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ALCRIEISE A stable neural network control scheme for unknown non-linear systems is developed in this
paper. While the control variable is optimised to minimize the performance index, convergence of the index

1s guaranteed asymptotically stable by a Lyapnov control law. The optimization is achieved using a

gradient descent searching algorithm and is consequently slow. A fast convergence algorithm using an

adaptive learning rate is employed to speed up the convergence. Application of the stable control to a single

input single output (SISO) non-linear system is simulated. The satisfactory control performance is

obtained.
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1. Introduction

Application of neural networks (NN) in process
modelling and control has been studied intensively in
recent years. A number of NN based control strategies
werelfl developed. In these strategies, NN were used
either as process models, such as the internal control
[1-2] and the neural network model based predictive
control [3-4], or as controllers, such as the model
reference adaptive control [5-6]. To ensure the stability
of overall control system involving NNs, some stable
control approaches were also developed using Lyapnov
method [7-8]. Due to non-linearity of the system and
the network, development of these control laws are
very difficult, and the developed algorithms are
complex and with strict limitations.

Recently, a few NN based control methods were
proposed to minimize the error between the reference
signal and the NN model output [9-11]. Since the NN
models can be constructed and trained to model a
continuous non-linear function to any pre-specified

accuracy, provided with enough number of neurons in

the hidden layer [12], then the process output is
guaranteed to track the reference with only modelling
error. In [9], the control variable was optimized using
the gradient descent method to minimize the difference
between the reference and the model output. However,
the system stahility was not considered. Tan and
Cauwenberghe [10] considered the stability issue in a
stahility
condition. The method used a multilayer perception

one-step—ahead control and derived a
network as the model and the control variable is
optimized using the gradient descent method. This
optimization is slow and therefore the control variable
is difficult to achieve the optimal value in one sample
interval. Behera et al, [11] proposed an algorithm for
SISO system that the control variable was first
estimated by the model inversion techniques, and then
was further optimized by a stable control law. In this
method, since the first estimation of the control variable
was used in the performance index of the optimal
control, the control performance for a multi-input
multi-output (MIMO) system is greatly degraded due
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to the first estimation error of the control variable.

In this paper, a stable control law is developed to
minimize the difference between the reference signal
and the NN model output, so that when the model
precisely represents the system, the system output will
follow the reference. It is guaranteed a Lyapnov
function that the control variable asymptotically
converges to the optimal value. The stable control law
is derived from a modification of the performance index
used in [11]. The optimization of the control variable is
speed up by applying a fast convergence algorithm
[13]. The developed method is applied to a SISO
non-linear process and the simulation results are
demonstrated. Satisfactory ontrol performance using

the developed method is shown.

2. NN stable control strategy

NN Control and stability analysis for a non-linear
system is very difficult, and even it is achievable it
may currently not be easy for practical application due
to the complexity of the algorithm and strict conditions.
The control strategy developed here is to minimise the
difference between the set—point and the predicted
output of the NN model. This greatly simplifies the
development of the stable control law. The strategy is

shown as follows:

") - ult) Non-linear (D)
Optimizer System
e
NN Model ()
+

[Fig. 11 NN Stable Control Strategy.

in [Fig.ll is

represented by a non-linear auto-regressive exogenous

The MIMO non-linear system

(NARX) model of the following form,

2(0) = f (w(t=1),u(t=n,), p(t=1),-, y(t=n,)) +e,(t)
(1)

Where V() €R” and u(t) € R" are process output

and input vectors, "y and . are output order and

input order, respectively, €» Q) is the modelling error

vector and JS()is a vector valued non-linear
function. In this paper, a radial basis function network
(RBFN) with the Gaussian function is used to model
the system in (1). The RBFN performs a non-linear
mapping and is represented by the following equations,

S

y=Ww¢ 2

where Y €R” is the network output vector,
W e R”™ is the weight matrix with the element, Wy
connecting the J th hidden layer node to the i th

output, and $eR™  the hidden layer output vector

with its element given by,

2

Z.
_ Ty i=1...
¢y =exp(=—3),j=L-n, 3)
with
zj.:Hx—Cj,j:L"'a”h (4)

here, xe€R? is the input vector of the network

involving the process input vector #€R” as m
elements, Cj eR’, j=1-n, is the J th centre

vector associated to the J th hidden layer node, HH

is the Euclidean norm.

