Deepak Parashar Int. Journal of Engineering Research and Applications www.ijera.com

ISSN : 2248-9622, Vol. 4, Issue 12( Part 3), December 2014, pp.118-123

REVIEW ARTICLE OPEN ACCESS

Modeling and Control of MIMO Headbox System Using Fuzzy
Logic

Deepak Parashar’ Aseem Chandel(SMIEEE)? Girijapati sharma® Divya

Parashar’
Department of Electrical Engineering, B.S.A. College of Engineering & Technology
Mathura, UP, INDIA

Abstract:

The Headbox plays an important role in pulp supply system with sheet forming in paper making process. The air
cushion headbox is a nonlinear & strong coupling system. In the air cushion headbox system there were two
important parameters which include total head and the stock level for improving pulp product quality. These two
parameters make this system MIMO output system so for this a decoupling controls strategy was required for
interaction between these two control loops. In this paper fuzzy tuned PID control scheme is proposed for
controlling the nonlinear control problem in air cushion headbox after the system being decoupled. An attempt
has been made for comparison between classical (PID) and fuzzy tuned PID controller. It concludes that the
fuzzy tuned PID controller is found most suitable for MIMO system in terms of obtaining steady state
properties. The effects of disturbances are studied through computer simulation using Matlab/Simulink toolbox.
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I. INTRODUCTION

In the present trend, the most of the industries are
controlled with the help of advance process control
strategies. It includes artificial intelligence, adaptive,
optimal, & robust control. In this paper, artificial
intelligence approach has been taken, particularly
fuzzy logic control strategy. Fuzzy logic control is
found most suitable for complex system, ill defined &
nonlinear system. The air cushion headbox is the
subsystem of paper making process. It delivers the
pulp over the conveyor belt in cross & machine
direction. There are various parameters like level of
stock, total head, flow of pulp, speed of conveyor
belt, air pressure inside the headbox, flow of dilution
water associated with it. So, it is not possible to
control individually parameters. Due to all these
parameters, headbox is complex system [1]. The
dispersion degree of fiber in the head box and the
regularity of pulp flow in the stock inlet of air cushion
headbox decided the sheet quality of finished paper.
In the headbox system there were two important
parameters which include total head and the stock
level for improving pulp product quality. The existing
single loop control strategy could not perform
adequately due to interaction between the two control
loops. A decoupling control strategy was required for
interaction between these two control loops [6]. In the
proposed work, Systems with more than one actuating
control input and more than one sensor output may be
considered as multivariable systems or MIMO. The
control objective for multivariable systems is to
obtain a desirable behavior of several output variables

by simultaneously manipulating several input
channels. A possible approach to multivariable
Controller design is to reduce the problem to a series
of single loop controller design problems. There are
several MIMO systems but here air cushion type
headbox used as a MIMO system.

I1. DESIGN ASPECTS OF FLC
In the proposed work fuzzy logic controller is
designed for tuning the parameters of PID controllers
(K, Ki Kg) in order to control the output of MIMO
system.

Structure of Fuzzy Logic Controller

The fuzzy logic controller consists three main
stages fuzzification, rule base and defuzzification
Fig- 1.
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Fuzzy Controller

Fig 1: Fuzzy logic controller

I11. FUZZY PID SELF TUNING
The basic structure of the PID controller is
described in the following equations

U':"‘j:er"'f‘:s' | edt + K ? 1
. L. - ds,
U= Ky (et [ edt + T, ) 2)

Where e is the error. Conventional PID controller is
the sum of three different control actions. A PID
controller has three adjustable or tuning parameters:
K, Ki Kg. The Proportional action can reduce the
steady state error, Integral action will eliminate the
steady state and Derivative action will improve the
closed loop stability. The relationships between these
three control parameters are:
Ki:Kp/*'_s' (3)

Ka=Kp=Ty 4)

Where T:and T, are integral time and derivative time

respectively. In this work the controller has two
inputs and three outputs for tuning the PID controller
using Fuzzy logic approach. For the controller
design, error and rate of change of error are used as
an input to the self tuning and gains are as outputs.
The fuzzy logic is adding to the conventional PID
controller to tune the parameters of the PID controller
on line according to change of error and rate of
change of the error.

