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1. Objetivo

Apresentar o trabalho feito no quinto trimestre do projeto de pesquisa que é
parte integrante do projeto de modernizacdo da area de automacao de
processos da usina hidrelétrica de Balbina e Samuel, desenvolvido pelo
programa de pesquisa e desenvolvimento tecnoldgico da empresa de geracdo
e transmissdo de energia elétrica, ELETRONORTE, em parceria com a
FINATEC e a UnB.

2. Atividades realizadas

Podem ser listadas as seguintes atividades especificas:

v' Armazenamento das tags obtidas atraves do OPC no Banco de dados
Simprebal, essas tags vao ser usadas para a analise de tendencias das
grandezas dos devices existentes na usina.

v' Verificacdo do estado de conexdo do servidor ikernel com o servidor OPC
e as DFI da Smar, o procesamento inteligente vai se efectuar sempre e
guando existe conexao primeiro entre os dois servidores e depois verificar
a conexdo do servidor OPC con as DFI, tendo 15 DFI na usina, €
importante conhecer a conetividade dos DFI e processar as regras por
DFI.

v Integracao dos dois servidores OPC que usavam diferentes librarias numa
s6, no desenvolviemento de I-kernel uso-se dois librarias do OPC,
OPCCllient e Openscada, para uma melhor comparacao das dois junto-se
num so servidor configuravel atraves do arquivo config.ini.

v' Posters apresentados no COBEM 2007 - 19th International Congress of
Mechanical Engineering, “Different Control Strategies used in Didactic
Plant PD-3 Of Smar Through OPC Technology” e “An Intelligent Kernel for
the Maintenance System of a Hydroelectric Power Plant”.



3. Armazenamento das tags OPC no Banco de Dados Simprebal.

Para o armazenamento das tags obtidas do servidor OPC no banco de dados
do simprebal, primeiro crio-se um banco de dados chamado simprebal
localizado no computador 164.41.17.29, as configuracbes de conetividade
foram escritas no arquivo de configurac&o config.ini.

[DBServers]
Assetview

Simprebal

[Simprebal]

user = alvares

password = eletronorte2003

DriveAddress = com.mysql.jdbc.Driver

ComAddress = jdbc:mysql://164.41.17.29:3306/simprebal
tags = DbsimTags

3.1 Arquivo de Tags

Os nomes das tags vao ser os mesmos dos grupos, 0 armazenamento no
banco de dados vai ser feito por grupos.

[DBsimTags]
UGH1.GEP.GEP =real
UGH1.GEP.SRG = real
UGH1.GEP.SRT = real
UGH1.SMN.MGT = real
UGH1.SMN.MCB = real
UGH1.SMN.MGG = real
UGH1.SMN.SRLMCB = real
UGH1.SMN.SRLMGG = real
UGH1.THP.SVE = real
UGH1.THP.SRV = real
UGH1.THP.SAD = real
UGH1.THP.SLF = real
UGH1.THP.SDT = real
UGH1.SME.CTA = real
UGH1.SME.TF = real



[SELECT]

j mmmmmmmmees Tags of the Simprebal Database ---------------
UGH1.GEP.GEP = SELECT value FROM tagteste WHERE nro = 1
UGH1.GEP.SRG = SELECT value FROM tagteste WHERE nro = 2
UGH1.GEP.SRT = SELECT value FROM tagteste WHERE nro = 3
UGH1.SMN.MGT = SELECT value FROM tagteste WHERE nro = 4
UGH1.SMN.MCB = SELECT value FROM tagteste WHERE nro =5
UGH1.SMN.MGG = SELECT value FROM tagteste WHERE nro = 6
UGH1.SMN.SRLMCB = SELECT value FROM tagteste WHERE nro =7
UGH1.SMN.SRLMGG = SELECT value FROM tagteste WHERE nro = 8
UGH1.THP.SVE = SELECT value FROM tagteste WHERE nro = 9
UGHL1.THP.SRV = SELECT value FROM tagteste WHERE nro = 10
UGH1.THP.SAD = SELECT value FROM tagteste WHERE nro = 11
UGH1.THP.SLF = SELECT value FROM tagteste WHERE nro = 12
UGHL1.THP.SDT = SELECT value FROM tagteste WHERE nro = 13
UGH1.SME.CTA = SELECT value FROM tagteste WHERE nro = 14
UGH1.SME.TF = SELECT value FROM tagteste WHERE nro = 15

