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Nonlinear identification of synchronous generators using a local

model approach

Abstract. A new iterative approach is proposed to model synchronous generators. Different local structures are used for the operating conditions of
the synchronous generator with different complexity. Unlike most of the existing methods, which increase the model accuracy based on increasing
the number of local model, in the proposed method, there are two choices for increasing model precision at each iteration: (i) increasing the number
of local models in one region, or (ii) increasing local model complexity in the same region. The proposed method has been tested on experimental

data collected on a 3 kVA micro-machine.

Streszczenie. Zaproponowano nowg iteracyjng metode modelowania generatoréow synchronicznych. W poréwnaniu do istniejgcych metod w
zaproponowanej metodzie istniejg dwa wybory zwiekszania doktadnosci iteracji: przez zwigkszanie liczby lokalnych modeli lub przez zwigkszanie
ztozono$ci modelu lokalnego. Metode sprawdzono na przyktadzie generatora 3 kVA. (Nieliniowe modelowanie generatoréw synchronicznych

prze wykorzystaniu modelu lokalnego)
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Introduction

Increase in the number of generating units and the
complexity of the multiple distribution grids has increased
the importance of power system stability and dynamic
analysis. System stability is dependent on the performance
of the synchronous generators whose behaviour is
nonlinear due to such effects as eddy currents, and the
magnetic saturation of the rotor and stator iron. Therefore,
Synchronous generator modelling is often the critical step in
power system stability analysis, design and simulation.

Synchronous generator modelling can be classified into
three types: white box [1]-[2], grey box and black box. In the
first type, a mathematical model is obtained using physical
laws for synchronous generator. The physical parameters of
obtained structure are estimated using specific tests. Such
tests are specified in IEEE Standards 115 [3]. Such a
structure may be obtained by finite element methods, have
two main difficulties: i) the computation time in finite
element method simulation and ii) the large number of
parameters of the electrical machine [4]. Usually, the first
category involves difficult and time-consuming tests. These
tests can mainly be carried out when the machine is not in
service.

In the grey box modelling [5]-[7], a known structure for
the synchronous machine is assumed; the physical
parameters are estimated from measurements.

In [7], a closed loop subspace parameter identification
technique is proposed to estimate Heffron-Phillips model
parameters. Such a technique is used instead of open-loop
identification to avoid bias errors in the estimated
parameters.

In the third type (the black-box modelling) [8]-[10], the
structure of the model is not known a priori. The only
concern is to map the input data set to the output data set.

Such a model is used either in a predictive control
structure for applications such as on-line power system
stabilizer design, or used as a simulator to test an off-line
design.

Various non-linear models such as; Volterra [8], neural
network [9] and wavelet network [10] have been presented
in the literature. A difficulty of such models is the large
number of parameters required. Therefore, several methods
such as, analysis of variance [11], visual inspection method
[12], and orthogonal least square with D-optimality design
method [13] have been developed for selecting the
significant terms.

Another approach for modelling of synchronous
generator is local model approach [14]-[15]. In such
methods, similar local linear structures are used for all
operating conditions. In [15], such an approach is used to
model synchronous generator. Partitioning of operating
space is obtained using nonlinear optimization. After each
iteration of nonlinear optimization, all local linear models’
parameters are estimated by global learning. Therefore, the
multi-model loses the local interpretability. In such
structures using global learning the behaviour of local
models may not change smoothly as a function of the
operating region. The use of such non smooth models can
lead to unreliable control.

The parameters of local models are usually estimated
by global or local learning algorithm. The local learning is
faster than global learning. The local learning leads to local
interpretability which means that the local models reflect the
process behaviour at the corresponding operating region,
but such property is not satisfied by global learning. The
number of effective parameters in model is less with local
learning than with global learning (see [16] and references
therein).

In this paper, a new iterative identification method is
presented. The proposed method uses the local linear
structure. At each iteration, the algorithm uses sub optimal
local linear models instead of using the same local linear
models. The local models’ complexity is, therefore, different
at different operating regions.

The proposed method includes several iterative steps:
First, the worst local model is defined according to local
weighted least squares. Then all divisions of this local
model on operating space are constructed. The most
significant terms of two local models are determined
together and their parameters are estimated simultaneously
by a novel method. If all determined terms correspond to
one of the two local models, one local model is identified
instead of the worst local model. Finally the best global
model is selected. The parameters are estimated by local
learning algorithm in the proposed method.

