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Abstract-  Pressure control systems constitute the heart of mg process plants. Linguistic modeling and decisien
making processes like fuzzy and neural controller r@ very much useful to control the complicated proesses. An
intelligent control strategy has been proposed anduccessfully applied to a real time water pressureontrol system. For
the variation of set point change and load disturbace, an intelligent control scheme has been devekxp by integrating
self-tuning scheme with fuzzy PI controller. Satisictory industrial application results show that su& a control scheme
has enhanced adaptability and robustness to the cqiiex processes. To demonstrate the performance dig self-tuning
fuzzy PI controller (STFPIC), results are comparedwith a fuzzy PI controller (FPIC). It is observed that the proposed
controller structure is able to quickly track the parameter variation and perform better in load disturbances and also for
set point changes.
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I. INTRODUCTION

The result of automatic control must always be watald in terms of the quality of the finished proadather than in
terms of accuracy or deviation of the controlledialzle. The general purpose of automatic contraloiobtain

maximum efficiency of process operation. The Plhtoglers can successfully regulate a majority redustrial

processes by meeting various specifications unalesideration. However, the capabilities of the [etintrollers are
significantly reduced when they are applied to esyst with nonlinearities such as saturation, refggteresis, and
dead zone. Also classical control theory requireshematical model for the plant that allows for tiesign of the
controller. The fact that there are fuzzy logic raghes that allow controllers to be designed witlamy need for a
plant model, can be considered as very positivieast been reported that fuzzy logic controllersGg)lare suitable
for high-order and non-linear systems and even wittnown structure [1-3].

The aim of fuzzy techniques is to get ahead ofithiégs of conventional techniques, and to improxéestng tools
by optimizing the closed-loop dynamical performanc& number of approaches have been proposed to imptemen
hybrid control structures that combine conventiar@ttrollers with fuzzy logic techniques to conttioé nonlinear
systems [4, 5]. Among the various types of hybadtoollers, just like the widely used conventioRéalcontrollers [6]
in process control systems, Pl-type FLC’s are necosatmon and practical followed by the PD-type FL{Zs 8].
Because proportional (P) and integral (l) actiorss @@mbined in the proportional-integral (PI) cotigr to take
advantages of the inherent stability of proportiamatrollers and the offset elimination abilityiofegral controllers.

It is well known that most industrial control syste in practice are usually non-linear and higheleosystems
with considerable dead time, and their parametexg Ime changed with changes in ambient conditionsitbrtime.
In a conventional FLC, like fuzzy PI controller (EP this non-linearity is tried to be eliminated &yimited number
of IF-THEN rules, but it may not produce desiredtcol performance with fixed valued SFs and simpkmbership
functions (MFs). In spite of a number of meritsrthare many limitations while designing a fuzzptealler, since
there is no standard methodology for its variousigie steps, and no well-defined criterion for seéter suitable
values for its large number of tunable paramet&ttempts have been made to tune the control raexhieve the
desired control objectives. But, the tuning of egéanumber of FLC parameters can be a tough taskS[kh
problems may be eliminated by adopting self-tursogemes [9-12]. Here, a simple self-tuning schesnaséed to

continuously update the controller gain with thiphaf fuzzy rules.
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Depending on the input error (e) and change ofr €ite) of a process, an expert operator always triesddify
the output SF i.e. controller gain to enhance ywesn performance and to achieve stable contrallegut [13].
Following such an operator's policy, here, we ssgge simple self-tuning scheme where an online yfugain
modifier B is determined by fuzzy rules defined on e Aed14-16]. Robustness of the proposed self-tunizgy PI
controller (STFPIC) is demonstrated to controlwlaer pressure.

The rest of the paper is presented in the followsegtions. In Section Il, the proposed self-tuniigC is
described in detail mentioning different aspectgofiesign consideration. The real time procesesribed briefly
in section Ill. Experimental results are preserfieskction IV and conclusion is made in section V.

Il. PROPOSED SELFTUNING SCHEME OF FPIC

The simplified block diagram of the STFPIC is shawifrigure 1.
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Figure 1. Block diagram of STFPIC

Membership functions for controller inputs erro), €ange of errorAe) and controller outputA(l) are defined
on the normalized domain [-1, 1], whereas the MF§ @ defined on [0, 1] as shown in Figure 2 and Fég8
respectively. Symmetric triangles with equal baggdtlwand 50% overlap with neighboring MFs are usegk due to
its natural and unbiased nature. The term sets&d,é\u for Pl type FLC contain the same linguistic exgiens for
the magnitude part of the linguistic values, iL&,= LAE = LAU {NB, NM, NS, ZE, PS, PM, PB}. Similarly, MFs of
B are mapped to the MFs {ZE, VS, S, SB, MB, B, VB}.
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Figure 2. Membership functions of inputs4&) and outputAu)
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Figure 3. Membership function of gain updating éagb

The operation of a Pl-type FLC as shown in Figuoad be described by equation (1)
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u(k)=u(k-1) HAu(k) --------------- (1)

Here,Au is the incremental change in controller outptie Tule-base for computinfguy is shown in Table 1. The
rule-base in Table 2 is used for the computatiof.cBTFPIC generate the non-linear controller ouiiut) by
modifying the output of simple fuzzy Pl control(@&PIC) as shown in Figure 1 and equation (2).

