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Abstract

The quality of a simulation model depends on thiecsed level of detail. If an
inadequate level is chosen, the simulation wilheitlack accuracy or simulation
performance. Often, it is not possible to find tmimal level of detail and a trade-off
is necessary. To avoid such a trade-off it woulchbeessary to change the level of
detail during the simulation. Such a change ispassible in modeling tools such as
Matlab/Simulink or Dymola, because a change of ¢lgeation system would be
required during simulation. In this paper we présescript that enables the user to
specify a switch from one level of detail to aneth#ith this approach a model of a
diesel combustion engine can be simulated in liesslation time without significant
accuracy losses.

1 I ntroduction
Models of physical systems need to become moralekkt® fulfill the growing need
for accuracy. Such detailed models usually takengpe simulation time which is
often not feasible. Often, a level of detail whigdttisfies the accuracy requirements
and still simulates in an adequate time cannot daend thus compromises are
necessary.
We regard variable-structure models as a possildiitien to avoid such
compromises. With a variable-structure model thgsjgal equations that describe the
behavior of the model can change during runtimes fireans the model can switch
from one mode with one set of equations to anothede with a different set of
equations. Each mode itself is therefore repredebte a model with a set of
equations. There are two different application sufeavariable-structure models:

e The behavior of the system changeasiable-behavior model
« The level of detail changegariable-detail model

An example for a variable-behavior model is a pé&nduthat becomes a free-falling
mass (se€igurel).



Figure 1: Pendulum becoming a free-falling mass

An example of a variable-detail model is a beamcWwhtan be modeled with two
different levels of detail. When crossing a certbiending point (decision of the
modeler) the model needs to be calculated moreraiety (sed-igure 2).

Figure 2: Bending beam with different level of detail

A variable-detail model could be simulated in mdegailed form in critical situations
and in less detailed form in less significant regioConsequently, the variable-detalil
approach can make a simulation faster and moregaecu

In the available modeling tools such as Matlab/$imk( [4] (here called Simulink)
and Dymol& [2] it is currently not possible to change the atipn system during
runtime. Researches on the topic of variable-atreanodels have been done [3, 5, 7]
which resulted in e.g. the Modelica-based tool Nédsi[6] and the experimental
language SOL [9]. All approaches present meansdate variable-structure models
but the model needs to be created in the spedifit dr language. In contrast, our
approach supports the standard tools Simulink ayrddDa.

The general approach of starting, stopping andalizing different modes is
equivalent for variable-behavior and variable-detadels. Therefore, Sectionahd
Section 3 use the pendulum variable-behavior mddeintroduce two different
approaches to model variable-structure models. &vttie first introduced way is
feasible for small models only, the second wayescalith large models. The mode
switches in the second approach are realized thaugtrogrammed script that
initializes and starts the modes. The scriptinghoetis then used to create a variable-
detail model of a diesel combustion engine. Inghesented example, the simulation
time of the variable-detail model was reduced ala®36 without significant losses in
accuracy compared to a one level of detail modelse on the findings of the
experiments, Section gives an outlook on requirements for modeling \@ea
structure models. Finally Section 5 presents tmelosions of the paper.



2 Variable-structure models in Simulink and Dymola without
scripting

To illustrate how a variable-structure model camimleled in Simulink and Dymola

the pendulum example from the introduction is u3étk model has two modes:

¢ Mode 1: pendulum
¢ Mode 2: free-falling mass

The simulation starts in the pendulum mode and gwes to the free-falling mass
mode when the centrifugal force becomes less them As soon as the mass reaches
the rope length again the mode switches back t@é¢nelulum mode. The movement
of the pendulum with the two mode switches is thated in Figure 3. In the

following sections, this example is implementedSimulink and Dymola without
using any other means than the ones the modeloi@tiers.
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Figure 3: Pendulum simulation results
21  Simulink

To implement the pendulum in Simulink enabled ssbmys for each mode were
used. These modes have to run exclusively andntheaues of the old mode need to
be the initial values for the new mode. This result a complicate switching
procedure presented Figure 4. Depending on the mode the model is in, different
switching conditions have to be checked. This isedilirough the switch block on the
right hand side (mode test). Furthermore, the pendwstarts once with start values
given at the beginning of the simulation and ondth the end values of the free-
falling mass (switch occurred).

This implementation is not recommended when maae tiwvo modes are required for

the needed switching conditions would become manapticated and the model
might not be understandable anymore.
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Figure 4: Pendulum in Simulink

Dymola

In Dymola it is not possible to run the modes esiglely as in Simulink. In Dymola

both modes need to run simultaneously and the owaiss$ for the pendulum have to
be chosen according to the mode the model shoulth.b&herefore, unnecessary
calculations are done and more simulation timedgired. The shortened code of the
Modelica model is presentedlinstings 1.

algorithm
when (F<=0 and fall <=0) then /l ball equations
Il initialize ball ...
end when; "2 =bx"2+by"2;
when (r>L and fall>=1) then /I choosing the right coordinates
/[ initialize pendulum ... if (fall>=1) then
end when; X = bx;
y = by;
equation else
I/l pendulum equations ... X = pX;
px = sin(phi)*L; y = py;
py = -cos(phi)*L; end if;

2.3
The two approaches to model variable-structureegsystare in our opinion not
recommendable when modeling complex systems. Irh lobls it is more a
workaround than a feasible method. In Simulink $kétching procedure gets more
complicated for more complex systems and will roitianageable for large systems.
The Dymola model has even more deficiencies, becthes simulation time will rise
with an increasing number of modes due to the sanabus calculation of the modes.
A better approach to model variable-structure sgstéin Simulink and Dymola is
presented in the next section.