In section 2, the formulation of the local model approach
is described. In section 3 the proposed algorithm is
presented. Experimental setup and data collection on a
micro-machine are discussed in section 4. In section 5 the
application of the proposed method is carried out on the
micro-machine and the experimental data is compared with
the simulated nonlinear model of the synchronous
generator. Section 6 concludes the paper.
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The local model approach

In the local model approach, each local model shows
the behaviour in a region of the synchronous generator’s
operating space. In these methods, global output y%) is
equal to the weighted sum of M local models y;k)=¢. (k)@; ,
i=1,2,...,M. In other words, global output is obtained by the
average of the local model outputs y;,(k) weighted by local
model validity function, that is

M
(1) Wk)=X y,(k)® (2(k))
i=1

where ¢,() and @, are the regression and parameter
vectors, respectively, and g(k)z[z,(k),...,zq(k)]T is the
operating space vector. The ¢;(.) and z(k) can be chosen
independently. These vectors can be composed of previous
model output and input. The validity or weighting function
@,(z(k)) describes the contribution of the i-th local model to
the output. This function causes smooth transition between
local models. Usually, the validity function @;(z(k)) is chosen
as normalized Gaussian function, that is

4 1 (2, (k)=c, )?
=
@ (k)= —
M g 1 (z,(k)=¢,.)
ZHexp —Ef
Jj=lm=1 O-j,m

where ¢;,, and o;,, are, respectively, the centre and the
standard deviation of Gaussian function. Normalization
means that across the operating space the sum of validity
function contributions is unity. Therefore, the contributions
of all local models sum up to unity everywhere in the
operating space.

The partitioning strategy of the operating space
determines the validity functions’ parameters. If no a priori
knowledge can be utilized for the partitioning of the
operating space, either a grid partition or a data-driven
method has to be chosen. An overview of existing
partitioning strategies is given in [16].

In this paper, the partitioning of operating space is not
assumed to be known a priori. The proposed method
determines the most significant local models’ terms. Also,
the local models’ and validity functions’ parameters are
estimated by linear optimization.

The proposed method
Assuming a set of input output data is available; first a
global model is fitted to the available input-output dataset

k), uk)} /]j—l where yk) and u(k) are output and input

measurements, respectively. Next, the system operating
space is split into two halves along all dimensions of
operating space. For each division, a local linear model is
considered, that is,

@) w(k)=y,(k)® (z(k))+y,(k)®(z(k))
The parameters of the two local linear models are
estimated such that the two models’ local weighted least

squares are minimized together. The local weighted least
squares are as follow

%
J, = Z‘Di(z(f’f))(y(k)—yi(f’f))2
4) k=1

:(z—zl.)TQi(Z—Zl,), i=12

where Q,=diag(®(z(1)), B/(z(2))..... Biz(N)).
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The local weighted least squares (i.e. J; and J,)are
combined to one:

J:J1+J2=
p— — T —
=(Lyy=Ly ) (Liy=Ly )+

(5) +(L22_L2¥2)T(L22_L222)

(2 A O Fl })T(y'—U'(a')
LZZ ON><n LZU QZ -
— '
y' U’ Q

In eqn. (5), O, i=1,2 is decomposed into O;=L;"L; where
L; is an upper triangular matrix with positive diagonal
elements and y; =U®;, the memory matrix U is composed of
candidate regressors.

Now an orthogonal least squares with D-optimality
algorithm is used in order to determine the most significant
terms and to estimate the local models’ parameters, y,k)
and y,(k). See the Appendix for more details of the
Orthogonal Least Squares with D-optimality algorithm.

If all chosen terms correspond only to one of the two
local models (for example, y;(k)), the other model along with
the corresponding membership function can be eliminated.
In such a case it is recommended the orthogonal least
squares with D-optimality algorithm be implemented once
more to determine the most significant terms of y(k) =y,;(k)
ie.

©) J=J =(y-y ) 0(y-y)

=(Ly-LUG, )" (Ly-LU®,)

where Q is the validity function corresponding to the worst
model. The matrix O is decomposed into O=LL, where L is
an upper triangular matrix with positive diagonal elements.

