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Abstract

Mosilab (MOdelling and S/mulation LABoratory) a new simulation system developed by
Fraunhofer understands Modelica, offers different modeling approaches, and supports struc-
tural dynamic systems. This will be discussed on the basis of a main example, the classical
constrained pendulum. We show how the solution can be done using only standard Modelica
components, where the benefits are and which kind of switching the states can be done. As we
will see there is no possibility to define separate submodels with different state space
dimensions and switch between these systems during one simulation run.

The next point of view lies on an extension of the Modelica framework. The most important
new feature of this model description language is the definition of a statechart framework.
With this construction the next three solutions of the constrained pendulum are done. The first
approach is mathematically similar to the Modelica solution and defines poor parameter
events within the statechart construct. This approach cannot handle events of higher order.
The second approach for the model is done with two different submodels, one for the case that
the rope of the pendulum is short and one for the case it is long. In the statechart the two
models are then connected and disconnected to the main program and thereby switched
between active and off. A third approaches with only one submodel but two instances of the
system will conclude our model inspection.

We focus on how the numerical approaches are done in general and where are the benefits
comparing to the other solutions. A final step is to look at the numerical quality of the output
of the different approaches. This is done by validation with another example for which an
analytical solution exists.
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1 General

In the last decade a broad amount of knowledge in
model description theory and modeling and simulation
techniques, which could not be solved with the older
systems, have their renaissance. Increasing power of
computers and better algorithms lead to advanced
modeling environments. One benefit are the customer
friendly interfaces.

Nevertheless, these advanced modeling environments
ask for well educated experts in the field of
simulation. In nowadays definition of a project it is
very often important to model a part of a system in
detail, but when the system switches to another state
the description is done imprecisely. Another often
needed approach is that a state event makes
restrictions to the actual model which leads to a
change in the degree of freedom. Both here explained
cases result in a change in the state space dimension or
even a parameter change for the given system.

The new generation of simulation systems handles this
challenge with different methods. One approach is to
define a discrete class, where state event handling is
done (e.g. ACSL), others restrict their system. They
allow only parameter changing state events (e.g.
Dymola/Modelica) or to blow up the whole system. A
third class, which we will focus on in a selected
example, is simulators with an implemented state
machine. This group of simulators can handle state
events of both sorts: the classical ones where the
dimension of the state space remains the same and the
hybrid switch between separate models.

2 The simulation environment

MOSILAB (MOdeling and S/mulation LABoratory)
[1] is a simulator developed by Fraunhofer-Instituts
FIRST, IIS/EAS, ISE, IBP, IWU and IPK within the
research project GENSIM [2]. It is a generic
simulation tool for modeling and simulation of
complex multidisciplinary technical systems. The
simulation environment supports the procedures
modeling, simulation and post processing. The model
description in MOSILAB is done in the Modelica [3]
standard. Additional features are implemented to
assure high flexibility during modeling the concept of
structural dynamics. This is done by extending the
Modelica standard with state charts, controlling
dynamic models.

The resulting model description language is called
MOSILA [4]. The textual editor in which the model
setup is done is expanded by the component diagram
as in other Modelica simulators. But there exits
another graphical layer which supports state chart
definition by using UML diagrams (Unified Markup
Language). This is one main benefit compared to
some other tools, because the event handling can be
done intuitively and the thereby defined program code
can be modified and extended in the textual layer as
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well. Moreover, simulator coupling with standard
tools (e.g. MATLAB/Simulink, FEMLAB) is realized.
Features for coupling a new simulator with MATLAB
are in general used for optimization. The included
MATLAB algorithms can be used and so, the system
runs in co — simulation, whereby the model is defined
intuitively in Modelica standard with additional states
and the optimization routine is started in
MATLAB/Simulink.

Mosilab offers a list of explicit and implicit
integration methods for solving the defined system of
DAEs (Differential Algebraic Equations). The default
method is the IDA Dassl routine. This method is
capable to handle stiff systems. The other
implemented methods are Explicit Euler, Implicit
Euler, Implicit Trapeze and Explicit Trapeze.

3 Modeling

In this section three different models will be explained
in detail. The first one, the constrained pendulum, is
used to show the high flexibility of Mosilab and to
represent the different ways of implementing a state
event. The second is a linear model [6] for which an
analytical solution exists and which is used to show
the mathematical correctness of the implemented
solution algorithms.

