseaunsalvilnseuudalugnainnssy Hedwn
¢ a 9 J = | s & oAy P
gunsalvlinszuuddlugnamnssuty aziinisawnarvesaunsaliniduniieinenis Ine
M9FIAIUANTTUUMIUANLUUNSEBdIuliT T ud asanandn n1snsRmislnesagly

%o9¥ias SIMATIC PDM [10] w83 SIEMENS Tunissarngunsad IF303 uag FI1303 Fsdinnsda

v
I v A

ARl

- mssaen IF303 Tu 9esfl 2 vesgunsaifiderdnifugunsalin PT2 Taeked 4-20
mA 9 0-60 psi fa3UTl 4.7 warludesil 3 vesqunsaifinerirfugunsaiin FT1 Tnedsen d-
20 mA fe 0-40 L/min fs3uii 4.8
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- n9Rsen FI303 Tu geei 1 vesgunsaiisadniugunsalin CV1 laesiedn 4-20

9
3

mA A8 0-100% uazluvesil 3 vesgunsal
0-100% fsguT 4.9

raidiugunsalin CV2 agnse 4-20 mA fe

@0 s cnmm—— | i
File Device View Diagnostics Help SIMATIC PDM V8.0.1 Process Device Manager
HI& 40 ShE| ?
=1 IF303 Parameter [ Value [ urit [ statue [name
B IF303 (Offine)
2 Deven i Ehduglmu‘.z
[ Transducer (3) ElBasic Seftings
-4 Analog Input (3) ElSelect Block Mode:
& Analog Input 1 Target AUTO func1_Al_Z_target_mode
o-2 EETTETE ‘ [ [ [eeiazes
# Analog Input 3 5 Select Input
[ Totalizer (3) Channel [PV [ [ 7 [nei ALz chamel
1) Display [1Set Scale of Input Value
Lower [EL{0%)] \40 |mA ‘ 7 |fur|cLN72 _pv_lower_range_value
Upper [EUAD0%)]_[20.0 [ma .7 [ A2 pv_upper_range_value
Scale of Output Value:
—
Lower EUDR] | 0.0 psi | 7 [funcl_AI_2_out_lower mange_vaiue
Upper [EU(100%)] | 60.0 bsi | 7 |funcl A2 out_upper_rangs_value
Unit psi 7 [func_AI2_out_unit I
EE Tl ko W Y e
Damping [00 - [func1_AI2_pv_ftime i
Stguosddetig\ \AL L L S L o s -
Sget MW S | JJ d S 0 ” e
Lower Limit Aam. | 0.0 psi 2 |func1_AL2 lo_lo_lim I
Lower Limit Waming | 0.0 bsi | 7 |funcl ALZ loim
Upper Limit Waring | 0.0 psi | 2 |funel AL2hiim
Upper Limt Alam | 0.0 ps | 2 |funcl ALZhihiim
Limi Hysteresis | 0.0 B func1_AL2_alam_hys
i Podiadoot ity | AN i oty — L. Y
Fail Safe Type [ Last Vaiid Output [ [func1_Al_2_FSafeType
Fail Safe Value |00 lps [ 7 [wnet a2 Fsafevalue
g Define Bggeh iompi Y.\ N il F~wi (| = LY
Eatch D ] [fune1_AI2_batch id
Batch Unt [] func1_AL_2 batch_unt
Batch Operation. | 0 func1_AL_2_batch_operation’
Bafch Phass ] lfunc1_AI_Z batch_phase
James | 17203 /| | Diagnosis Update " | Tdentity Check ¢ [ ¥ :

