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ABSTRACT

This paper arises from an investigation into the use of an artificial neural network for modeling and control of the
retention process in the wet end of paper machine. The neural network model is used for those parts of the system
where no physical model is readily available due to complexity of the process. For the purpose of neural control
structures, a direct and inverse neural model of retention process using three layer perceptron network was created.
The classical controller strategy has also been developed and analyzed. The performance tests for both the
controllers (PID and ANN) were realized in the simulation environment with Matlab / Simulink tool. As
encouraging results were found from simulation, the proposed ANN control strategy can be successfully applied to

mill retention control.
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Introduction

Retention is an important factor in wet
end chemistry control of a paper
machine .As per definition, retention of
amaterial is the fraction of that material
fed to the machine through the head box
slice that is retained in the paper sheet.
Definitions of retention depend on the
specific types of materials retained on
wire such as total solids, filler (ash),
fines, retention aids, chemicals, sizing
particles, interfering substances and
fibers . This is further defined based on
either overall retention, first pass
retention or first pass total solids
retention or total solids retention,
considering paper located at pope reel
at the dry end of the entire machine or
paper web leaving the couch roll at the
end of wet end formation stage.
Definition may also be used for any part
of the machine, such as for any
sectional drainage element of
Fourdrinier, at the end of the press
section etc.

Retention influences paper machine
runnability, material loss levels, and
chemical efficiency (1, 2). Further it
describes the efficiency in the each and
individual drainage elements as well as
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the same for the entire wet end of paper
machines. The information of total
solids in the headbox and the white
water and filler consistency level gives
an early indication of potential
problems in the wet end. Therefore
retention is considered today, an
important parameter whose
measurement and control finds use to
understand precisely the wet end
chemistry and the state of the wet end
by monitoring and controlling the
stability of paper machine. New
demands for better retention control
have arisen from increased production
speed, improved use of wvarious
chemicals, enhanced formation, and
environmental requirement and so on.
However, retention control is a very
complex task and continuous attempts
are being made to develop new and
improved control systems (1-14).
Accurate on-line measurement and
monitoring of variables affecting
retention is also very difficult due to
lack of appropriate sensor.

In practice, the most common variables
of interest to measure are the headbox
flow rate, the consistencies of various
white water streams flowing through
the forming fabric, and the consistency
of the paper on the top of the forming
fabric (2). Flow of stock as well as
white water can be measured in the
sections of headbox and wire. Various
methods are available for flow
measurements, such as chemical
method (TIS 0410-09), ultrasonic flow

meters, blow sample method (TIS
0410-07), indirectly by flow balance
calculations or using mass measuring
gauge (TIS 0502-12). If more than one
number of trays is used, to estimate the
first pass retention accurately, one has
to measure white water consistencies
and precise measurement of the white
water flows to all the trays concerned.
In many mills the flow rates are not easy
to measure. Headbox slice bleeds can
introduce error in to the way headbox
flows are used and can even enrich
white water consistency (2).

Modeling of retention process

Owing to the complicated nature of the
wet end of paper machines, retention is
affected by many variables. Some
typical variables affecting retention are:
retention aids (polymers), stock pH
values, stock flow rate, shear forces,
pulp quality (CSF), head box slice
geometry, raw material contaminants,
drainage, machine speed and structure
of white water system etc. as shown in
figure 1. As aresult, it is a multiple input
and single output system (7). Moreover,
owing to constant variations of all of the
input variables during paper production
and the involvement of fluid dynamics
during the formation phase on the wire
section, the system is dynamic,
nonlinear and stochastic. An added
complexity is that the retention is
coupled strongly with other chemical

systems in the wet end, such as sizing
and wet strength control systems. This
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Table 1: Model Equations proposed by different investigators