[INSERT]

UGH1.GEP.GEP = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s")
UGHL1.GEP.SRG = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s")
UGH1.GEP.SRT = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s")

UGH1.SMN.MGT = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s',
'%s")

UGH1.SMN.MCB = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s',
'%s")

UGH1.SMN.MGG = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s',
'%s")

UGH1.SMN.SRLMCB = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s',
'%s")

UGH1.SMN.SRLMGG = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s',
'%s")

UGHL1.THP.SVE = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s")
UGH1.THP.SRV = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s')
UGH1.THP.SAD = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s')
UGHL1.THP.SLF = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s')
UGH1.THP.SDT = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s")
UGH1.SME.CTA = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s'")
UGH1.SME.TF = INSERT INTO tagteste (nro, label, id, value, quality, status) VALUES( %s, '%s', '%s', '%s', '%s', '%s")



MySQL Query Browser, - Connection: alvares@posh.graco.unb.br:3306 / simprebal

Arquivo  Editar  View

Query  Scripk

[SELECT *

Refresh

|@ Resultset 1

nro

0000000002
0000000003
0000000004
0000000005
0000000006
0000000007
0000000008
00000000049
0000000010
00000000711
000000007 2
000000001 3
000000007 4
0000000015
000000001 &
0000000017
0000000018
0000000019
0000000020
0000000021
0000000022
0000000023
0000000024
0000000025
0000000026
0000000027
0000000028
0000000029
0000000030
4

108 rows Fetched in 0,0113s (0,01755)

label

gl.t.metal. mguia.infl
gl.t.metal. mguia.inf2
gl.t.metal mguia.inf3
gl.t.oleo.mguia. inf1
gl.t.oleo.mguia.inf2
gl.p.oleo.cuba
gl.st.toleo.mguia.infl
gl.st.toleo.mguia.inf2
gl.st.p.olec.cuba
gl.st.t.metal mguia.infl
gl.gt.t.metal. mguia.inf2
gl.gt.t.metal mguia.inf3
gl.t.metal. mguia.infl
gl.t.metal. mguia.inf2
gl.t.metal. mguia.inf3
gl.t.oleo. mguia.infl
gl.t.oleo.mguia.inf2
gl.p.oleo.cuba
gl.st.toleo.mguia.infl
gl.st.toleo.mguia.inf2
gl.st.p.olen.cuba

gl.st.t metal. mguia.inf1
gl.st.tmetal. mguia.inf2
gl.st.t.metal. mguia.inf3
gl.t.metal. mguia.infl
gl.t.metal. mguia.inf2
gl.t.metal. mguia.inf3
gl t.olen. mguia. inf1
gl.t.oleo.mguia.inf2

gl p.oleo.cuba

Ferramentas

FROM t agteste t;

id

Fandom.Reald
Fandom.Reald
Fandom.Reald
Fandom.Reald
Fiandom.Ulnt1
Fiandom.Ulnt1
Fandorm.Int1
Fiandom.Int2
Fiandom.Intd
Fandom.Ulnt2
Random.UInt2
Random.Ulntd
Randomn. Reald
Randomn. Reald
Randomn. Reald
Randomn. Reald
Randorn. Ulntl
Randorn. Ulntl
Randorn.Int1
Randorn.Int2
Randaorn.Int4
Random.Ulnt2
Random.UInt2
Random.Ulntd
Randomn. Reald
Randomn. Reald
Randomn. Reald
Randomn. Reald
Randorn. Ul ntl
Rardorn. Ulntl

I # Edic :