The third one gives an overview about advanced
modeling and simulation with Mosilab/Modelica, it is
a model of the free pendulum. Out of the given model
definition we will see that a pure Modelica solution is
not possible any more, because the dimension of the
state space changes. This happens when a statechart is
inevitable in Mosilab.

3.1 Constrained pendulum

The constrained pendulum is a classical nonlinear
model in simulation techniques. To make the problem
easier than it is in real life, we assume the mass m is
large enough so that, as an approximation, we state
that all the mass is contained at the bob of the
pendulum (that is the mass of the rigid shaft of the
pendulum is assumed negligible). This model has been
presented in the definition of ARGESIM comparison
C7 [5]. There is no exact analytical solution to this
problem. Therefore, the results have to be obtained by
numerical methods. In this section a description of the
model will be given.

ml ¢ =— mg sin( @) —dl ¢ (1)

Hereby ¢ denotes the angle in radiant measured in
counter clockwise direction from the vertical position.
The parameters in the model are the mass m and the
length of the rope /. The damping is realized with the
constant d. In Mosilab it is an important difference, if
the modeler is using constant or parameter!

As it is a constrained pendulum a pin is fixed at a
certain position. This position is given by the angle
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angle ¢, and the length /,. Every time when the rope
of the pendulum hits the pin the length of the
pendulum has to be shortened. In this case the
pendulum swings on with the position of the pin as the
point of rotation and the shortened length

I, =1-1,. @)

We will focus on the first example defined in the
ARGESIM comparison C7, where the following
parameters, constants, and initial values are defined:

m=1.02,/=11,6=0.7,g=9.81

T .
D start :gﬂ Dot = O’d =0.2 3)
-_"
& 12

3.2 Two state model

The here defined model is based on the definition of
the ARGESIM comparison C5 [6]. This is a system
with two coupled differential equations with a
classical parameter state event. The reason why we
chose this more or less simple example is, that in
contrast to the system defined in 3.1 this system can
be solved analytically and therefore we can compare
the solution generated in Mosilab with the original
analytical solution. Furthermore the different model
approaches can be compared pertaining to the solution
quality.

This example tests the ability of the simulator to
handle discontinuities of the aforementioned type in a
satisfactory way. The problem is as follows

y, = ¢ (y, + ¢, yi)
Y, = ¢;(c, Vo)

This ordinary differential equation (ODE) system is
essentially a simple linear stiff problem with
exponential decays as analytical solution. One of these
is a very rapid transient, and the stationary solution of
the slow decay varies from the two states of the
model. This actually "drives" the model (and the
discontinuity).

“

The parameter c¢; and c; stay unchanged during
simulation. The parameter c, is 0.4 and c,4 is 5.5 when
the model is in state 1 (also the initial state). The
initial values are y;(0)=4.2 and y,(0)=0.3. The
model remains in state 1 as long as y; <5.8. The
choice of ¢, and ¢4 ensures that y; will grow past 5.8.

When the model switches to state 2, parameters c, and
¢, change to ¢, = -0.3 and ¢4 = 2.73. The model
remains in state 2 as long as y; > 2.5. When passing
this instance the model switches back to state 1; the
choice of ¢, and c4 ensures that this will happen.

Analytical solution values can be found. We are
focusing on a simulation period starting at time point
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0 and ending at time point 5. For comparison we state
that the last discontinuity occurs at time 4.999999646
and the y;(5.0) value should be approximately 5.369.

3.3 Free pendulum on a string

Until now the definitions of systems of interest have
been looking on models where the state space
dimension does not change during simulation. The
state events can all be interpreted as simple parameter
events. Now a system is given where the state space
dimension has to be changed for real.

This example is a little bit more complicated. Let us
again consider a pendulum. The massive bob of the
pendulum is fixed on a string. The general structure
of the system is depicted in Fig. 1 [5].

L]
equilibrium
point

g cos @

mg

mg sin @

Fig. 1 Force diagram of the model

In case of a rollover of the pendulum it can start to fall
freely until the constraints of the string apply again.
This can happen if the pendulum swings higher than
+7/2 and the centrifugal force is smaller than the
gravitational force.

Accordingly, the so defined model has two different
states:

e  The normal pendulum movement
and
e the free fall case.

The movement of the pendulum is given in equation
(1). We have to define the equations for the free fall
case. They are given by

v, = —-g

v, =0

X

)

For our model we have an additional constraint, which
is based on the fixed length / of the pendulum:
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x* + y? <1 (6)
This model cannot be solved using simple parameter
state events and is defined to give an example that
problems in simulation of technical systems as well as
in biology, genetics, etc. occur not only in very
sophisticated systems. As seen here the need for state
space switching in nowadays modeling and simulation
techniques is quite common.