With the above-mentioned method, new local linear
models are obtained for all operating dimension m=1,2,...,q.
Among all partitions, the partition with the smallest output
error is chosen. Then, the local loss functions for each local
linear model (S; j=1,....n)) are computed by weighting the
squared model errors with the corresponding value of
validity function

N
(M) 8, =X (k) (y(k)=3(k))? j=1nl
k=1

where n/ denotes the number of local linear models.

Next the local linear model with the maximum local loss
function is chosen. Now the algorithm is repeated with
regard to the operating region of the chosen local linear
model. The proposed algorithm is outlined below:

1- Identify a global model using the orthogonal least
squares with D-optimality algorithm.

2- Calculate the local loss function in eqn. (7) for all local
linear models. Choose the worst local linear model with the
highest local loss function.

3- Split the rectangle of the worst local linear model into
two halves with an axis-orthogonal split. Try divisions in all
dimensions. Carry out the following steps for each division:

3-a-Construct membership functions for rectangle. The
centers of these membership functions are the centers of
the rectangle. The standard deviation in each dimension is
calculated as ¢,,=k4,, where 4, is the width of the
hypercube in the dimension m=1,...,q and k a factor which is
chosen a priori.

3-b- Construct all validity functions.

3-c-Using eqn. (5) of the orthogonal least squares with
D-optimality algorithm determine a number of y,(k) and y,k)
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terms as most significant terms and estimate their
parameters.

3-c-1- If all the chosen terms are only corresponding to
one of the two local models, implement the orthogonal least
squares with D-optimality algorithm for eqn. (6).

3-d - Calculate the sum of square errors for the global
model (global loss functions).

4- Among all divisions constructed in step 3, select the
one with the smallest global loss function.

5- Check the termination criterion: if satisfied, algorithm
is stopped. Otherwise go to step 2.

In the proposed algorithm, the significant terms of both
local models at each dimension are estimated together. The
local models’ complexity is different at different operating
regions. Complex (or simple) model is used for the
operating condition of the synchronous generator with more
(or less) complex. In this method, it is decided which of the
two selections is better to achieve a more precise model:
Increasing the number of local models (if the selected
parameters belong to both regions), or increasing the
number of terms (if the selected parameters belong to one
of the regions).

Experiment on synchronous generator

The system under consideration is a 3 kVA, 208 V, 3
phase micro-machine, driven by a DC motor. The micro
machine can represent dynamic response of much larger
synchronous machines when the parameters and variables
are considered in a normalized version (per unit system

[17]). The main problem with a micro-machine can be the
field time constant, which is much lower than that of the
larger machines. This problem has been overcome using a
time constant regulator, which is used to increase the
effective field time constant to match that of the larger units.
The experimental setup used for the experiment is shown in
Fig. 1. The synchronous generator is driven by a DC motor.
The exciter input signal is applied to the synchronous
machine through a D/A converter. The field voltage,
terminal voltage (v,) and the electrical power (P) are
measured and sampled by the data acquisition system. The
machine is connected to a constant voltage bus by a double
circuit transmission line modelled by lumped elements.
Each circuit consists of six = sections and simulates the
performance of a 300 km long 500 kV transmission line.

The sampling time was selected to be 50 ms. This
sampling time proved to be fast enough to capture the
required dynamics.

A pseudo random binary sequence (PRBS) signal with
25% of the nominal value was applied. The initial operating
condition was selected to be P=0.6p.u.,, Q=0.53 p.u,,
v=1.22p.u..

The field voltage, terminal voltage and electrical power
measured are shown in Fig. 2.

s,

I mechanical
step input test

oC

Fig. 1. Experimental setup for micro-machine

Simulation Results

Now that the system under study is explained, the
proposed method is applied on the synchronous generator.

The order of local linear models is considered to be
equal seven. In this study, the input is the sampled field
voltage and the outputs are the sampled terminal voltage
and electrical power. For convenience of implementation,
the input-output data is subtracted by their mean values,
respectively. The outputs of an identified model can be
recovered to the original system operating region. The
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converted input and output are denoted by uk) and y(k),
respectively.

The operating space is chosen as z(k)=/u(k-1), y(k-1)]".
The proposed algorithm with «=0.005 is applied for electrical
power and terminal voltage.

Partitioning of operating space (z) based on the
proposed method for modelling terminal voltage and
electrical power are shown in Fig.3 and 4, respectively.
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Fig. 2. Experimental data with a PRBS signal applied to the field.