Researchers Model Equations for Retention
Orccotoma et | R=(Tw/Ty)*100
al. (4) To=(? 1" Mi )y
Ri=100(Mi)w/(Mi)u
Balderud and Yi:(Mi)h/TH
Wilson (6) R=?"YiR;
Tw, the total fibrous material in the web Ty, the delivered stream through the
headbox slice. M; is the mass associated to the ith fibre fraction in the pulp, M
represents the total fibrous material in the web.
R;, the partial retention of each fraction, Y;, the mass fraction of each fibre
component in the headbox
y&=K(1-C/Cow) 6
Wang et al. | K is the machine dependent constant, y(k), the retention value at sample
7 number k, C,,, and Cy are white water and headbox -consistencies
respectively
R(%)=100*(CuaQu- Cow Qww) CuQu @]
Leiviska(3), | Quw=KQu ........... ®)
Kaunonen et | considering that the white water volumetric flow depends linearly on the
al. (5) flow,
R(%)=(1- KCy/C)*100........ Q)
Qp and Qy m the volumetric flows from the headbox and the wire section
K is the coefficient

means that an accurate physical model
of the retention process is very difficult
to obtain and as a result, model - based
feedback control of retention has
remained a unsolved problem (7).

One of the retention terms, called first
pass retention (R) is an important
parameter and is derived from steady
state mass balance around the forming
section defined by Orccotoma et al. (4)
given in Eq.1. Further considering the
fiber size distribution in the pulp, the
total fibrous material in the web, the
partial retention of each fraction, R, and
the mass fraction of each fiber
component, Y; in the headbox can also
be written (Eq.2-4).

Various investigators (3-6) have
proposed both static and dynamic
models for retention process for control
purposes. These are shown in table 1.

It is generally not practical in paper

mills to measure T, T,, and some of the
parameters given in the above models.
Therefore, more frequently (6-12), the
first pass total solids retention (FPSR,
v) for routine control purpose has been
considered as

v=[(C,-C,,)/C,]*100 ............(10)
Where 7y reflects the percentage of fiber
and other additives (i.e. fillers and
process chemicals) remaining in the
final produced paper and thus indicates
both the efficiency of the use of raw
material and the runnability of paper
machines.

Analysis and Development of
Steady State Models

The first pass retention (FPR)
represented by Eq.10 is an
approximation which can be derived
from the first principle mass balance
equations and remains valid with
certain assumptions as shown under:

First pass total solids retention, FPTSR;
v, 1s defined without any approximation
as follows:
FPTSR, vy,

= 100x[(total solids flow in paper) /
(total solids flow from headbox)]
=100x(M.C)/(Mz;Cip) -----.... (1D
where, M,C,,=M,.C,.+M.C,

or M.C=M,,C,; M, .C,,
Using the above relation one can get,

Yo = 100 % [( MiCs M, C)/( My,
Cin)]

=100 x [(Cys M,,C,./ Myp)/(Cyy)]

=100 x [{Cyy (M, Myy) C,,}V/Cyy

=100 [I_KI CWW/CH]

This model corresponds to that
proposed by Leiviska (3) and
Kaunonenetal. (5).

In general the ratio, K, is on the order of
98-99 %.

IfM,,/M,, =1, the FPTSR can be
approximated as:

y= 100 x [(Cy C,,) / (Cyp)] thus
corresponds to the approximate model
givenin Eq.10.

Where, M, M,;, M, represent mass
flow rate and C, C,, C,, indicate
consistency in fraction for couch,
headbox and white water respectively.
In deriving the above approximate FPR
equation from the material balance, two
assumptions must be made (1-2).

(i) The headbox solids are all divided
between the sampled tray & the paper.
In other words the total headbox solids
equal the total paper solids plus total
sampled tray solids.

(i) All the waters flowing from the
headbox flows into the sampled tray i.e
none goes with the paper. In practice,
the paper leaving the couch roll
contains only 1-2% of the total water
coming from the headbox, the second
assumptions will appear to be
reasonable.

However, the situations is not so
straight forward with respect to the first
assumption that all headbox solids flow
to the sampled tray can be met in at least
three ways on a given paper machine.
These are as follows:

If a paper machine has only one white
water tray, then most of the solids
flowing from the headbox that are not
retained in the paper will flow into the
tray with the white water & FPR
equations should be applied .