Listings 1: Shortened Modelica-script of a variable-strucfpgadulum

Rating of the approaches



3

Variable-structure models with scripting
The switching from one mode to another is done \itbcript which initializes and
starts the new mode. For this approach each modéefmodel needs to be
implemented as separate model: in Simulink as agpanodel files (mdl-file) and in
Dymola as separate classes. In each model, whimtesents a mode, a switching
condition is required which stops the simulationtttd mode. The script then takes
control and starts the new mode with initial valwsdculated from the old mode.
Figure 5 illustrates the course of events when switchingktend forth between two
modes independent of the modeling tool.
To introduce the scripting approach the penduluamgxe from Section 2 is used.
Three different scripts are presented and discussed

¢ Matlab-script with a Simulink model
¢ MOS-script with a Dymola model
* Matlab-script with a Dymola model

Afterwards, the same three scripts are used toeimght a variable-detail combustion
engine and the pros and cons regarding the siranltithes are discussed.

Script Mode 1 Mode 2

[ Set inital values and stop time ]

[ Start mode 1 with initial values ]

Run made
{e.g. model: pendulurm)

W

Stop condition
{e.q. centrifugal force <0)

[ Paostprocess data I

[ Start mode2 with initial values ]_

ﬁ[ (e.0. model: falling mass)

Run mode ]

Vi

Stop condition
- — {e.g. rope length L reached)

[ Fostprocess data ]é_’

[stop time< simulated time]

else)

Figure5: Course of events for a structural change with siodp



3.1 Pendulum example
To model the pendulum example in Simulink with feeipting approach, the enabled
subsystems of the Simulink model from Section 2sane=d in two different modeling
files. In Dymola a ball and a pendulum model is lenpented in one package but as
separate classes.

Simulink with Matlab-script

The Matlab-script for the pendulum derived frétigure 5 is shown inListings 1.
The scripting approach provides the means to rennilodes exclusively and the
switching condition can be stored directly in theda. Therefore, the script is rather
simple because it only sets the initial values stads the new mode.

sim(‘pendel.mdl’);
xy = [pendel(end,1);pendel(end,2), pendel@npendel(end,4)] % initial value
sim(‘ball.mdl");

start_phi = asin(1/L*ballXY(end,1)); % initizhlue
sim(‘pendel.mdl;
Listings 1: Matlab-script for the mode switch of the pendulum

Dymola with MOS-script
For the Dymola model a MOS-script is implementedciviperforms the necessary
switches (seg&istings 2).

st =5;
simulateExtendedModel("script.pendulum”,stopTime=st
initialNames={"phi"}, initialValues={2},finaNames = {"x"});
x=readTrajectory(fileName,{"x","y", "dx","dy","[},n);

simulateExtendedModel("script.ball(L=2)",stopTime=5
initialNames={"x","y","vx","vy"}, initialValues=x[1:4,n], finalNames = {"x"});

phi=readTrajectory(fileNamel {"phi'},n);

simulateExtendedModel("script.pendulum”,stopTime=st
initialNames={"phi"}, initialValues={phi},firaINames = {"x"});
Listing 2: Script for the pendulum model

A drawback of using MOS-scripts is that Dymola carly deal with one compiled
model at a time. Therefore, each time a switch ctioe model for the next mode
needs to be compiled. This means, the pendulum rmabdee example needs to be
compiled twice. But it should only be necessargdmpile each mode once because
the equation system of a mode does not change.delmhich was already compiled
should be reused instead of recompiled. An approatiere only necessary
compilations are done is presented in the nexisect



Dymolawith Matlab-script

To overcome the drawback of MOS-scripts that a mgmitation is needed for each
mode switch we make use of the fact that each sirmedel is compiled an executable
file ‘dymosim.exe’ is created. Matlab provides tlfienctionality to create this
executable through Dymola and start it with defimetlal values and parameters.

A Java, Pascal or batch-script could be used idstfaMatlab but the needed
functionality to compile and run a model would haeebe implemented first. All
modes of the variable-detail model can now be ctadpmnce at the beginning of the
script. Afterwards, the script only runs the exablg files and sets initial and
parameter values (séggure5).

3.2 Variable-detail engine model

To illustrate the advantages of variable-detail eleda diesel combustion engine is
modeled. The engine has a manifold which is comuetd the environment through a
throttle. At the beginning of the simulation, theveonment has a different pressure
than the manifold. The pressure in the manifolchglea as long as there is a pressure
difference between the environment and the manii®dden the difference is less than
0.1bar the manifold and throttle can be replacedyenvironment with a constant
pressure. The switch back to the first mode takasepwhen the difference between
the environment pressure and the initial pressugggater than a defined threshold. A
schematic view of this model is presentedtiigure 6.
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Figure6: Icon view of the two levels of detail in Dymola

For testing more than one mode switch the enviraninpeessure changes every 5
seconds between 1 and 2 bar and the simulatiorfoui28 seconds.



