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A new method for remote control of
wind farms using the SCADA-OPC and

fuzzy Petri networks

Dr. Massoud ATASSI. Associate Professor at Mecatronics Engineering Department — Al
Baath University

Abstract

Controlling distributed power generation systems constitutes a major
challenge due to its complex nature. Petri Nets are used as a graphical tool
for modeling and analyzing complex systems. Petri Nets are effective in
sequential systems with discontinuous events since the transmission
conditions between different states are limited. There are number of complex
industrial systems of a continuous nature as well as conditions of transition
between the different states of the system that must be fuzzy. Generating
systems can be considered as an example of complex systems of a
continuous nature, some components of which are non-linear systems, for
example wind turbines whose work is strongly affected by the surrounding

climatic conditions, in particular, when we have multiple wind turbines, we
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need a supervisory controller that regulates the performance of the Sub-
RTUs (Remote Telemetry Units) to achieve optimal overall system
performance. Our research constitutes a contribution to the design of a
surveillance control system using fuzzy control techniques to manage a
distributed wind farm system. We have successfully integrated the SCADA
(supervisory control and data acquisition system) with the OPC (Open
Platform Communication) protocol to ensure optimal management of the
energy production system through the use of microcontrollers and
programmable logic controllers (PLC).

The designed system operates these controllers through monitoring every
wind turbine, the surrounding environment and the electrical load, by taking
samples of the main operating data provided by the generators to the
different stations. These sub-controllers which are connected via Distributed
Network Protocol (DNP) employ data to identify and diagnose potential
problems and provide a solution through monitoring the ability of a wind
turbine to maintain the maximum operating point of the turbine at fixed
blades by controlling the speed of the turbine or the moving blades by means
of controlling the angle of inclination of the feathers. The OPC protocol has
given the SCADA software the ability to act as an industrial network
manager, allowing them to manage all the equipments connected to the
network of different types and manufacturers.

Keywords: Fuzzy Logic (FL), (CFPN) Colored Fuzzy Petri Net,
Aeolian,

Wind Farm, SCADA, OPC, DNP.
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Bagasall Aagdll i3 Alayall oda 8 el diday .z 2 oS ADE 4 <APPB>
) S e slaae ) Jaa olSa 8

|68l g8 :AANEY A4l

Dseal) Sl LAl Gaid) G Rules Gl alag) 4dda A1 dgdall Jia
dadl Sl 4 saalsid) gprall Aedll sy Minimum U Akl o3 b
(12) IS8 Cp o aiipall pad) SlSe ) el 038 iy ¢ jgual) 3y Aaihyal
A sae ) i Sl Aailall (g5 AS0S (ge e

IF 4P IS NB AND Pw IS LOW THEN Pw_Ref IS High ALSO
Ppv_Ref IS High

<Pw,Low> <Pw,High>

<Pp\/,High>

Latlad) (g5 ASudi B 2ol Jias (12) S

s L) s dad Jidh dagd 4l aidy <Pw,Low> Al 4l Jio (lSe aag
IFPW IS Loyl eya Jich Ay et ow(PW) sapl alsall (e 30 sall e Uainl) dagl
o Al £ L) b Aad ey i)y <AP,NB> dpasill 4 Ja olSas . LOW

CAF AP 1S NB Lyl ¢3a Jiwi illy pnp(AP) de i)
Minimum  Jaadl Sl e grrall dedll L) L el ~d v
< il A SV @Al SSe ) alill 2 slids (uiow(PW) , pne(AP) )
Asall (o Lygllaal) deUsinl) day Lalsll Sail) 5La) Aoy Lasiy 535 Pw,High>
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dadal) Jia (1) dsaadl cuw < Ppy,High> Lacasill 4 Sl 2 )&l ey ¢ oyl
{R16,R17,...,R30} hsic 15 Waaae alllls clygll 5V dgandl Jiay Cua G3IG

Adbiaall Jag pall Gl o gand) Jiagy ccilaad) Jpean SE 2sanll Jiags

ol Agall Lailal) (g Au A5 Aial) (et pupags 1(1) Jgaad)

. State

Rule Events Condition P Ref
R16 Pw is Low AP is NB C6 &C1 High
R17 Pw is Low AP is NM C6 & C2 High
R18 Pw is Low APisZ C6 &C3 Low
R19 Pw is Low 4P is PM C6 & C4 Low
R20 Pw is Low APis PB C6 & C5 Low
R21 Pwis Med APis NB C7&C1 High
R22 Pwis Med APis NM C7 & C2 High
R23 Pwis Med APis Z C7&C3 Med
R24 Pwis Med APis PM C7&cC4 Low
R25 Pwis Med APis PB C7 &C5 Low
R26 Pw is High APis NB C8 & C1 High
R27 Pw is High APis NM | C8 & C2 High
R28 Pw is High APis Z C8 & C3 High
R29 Pw is High APis PM C8 & C4 Med
R30 Pw is High APis PB C8 & C5 Low
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d,\l.\.d\ Jgaal) gﬁ 5316l PR Jag ) (2) Jead)

Cl: IF AP IS NB THEN ......
C2: IF AP IS NM THEN ......
C3: IF AP IS z THEN ......
C4: IF AP IS PM THEN ......
C5: IF AP IS PB THEN ......
C6: IF Pw IS Low THEN ......
C7: IF Pw IS Med THEN ......
C8: IF Pw IS High THEN ......

dppandl) @y gaal) Ada sday))l) Aok

Z J NM I NB i dpmpill gl 3 Jal) (SWT (ga 3y yse S Jasiy
S sall 738 vies ¢ Maximum b Akl eda 3 ysed) Jiey .PB 5l PM
AN O ) Al o3a by 4y ddatiyall 2l (SUl o e aliall Aadl) Lsal
+4g Loyl

psal) lh Adgds :daldl) Adgdal)

LS Difuzzification asaill <l dglec dailall (gyh AS0h 8 Al Al i
DEF s ses Ja oSLI D dadall oda 8 aag ¢(13) Sl b maage 58
Jia . Pw-Ref Signal ddiall d8Uay oSail) 3)L3) S asg 23 0l8ay «Pw-Ref
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