After the definition of the main tasks and the extra
example we will have a closer look on the
implementation approaches of the constrained
pendulum and test the simulator by solving different
solution of the two state model and comparing them
with the analytical solution.

4 Solutions of the constrained pendulum

In this chapter the most important different solution
approaches in Modelica of the classical constrained
pendulum are discussed. Benefits and restrictions of
the different implementations are listed. In the
implementations of the constrained pendulum the
tangential velocity is used instead of angular velocity.
This has the benefit that only the length of the
pendulum has a discrete change in case of hitting or
leaving the pin.

4.1 Standard Modelica approach

In this approach only standard Modelica code is used.
It is defined in the Mosilab equation layer, which is
part of the model editor. The model can be formulated
as implicit law, which means that it is not necessary to
transform the equations to an explicit form:

equation /*pendulum*/
v = 1ll*der(phi); wvdot = der(v);
mass*vdot/ll+mass*g*sin (phi)+damping*v=0

The state event, which appears every time when the
rope of the pendulum hits the pin or looses the
connection to it, is modeled in an algorithm section
with if (or when) — conditions:

algorithm

if (phi<=phipin) then length:=1s;
end 1if;

if (phi>phipin) then length:=11;
end 1if;

This section defines the length of the rope depending
on the actual state of the constrained pendulum.
Mosilab handles the if — command by means of a state
event finder. This is important to find the time point of
the state event in a given time slice. The solution of
the so defined system is depicted in Fig. 2.
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Fig. 2 Solution of the task defined in section 3.1, the
red curve represents the angle, the blue curve depicts
the angular velocity

In compare with the solutions done in another
Modelica simulator (Dymola, in SNE [6]) and the
reference solution, this outcome seems reasonable.

4.2 Mosilab state chart approaches

These approaches make use of an additional feature of
Mosilab, namely modeling of discrete elements by
state charts.

4.2.1 Parameter event solution

The state chart is used instead of the algorithm section
and therefore instead of the if- or when- construct.
This has the benefit of much higher flexibility and
readability in case of complex conditions. Boolean
variables define the status of the system and are
managed by the state chart. This can be solved as
follows:

event Boolean lengthen(start=false),
shorten (start=false);
equation

lengthen= (phi>phipin) ;

shorten= (phi<=phipin) ;

here /*pendulum*/ -equations
statechart
state LengthSwitch extends State;
State

Short,Long,Initial (isInitial=true);

transition Initial -> Long
end transition;
transitionLong->Shortevent shorten
action

length := 1s;
end transition;

transitionShort->Longeventlengthen
action
length := 11;
end transition;
end LengthSwitch;

From the modeling point of view, this is equivalent to
the description with if — clauses. The Mosilab
translator generates an implementation with different
internal equations. Mosilab performs a simulation by
handling the state event within the integration over the
simulation period.
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4.2.2 Model switching solutions

As already explained Mosilab’s state chart engine is
not only an alternative to the Modelica if — or when —
construct, it is much more powerful.

This system allows any kind of hybrid model
composition with models of different state spaces and
also of different types. For the constrained pendulum
we decompose the system into two different models:

e SHORT, for the case that the rope has contact
to the pin

and
e LONG, for the standard damped pendulum.

These two models are than controlled by a state chart,
defined in a similar way as shown in the UML —
diagram in Fig. 3.

~

7 CanstrainedPendulum

SESEE _glaly ]
e ——
— -
—— R

o /

Fig. 3 UML — diagram of the statechart solution of the
constrained pendulum. The main model controls the
two submodels. In this example the LONG mode is

the initial state.

rnghan

As seen, the new model description comprehends now
three parts, the main program which also consists of
the state chart and two submodels. These two
submodels can be defined separately, or because of the
special structure, can be instances of one defined
class.