If the machine is configured in such a
way that all the white water from
various trays is collected & mixed at
some point and a representative sample
of the mixed white water is taken, then
FPR equations will also hold good.
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If the white water flowing to all trays
has the same consistency then FPR
equation will provide a reasonable
estimate of FPR.

Correspondingly ash retention (FPAR),
Y., fines retention, y, and dissolved
solids retention, y, can be written as

FPTAR, y,=100% [( M;;,Cys Ais M,,.C...,
ALY (M sCrpAyp)]

=100x[(1 M, C,, A,/ M;CipA)]

= 100 X [1-M,./M,;p)(C,./C.p)(A,./
Auu)]

¥ = 100x[( M,Cyy iy M,,C,, £,/
MHBCHBfHB)]

Yd<:100>< [( MHBDSHB MWW DSHB)/( MHB
DS,p)]

Taking the ratio, M,,,/M,;, equal to 1 in
all the cases, one can arrive at the
following retention equations.
FRAR=100% x (C3A,- C,. A..) /Cis
Ay ceevnne (13)

Similarly for fines retention

FP FNR = 100 x (1-C,, £../C, f)
This equation corresponds to the same
reported in literature (2, 9).
FPDS=100% [( M,;;DS,; M., DSww)/(
M,,; DS,.)] =100x (1-DSww/DS,,;)
Where, Ay A, fi,, £, DS,;, DS, refer
to ash level, fines content and
dissolved solids content in headbox
and tray respectively.

The first pass fiber retention, (FPFR),
v: can also be written as

FPFR =1 ;=100 x [( My;sCyis Fuy M,
Con Fo) (M Gy Fiy)] =100 x[(CHB
Fuy CooFo)/(CiisFiip)]

However, this retention term should be
a constant quantity. In order to validate
it the fiber flow with white water should
be zero. Therefore, this retention term
has practically no effect on retention.
Balderud and Wilson(6) reported based
on the work of Orccotoma et al.( 14)
that retention of individual
components are close to constant over a
reasonable operating regime. The
observed variation in total retention
was due to variations in the fines
content and to a smaller degree,
variations in the fines retention.

It is already indicated that the pulp
stock consists of many components
with 4 principal fractions, accepted
fibres (R 200), fines (filler and pulp
fines, P200), total dissolved solids, and
water. These aspects have been dealt
with extensively by Orccotoma et al.
(14) using twin wire former systems.

In the present work, the first pass
retention, y, considering only the
effects of two components (n=2),
namely the fines, f and fibers, F in the
pulp stream from the headbox, one
can easily find the following material
balance equations

Y=Y vAYere (15)
YA+Y =1
Y=Yy Yt ye o (16)

This steady state model will be used
for simulating the retention with fibers
and fines.

Measurement of control
parameters and its sensitivity

Regardless of which definition is used
to calculate first-pass total solids
retention or first-pass ash retention, it is
absolutely critical that the consistencies
and ash levels must be determined with
good precision (2). In fact, the retention
equations involve ratios of the
experimental variables and errors in the
measured consistency data can be
greatly amplified in the final calculated
retention values.

Small errors in the headbox and tray
consistency and ash data can produce
large variation in the calculated first
pass retention values. For example, it
can be shown that a 0.02 % deviation in
the absolute headbox or tray
consistencies can result in a 6% change
in the calculated absolute first pass total
solids retention. To avoid this problem,
it is absolutely necessary that all
weighing associated with first pass
retention consistency and ash content
data be made to the nearest 0.001
measurement units (2). The advanced
consistency measurement methods
used in retention applications rely on a
combination of optical measurement
principles including depolarization,
absorption (attenuation and extinction),
and scattering (3).

Modeling of Closed loop
control system

Only few control strategies are
available (1-2, 7) for single closed loop
systems for controlling consistency and
ash content (2) and only ash content (7)
in which filler is controlled by a PID
controller.

