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Abstract
The aim of this paper is to present an intelligent hybrid controller for a paper machine system with ash content and dry weight as
outputs and filler valve and thick stock valve as inputs. Simulation studies have been carried out to check the robust performance
(10% increase in each process gain, 10% increase in each time delay, and 10% decrease in each time constant) of the system. The
improvement in the performance of proposed hybrid controller is compared with the Adaptive-neuro- fuzzy controller and Dahlin
controller and evaluated in terms of | SE.

Index Terms. Dahlin, Neuro-fuzzy, Hybrid and Robust
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1. INTRODUCTION

Control system for paper machines is very complextee
overall system is complicated and is at least unknoNew
control techniques for paper machines is usualbluated in
terms of its contribution to fibre efficiency, eggrefficiency,
reduced downtime and breaks increased producttyuedid
increased machine capacity. In order to achievesethe
efficiency determinants of the paper machine systash
content control plays a vital role [1].
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An increased complexity is that ash content is disavily
coupled with another important variable, basis Wweidg/any
control strategies have therefore been developddaaplied
to some production machines. However, most of tices¢rol
algorithms [4] have assumed the linearity of thecpss,

Fig 1.Paper Machine Unit

2. PROCESSREPRESENTATION

which is unlikely true for paper machines whereqérent By denoting ash content in (%) and basis weight/(a) as
grade changes take place. It is therefore necestary the outputs, filler flow rate and the thick stodkte as the
investigate the use of nonlinear control laws feetssystems. inputs, the multivariable system of paper machi@g if
Since neuro-fuzzy modeling techniques have beemwisto modeled as

be able to model the unknown nonlinear process fwea

specified accuracy, these control algorithms aré suited for G11(s) Gia ()

the paper machine system. The later will then b@hioed G(s) = G G

with the dahlin controller to form an intelligentybrid 21(8) G22(s) (1)

controller which outperforms the rest.

Where
K -ToeS K ~Taw S
Gllz ac " 'ac Glz - da .7 'dw
TaCS+1 TgwS*l
G21— Kad e—TaCS G22: KdW e—TdWS
racs+1 rdWs+1

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 62




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

WhereK = = 0214 7, =125 K,, = 093 7, =17
T, =Ts =68 K, = 0153 K, =-0192

Which results the multivariable process as?

0214 o~ 68s - 0192 o~ 68s
125s+1 17s+1
G(s) =
0153 o~ 68s 093 o~ 68s
125s+1 17s+1 2)

This model is used in analysis of hybrid, neurazfuand
conventional controller algorithms to track the ides basis
weight and ash content properties in this paper.

21IMPLEMENTATION OF CONTROLLERS

With the presence of strong interactions in théVial paper
machine system ,the controller performance detateésrand it

is necessary to design a proper decoupler[3] deraio nullify
the effect of interactions over the performanceaftrollers.
Two important advantages of decoupling which were
eliminated the interactions in paper machine systam
follows:

1) Control loop interactions of ash content and basis

weight were eliminated.

2) A set point change for ash content controlled \mdeia
not have any effect with basis weight controlled
variable.

O
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Fig 2.Decoupling Structure

If the transfer function elements of G are knownl &aving
specified the diagonal elements of Gc*,then theramiate
off-diagonal elements of Gc* to achieve decoupleantrol
can be calculated by using equations

*
= _C12Gc22
cl2 ~ G
11 (3)

*
= _%215cu
c21 G
22 (4)

2.1.1 Dahlin and Adaptive Neur o-fuzzy controller

A decoupler D(s) is included in the controller sticht

_ Gll(S) 0

D(s)G(s) =

()G (s) { 0 Gyy(s) o
The choice of lambda as twice the original timestant [2]is
a typical rule-of-thumb used in the paper mills irfdesigning
the Dabhlin controller. In this paper the forward ttpa
controllers are replaced with neuro fuzzy controtte obtain
better response.

As Fuzzy systems [5] lack the ability to learn acehnot
adjust themselves to a new environment, the meofea

neural network with a fuzzy system into one intégpa
system, therefore, offers a promising approach uildimg

intelligent systems. Integrated systems can combime
parallel computation and learning abilities of reduretworks,
with the human- knowledge representation and egpiam
abilities of fuzzy systems [6], [7].
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Fig3. Structure of the neuro-fuzzy control system

The Objective function to be minimized is

£ =5 Xy -y, I

(6)
The learning rule could be expressed as
OE(k
, (k+3) =y, (19 -y, =)
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OE(K) _ 4 (x,(K), %, (K))
0 )5 4 (%, (), %, ()

The gradient

¥,
8

1- 4% ()

0 =230~
j A\ 9)

Where K

U, L .
"= controller output of jth input used in ith rule.

Vo = Learning coefficient.