Janela  MySQL Enterprise  Ajuda

value

14260957

14260957
10493335326
10493335326

4

4

55

7E1E

18935

16519

16519

21556

17241

172411
15547.964764830002
15547.964764830002
12

12

12

20485

3093

23314

23314

9503

5408.2295

5408.2295
104258.134013120002
104238.134013120002
184

1584

quality

LU P P T T PN U O PGS TR PN P T TR P T e e Y T e e Y e e R e e e e e

295
295
295
295
]
0
0
113
295
258
258
433
0
0
143
1428

320
43

458
458
143

ST N T A N

[ Last | péearth-:

status

3

|

12

| Execute -

) ”S.chéma.la: f

= information_schema -
|+ -] simprebal
» [l tagteste
3 thl_anomalia_sgell
3 thl_anomalia_smi1
3 thl_anomalia_smell
3 thl_anomalia_stull
» thl_cadastra_funcionarios
3 thl_decizan_zgelll
3 thl_decizao_sm
3 thl_decizao_smeld
b thl_decizao_stull
3 thl_kpiz_geraiz
3 thl_kpiz_szgelll
3 thl_kpiz_smil
3 thl_kpiz_zmeld
3 thl_kpiz_stull
3 thl logs
3 thl_zgel
3 thl_sm(l
3 thl smeln

(Syntax | Ficion

=) Data Definition Staternents

= Data Manipulation Statemnents

= MySQL Likility Statemnents

) MySQL Transactional and Lacking ...
) Database Administration Statements
) Replication Statements

= SCL Syntax For Prepared Statements

1: 1

Fig. 1 — tags armazenadas nas tabelas do Banco de dados Simprebal



4. Verificacdo do estado de conexédo do servidor OPC e as DFls

4.1 Estado de Conexao do Servidor lkernel com os Servidores OPC

Para a avaliagédo do estado de conex&o do servidor ikernel com o servidor OPC
é feito um metodo em java que envia um ping no IP configurado no arquivo

config.ini este processo é feito pra cada um dos servidores OPC achados na
usina.

public String checkopcserver() {
String estado = "";
if (Conf.OPCLibrary == 1){
for (OPCServerjopc opcs : Conf.ListofOPCServersjopc) {
try {
if (InetAddress.getByName(opcs.host).isReachable(5000))
opcs.status = "Connected”;
else
opcs.status = "Disconnected";
}catch (Exception e) {
opcs.status = "Disconnected" + e;
}

estado = opcs.status;
logger.Log("HOST = "+opcs.host + " ; "+"STATUS = "+estado);

}
if (Conf.OPCLibrary == 0}
for (OPCServerosc opcs : Conf.ListofOPCServersosc) {
try {
if (InetAddress.getByName(opcs.host).isReachable(5000))
opcs.status = "Connected";
else
opcs.status = "Disconnected";
}catch (Exception e) {
opcs.status = "Disconnected” + e;
}
estado = opcs.status;

logger.Log("HOST = "+opcs.host + " ; "+"STATUS = "+estado);

}

return estado;



4.2 Estado de Conexao do Servidor Ikernel com os Dispositivos DFls

No arquivo de configuracdo config.ini deve ter todos os dispositivos DFI que
estejam conetado ao servidor OPC, cada DFI é identificado por um numero de
IP

[DFIDevices]

dfila =164.41.17.130
;dfilb = 164.41.17.131
;dfilc =164.41.17.132
;dfia = 164.41.17.133
;dfizb = 164.41.17.134
;dfi2c = 164.41.17.135
;dfi3a = 164.41.17.136
;dfi3b = 164.41.17.137
;dfi3c = 164.41.17.138
;dfida = 164.41.17.139
;dfidb = 164.41.17.140
;dfidc =164.41.17.141
;dfiSa = 164.41.17.142
;dfib = 164.41.17.143
;dfisc = 164.41.17.144

O programa desenvolvido em java abre o socket na porta 23 em cada um dos DFI existentes
na lista do config.ini, este processo é executado em cada tick do servidor ikernel.

public String checkdfis() {
String estado = "";
boolean ed = false;
for (DFIDevice dfi : Conf.ListofDFIDevices ) {
try {
Socket socketDfi = new Socket(dfi.ip, 23); // criacao do socket no cliente
if (socketDfi.isConnected()){dfi.status = "Connected";}
socketDfi.close();
}
catch(UnknownHostException e) { dfi.status = "Not Found";}
catch(java.io.|IOException e) { dfi.status = "Disconnected";}
estado = dfi.status;
logger.Log("DFI = "+dfi.ip + " ; "+"STATUS = "+estado);
}

return estado;