SUT 4.7 pnasiarn IF303 t0sil 2 fisteriu PT2 faememiuas SIMATIC PDM

v UMD wReNN #  WAIR NV Ve (>
a -
File Device View Diagnostics Help SIMATIC PDM V8.0.1 Process Device Manager
Hi&E W SR F'?
' - IF203 [Parameter [value [unit [ status [Name
17 |F303 (Offine)
I JF By SCligoy — W VB LA LVFT ¥ Ol & &
Analog Input (3) Mode y
& Aralog Input 1 Target AUTO fune_Al_3 target_mode
# Analog Input 2
2 B Faa
G- Totalizer (3) Chennel PV o [funcl_AI_3 channel
([l Display
1Set Scale of Input Value - A
Lower [EUQR)  [40 [mA T 7 [iunc1_AI3 pv_lower_range_value l
Upper [EU(100%)]_|20.0 [ma |72 [func1_A13 pv_upper_range _value
WERSGogugtigie o\ v (U e W i
Lower [EUD)] | |00 Unmin| 7 [funcl_AI3_out lower_range_value
Upper [EUID0%)] | 200 Unmin| 7 |func1_AIL3 out_upper_range_value
Unt Uimin 7 [func1_AI3 out_unit b
E,Set PV Damping Value .
Damping \n 0 \s \ |iun::1 _Al_3_pv_ftime |
ElAdvanced Settings
1Set Alarm/Warning Limits
Lower Limt Alam | 0.0 Umin| 7 [func1_AI3Jo_loim b
Lower Lim¢ Waming | 0.0 Unin| 7 [funcl_AL3 lo_m
Upper Limic Waming | 0.0 Unmin| 7 |func1_AL3_hi_im
Upper Limt Alam | 0.0 Umin| 7 [funcl_A3h_hiim
Lim Hysteress | 0.0 % func1_AI_3_slem_hys
et Fail Safe Values
Fail Safs Type \ Last Valid Output \ \ |ﬁm1 _Al_3_FSafeType
Fail Safe Value ‘n 0 ‘ Lmin ‘ 7 |imc1 _Al_3_FSafeValue
ElDefine Batch Information
Baich ID [] func1_AI_3_batch_id
Batch Unt [ func1_Al_3 batch_unt
Baich Operaion |0 func1_Al_3 batch_operation
Baich Phase [] func1_AI3 batch_phase
James | [F303 ¢ | Diagnosis Update + | Identity Check ¢ || 1 © .
—

SUT 4.8 M38arn IF303 Yaafi 3 fisiafiu FT1 shewemviuag SIMATIC PDM
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’ﬂ FI303 - Siemens - EIE@'
File Device View Diagnostics Help SIMATIC PDM V8.0.1 Frocess Devics Manager
Qa8 un&hizl?
= 1303 Parameter Valus Junit [stats [Name
& ' f‘fgﬂ‘:zn 1 Anatog Output (3)
(1 Transducer (3) ElAnalog Output 1
& Anzlog Output (3) ElBasic
=1 Display ElSelect Block Hode
Target [auTo | [ [func3_AD_1 target mode
[ Select Input
Channel |D\stunnedad ‘ ‘ 7 |fur|c37ADjJn7:hanne‘
ElSelect Output
Chaninel | Transducer \ \ |mnca_m_1 _out_charnel
ElSelect PositioneriActustor Action
Action |0pemng \ \ |1unc3_m_1_.nuease_duse
ElSet Scale of Input Value
Upper [EU(100%)] 1000 B func3_AD_1_pv_upper_range_value
Lower [EU(0%)] 00 % func3_AD_1_pv_lower_rangs_value
Unit (Input) % func3_AO_1_pv_unit
E]Set Scale of Qutput Value
Upper [EU(100%]] 200 mA | > [func3_AD_1_out_upper_range_value
Lower [EU(0%)] 40 mA | 7 |func3_AO_T_ou_lower_range_value
Unit (Outpu) mA func3_AD_1_out_unit
ElAdvanced
Fl Analog Output 2

ElAnalog Output 3
ElBasic

[ Select Block Mode:

Target | AUTO \ \ |lunt3_AD_3_lalget_mnde
ElSelect Input
Channel | Disconnected \ \ 72 |lunc3_AO_3_in_channe\
ElSelect Output
Channel [Transducer [ [ 2 [func3_AD 3 out_chamel
L] Select PositionenActuator Action
Action | Opening ‘ ‘ ||mc3,;\0,3,.ncmase,clnse
E]Set Scale of Input Value
Upper [EU(100%]] 1000 % func3_AD_3.pv_upper_range_value
Lower [EU(0%)] 00 % func3_AD_3_pv_loner_range_value
| Unit input) % func3_AD_3_pv_uni
ElSet Scale of Qutput Value
Upper [EU(100%)) 200 053 | 7 |[func3_AD_3_out upper range_value
' Lower [EU(D%)] 40 OG3e| 7 [func3_AD_3_out Jowsr_fange_value
Unit {Output) Be53e func3_AO_3 out_unit

Advanced.

| Dizgnosis Updete ' |1dentity Check |1 [ ©

James | FB03 v [

SUT 4.9 n13ern FI303 ge9il 1, 3 islerfu CV1, CV2 degamiviuas SIMATIC PDM

4.3 HerfdunlFlunmadeulusunsuvasszuuaruanuunszatsdu

Tunsifeildldssuumunuuuunssandiu dsldidonld Pcs7 Vi1 e
SIEMENS [2], [5], [6] é’m%’umsvﬁauI‘thLmiuLﬁamuammsﬁﬂmmaaﬁwu wazldaan i
FuzzyControls+ [7] 989 SIEMENS lunisadrsssuuileddilaannisesnuuudneu Tnoand
IszoglugUuuumiudon (Data Block) Feazgnisenldlag Fuzzy CFC Library Tunsifou
TUSUNIUULIFUUAIUANMUUNTZAIEAI PCST tuasiBenlusuiuuy Continuous Function
Chart (CFC) Tngldlaidusnmsgiuvesszuumuamuuunsyedn PCS7 dallseasidunues
Hardudsil

- Heidudianruauitle: PIDConL (FIC102) Feideilsidurasszuuamunusiesi
auauitle Tnefisuuuuvesiterdy figufl 4.10 lunisnanosiasieen TD Thiugud ield
lafuiidusaunuile

- Hedduszuuiled: Fuzzy_20 (FIC101) Bsireilsiduvesszuuiied Tnefisuuuy
yosilaidu faguit 4.1

- eddugruardunnrtuszuulia: FoAnin (PV_F_PA) defdeilsrduililunis
g1uAauIaeNdunn  K1uvassuulalugnaivngsy fluiitageuarnumalysiidadio

Inedsunuuvelandu Agun 4.12
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- feddudsAnerdnartuszuulis: FbAnOu (MV_F_PA) #afideilerduilily
nsdsAeaenioing rumassuutalugnanvnsy Seluiitazdrniiundusidaiie
Taofsuuuuvesileddu fagud 4.13

- WeiduduArdunarulugauwauiaan: Pcs7Anin (PV_F_AI) Fafifeardud
Tdlunsgrumiauiaenduns HIuNlugALEUIABNBUNATDITTUUAIUANKUUNTEANEEIY
Taofisuuuuvesiledidu fagui 4.14

- Heitudededumrinulugausuraen: Pcs7AnOu (MV_F_AO) dsAeilerddu
Aldlunsderuewiasnionding  KunilugaueuIaenLeIFNAYBITTUUAIUANLUUNTLANY