Scott (2) has pointed out that on-line
real- time SISO feedback control of
recycled white water consistency can
be a way to retention control. It was also
pointed out that thick stock wet end

chemistry processes and machine
direction basis weight variation play
key roles in this regard. As the thick
stock consistency, percent retention
and white water consistency are all
interlinked; the variability of retention
strongly depends on variations in
qualities of the thick stock and recycled
white water consistency. Hence
papermaker's control strategy should
be to minimize the variation in the
recycled white water consistency.

More advanced closed loop retention
control system using two consistency
sensors (headbox and white water tray)
and a computational module has also
been proposed (13). The sensors were
capable of determining both the total
consistency and ash consistency of the
sampled streams. It has been found that
the total recycled white water
consistency measurement provided the
quickest response to a process
disturbance and would therefore, be the
best control variable. To circumvent
large variations that affect retention
should be dealt with in the thick stock
area before the furnish reaches the basis
weight valve. Included in this category
are variations in fines and ash levels,
interfering substance concentration,
and dissolved substance concentration
and surface charge.

Paulapuro et al. (11) and Rantala et al.
(12) developed adaptive retention
control model with data from pilot
paper machine using a Kajaani
electronic RM-200 retention
monitoring system to perform on- line
measurement of both total and ash
consistencies in the headbox and white
water. The basic parts of wet end and
retention control are shown in fig.2
which is self explanatory. In asimplest
system the paper machine has a
fourdrinier wet end, a pulp system with
a refining stage and a white water
system whose openness can be
changed. The wet end has an open
hydraulic head box, two direct presses,
and a sampling felt with which sample
sheets can be taken from the web to be
dried separately. Technical data for the
experimental paper machine are also
used for artificial neural network
training.

Since too high retention can affect the
formation and lead to flocculation
during the drainage phase, it is
therefore important to control the
retention ata specified level.

This in fact, forms the main goal of the
above work, where a dual-polymer
retention aid system is used to
minimize the variation of retention.
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Simulation was used to validate the
model and the visual comparison of
the simulated results with the measured
data was made.

The generalized model can be used to
represent the dynamic and nonlinear
relationship between retention and the
related most sensitive input variables,
such as retention aids.

To develop model of retention control
process Orccotoma et al. (14) has
considered two zones in the forming
section of the paper machine. The
whitewater from the first zone is
collected in the silo, suctioned by the
mixing pump, and mixed with thick
stock (short circulation loop).The
resulting stream from the mixing pump
is directed to the headbox. The
whitewater from the second zone is
collected in the whitewater chest and
used for pulp dilution throughout the
mill. The parameters (total fibrous
material retention, long fiber retention,
fines retention, water retention) for both
zones represent the fraction of each

obtained.

[1.28(s+1.44) (s+0.28)/ (s+1.40)
(s+0.44)1F,+[0.26(s+1.44)
(s-0.01) /(s+1.40) (st0.44)] C, + [-
0.63(s+1.44) (s+0.80)/ (s+1.40)
(st0.44)]Y, ... a7
Transforming the eqn. (17) in discrete
form (z-domain) one can get the
following equation as under
(z) = [(1.282°-2.538z+1.258)/(z’-
1.982z+0.9818)]F, + [(0.26Z°-
.5163z+0.2563)/(z°-1.982z+ 0.9818)]
C+[(0.632+1.24462-0.616)] Y,
..... (18)
The eqn .18 can be used for simulation
for retention in digital control system.
To reduce variability of the output
variables in the paper machine, the
physical properties of thick stock
should be constant (13). Fluctuations of
the consistency, the fines content and
the dissolved solids generally cause
variations in the first pass retention and
basis weight.
In the retention process, according to
the zones there are two control loops
namely master and slave. When the
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Fig.2: Main parts of retention control in the wet end

pulp component that is retained on the
web during paper forming.