5. Integracdo das duas Librarias num sé Servidor OPC

No desenvolvimento do Ikernel, esta-se usando 2 librarias para conexdo com
OPC server, JOPCClient e Openscada, cada um das librarias tem classes e
metodos diferentes, o objetivo foi criar um sé servidor que use as duas librarias
configuravel via o arquivo config.ini isto vai ser usado pra comparar 0
desempenho de cada um das librarias e para ter um soO servidor ikernel em
desenvolvimento.

5.1 Arquivo de Configuragéo

No arquivo config.ini. tem um campo que é OPCLibrary pudendo ser 0 =
Openscada, 1 = JOPCClient, depende do qual das duas librarias vai ser
preciso usar.

[OPCLibrary]

; 0 = Openscada, 1 = JOPCClient.
0

6. Ferramenta de configuracdo e monitoramento.

E3 SIMPREBAL V1.2 - Ferramenta de Configuracdio e Monitoramento

gle.

Arquivo  Sindtitico iKernel Inspegdo Ajuda

3]

a |

=

UTENDED PRCDITIMA DE B UMICARMB

sasTEMA rE Cmina
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] o 3 SN
{
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- TF

g3.ptubo.succan 31.160154 Goad 13:55:29
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' db.tag 1 628,62685 Uncertain 13.55.22
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Fig. 2 — ferramenta configuragdo e monitoramento
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Abstract

n this work, we present the conceplualization of an imelligent system to be used on the predictive
maintenance of 8 hydroelectric pawer plat. B is 3 real application, Iuclng developed in the contest
of the project Processes of ion Area of the Hydroel power stations of
Balbing and Samucl”, with the support of Eletronore, The work descabed in this paper comesponds
1w the development of an imelligent kemsl. which is planned to be the hean of a mujor
methodology, called SIMPREBAL (Predictive Maintenance System of Balbinu), to be implamed in
the plant of Balbina, near to the city of Manaus in Brazil. The overall specification and design of
this intelligent kemel is deseribed ere using UML (Unified Modeling Language) dingram. This
intelligent kemel, called here 1-kemel, will be providing expen sysems Rinctionality, besides fuzzy
logic miles processing and neural networks in an opentional cycle where data is collected from
equipments and databases, and will be used to both give support to the operational team ad Lo the
maintenance team at the plant. 1-Kemel will get the dala from supervision system by means of both
JXBC access to databases and JNI (Java Native Inferfice) geiting data from the OPC (OLE - Object
Linking and Embedding - for Process Control) server. In order to provide expert systems and fusry
Inglc F\mctlomllly tothe s}slem. we will be using the tools JESS (Java Expent Systems Shell) and
S, The hodalogy is based on ROM (Reliability Centered Maintenance)
cuu‘.q!s g used 1o nm]ya; the manners and effects of fils on the Hydraulic Generator Units of
Balbina.

| A

-

The intelligent processing is the heart of the application. It starts with a “tick” from the Kernel Timer, which
trigger & sequence of operations: first it asks the DBProxy for the tags to be read from the databuse, thes it asks
the OPCProny for the tags to be read directly from the Process Equipments, then both tags from databese and
from OPC servers are fed into JESS. Adfter that, the system starts an n-level loop, where for each boop, the
system asks the JESS engine to perform one operatiomal cycle, which first exeate JESS ules. then Fuzzy JESS
rules and then the neural network.