d Tnedisuuuuvesilendu Aagun 4.15

sUn
U

FEC-1D2
BIDConL N
Continuo :“::T:;—"
0—NegGain MV
Gain MV HiAct
fitd? MV LoAcCt
0.0—TD M5 Relea
0. 0—|DeadBand GrpErr
0.0— ConZaone RdyToSta
0— SEOL1i0p Oo3ict
0—{5P_ExtLi Manlct
0— SE.Intli Rutict
0.0— SR Ext LaopClos
100.0— 8P ExHiL SF ExtiAc
0.0— 5B ExLoL AdsCoRdy
a.0—BW 5B
0.0—FFwd 5P ExtOu
100.0— FFwdBIiLi BV _(ut
-100.0— FFwdLoLi ER
0—|MW¥_TrkCn EV UnitO
0.0—|MV_Trk MV Unit0
0—ModLi0p ErroriNum
0—2utMadli
00— ManModLi.
00— RdwCoEn
1— 2dwCoMod
00— 2dwCoMst
0—0OosLi
0.0/ CFI In
0.0— Ref5tdDe
100.0—MV_HiLim
0.0—|MV_LoLim
0—MV_Forin
0.0—|MV_Force
0.0—Rbk
100.0—EV_0OpSca
100.0—|MV_OpSca
1001— EV Unit
15342—|MV_Unit
0—TimeFact
0—CSF
1640 — EwentIsl

4.10 PCST7 - CFC : flandugiimuauiile- PIDConL (FIC-102)




FIC-101
smatic 033

3/2
INPUT1 QUTPUT1
INPUT2 QUTPUT2
0.0— INPUT3 QUTPUT3
0.0— INPUT4 QUTPUT4
0— LIOP SEL ERROR
0—AUT_L QMSG_ERR
16#0— START ST PROJ_NAM
16#228—|GLOBAL D INPUTS
QUTPUTS
RULES
QMAN AUT

SUl 4.1 PCST - CFC « Tlerduseuuiled - FUZZY 20 (FIC-101)

PV _F _FR
Fb&nIn > BoR32
Analod i ‘:_" p
EV Bad
B /5T BV Li
100.0— Scale FV_Lillni
1001 —| BV _Unit Scaleut
0—Simim 0Oo3Act
0.0— 3imFV
0.0— SabsEV
01— M5 Eeler
M5
Mode
DataXchg

3UN 4.12 PCS7 - CFC : fandusnuardunsniussuuda - FoAnin (PV_F_PA)

100.0— Scale
1342—(5F LilUni

MV F PR
FbAntu _— P
Analog o fﬂ
5P Li Bad
SP
5P ST

5P Unit

Scalelut

Ooshet

10— Simln
0.0—5imSP Li
0— M5 Relea
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Mode
DataXchg
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0— Simdn Scalelut —
0.0—5imFV_In Oosbct —
0.0— SubsPV_I
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—Mode
— DataXchg
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DataXchg
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Implementation of Self-Tuning Fuzzy PI
Controller on DCS for Flow Control System

K. Assawathanatorn, K. Anuntahirunrat and S. Chitwong

Abstract—In case of cl ing a ion between
field instruments and controller from analog signal into digital
signal or of changing a model of plant, performance of
controller is degraded because of the fixed controller
parameters such as PID controller. To solve this problem, a
self-tuning PID controller is proposed. One of a popular self-
tuning method is self-tuning fuzzy. Many researchers have
been presented the self-tuning fuzzy PID controller. In this
paper, we present implementing of self-tuning fuzzy PI
controller for flow control system. Both fuzzy and PI controller
is implemented on distributed control system (DCS) as
controller at which communication between field instruments
and distributed control system is via both the analog input and
output modules as analog signal in range of 4-20mA and digital
signal as Profibus PA. The PI controller parameters,
proportional gain and integral time, from auto-tuning method
is used to control plant, flow control system, by using analog
signal at which result shows that flow process variable reaches
to flow set point. The same PI controller parameters is applied
for PROFIBUS PA at which results shows that flow process
variable oscillates because of effect of delay-time taken place
from communication between field instruments and
distributed control system.

Index  Terms—Process Control System 7 (PCS7),
FuzzyControH+ self-tuning fuzzy, PI controller, flow control
system.