The following source code is using the first method
for implementation and first defines the two separate
models and afterwards the main program.

model ConstrainedPendulum

model Long

equation
mass*vdot/ll+mass*g*sin (phi) +
damping*v=0;

end Long;

model Short

equation
mass*vdot/ls+mass*g*sin (phi) +
damping*v=0;

end Short;

event discrete Boolean

lengthen (start=true),

shorten(start = false);

equation
lengthen= (phi>phipin) ;

ISBN 978-3-901608-32-2

9-13 Sept. 2007, Ljubljana, Slovenia

shorten=(phi<=phipin);

statechart
state ChangePendulum extends State;
State

Short, Long, startState (isInitial=true);

transition startState -> Long action
L:=new Long(); K:=new Short();
add (L) ;
end transition;
transition Long->Short event shorten
action
disconnect ...; remove (L) ;
add (K); connect
end transition;
transition Short ->Longeventlengthen
action
disconnect ..; remove (K);
add(L); connect ...
end transition;
end ChangePendulum;
end ConstrainedPendulum;

The transitions organize the switching between the
pendulums (remove, add). The connect statements are
used for mapping local states to global state variables.

4.2.3 Summing up the results

In center of interest is also the difference in time
behavior of the different solution methods. As this is a
nonlinear model we can only calculate the numerical
solutions and compare, for example, the time points
where the last state event appears. This is the moment
when the rope of the pendulum looses the connection
to the pin the last time. In the model under
investigation, this happens after the fourth time
shortening the pendulum, which means after eight
state events all together.

The solutions are calculated with the default
simulation method, if possible. With this approach we
try to test the simulation environments from the user’s
point of view. Many programmers and modelers do
not care a lot about the implemented integration
methods. For this reason the standard method has to
produce reliable results in an appropriate calculation
time.

Tab. 1 Comparison of the results

Simulation | Time point | Solution method

method of last event

Pure 6.7199 Impl. Trapez

Modelica Min. step 1e-6
Max. step le-4

Switch 6.7204 IDA Dassl

models Min. step 1e-6
Max. step 0.08

As depicted in Tab. 1, the solutions are quite close but
not identically the same. An explanation therefore is
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that the standard Modelica solution cannot be done
with the standard integration method. This could be
examined making further tests with different choice of
the minimal and maximal step size in each solution
method.

5 Two state model

As this is another model where only parameters are
changed in the case of the arrival of a state event, this
model can be solved in four different ways as
explained for the constrained pendulum in chapter 4.

The main differences in compare to the pendulum
model are:

e An analytical solution exists for the model.
e  Only the first derivative has to be calculated.
e  The system is stiff.

The first solution is done again in standard Modelica
notation. The most interesting part of the source code
is implemented as follows:

algorithm

when (y1>=5.8) then
c2:=-0.3;c4:=2.73;

end when;

when (y1<=2.5) then
c2:=0.4;c4:=5.5;

end when;

equation
der (yl)=cl* (y2+c2-yl);
der (y2)=c3* (cd4-y2);

The second way of solving this stiff system is to
define a state chart in which only the parameters c2
and ¢4 are changed when an event occurs. We have
two cases for this parameter state event. The one when
the value of the variable y/ gets higher than 5.8 and
the second when this value falls below 2.5. For this
model approach we only need one model in which the
parameter rules are defined on a higher level.

event Boolean e (start=false), f(start =
false);
equation

statechart state SCSol extends State;
State ax,bx,ix(isInitial=true);
transition ix->ax end transition;

transition ax->bx event e action
c2:=-0.3; //=-1.25;
c4:=2.73; //4.33;

end transition;

transition bx->ax event f action
c2:=0.4;
cd4:=5.5;
end transition;
end SCSol;
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The source code above shows the easy way of
implementation of this task.

The third way of implementation we will focus on
concerning this example is to define two separate
models which will then toggle between the states. This
is the safest way for general implementation of
systems with different states. On the one hand this
cannot be done with the main part of simulators, on
the other hand Mosilab is able to use this structure in
different ways: the first approach is to define a
submodel and switch between different instances of
one and the same class (this would be enough in our
case). The second solution is the general switching of
active submodels to solve the system. This is done in
the implemented solution.

model Zustandl when (yl>=5.8) then
constant Real cl=2.7*10"6;
constant Real ¢3=3.5651205;
constant Real c2=0.4;
constant Real c4=5.5;
Real yl1;
Real y2;
equation
der (yl)=cl* (y2+c2-yl);
der (y2)=c3* (cd4-y2);
end Zustandl;
model Zustand?2 end Zustand?2
event Boolean e(start=false), f(start =
false);
Real vyl (start=4.2);
Real y2(start=0.3);
dynamic Zustandl Z1;
dynamic Zustand2 Z2;

equation
e = (y1>5.8) or (yl == 5.8);
f= (y1<2.5) or (yl == 2.5);

statechart
state Zustandswechsel extends ANDState;
State ax,bx,ix(isInitial=true);

transition ix->ax action
Z1l:= new Zustandl () ;
Z2:= new Zustand2();

add (Z1);
Z1l.yl:=yl;
Z1.y2:=y2;

connect (Z21.yl,vyl);

connect (21.y2,v2);
end transition;
transition ax->bx event e action
disconnect (Z21.y1l,vy1);
disconnect (21.y2,vy2);

remove (zZ1) ;