To realise the control in Fig, the

performance index in the optimisation is given as,

system
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J(t) = elt) W, elt) + EAut) W, Aut) )

A

where e=r—) 1is the model prediction error vector,

r is the reference output vector,

Au(t) =u(t)—u(t-1) is the control increment vector

and ¢ is the sample time. Wy and W are positive

definite weighting matrices used to scale different

output and input ranges and ¢ s the control weight.
Compare to the index used by Behera et al. the
weighted norm of the control increment is used instead
of norm of the error between the control to be
optimised and the estimate of the control. It was found
that when the estimation is not accurate (it is always
the case especially for MIMO non-linear systems,
otherwise the optimisation is not needed), the control
performance would be greatly degraded. Inclusion of
control increment in (5) tends to smoothen the control

variable.

A stable control law is now developed to compute
control variable, u(t) so that the performance index
J(#) is minimised asymptotically. Using the index in
J(@)>0

as a chosen Lyapnov function, obviously,
for e(®)#0

respect to t is,

Vt . The derivative of J() with

. o
J=(=€'W, 3

N NU AT
u

(©6)

It follows that if # is given as

- (EAu' W, —eTWy ayau)TeTWye

Ty T 6)7
HfAu W,—eWw, u

2

7

7 T
then 7 =—€W,e<0 g proves that if control
increases along the direction given in (7), then index J

will asymptotically converge to its minimal value. The

calculation of is  #(¥)
>
ou , which is according to the structure of the NN

straightforward except for

y
used. For the RBEN given in (2)-(4), gy can be
derived as
H+D) _ @+ dpe+1) z(+1)
ou(t) og(t) dz(t+1)  ou(t) ®)
where
pt+1)
o9(2)
_i _
2
0, 2
aé_ 5. .
dz
Z, @y,
o,
1
@ zZ u; : Ci U, —Cu
0
! L ul Cln,, um _cmn,,

r .
and C; = [Clj "'ij] is the J th centre. Thus, we

have

Computation of #(?) according to (7) can be simply
realised in discrete form,

u(t+1) =u(t)+ Atu 10)

where % is the sample interval and A € R™" is a
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FII:I

diagonal matrix with its element, ’Ii,i being the

learning rate of the 7 th control, ¥: . However, it was
found that using a fixed learmning rate in the
convergence was often very slow. For example, in the
application of the developed control strategy to a SISO
non-linear process described in the section following,
when set-point has a step change, the convergence
needs more than 300 iterations (will be shown later) to
satisfy the given tolerance. A fast convergence
algorithm by adapting learning rate [13] is used here to

speed up the convergence.

Ak)=prk=1) if aik-1>0  and (k)| <[J(k-D)
AR)=A40) if atkyuk-1<0  or  [J®)|<[Jk=1)] Li=lem
Ak)y=A(k-1) otherwise
1n
Here k is the iterative number in the optimisation

B>1is an

exponential adapting parameter that is chosen in the

process and not the sample instant,

design. The first condition in (11) means that when
control variable keeps increasing or decreasing, and
performance index reduces in either positive side or
negative side. In this case the control variable smoothly
converges to its optimal value and therefore the
learning rate should increase. The second condition
means that either the performance index increases or
the control variable is oscillatory. This may be caused
by a too large learning rate and therefore it should be

reset to the initial value. In the other cases the learning

rate keeps the same value. B s chosen according to

the application and generally in the range, .
Belll, 1.5]

3. Process description

The SISO CSTR piffirocess given by Morningred, et
al. (1990) is chosen as a realistic example for the
application in this paper. The CSTR process is a typical

dynamical process used in chemical and biochemical
industry. The schematic diagram of the reactor is
shown in [Fig. 3.1]

Cailt), q, Ti

—

qe(t), L, L

[Fig. 2] SISO CSTR process.

h(®

Ca(®), q, T

This CSTR process is chosen because it has highly
non-linear dynamics. The following equations are

available to describe the process dynamics.

-E

=4lc, -, m]-k,C, e
v

ac, ()

dt (12)

dT (1)

=9 - T(0)]- k0™ + kg, (z){l - e*‘;’}m 0]
dt v

13)

The CSTR process can be briefly described as
follows. Within the CSTR, two kinds of chemicals are

mixed and react to produce a product, compound A, at

a concentration Ca(?) , with the temperature of the

mixture being T (1) . The reaction is exothermic,

producing heat, which acts to slow the reaction down.