Au=BG, (Auy) --------------- (2), Where, Gis the proportionality constant.

Table -1 Fuzzy rules for computation/tiy

Ae/e NB | NM NS ZE PS PM PB
NB NB NB NB NM NS NS ZE
NM NB NM | NM | NM NS ZE PS
NS NB NM NS NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PS PM PB
PM NS ZE PS PM PM PM PB
PB ZE PS PS PM PB PB PB

Table -2 Fuzzy rules for computationfof

PS PM | PB
SB S ZE
MB S Vs
Vs S Vs
MB SB S

Ae/e NB | NM | NS
NB VB VB VB
NM VB VB B
NS VB | MB B
ZE S SB MB

s s[5 el [

PS VS S Vs B MB | VB
PM Vs S MB B VB VB
PB ZE S SB VB VB VB

The proposed STFPIC uses 49 control rules and #Orgkes as shown in Tables 1 and 2 respectiveiysTo8
rules are required to obtain the ultimate contrafletput u as shown in the Figure 1. Basically rile-base fo3
should be developed by the designer according d@ctythe of response one wishes to achieve. Variaifogain
updating factor with inputs that is highly non-larén nature is shown in Figure 4.
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Figure 4. Variation of gain updating facf®) with e andAe

I1l. SYSTEM DESCRIPTION

The diagram of a pressure and flow control looghiswn in Figure 5. As shown in Figure 6, it cotssisf 1) Water
reservoir 2) Pump 3) Process pipe 4) Orifice pt&ontrol valve with electro-pneumatic positiof@gr Pressure
header 7) Manual Valve 8) Compressor and 9) cbatretc. An open water tank is connected with tirpge

(thorough pump), outlet pipe and with a bypass tim®ugh manual vale (MV1). System is equipped Wit

transmitter, pressure transmitter and pressureegiargneasurement of process variable. Initiallyewlzontroller is
off condition, due to starting of constant discleapymp, control valve gets is minimum position valve is closed
and thus a pressure head is created in pressuderhieat can be measured by pressure transmittepeassure
gauge. Now to obtain the desired pressure, we toaswitch on controller. In our system we desigtiesicontroller
in LABVIEW environment and PCl 6236 DAQ card is dder receiving and transmitting data. Input antpati of

the DAQ card is 4 to 20 ma and 0 to 10 V DC respelst Pressure vs. control valve opening chartteris shown
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in Figure 7, where we find that pressure is dea@ashen valve opening is increased. Pressure isures by a
pressure transmitter in the range of 4 to 20 mesd$rre gauge reading (psi) vs. pressure transmeteling (amp)
relationship is shown in Figure 8, which is linganature.

Figure 5. Real time pressure loop Figure 6. Schematic diagram of pressure loop
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Figure 7. Control valve Characteristics Figure Bressure vs. current calibration curve
IV. RESULTS

The proposed FPIC and STFPIC are tested on a peessutrol system with a constant set point 25 Ppheir
performance also checked against sudden load cremdset point in the process. The STFPIC outpadadhe
FPIC as shown in Figure 9 and Figurel0. Figuresvghe pressure in current (amp) unit, for thathralion curve
is provided in Figure 8, which is completely lingarnature. Real-time experiments on the systédustite the
advantages of proposed self-tuning scheme. Frorte Balbwe find that the different performance partrgesuch as
settling time (ts), IAE, ITAE, and ISE are redudgeda large percentage when controlled by STFPICpaoed to
FPIC. Also the rise time of STFPIC is very less pane to FPIC. Figure 11 and 12 respectively shaavetiror

characteristics and controller output charactessior STFPIC.
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Figure 9. Process response for a set point of 2@ amp) with FPIC
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Figure 10. Process response for a set point o6 1lamp) with STFPIC
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Table -3 Performance analysis of the process

Controller ts IAE ITAE ISE
FFIC 1058 651666 | 26391 | 0.2020
STFPIC 609 322104 | 7154 | 0.1383
x 107
50 time (sec.)1 _— 150
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Figure 11. Error characteristics of proagsiag STFPIC
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Figure 12. Output voltage of STFPIC

We also study the system with sudden loadhghaas depicted in Figure 13 and 14 for FPIC anBP3CT
respectively. Thus, the above study reveals thatpttoposed self-tuning scheme for fuzzy controtlen fix the
system in its desired pressure easily even at ébaahge. Figure 15 shows the pressure evolutiora feet point
pressure change from 25 to 33 psi and again fromo 25 psi using STFPIC.
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Figure 13. Pressure evolution using FPIC after ahge
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Figure 14. Pressure evolution using STFPIC afted change
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Figure 15. Pressure evolution aftépsint changes from 25 psi (0.01amp) to 33 psiXRamp) and 33 psi to 25 psi for STFPIC

V.CONCLUSION

In this paper, we proposed a simple self-tuninggs@hfor Pl-type FLCs. Here, the controller gaintgot SF) has
been updated on-line through a gain modifying paten defined on error and change of errae) Our proposed
STFPIC exhibited effective and improved performacampared to its conventional fuzzy counterpart ptoposed
control scheme for our real time system reducesctimeputational complexity and is very easy to ustid. By
applying the proposed self-tuning method, we oletian overall improved performance of the systeenat load
change and set point variations.
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