Z2.yl:=yl;
22 .y2:=y2;
add (z2) ;

connect (Z2.y1l,vy1l);

connect (22.y2,v2);
end transition;
transition bx->ax event f action
disconnect (Z22.yl,yl);
disconnect (22.vy2,vy2);
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remove (Z22) ;

z1.yl:=yl;
Z1l.y2:=y2;
add (z1);

connect (Zz1.yl,vyl);
connect (21.y2,v2);
end transition;
end Zustandswechsel;

The compendium of the code above shows the basic
structure of the problem solution. The next part
represents the output part of the system.

5.1 The three solutions in compare

After defining the source code, the main interest of the
user will focus on the quality of different
implementations. From mathematical point of view
the implemented solutions are equivalent.

The solutions are all calculated with standard solution
method IDADassl. Two different step sizes are
defined for the experiment. The first with

maxStep = 1e-6, minStep = 0.08,
the second experiment with
maxStep = le-12, minStep = 0.0008.

The other settings are all chosen by their default
values. No changes are made. The results are all read
out of the graphical interface. For more detailed output
information the user can take a look at the generated
data files to get more digits in the representation.

The results are depicted in the following table:

Tab. 2 Calculated values

Settings 1 | Settings 2
Event 5.0169 5.0000
Value at time | 5.7935 5.800-
point 5.0 5.0998

As we can see in table 1, the values are exactly the
same in all three approaches. This is very good for
model reliability and necessary for further
development. In compare with the exact solution of
this problem (last event at time point 4.999999646 and
the value y(5.0) should be approximately 5.369.), we
see that our simulation method works in an acceptable
quality range. The imprecision of the output occurs
also because the user gets only four digits after
semicolon for the calculated value. Of course this is
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normally enough for standard technical system
solution, but in our case, namely, for comparing with
the exact analytical solution, it is not good enough.
The value of the function at the time point 5 is in the
allowed range.

6 Summary and Outlook

As pointed out in chapters 4 and 5 Mosilab is capable
to handle as well nonlinear as linear stiff systems. The
Modelica extension for state event handling is a strong
tool for advanced modeling concepts. Nevertheless it
is important to develop more features and work on the
compatibility with the Modelica syntax, so that model
exchange can be carried out.

The state chart extension of the Modelica notation is a
very useful feature for modeling complex hybrid
systems. Because of the state space switching ability it
can be used to minimize the simulation time.
Furthermore, the models get simpler and the number
of equations, that have to be solved are the minimal
number during computation.

The possibility to couple the simulation environment
with Matlab/Simulink is another important feature of
Modelica. As Matlab is very wide spread, a
combination of both tools, especially in combination
with modern simulation system development and
optimization can be done efficiently.

7 References
http://www.mosilab.de/
http://mosilab.de/forschungsprojekt-gensim

http://www.modelica.org/

Thilo Ernst, André Nordwig, Christoph Nytsch-

Geusen, Christoph Claus, André Schneider:
MOSILA Modellbeschreibungssprache,
Spezifikation, Version 2.0, from webpage:

www.mosilab.de/downloads/dokumentation

5] http://www.sparknotes.com/physics/oscillations/a
p P phy:
pplicationsotharmonicmotion/section.html

[6] http://www.argesim.org/comparisons/index.html

[7] F. Breitenecker, H .Ecker and 1. Bausch-Gall.
Simulation mit ACSL : eine Einfiihrung in die
Modellbildung, numerischen Methoden und
Simulation . Braunschweig : Vieweg, 1993. - XI,
399 S

Copyright © 2007 EUROSIM / SLOSIM



	1 General 
	2 The simulation environment 
	3 Modeling 
	3.1 Constrained pendulum 
	3.2 Two state model 
	3.3  Free pendulum on a string 
	4 Solutions of the constrained pendulum 
	4.1 Standard Modelica approach 
	4.2 Mosilab state chart approaches 
	4.2.1 Parameter event solution 
	4.2.2 Model switching solutions 
	4.2.3 Summing up the results 


	5 Two state model 
	5.1 The three solutions in compare 

	6 Summary and Outlook 
	7 References 



<<
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