The proposed fuzzy self tuning PID [4] controller
which is designed for controlling the process of the
plant is shown in Figure 2.
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Fig 2: Fuzzy tuned PID controller

1IV. HEADBOX MIMO MODEL

The head box with rectifier rolls and without over
flow in a multi grade paper machine is chosen for
control purpose. Stock is fed to the head box with a
fan pump which is also used as main control device
for the total head. The stock level in the pond is
controlled using an air caution is adjusted with a
constant speed air pump and four control valves. Over
all transfer function is given by Nissinen et al [2].
Figure 3 shows MIMO configuration for control of
total head and stock level in a head box control
system in a paper mill.
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Fig 3: Pressurized air cushioned head box
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U (0.0007 )~ == u
(4365 +5) 1 = 2
(6)

Where u; and u, are two inputs which are fan pump
speed and control air valve respectively and Y, and
Y, are the outputs of process which are total head and
stock level respectively.

(0.02052+0.0001)e™ 5

2:

For determining the interaction between inputs and
outputs, there are several methodologies for the same.
In this paper Relative gain array has been introduced.
A relative gain array (RGA) defines the steady state
open loop gain and closed loop gain, Kj;.

T T
_ fqa R

T T
Hqq Haa

Equation 5 & 6 results

£=-0.017045
As A= A= 11-¢
A11= A2,=0.9832
A= 2A21=1- 1
112: 121:1-09832200167
thus the RGA for 2x2 system is given by

— :'ll\. 1 _}L
A= ’1 -3 A ]
5 = [0.9832 0.0167
"~ lp.o1s7  0.9832

Here A is called the relative gain parameter.

So from above calculation the value of A tends to 1 so
that opening and closing of loops has no effect on
each other so that 1-1 and 2-2 pairing is
recommended. Therefore, decoupling is required for
MIMO system.

V. DECOUPLING AND DECOUPLER
DESIGN

The above MIMO control problem for total head
and stock level can also be solved by partial or full
decoupling of loops [1]. In this investigation perfect
decoupling has been made as the accurate process
transfer function are available. The transfer functions
can be used to determine the effect of a change in
either us or u, on Y4 and Y, as under
Y1= G1a(S) Us(S) + G1a(S) Ua(S) (7
Y2= Ga1(S) Us(S) + Gaa(S) Ua(S) ®)
The decoupling control system for MIMO process is
shown in Fig 4. By adding additional controllers
called decouplers to a conventional multi-loop
configuration, the design objectives of reducing

control loop interaction can be realized. The
decoupler expressions have been described as under

F_gp E, t Cu Vi > Uy
| Cxu/Cu
» Ci/ Cz
F_gp E Ca T, > g
Fig4: A decoupled control system
U=V + (Cpof Cp) V2 ©)]
U= Vo + (Ca/ Cyy) Vi (10)

Y1= (G112 +Gyp Coyf Cip)Va+ (Gyy Coof Copt G1o) Vs
(11)

Y= (Ga1 +Gyp Cotf Cip)Vat (Goy Coof Cop+ G)V, - (12)

When V; affect Y, and eliminate the effect of V, on
Y., then

(G11 C1of Co+ Gy) =0

Or Cyof Cp=- Gl Gz (13)

When V, affect Y, and eliminate the effect of V, on
Y,, then

(G +G» Cu/ Cyy) =0

or C21/ Cllz - G21/ Gzz (14)

The expressions 13 and 14 are for ideal decoupler.
One can interpret a decoupler as a type of feed
forward controller with an input signal that is
manipulated variable rather than a disturbance
variable. The corresponding two SISO systems can be
obtained by decoupling loops as shown in Fig 5. The
overall transfer function is written as under.