1. INTRODUCTION

INCE PID controller is widely used in industrial process

by using programmable controller or distributed control
system. Disadvantage of PID controller is that when model
of system is changed, its performance is then degraded. To
solve this problem, one method 1s applying adaptive control
by online tuning controller parameters such as proportional
gain, integral time and derivative time of PID controller
dependent on a process model. Fuzzy control system is
proposed by many reports for tuning controller parameters
[1].[3]. Most reports is focused to verification that Fuzzy
system as function of self-tuning is validity by simulation.
For this paper, self-tuning PI controller is implemented on
distributed control, Process Control System PCS 7 V7.1
[31.[4].[5], together with FuzzyControl++ software [6] for
developing Fuzzy system. The networked control system

is setted up with PROFIBUS PA to show effect of delay-
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time comparing with analog input/output module. Flow
control system is used to experiment consisting of flow
transmitter, control valve, current to PROFIBUS PA
converter, PROFIBUS PA to current converter, DP/PA
coupler, and distributed control system installed PCS 7 V7.1
with FuzzyControl++ by using Windows XP.

This paper is organized as following. The Section II
briefs plant descriptions. Section IIT presents the self-tuning
fuzzy PI controller. Section IV describes method of
implementation in des system. Results and discussions are
given in section V. Conclusion is summarized in section VI.

II. PLANT DESCRIPTIONS

A. Brief description of the Process

The pressure tank system has been setted up in our
laboratory, comprising of three parts. First part is water
supply system consisting of storage water tank, water pump
with inverter to control speed of induction motor, and surge
tank with pressure transmitter (PT1, range : 0-100 psi,
output : 4-20 mA) as feedback pressure signal to inverter for
controlling pressure value in surge tank. Second part is
pressure control system consisting of pressure tank, control
valve (CVI1, range : 0-100 %, input : 4-20 mA), and
pressure transmitter (PT2, range : 0-60 psi, output : 4-20
mA). Third part is flow control system consisting of control
valve (CV2, range : 0-100 %, input ; 4-20 mA) and flow
transmitter (FT 1, range : 0-40 /min, output : 4-20 mA). For
this paper, flow control system is employed to experiment
only.

B. Control System Configuration

To implement a control system, control system
architecture from Siemens is comprised of automation
station (AS), engineering station (ES), and operator station
(OS). SMAR field instruments [7] are used as field
instruments  together with PROFIBUS DP/PA coupler.
Hardware configuration is configured by STEP 7 with PCS7
V7.1 in HW Conf. AS consists of universal rack UR2ALU,
power supply PS407, CPU 416-3 PN/DP V5.2 with TF964-
DP as PROFIBUS DP master system and with Ethernet as
PROFINET IO system, and analog input and output module.
ES is used for hardware configuration, control programming
development, and field instruments configuration.
PROFIBUS DP master system and Ethernet as PROFINET
10 system of the CPU 416-3 PN/DP in AS are used to
connect with PROFIBUS DP/PA coupler FDC 157-0 for
linking with field instruments SMAR IF303 (current 4-20
mA to PROFIBUS PA signal) and SMAR FI303
(PROFIBUS PA signal to current 4-20 mA) and ES,
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respectively. Also MPI/DP of the CPU 416-3 PN/DP in AS
is configured as MPI for connection to ES via the CP5611
PROFIBUS DP card for downloading a fuzzy parameters
only.

Analog input module is used to connect with pressure and
flow transmitter in 4-20 mA current together with IF303.
Analog output module is used to connect with both control
valves in 4-20 mA current by alternation between FI303 and
analog output module.

C. Field Instruments Configuration

The first step to use a PROFIBUS PA field instrument is
configurating its parameter to corresponding with a
controlled process. SMAR IF303 and FI303 [x] are used to
convert 4-20 mA current from a original instrument (flow
transmitter) to PROFIBUS PA signal and PROFIBUS PA
signal to 4-20 mA current for a original control value,
respectively. Both the IF303 and FI303 is configurated by
PDM program from Siemens. Second and third channel of
IF303 is connected to PT2 and FTI, respectively. Analog
input block as function block of IF303 is configurated for 4-
20mA to 0-60 psi and to 0-40 /min, respectively, the 0-60
psi and 0-40 Vmin are in PROFIBUS PA signal. Second and
third channel of FI303 is connected to CV1 and CV2,
respectively. Analog output block as function block of
FI303 is configurated for 0-100 % PROFIBUS PA signal to
4-20mA.