Intelligent Processing
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I-Kernel Subsystem Specification

The I-Kemel sabsystem is 2 software component, 1o be developed in Java language, responsible for C. and

the duta acquisition from dutabases and process equipments trough OPC, amd its ang though L BARR

convertional rules, fizzy logic and neural network, in N bryers. Many of the fimctionalities requined The Confi and appl s aweb destined to promate the configuration of

for 1-Kemel are n]rwdy available as out-of-the box software . The comp o be of the I-Kemel, 2= well as the Manitoring ol‘ he variables under control of the system and the

nsed e the l'ollnwmg. JESS - Java BExpent System Shell, dcwlnped by Sandin National request of stutdown of the 1-Kemel. This monitoring can be a direct supervision of the state of some vanable
the mle ing sl main inference machine to the expert system by the selection of the variable ameag all those which are available), or it can be a mositaring by synoptic. In

paﬂ of |-Kemel, Fuzzy-JESS. developed by the NRC Institute for Information Technology,
resporsible for the processing of fuzzy miles, m a way similar to JESS: JDBC responsible for the
access (o the databases and JN1, responsible for the access to the OPC servers which give direct
aceess to the equipments. The I-Kemel application needs to access different databases, in order to
integrate to the computational environment of Balbina’s power plant. This includes the databuse for
the Rockwell's Monitoring System, Smar's Asset Management System - Assetview, IRMMRO's
Operating and Maiterance Management System MAXIMOMES (Mamufictusing Execution
System), and also the own SIMPREBAL database which will be storing all the knowledze required
bry the different intelligent algorithms. The Neural Network module will be developed almost from
scratch, based on some code available st UNICAMP, built according to the scientific liemture. A
general view of this architecture, i tems of 8 UML dingram, s avaiable in the next figure.

e-mail System | [Browser Web | Maximo-MES DB | lRDMDEl
— il T ™
SIMFRERAL Monitoring System
of Balbina
.\-

|Ne|.nlN¢Iwm| | JESS |‘1 Funy-.!ESSl

Smar and Rockwell
Interface

I-Kernel Application
The 1-Kemel application is 2 server thal doesnt have an user inferface. 1|||J||5 way. the on!) I.hlls
that the user can do is to start the application. After that, a timer |

the darect variables monitaring, the wser chooses the variable to be monitored, und the system exhibits ils state
directly.

Conclusions

\\'c briefly pms:unl i this papﬂ' Ahe requirements and desim of an intelligent kemel (1-Kemel) to be nsed in

1 Predictive Mai System of & Power Plant. The modelling complies with RCM
ﬂ{llllblhl} centered makntenance) concepls. The system basically consist of the ConfMondtTool App modide
and the I-kemel App module. This application is actually going 1o a coding phase, and the next sieps are 1o fully
test the application within the power plunt. Despite its use in this particular application, the concept of an
intelligert kemel goes beyond simply this project, beimg usefil for the construction of similar applicaticns i
the fuire,
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Abstract

In this work, three different control strategics, newral network, fizzy logic and PID
{F Integral Ix ive), were impl in Matlab, acting on & Smar PD3 diactic
||I»ul by means nf OPC (OLE - ohgecl Linking and Embedding - for Process Coatrol)
technology. The PD3 plant employs Foundation Fieldbus protocol and configuration tools of
Snar System 302, The PD3 process chosen for testing control strategies consists to control the
temperature on the mix water tank . which has a constant Aow input nl'cumn temiperaiure hot
waler and an input consisting of ambicnd leny waler d by a g e valve.

The PII control was developed using dilferences equation and adjisting the pammeters nsing &
Ziegler- Nichols method. The Neural Network, that has a stnacture (3-20-1) capable (o leam the
dynamic of the PI controller. The training was accomplished using a backpropagation method
that is least Squarc Method (LMS). The Fuzry Logic Contreller was developed ising the
toolbox of the Matlab, membership fimction was edited m the FIS editor. In addition to the
controllers 3 supervisory was developed using GUT of Matlab.

Smar Didactic Plant PD3

The PD3 didactic plan comains two flow loop: The flow of the loop 1 is generated by pumpl,
from waler reservoir tank to tank] (hot water tank), all the hot water is transferred to the tank2
fmix water tank}. The TIC-31 is a single PID controller (st s commissioned 1o uxlml the:
water temperature in the tank] ure mcasure is obtained by the