Each time the environment pressure changes thdedetodel is used to model the
dynamic behavior in the manifold. When a steadtesta reached again the less
detailed model is used. This results in seven nsadeshes.

The model was implemented in Simulink and Dymold tree scripts were written:
one in Matlab for the Simulink model, one MOS-Fdied one Matlab-script for the
Dymola model. All scripts work as was presenteéiigure 5 only the used syntax is
different dependent on the scripting language antllation tool. The simulated
cylinder temperature from a variable-detail andha level of detail model is shown in
Figure 7. The difference between the two models is so matgihat it can be
disregarded. When looking at the timestamp of thigch (vertical line) it can be seen
that the temperature goes from one mode to the ethieout visible discontinuities.
All performed simulations have equal results and #rerefore not presented in
separate figures.
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Figure 7: Cylinder temperature of a variable-detail model arahe level of detail model

In Table 1 measured simulation times are presented for diffesimulations. The
total time is the sum of the simulation time, oé ttompile time and of the residual
time. The compile time is the result of the multption of the number of needed
compilations and the time needed for each of tkhesapilations. The residual time is
the required time for the pre- and postprocessiradl otnode switches.

The Dymola variable-detail model needs only onedthof the simulation time
compared to the one level of detail model. The Dignmodel with the Matlab-script
is also faster regarding the overall time but tHeaatage is lessened due to the two
compilations. The residual time results from calithe executable and reading the
simulation data after the simulation. For both datians the residual time is
equivalent and thus the calculation of the newahitalues is so fast that it does not
have an effect. The simulation times of the Dymuoledel with the MOS-script and
Matlab-script is equivalent.



But due to the unnecessary compilations for eacldemswitch and a slower
postprocessing, the total time of the MOS-scriptetas longer compared to the total
time of the one level of detail model.

In Simulink the advantages of the variable-detaildsl are almost non-existing. This
is the case because the less detailed mode nemdstahe same simulation time as
the more detailed mode. The switching of modes wamkSimulink but to gain time
advantages modes with larger time differences egaired. Although, the equations
of the Simulink model and the Dymola model aredame, the Simulink model needs
a lot more simulation time. Regarding the simulatgpeed, the Dymola variable-
detail model with the Matlab-script yields the besstults.

Stop time One Variable-detail Variable- One Variable-
20sec/ detail Dymola/M atlab detail detail detail
7 Switches | Dymola Dymola/MOS | Simulink | Simulink
Simulation 45 15 16 180 174
time
Compilation| 1* 5sec 2*5sec= 7*5sec = - -
time 10sec 35sec
Residual 7 7 19 0 2
time
Total time 57 32 70 180 176

Table 1. Table with simulation times through scripting

Drawbacks and futurework
In this section an overview of the drawbacks of skapting approach and ideas to
overcome these is given. The scripting approachbstome rather complicated when
many modes are necessary. Therefore, a more caemieapproach would be to
describe the switching in the modeling languageatly and let the compiler create
the needed script. Furthermore, a method is needhede variable-structure models
can be created independent of a specific tool. gsipte syntax for such an approach
might be SysML [8]. In such methods additional mf@ation should be added to the
models, such as for which experiments the modehisl [1]. With the knowledge
whether a model is valid for a certain experimamigessary mode switches can be
detected and the compatibility of subsystems caprtveen. We are currently working
on these ideas.
Some rules concerning variable-detailed modelskeatearned from the simulation
results:

e Switches should not occur too often, because thghtnsonsume all performance
gains. Analyses about how switching conditions &hoe laid out are necessary.

« The switching time needs to be compensated bypbedsadvantages of the less
detailed model — when the goal is saving simulatiioe.

* Using Dymola with MOS-scripts is not feasible asidoas models need to be
compiled for each mode switch.
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Conclusion
In this paper an approach to simulate variablectire models with scripts was
presented. With this approach the model can beeimghted in common modeling
tools such as Simulink or Dymola.
We think that the scripting approach is an easy wayhandle variable-structure
models without having to work with complicated laage constructs and dynamic
creation/destructions of objects. By creating orweleh for each mode in Simulink or
Dymola the mode switching can be done with a scWfith a Dymola variable-detail
model of a diesel combustion engine the simulatiore was reduced significantly
compared to a one level of detail model.
Simulink models have some drawbacks when creatimabie-detail models. Firstly
maintaining models can become quite difficult Bllomodel is contained in more than
one model. Secondly, the simulation speed of tesalicombustion engine model in
Simulink compared to the equivalent Dymola modemisch slower. We think that
Dymola models are in advantage regarding varialestsire models because the
object oriented approach makes it quite easy taterdifferent modes and maintain
them. The scripting approach with Dymola modelsbéss the modeler to create
variable-detail models from existing models andsthenefit from the speed and
accuracy advantages.
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