By introducing a coolant flow-rate 94 O] , the

temperature can be varied, and hence the product

concentration controlled. Cu(®) is the inlet feed

concentration, q()  the process flow-rate, T.(t)
and  Ta(®  the
respectively, all of which are assumed constant at
ko@),E/Rv, ki ky, and

inlet and coolant temperature,

nominal values. Likewise
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ky , are thermodynamic and chemical constants
relating to this CSTR process. Numerical values for the
parameters of this CSTR are given in Appendix. The

mput and output of this CSTR process are
uy=q.(1) , y@)=C,@)
the bounded range of the input variable is
q.(t) €[00, 110] (I/min)

The initial conditions of the CSTR process are

assumed to be a nominal steady state where the
concentration and tank temperature have the following

values:

C,=0.002 (mol/l) , T=448752 (K)

Corresponding to a constant input of
q, =90(l/ mol)

The CSTR process open-loop response in [Fig.3.3]
to a step change of exciting signal in [Fig. 3.2] shows
that the process exhibits a high degree of non-linearity.
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[Fig. 3] Exciting input signal to simulated SISO CSTR
process.
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[Fig. 4] Simulated SISO CSTR process open—loop response,

In the investigation of simulation, 3-second sample
time is chosen in this SISO CSTR process. This CSTR
process 1s simulated as an unknown non-linear
dynamic process in modelling and control using NN.

4. NN adaptive control of the process

The RBEN model based adaptive control strategy
with the fast learning algorithm was applied to the
Simulink model of the non-linear SISO process in
[Fig.3.1] Firstly, a NN model was trained for the
process. For this process, the output order and input
order were estimated as 3 and 2, respectively. The
mput vector of the network model was therefore

determined as
xo=[c,0 ., Cu-1 , Ce-2 , q¢-D , q0f

The output vector of the NN model was

Y+ =C,(t+1) and 20 hidden layer nodes were
used, therefore, the RBFEN model has structure of . A

sample period, T, =3sec , was chosen according to
the knowledge of process and 1500 samples of
input-output data were collected from the process
Simulink model when a random amplitude signal (RAS)
was used as the excitation signal. 20 centres were
selected using the K-means clustering algorithm [14]
from these data. The first 1000 samples then were used
to train the RBFN model using a recursive orthogonal
least squares training algorithm [15], while the last 500
samples where used to validate the model (the detailed
modelling is not shown here for briefness).

A Matlab file was coded to calculate the optimal
control in each sample interval, according to the
prediction of the RBFEN model to minimise the cost
function in (5) for set—point tracking control. The
computed optimal control variable was then sent to the
Simulink model to produce the process output. This
online mode of the simulation was executed for 200
samples. The set—point signal was designed from initial
value of 0.08 mol/l to 0.09, and to 0.07, at 5 min

intervals. In the simulation, the control parameters
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were set as Wy =1

data had been

W, =1 a5 the mput and output
scaled before optimisation, and
§=0.05 Also, the initial value of the control at each

sample interval was set as the value at the last interval,

U@ co =u =1 and the initial value of the

and B=15_ When the
bounded as

learning rate, 4 =0.01

control variable was

u(t)e[90, 110] (1/min) , the simulated process

output, the set-point and the optimal control are
displayed in [Fig.4.1] and [Fig.4.2]

Frocess Input

o i ;
0 5 10 15
Tirne(rmin)

[Fig. 5] Process input signal of SISO CSTR process
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[Fig. 6] Process tracking response of SISO CSTR process

It can be observed in [Fig.4.2] that the process
output follows step change in the set—point quickly
with small overshoot and settle down quickly with very
small steady-state error. When increased the control

weight g , the control variable was smoother than
that in [Fig.4.1] but the process output responded to the
step change in the set point correspondingly slowly.
The use of the fast optimisation algorithm greatly
reduced the time interval used for optimisation. One
example was taken from the simulation and is shown
here. When a tolerance of 0.001 was used for the

performance index, J <0.001 | the optimisation

stopped at the iteration 60 when using the adaptive
learning rate, while the index did not reach the same
tolerance after 300 iterations when using the fixed
learning rate 4 =0.01 .