The dynamic model of retention
process developed by Orccotoma [14]
based on first principles contains two
parameters namely, the first pass
retention, and basis weight BW, as
output variables. There is one input
variable, thick stock flow, F, and two
disturbances, the consistency, and the
fines content of the thick-stock stream,
denoted by C, and Y, respectively. The
dynamic model is therefore, a MIMO
(multi-input multi-output) system. On
simplifying this model by assuming
that there is little or no interaction of
basis weight variation with retention
and then after decoupling the dynamic
model for single output, retention
parameter, the following scaled transfer
function of the paper forming section is

slave loop responds faster than master,
this cascade control system will have
improved stability, allow larger value of
controller gain K =10 and K, =0.5. Both
parameters of controller need to be used
in the master loop for getting the closed
loop response.

Several observations can be made about
modeling equation for the closed loop
system of negative feedback cascaded
structure. Equation 19 is the block
diagram for the retention process in
terms of transfer functions of
measuring element, controller, and
valve with cascade structure. This is
obtained by applying feedback, eqn.
(19a), on the basis weight and
represents the effect of changes in basis
weight set point, BW,, and both
disturbances, C, and Y,. In this case

cascading is required. The modeling of
cascading loop of retention process can
thus be described in terms of overall
closed loop  transfer function as
follows(fig. 3).

(8= [(G.G,G,) (1+ GG,G,G,)] BW,,
(S) + [Gdzl_ {(Gdl IGchGvGZI)/(] +
GmG G Gll)}]cl(s) +[Gd22'
{(Gu,G GG G,)/(14G, GGG, )Y (

m>c v m>c v

s) (19)
F.(s) = G.(s) (BW,,-BW)

(19a)

Where G, G,, G, are the transfer
functlons of controller, the
measurement and the thick-stock
control valve respectively.

G, and G are the ijth elements of the
process and the disturbance transfer
functions as shown in eqn. (17) in
analog form. It is noteworthy to
mention that in a commercial paper
machine, the flow of a retention aid
polymer is used as input variable for
control of retention. Therefore, the
model from eqn. (17) represents the
short recirculation loop when no
chemical is used for control of retention
and represents the overall dynamics of
the retention process in terms of
measuring element, controller, valve,
and process and disturbance transfer
functions. As already indicated, eqn.
(18) is the analogous form for dynamics
indiscrete control systems.

Development of Classical
control strategy

Wang et al. (7) also proposed adaptive
retention control strategy with a dual
component system where a PID
controller is used for each retention aid.
Since retention aids have limited power
to control retention, the control range of
retention aids can be improved by also
controlling the headbox consistency (2,
4). The proposed control system
manipulates both headbox ash content
and retention simultaneously (7). Ash
content is the ratio of the ash
consistency to the total consistency as
shown in Eq.13. This can also be shown
in fig. 3, in which the filler is to be
controlled by a PID controller.

In the present study, a simplified
classical control system has been
designed with the above concept of
negative feedback structure but without
considering inner cascading loop of
figure 3.

For design of classical controller
(PI/PID), the values of steady state
gain, K, integral time, 7, and derivative
time, 1, are required. These controller
parameters are generally adjusted or
tuned with the process under
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examination when closed loop control
schemes are designed. There are several
procedures available in literature for
tuning like Ziegler Nichols, Cohen
Coon, on-line simulation etc. PID
controller has been taken from Matlab
simulink library.

In the present investigation, the
estimation of parameters for PI / PID
controller for retention process and the
final tuning were done by trial and error
methods through computer simulation
technique using Simulink software in-
built in Matlab simulation package. The
final values of tuned parameters for
classical controller in the closed loop
system with the retention process been
found of the order: proportional gain, K
= 1.0, integral time = 0.5 min.,
derivative time = 0.0. In fact, the
derivative time was found insignificant
which can be neglected for practical and

neurons in hidden layer and one in
output layer with sigmoid activation
functions. The neural network can
either be trained using supervised or
unsupervised learning. To solve the
present problem of training back
propagation neural network (BPNN),
an algorithm has been developed in a
similar way (16) as shown in fig.4.