Hpi (Xj (k))

= Degree of membership function .
Wi (k) = Qutput of the ith rule

Iy = Jacobian of the plant
e(k)= Error at the kth instant = y(k)-yr

The summation k is for off-line learning that uses the
summation of measurements at the discrete instaftasthe

2

end of a control cycle. No summatioi is required in the
above equations for on-line learning. In simulasiosgn of a
discrete linearized Jacobian were used .Discreteatized
Jacobian is defined as

_ y(K) - y(k-1)
k
Its sgn defined by
sgn@d,) = L >0
I =10 otherwise

3.HYBRID CONTROLLER

In this paper, a design methodology is introdudet blends
the Dahlin and the fuzzy controllers in an intedig way and
thus a new intelligent hybrid controller[10],[11]d] has been
achieved. Basically, in this design methodologye tahlin
and neuro-fuzzy controller have been combined bieading
mechanism that depends on a certain function afasiog
error. Moreover, an intelligent switching schemeduced on
the blending mechanism that makes a decision upen t
priority of the two controller parts. A switching &lending
mechanism firstly decides the dominant one of the t
controller structures. The outputs of the neur@juz
controller and the Dahlin controller are then nplied by
either one of the functions 1-f(e) and f(e).

FUZZY PID CONTROLLER

DAHLIN CONTROLLER

Fig 4: Structure of the hybrid control system

1-f(e) and f(e) are the weighing factors of thenbieg part of
the mechanism. They quantify the level of the dstiof the
contributing controller and help us to achieve asomable
tradeoff between the actions generated by the iihak
controllers. Since the function f(e) has to be feesivalued, it
has been selected as f(e)=e2. Consequently theidhybr
controller's output becomes either

UHYBRID =f (e).UD + (X f (e)).UNFS (1)
Or
UHYBRID = (1-f (e)).UPID + f ().UNFS (12)

It is obvious that when the error is large the oaltgr output
multiplied by f(e) is activated more than the otleentroller
part[13],[14]. For this reason, at the early stagfethe control
action, the controller output which gives the fastesponse
must be multiplied by f(e).

The switching part of the mechanism tries to cabehbigger
one of the control efforts of the two main conteolparts. The
idea behind this is that higher control effort sldoproduce
faster system response. The simulations done opoped
system using the new hybrid fuzzy PID controlleovpdes
‘better’ system responses in terms of transientsieddy-state
Performances when compared to the Dahlin and theone
fuzzy controller.

4. SMULATION RESULTS

Different intelligent control techniques were depd for
paper machine control and simulated under Matlab 7.
package to verify the performance of various airgchemes
with proposed hybrid controller. The feed forwaetdupling
elements replaced by PID controllers ,designedguBiahlin

method and the designed values 1%?11 is kp=4.521, ,ki=0.1,

G
kd=1 and for ~ €22 kp=0.1415, ,ki=0.05, kd=0.2.
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Fig5 Step response of ash content with Dahlin controller
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Fig6 Step response of basis weight with Dahlin controlle
Neuro-Fuzzy logic controller is model free approaald it can
deal effectively with parameter uncertainties. Efere the

two feed forward decupling elements are replacet neuro-
fuzzy controllers and simulated.
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Fig7. Step response of ash content with neuro-fuzzyrothert
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Fig8. Step response of basis content with neuro-fuzzy
controller

From the simulation results (Fig.7,Fig.8), we camaude
that although neuro-fuzzy system is maintaining irdds
response but the response is not smooth inititiigrefore we
can overcome this problem by incorporating hybodtooller.

0 100 200 Tirne 300 400 BO0
Fig9. Step response of ash content with hybrid controlle
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Figl0. Step response of basis weight with hybrid corgroll

Also to study the effectiveness of the hybrid colter,
uncertainties in plant parameters were introduced 10%
increase in each process gain, 10% increase in 8axh
delay, and 10% decrease in each time constanteo$ytstem
to check robustness . The performance of hybridrother
was compared under disturbed plant parametersi@®ig.

Ash content
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Figll. Performance of the hybrid controller with distutbe
plant parameters
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Figl2. Comparison of the performances of hybrid controlle
under disturbed plant parameters

From the fig (12) we can conclude that the propdsgatid
controller is robust . A comparison was made witte t
performances of Dahlin ,Neuro-fuzzy and hybrid colters
(Fig 13.).1t is observed that the ISE values (&d) of
proposed hybrid controller is reduced comparethéorést.
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Figl3. Comparison of step responses of hybrid, neuroyfuzz
and dahlin controllers

Table-1: comparison of ISE values of Dahlin controller,
Neuro-fuzzy controller and hybrid controller

ISE value for Ash| ISE value for Basis
Controller .

content weight
Dahlin 9.746 12.62
Neuro-fuzzy | 8.382 7.057
Hybrid 5.77 5.209

CONCLUSIONS

From simulations it is concluded that, insuffici&mowledge
in making Knowledge base, forming rules and sedecof
membership functions effected Neuro-fuzzy controlle
performance.

The main shortcoming of Neuro-fuzzy system has aksen
tackled by integrating the Dahlin and neuro-fuzeptcollers.
The simulation results presented in this paperdmasvn that
the hybrid control can outperform the rest of ¢batrollers in
terms of robustness and parameter uncertainties.

A Comparison is made among all methods. ISE vatadess
in the case of hybrid control compared to the f€able.1) .
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