The fast algorithm is stable because the learning
rate will be reset to the initial value when the
convergence gets to oscillatory. On average it can
reduce computing time to 1/5 ”1/10 of the time when
using the fixed learning rate algorithm in this

application example.

5. Conclusions

A NN based stable control is developed for unknown
SISO non-linear systems. The application of developed
control strategy to a chiffemical process is simulated.
Set-point tracking is satisfactory. The optimisation in
this approach is solved using the fast optimisation
algorithm.  The

computing time, which enables the control strategy to

algorithm greatly reduces the

be applied to a fairly fast system.

References

[1] HUNT, K.J., SBARBARO, R., ZBIKOWSKI, R. and
GAWTHROP, P.J.: ‘Neural networks for control
systems - a survey’, Automatica, pp. 575-587, 1992.

[2] HUNT, K.J. and SBARBARO, D.: ‘Neural networks
for non-linear internal model control’, IEE Proc.D,
pp. 431-438, 1991.

[3] GOMM, ]B., EVANS, J.T. and WILLIAMS, D.
‘Development and performance of a neural network
predictive controller’, Control Engineering Practice,
pp. 49-59, 1997.

[4] YU, D.L., GOMM, ].B. and WILLIAMS, D.: ‘On-line
predictive control of a chemical process using
neural network models’, Proc. of IFAC 14th World
Congress, pp. 121-126, 1999.

[5] LIGHTBODY, G. and IRWIN, G.W.: ‘Direct neural
model reference adaptive control’, IEE Proc.D, pp.



Stable Tracking Control to a Non-linear Process Via Neural Network Model

169

31-43, 19%.

[6] WARWICK, K, IRWIN, GW. and HUNT, K].
(Eds.): ‘Neutral networks for control and systems’
(Peter Peregrinus, Stevenage, UK, 1992.

[71  JAGANNATHAN, J. and LEWIS, FL:
‘Discrete-time neural net controller for a class of
nonlinear dynamical systems’, IEEE Trans.
Automatic Contro, pp. 1693-16991, 199%.

[8] FABRL, S. and KADIRKAMANATHAN, V.
‘Dynamic  structure neural network for stable
adaptive control of non-linear systems, IEEE
Trans. Neural Networks, pp. 1151-1167, 199.

[9] NORIEGA, J.R. and WANG, H.: ‘A direct adaptive
neural network control for unknown non-linear
systems and it's application, IEEE Trans. Neural
Networks, pp. 27-34, 1998.

[10] TAN, Y. and CAUWENBERGHE, AV.
‘Non-linear one-step-ahead control using neural
networks: control strategy and stability design’,
Automatica, pp. 1701-1706, 1996.

[11] BEHERA, L., GOPAL, M. and CHAUDHURY, S.:
‘Inversion of RBF networks and application to
adaptive control of non-linear systems’, IEE Proc.
D, pp. 617-624, 1995.

[12] FUNAHASHI, K.: ‘On the approximate realization
of continuous mappings by neural networks’, Neural
Networks, pp. 183-192, 1989.

[13] YU, DL. and YU, DW.: ‘A fast optimization
algorithm
Submitted to Electronics Letters, 2000.

[14] LEONARD, JA. and KRAMER, M.A.: ‘Radial
basis functions for classifying process faults’, IEEE
Control Systems Magazine, pp. 31-38, 1991.

[15] YU, DL, GOMM, JB. and WILLIAMS, D.: ‘A

recursive orthogonal least squares algorithm for

in neural network based control,

training RBF networks’, Neural Processing Letters,
pp.167-176, 1997.

[16] SENBORG, DE, EDGAR, TF. and
MELLICHAMP, D.A.: ‘“Process dynamics and
control' (John Wiley and Sons Inc, New York,
USA, 1939)

K REAIH

Yujia Zhai

(B3]l
- 2001. Department of Electrical
Engineering, Changchun University
(Bachelor of Eng.)
- 2004.  Department of Electrical
Engineering  and  Electronics,
(UoL)

Information  and

University of Liverpool
(Master  in
Intelligence Engineering.)

- 2009. Liverpool John Moores University (LJMU)
(Ph.D. in Control Engineering.)

<Research Nonlinear Control  and
Robustness, Automotive Engine Modeling and
Dynamics, Analysis Artificial Intelligence

Interest>




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