Development of ANN controller for
the case of retention in the wet end:
Rooke and Wang (8) probably for the
first time applied semi-physical method
i.e. combined neural network (black
box model) and physical model to the
retention process in papermaking. The
retention included fines, fillers and
fibres on the papermaking wire.

In this present investigation ANN
control strategy has been developed as
follows:

Y, *

Guij

TR
ent

ion

Ci > Guij
Gc"®_'Gc_’Gv_’Gij
I Gln :

Fig. 3: Retention control system

economic reasons. With very small
value of derivative time, it is usually
uneconomical to use PID controller.
Hence use of PI controller in the design
of classical control strategy has been
considered adequate.

ANN modeling for the case of
retention in the wet end of paper
machine

For modeling of ANN, the important
parameters are (15-17): momentum
coefficient (rate or factor), a, learning
rate(or coefficient) , number of hidden
nodes, n, activation function (or
transfer function, or squashing
function), threshold function, identity
function, weight vectors W, V, mean
squared error, tolerance, accuracy,
gradient descent term for back
propagation network ( BPN), and gain
(sigmoidal gain for sigmoid function), A
or scaling factor and delta rule. The
multi-layer neural network is now
developed for retention process under
investigation. In the present
investigation, the network is designed
with 3:4:1 node for input, hidden and
output layers. It indicates that there are
three neurons in input layer, four

The reference and actual data are used
as inputs for design of ANN control
strategy. These inputs are represented
by one vector. The input of process uses
an output for ANN controller, which is
the appropriate signal for retention at
desired level. The direct inverse
training and the control loop are shown
in figs. 5 and 6. In fig.5 training of a
network as a direct inverse of a
simulated retention process is shown,
where neural network is trained to
model the inverse of a plant. This
modeling is similar to the system
identification problem. In Fig. 6, it is
shown that after the neural network
learns the inverse model; itisused asa
forward controller. This methodology
only works for a plant that can be
modeled or approximated by an inverse
function (F ') = 1 and the output (y (k))
approximates the input F,/C, as shown
infig.5.

The training pattern required for ANN
is obtained using simulated data from
PI/PID controller. The ANN is,
however, trained using the back
propagation algorithm. During training,
weights and biases of neural network
are adjusted to minimize the negative
gradient descent term /error. The
network performance analysis and the
training is stopped when desired goal is
reached. The number of layers and

Initialize weights W,V , and
Select no.of nodes

Begin of a new training cycle

Begin of a new training step

-
A

Submit input, output patterns
and compute layer output

A 4

Compute mean square error

Calculate gradient descent

term

]

Calculate weight changes

Adjust weights of output layer

Or

Calculate weight changes

Adjust weights of hidden layer

Or

Fig. 4: Back-propagation training flow chart

More pattern
in the
training set ?
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number of neurons in different layers
are decided by trial and error methods.
In this network analysis sigmoid
activation function is used because it is
most widely used function compatible
to MATLAB software.

Comparison between conventional
and ANN controllers:

The closed loop control system for
retention process is also simulated with
MATLAB Simulink toolbox. The PID
simulation response as well as closed
loop response is shown in fig.7. In this
figure the response profiles of
controller refer the following:

Data 1 shows the closed loop response
(with feedback element), whereas data
2 shows PID controller response only
(open loop), and data 3 indicate the set
point (reference data).

This simulated data obtained from PID
has been used for designing the ANN
controller.

Fig. 8 indicates the training response of
the ANN controller. The lower line
conveys the minimum error between
process data and training data (this error
goal is selected for training. It is well
known that error should be minimum so
that the ANN controller is trained well).
The profle shows the training of the
ANN. During training the neural
network, the network performance in
terms of parameter, gradient descent
term of the order of 9.82 ™ and error
goal 0.0001 are met at 101 epochs
which indicates that the network is well
trained at 101 epochs.