Validity function

Fig.3. operating space partitioning is generated by the proposed
algorithm for terminal voltage.

Validity function

y(k-1) u(k-1)
Fig.4. operating space partitioning is generated by the proposed
algorithm for electrical power.

The number of partitions is dependent on behaviour of
synchronous generator in each region. The number of
partitions in regions with complex behaviour is more than
regions with simple behaviour.

Identification results with the
measured output are shown in Fig.5.

identified model and

— measured
+ proposed method

o 5 10 15 20 25 30 35 40 45 50
(a)Teminal Voltge time(s)
T T

— measured
+ proposed method

15 20 25 30 35 40 45 50
time(s)

0 (b)Elcsctrical i’(:)wcr
Fig. 5. Identification results with the identified model and the micro-
machine outputs

It can be seen from fig. 5 that the proposed method can
predict the synchronous generator behaviour well, despite
the fact that the generator operating conditions change
significantly.
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Conclusions

Nonlinear identification of a synchronous machine using
local structure is described in this paper. In the proposed
method, to obtain a precise model for synchronous
generator’s operating space, the operating space is divided
into several regions. The number of partitions in regions
with simple behaviour is fewer than regions with complex
behaviour. Also, the proposed method uses different local
linear models for different operating regions. To obtain a
more precise model, at each iteration, a choice is made
between increasing the number of optimal local models or
increasing the complexity of each local model.
The proposed method has been verified by studies using
actual data obtained on a physical synchronous machine.
In this paper, terminal voltage and the active power are
considered as the outputs of the system and the field
voltage as the input of the system. The obtained model can
be used for system analysis and controller design, and is
planned to be used for designing a power system stabilizer
in a predictive on-line control structure.

Appendix: The Orthogonal
optimality algorithm
A linear-in-parameters model can be formulated as

(8) yﬂjziay/knwﬂ¢k:szN
i=1

where ¢,(k), i=1,2,...,n are all candidate model terms, e(k) is
an uncorrelated model residual sequence with zero mean
? and 6, ,i=12,..,n are the unknown

Least Squares with D-

and variance of ¢
parameters to be estimated.
Eqn. 8 can be represented in matrix form as

9 y=U0+E
where y=/y(1),..y(N)]", U=[g},...0d, @=[¢:(])....0.(N)]",
9=16,,..., 6,]", E=[e(]),....e(N)]".

An orthogonal decomposition of U is

(10) U=PA

where A is an nxn unit upper triangular matrix and P is an
Nxn matrix with orthogonal columns p; such that

T . T T T
(11) P P=alzag{p1 PPy Py P, pn}
so that eqn. 9 can be expressed as
(12) y=PAO+E=PO°+E

The orthogonal least squares solution 8’ can be estimated
from

(13) 6° =pTp)'PTy
or
T
) £1 Z
(14) 60 =— i=12,m
P, P,
The original parameters 8 can be estimated from
(15) A9=0°
The mean squares error (J) is computed as
gL —L%‘H”T T
N)/ Z Nizli szz
(16) T 2
L 7 1 i(gi y)
N= = N5 p,Tg.
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To enhance model robustness, eqn. 16 is combined with D-
optimality criterion. Such a criterion is defined as:
n
(17) max det(PTP):H(pl,Tpi)
i=1

Eqn. 16 and D-optimality are augmented as

2
1 7 12(p;y) 1
J—FZ Z_Fq T + alog( — )
(18) = Ei £i i=1£i £i
T .2
1 7 12(p;y) " 1
=yY Py i 5 taXle(——)
=l p.p, i=l p.D.