III. SELF-TUNING FUZZY PI CONTROLLER DESIGN

A, Structure of self-tuning fuzzy PI controller
The general control system structure is consisting of
three parts: (1) Fuzzy system, (2) PI controller, and (3)
process shown in Fig. 1.

Error Fuzzy Flow
System

o] Kpl lTi
S
i =
é PI Controller Process |——e
o &
2 Flow

Fig. 1 Block diagram of self-tuning Fuzzy PI controller.

The mentioned Fuzzy system is different from
traditional. Error is differential between flow set point and
flow and flow from process employed which is not change
of error. Fuzzy subset of input as Error is Negative Big-NB,
Negative Small - NS, Zero - Z, Positive Small - PS, Positive
Big - PB {NB,NS,Z.PS,PB}and Flow Negative - N, Zero -
Z, Positive - P {N,Z,P}and output as Kp and Ti is {Best,
Med, Pool}. Membership functions of input as Error, flow
and output as Kp, Ti are shown in Fig. 2 to 5. PI controller
is traditional PI controller widely used in industrial process.
Model of process for flow system is first order plus dead
time FOPDT consisting a process gain K, time constant t,
time lag Td.
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Fig. 2 Membership function of flow.
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Fig. 3 Membership function of error.

o Best Med Pool 4
|
0.5
0 >
& 2 4§ 6\ 8 R 10
428 638 8.75
Kp

Fig. 4 Membership function of Kp.

Best Med Pool
1
0.5
0 N
0

Ti
Fig. 5 Membership function of Ti.

B. Self-tuning Fuzzy rule
Fuzzy rule is developed by experience of human. The
inference rule form for self-tuning Fuzzy is
Rule 1 :IfErroris NB, Flow is N, then Kp, Ti is Best
Rule 2 :IfErroris NB, Flow is Z, then Kp, Ti is Best
Rule 3 :IfErroris NB, Flow is P, then Kp, Ti is Med
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Rule 4 : If Error is NS, Flow is N, then Kp, Ti is Best
Rule 5 : If Error is NS, Flow is Z, then Kp, Tiis Med
Rule 6 : If Erroris NS, Flow is P, then Kp, Ti is Pool
Rule 7 : IfErroris Z , Flow is N, then Kp, Ti is Med
Rule 8 : IfErroris Z , Flow is Z, then Kp, Ti is Pool
Rule 9 : IfErroris Z , Flow is P, then Kp, Ti is Med

Rule 10 : If Error is PS, Flow is N, then Kp, Ti is Best
Rule 11 : If Error is PS, Flow is Z, then Kp, Ti is Pool
Rule 12 : If Error is PS, Flow is P, then Kp, Ti is Best
Rule 13 : If Error is PB, Flow is N, then Kp, Ti is Best
Rule 14 : If Error is PB, Flow is Z, then Kp, Ti is Best

Rule 15 : If Error is PB, Flow is P, then Kp, Ti is Best
Fuzzy tuning rule for Kp, Ti is shown in Table 1.
Table 1
Fuzzy Tuning Rule for Kp, Ti
Kp Flow
Ti N Z P
NB Best | Best Med
NS Best | Med Pool
Error Z Med | Pool Med
PS Best | Pool Best
PB Best | Best Best

By using fuzzy inference system and the mentioned input
and output membership function, The output surface of Kp
and Ti shown in Fig. 6 and 7 respectively indicates that a
quantizing intervals of Kpis of 0 — 10 and Ti
3 % L_J ZV‘KB__ - I b . ?

Fig. 6 Output surface of Kp.