Y1=(G11-G12 G/ G)V, (15)
Y= (Gg -Gy G/ Gi1)V2 (16)
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Fig 5: Two SISO System for total head and stock
level

The present decoupling appears to be good the
independent tuning of each decoupled loop can be
easily carried out without detrimental to the stability
of the whole system. As the process is approximated
as linear, there is no need of using adaptive decoupler
whose characteristics change as the magnitude and
level of the disturbance imposed upon the system
way.

In the SISO system, the above outputs Y, and Y, are
presented as

[143.78:s5 4221541 |g™5°
C12/C20=-Gr/Gyy= —0.119 | 3n0ssEei77aee1 ]
(7)
205552 +5 15055
C21/C11:—621/G22: —Gl42 I_El:_ﬁc: -_Ic ]
(18)

The above equations are physically unrealizable
owing to prediction terme®. The reason for this

unfortunate situation is apparent from inspection of

G. Because process gain contains time delay, u,

affects Y, sooner than u, does. Thus it is impossible

to eliminate the undesirable interaction between u and

Y completely. The reasonable approximations are as
follows.

[43.78s5+221s+1]

C12/Czp= -Gyol G =—0.119 [31:- D5s2+17.79s 41 ]

(19)

(205552 +3)

C21/ Cll =- 621/ Gzz =—0.142 I:"E-—F]

23855
(20)
If the time delay in prediction terms has been
relatively large, the approximations could result in
poor control.

Decoupled SISO model for total head using fuzzy
tuned PID controller

The decoupled SISO system model has been

~~signed for controlling the total head of the air
¥; shioned type head box by using fuzzy tuned PID
controller as shown in Figure 6.

1
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Fig 6: Decoupled SISO model (simulink) for total
head using Fuzzy tuned PID controller

Decoupled SISO model for Stock Level using fuzzy
tuned PID controller

The decoupled SISO system model has been designed
for controlling the stock level of the air cushioned
type head box by using fuzzy tuned PID controller as
shown in Fig7.
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Fig 7: Decoupled SISO model (simulink) for stock
level using Fuzzy tuned PID controller

VI.SIMULATION RESULTS & ANALYSIS

(A)Total Head

The response of decoupled SISO system for the
controlling the total head using Fuzzy tuned PID
controller is shown in Fig 8 in which time is taken on
X-axis and total head as output response is taken on
Y-axis. The obtained response also shows the
variation in Proportional gain, Derivative gain and
Integral gain and the analysis is done by calculating
the rise time, settling time, peak & overshoot which
are shown in table 1.
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Fig 8: Output response for total head using Fuzzy

tuned PID controller

Table.1 Controller Parameters for total head Using
Fuzzy tuned PID controller & Conventional controller

Table.2 Controller Parameters for stock level Using
Fuzzy tuned PID controller & Conventional controller

Parameters Fuzzy tuned PID
PID

Rise time(sec) 0.35 1.35

Settling 2.24 4.43

time(sec)

Peak time (sec) | 0.65 1.06

Overshoot (%) 7.78 6.48

Parameters Fuzzy tuned PID
Rise time(sec) 0.41 1.73
Settling time(sec) 1.64 18
Peak time(sec) 0.67 1.08
Overshoot(%) 14 8.47

(B) Stock level

The response of decoupled SISO system for the
controlling the stock level using Fuzzy tuned PID
controller is shown in figure 9 in which time is taken
on X-axis and stock level as output response is taken
on Y-axis. The obtained response also shows the
variation in Proportional gain, Derivative gain and
Integral gain and the analysis is done by calculating
the rise time, settling time, peak & overshoot which

are shown in table 2.

Fig 9: Output response for stock level using Fuzzy
tuned PID controller

VII.CONCLUSION

The simulation analysis indicates that the control
ability of the nonlinear, multivariable complex system
increases after using the fuzzy tuned PID controller
scheme as compared with classical control approach.
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