—1 —1

where positive number o regulates the trade off between
model approximation ability and robustness. Note that the
net contribution of each term p, can be computed

n
independently as (piTy)z/NpiTpi +aZlog(1/pl_Tpi).
2 2 g2, 2 = Z2; 2

Eqgn. 18 can be expressed as

T 2
1(p; ) |
N T T/

P, P, P, P,

At the i-th iteration, a candidate term is selected as i -th
term if it produces the smallest J” [13]. The selection

procedure is terminated if J " Y > J ("
The identified model is expressed as
o

y(k):nZHiopl,(k)+e(k), k=1.,N

i=1

(19) J(i) — J(i—l) _

+alog(

(20)

The model output is represented by means of the non-
orthogonal model terms

@1) Wk)=30 ¢ (k)ve(k), k=1..N

=1 i i
T

0 .0 S
¥ e

V4
2 Y

={1,2,...,n} can be calculated from eqn. 15. {y;, 2,..., Vo } iS
the index set of non-zero components of ¢ where 6, is the
y-th component in the parameter vector 6.

where the parameters 6= 49}/

1

REFERENCES
[11 Andrzej Bobon, Stefan Paszek, Sebastian
Berhausen, Estimation of turbogenerator electromagnetic

parameters based on verified by measurements waveforms
computed by the finite element method, Przeglad
Elektrotechniczny, 86 (2010), nr 8, 16-21.

[2] Jerzy Kudta, Mathematical model of a synchronous machine
taking into account saturation effect, Przeglad
Elektrotechniczny, 81 (2005), nr 10, 106-110.

[3] IEEE standard 115-1995 IEEE Guide: test procedures for
synchronous machines.Part1—acceptance and performance

170

testing. Part |l—test procedures and parameter determination
for dynamic analysis.

[4] Abdallah Barakat, Slim Tnani, Gérard
Champenois, Emile Mouni, Analysis of synchronous
machine modeling for simulation and industrial applications,
Simulation Modelling Practice and Theory, 18(2010),No. 9,
1382-1396.

[6] Melgoza J, Jesus R, Heydt GT, Keyhani A, An
algebraic approach for identifying operating point dependent
parameters of synchronous machine using orthogonal series
expansions, |IEEE Trans Energy Convers., 16(2001) nr 1, 92-
98.

[6] Melgoza JJR, Heydt GT, Keyhani A, Agrawal BL,
Selin D., Synchronous machine parameter estimation using
hartley series, IEEE Trans Energy Convers, 16(2001) nr. 1, 49-
54.

[7] M. Soliman D. Westwick O.P. Malik, Identification of
Heffron—Phillips model parameters for synchronous generators
operating in closed loop, IET Gener. Transm. Distrib., 2(2008),
nr. 4, 530-541

[8] R. Dalirrooy Fard, M. karrari, O.P.Malik,
Synchronous Generator Model Identification for Control
Application Using Volterra Series, IEEE Transaction On Energy
Conversion, 2 (2005), nr. 4, 852-858.

[9] Shamsoollahi P, Malik OP. On-line identification of
synchronous generator using neural networks. Proceedings of
the Canadian conference on electrical and computer
engineering, CCECE’96, Part 2, 1996, p. 595-598.

[10] M.karrari, O.P.Malik, Identification of synchronous
generator using adaptive wavelet networks, Electrical power
and Energy system, 27(2005) nr. 1, 113-120.

[11] Lind, 1., Ljung,L. Regressor and structure selection in
NARX models using a structured ANOVA approach.
Automatica 44 (2008), nr.2, 383 — 395.

[12] Bai, E.-W., Tempo, R. Representation and identification
of non-parametric nonlinear systems of short term memory and
low degree of interaction. Automatic, 46(2010), nr.10, 1595-
1603

[13] Hong, X. and Harris, C. J., Nonlinear model structure
design and construction using orthogonal least squares and D-
optimality design, IEEE Trans. Neural network, 13(2002),
nr. 5,1245-1250.

[14] Murray-Smith R., Johansen, T.A. Multiple Model
Approaches to Modeling and Control. Taylor and Francis,
London 1997.

[15] M. D. Brown, D. Flynn and G. W. Irwin, Multiple
model nonlinear control of synchronous generators,
Transactions of the Institute of Measurement and Control
24(2002), nr. 3, 215-230.

[16] Nelles, O. Nonlinear System Identification: From Classical
Approaches to Neural Networks and Fuzzy Models. Springer
Verlag, 2000.

[17] Kundur P. Power system stability and control, McGraw-Hill
Inc., 1994.

Authors: S. S. Ahmadi, Electrical Engineering Department,
Amirkabir  University of Technology, Tehran, Iran, E-mail:
ahmadi_salman@aut.ac.ir; Prof. M. Karrari, Electrical Engineering
Department, Amirkabir University of Technology, Tehran, Iran, E-

mail: karrari@aut.ac.ir.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 8/2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