>é'1_nnw < wviloren <l & ki Bl EE]

Fig. 7 Output surface of Ti.
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IV. IMPLEMENTATION IN DCS SYSTEM

In this paper, distributed control system from Siemens as
PCS 7V7.1 is employed to implementation for experimental
results. For developing the self-tuning fuzzy consisting of
membership function, Fuzzy rule design followed as Topic
III, the FuzzyControl++ V6 software from Siemens is
employed to generate the designed fuzzy data corresponding
with a data block DB generated from Fuzzy CFC library.
All of control programming development is in the
continuous function chart CFC by using standard libraries
consisting of input/output functions for communication as
analog signal — analog input/output module and digital
signal — PROFIBUS PA and DP, PID control function, and
Fuzzy control function. Standard PID control function,
namely PID_ConL (FIC102), Fuzzy control block, namely
Fuzzy Co (FIC101), input and output function for
PROFIBUS PA, namely FbAnIn (PV_F_PA) and FbAnOu
(MV_F_PA), and for analog input/output module, namely
Pes7AnIn (PV_F_AI) and Pes7AnOu (MV_F_AO) in PCS7
libraries for CFC is applied. Fig. 8 shows the CFC block for
flow control program by using analog input/output module
as analog signal. Fig. 9 shows the CFC block for flow
control program by using PROFIBUS PA as industrial
networked control system.

V. RESULTS AND DISCUSSION

Experimental tests were carried out to evaluate the self-
tuning Fuzzy PI controller for flow control system by using
communication between controller and field instruments via
both analog input/output module and PROFIBUS PA
utilizing continuous function chart CFC.

First, the delay-time effect to PI controller performance
for flow control system when using analog input/output
module and PROFIBUS PA is shown. PCS7 PID-tunner is
used to optimizing the PI controller parameters at which
controller parameter: Kp=33.513 and Ti=1.991, process
parameter: K=0.439, 1=2.083s, Td=0.286s where K is
process gain, T is time constant, Td is time lag. Fig. 10
shows the response of PI controller for flow control system
when changing a flow set point. Using the same PI
controller parameter, PROFIBUS PA is wused to
communication between controller and field instruments.
Fig. 11 shows the response seeing that flow response is
oscillation at which flow control system can not control
when protocol for communication is changed or updated. To
solve this problem, the PI controller must be re-tuned. at
which controller parameter: Kp=4.261 and Ti=8.578s,
process parameter: K=0.434, 1=5.395s, Td=1.315s. Fig. 12
shows the response of PI controller seeing that flow
response reaches to flow set point.

Second, the self-tuning Fuzzy PI controller is
implemented to control the flow control system both using
analog input/output module and PROFIBUS PA
alternatively by which PI controller parameter is adjusted by
Fuzzy method. This control system is independent of effect
of delay-time. Fig. 13 and 14 show response of the self-
tuning PI controller using analog input/output module and
PRIFIBUS PA respectively.
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VI. CONCLUSION PCS7 V7.1 with FuzzyControl++ from Siemens for flow
From experimental results, when time constant and time ~ control
lag of system is increase, controller performance is then
degraded because of more delay-time. To solve this problem ACKNOWLEDGMENT
permanently for effect of delay-time, adaptive control must The authors thank Mr. Narupon Panakulchiwit for their
be applied. The self-tuning PI controller is implemented on  support of this project.

ST i

)

=
Fig, 9 CFC block for flow control using PROFIBUS PA.
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Fig. 10 Response of PI controller with Kp=33.513 and Ti=1.99 1s using analog input/ontput module.
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Fig. 11 Response of PI controller with Kp=33.513 and Ti=1.991s using PROFIBUS PA.
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Fig. 12 Response of PI controller with Kp=4.261 and Ti=8 578s using PROFIBUS PA (re-tuned).
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Fig. 14 Response of self-tuning Fuzzy PI controller using PROFIBUS PA.
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