Fuzzy Logic Controller

The thzzy logle controller applied in this work is composed of a set of miference rules of u type such as If
<expression= AND <expression= Then <result=, which define control actions as a function of the several value
ranges, which plant input variables can assume. 225 inference mules were implemented. Using the Fuzzy Logic
Toolbox of matlab, the controller was implemented using FIS edstor. The controller was built based on Marmdani
model and max-min composition was used for operations with flazzy mumbers: min operator for mplying and max
for aggregation. The centroid meethod was used for defuzzification, The controller wses three input variables, which
are extrcted from plant outpat: water iemperutie in the hot waler tank TIT-31, waler bemperature in the mi water
tank TIT-32 and set point of the water tempersture in the mix water tank TIT-325P. The output is the open percent
vabue of the control valve FY-32. Input variables assume values: cold (C1), warm (W1, W2, W3), hot (HI1, H2,
H3), and very hot (VHI, VH2, VH3). The membership functions have the form presented i the next figure.
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PID Coniroller

For the tuning of the PID controller, 3 Zicgler-Nichols method was used. where an experimental adjustment of PID
parameters was done. The method works in the following manner: A sep function is placed a5 set point and PID &
tumed-on, with Tr equal to infinity and Ti equal to zero. Kp gain is sdjusted unbil reachang manginal stability
condition. This gain. de Kpe, is named critical gain. The resulting smusoid period ns margiml gable output &=
indicated by Ppc. The final Kp value is set a5 0.6 Kpe, Tias 0.2 Ppe, and Tdas 0.125 Ppe. Using the algorithm above
and |||plyu|g o small empirical adjustment on top of values found, the following parumeters were used for the
Kp =37, Ti =9 Td = 1. Fornll tests and results obtained, it was used T= 25,

TIT-31 amd acting in the stalic comventer TY-31. The flow of the loop 2 is generated by pump2,
From water reservoir tank 1o tank2. The THC-32 can be any of the control stralegies implemented
m Matlab, lke Neurnl Network. Fuzzy Logic or PID controlles, that's located in the micro
campiiter, is commissioned to collml the water lemperature in the tank 2, lempersture mexsure

biained by the temg TIT-32 and acting in the valve pesitioner FY'-32. The
ML { st machine inderface) was imydermented in Matlab using GUI and OPC toalbox

Artificial Neural Networks (ANN)

The newral network siructure: 3 inputs, 20 neurons in the hidden laver and | neuron in the output
Bayer, The activation finction in the hidden layers is the yperbolic tangent function and in the
output layer i the sigmoid function. The ba ion method, wtilized in this work, belongs
te the fumily of Least Mean Square (LMS) methods, in which the minimum value of the
quadratic emor function is sought, based in the gradient method. The trining algorithm basically
consists in comecting in the output layer and in the hidden layers synaptic weights, on the basis
af the ermor oceurred in each output of the neuril network. Weight comection is done by means
of the minimum quadratic means method, aiming to find valees for the weights which minimize
the network cutpul error, For the tmining of the neural network confroller, inpat amd outpit
values obtuined from the PID controller response were used according 1o the next figure,
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Tests and Resulis

Defined the test for functional analyzes of these cortrollers, the lemperature of the hot water tank with its automatic
temperaturc control loop around 35°C and the temperature of the cold water from the reservoir around 26°C, the set
paint of the controllers were at 32°C, the process start with the waler temperature at 38°C, the mission of the
controllers is to amive 1o 32°C and maintain in this value. The Neural Network controller with ils weights leamed
starts the control loop. In the table before is ilustruted the comparison of the three Control Strategics Response.
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Conclusions

In this paper, & comparative study was presenfed ising a neural network, fuzzy logic and & conventional proportional
integral derivative controller, PID. The comtrollers were applied to & didactic plam of Smar. In the lests were
observed that the Fuzzy Logic controller amive to the set point slowly because were considered few mules and
membership fianction. The newral network envelop leaming and training in this case was necessary 1o have as a
teachier 1o the PIT controller. The PID require mahematical equation and tests to hming the constards Kp, Ki and Kd
The fuzzy logie cootroller demand human experience that know how to mtemct with the plant dymamic, The
employed industrial protocal Fieldbis Foundation to communicate the supervisory system and Soar instrumenfation
pennit to control the plat remotely. Future work includes the imcreasing dyrmmic 1o the fizzy controller and to made
neuro fuzzy controller in order 1o had betler response bebavior.
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