It is well known that for successful
design of control system, the closed
loop response (output) dynamics is
usually tested with some input function
and the parameters like rise time, decay
ratio, delay time, settling time and
overshoot values are observed. For best
controller the values will be as small as
possible irrespective of whether the
controller are of PID type or ANN
based.

The PID controller developed indicates
delay time of the order of 1.25s, rise
time of 25s and settling time of 26s. On
the other hand, the developed ANN

Ref.

Direct inverse

Simulated Retention

A

controller

Fig. 6: Direct inverse controller for simulated retention process

process

v

controller response removes overshoot
of the order of 0.1, delay time of 0.5s,
and settling time of 0.1s. The
comparison between ANN and PID
controller is made in fig.9 and data from
fig.9 are also shown in table 2.

The ash content data from mill was
analyzed statistically. These data have
also been used for training the neural
network. The comparison between mill
data and ANN data are shown in figs.9
&10. For normalized values, the
individual data collected from process
or controller are divided by highest
value of data. Thus one can get the data
in the range of 0 to 1 which is useful for
ANN training. The number of samples
here indicates the number of data. In
fig.10, mill data are compared with
ANN data and the output response in
terms of ash content in % is shown.
Maximum error of the order of 7.32,
minimum error of the order of 0.21 and

average error of the order of 3.507 for
ash content (ANN and Mill Data) were
obtained. The variations of retention
and ash content as a function of time are
shownin figs.11aand 11b.
Experimental data obtained on
retention(9) in terms of fines content,
FPR(First pass retention), FPFR(first
pass fiber retention) are drawn in fig.
11 where the profile in the middle
indicates fines content in %, the top
curve shows FPR in % and the
bottommost profile indicates fiber
content in % with respect to time.

Fig. 11a further indicates the maximum,
minimum and average values for the
fines content (in percentage) of the
order of 52.1, 41.1 and 46.57
respectively. Max., min. and average
values for the FPR (in percentage) were
found 73.2, 60.6 and 66.544
respectively and also max., min. and
average values for the FPFR (in
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Fig. 7: Closed loop response (PID controller)
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Fig. 5: Training of a network as direct inverse of a simulated retention process

percentage) were 35.5, 24.16 and
29.623 respectively. The data from
fig.11 are given in table 3.

Fig.11b is drawn between % SRT (%
solid retained by a drainage element)
obtained from TIS 0410-07 TAPPI as a
function of number of samples (data 1,
2....n). % SRT is calculated from the
equation, 100* S/S, =100*(S,-S,)/S
based on TIS 0410-07 where S, S, and
S are the solids leaving , drained

final
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Fig. 9: Comparison between PID & ANN Controller
Table-2: Errors between simulated data and ANN data

Performances criteria PID controller ANN controller
Min. value 0.438 0.439
Max. value 1.190 1.185

Mean 0.890 0.892
Median 1.096 1.099
Std. 0.335 0.332
Range 0.752 0.742
Min. error between PID and ANN 0.001(0.23%)
Max. error between PID and ANN 0.005(0.42%)

Comparison between mill data and ANN data
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Fig.10: Comparison between Mill data (Ash content) and ANN data

from an element of wire and entering
from headbox on wire respectively
which are obtained from mass flow
measurement given in TIS 0502-12.
These are given in table 4. The
calculated data are shown in table.4.
The figure 11b shows the comparison
between mill (% solid retention) and
neural network data. It indicates the
minimum error, maximum error, and
average error of the order of .007,
6.573, and 1.151 respectively. The data
from fig. 11b are also given in table 4.

It is evident from the table and from the
figures that the PID controller data,
simulated data with ANN strategy and
mill data are tallying very satisfactorily.

Conclusion

The neural network model developed is
found to work well in the control of
retention process in the wet end. The
results of simulation reveal that the
ANN data values revolve around those
of mill data. The mill data tally very
closely with the simulated data. The
results further also indicate that
performances of PID and ANN are
comparable. Thus it can be concluded
that ANN based control can be used
effectively for retention control in a
paper mill.
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