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Highlights in Dymola 6

Model Calibration
Design Optimization
Model Experimentation
3D Visualization

User Designed dialogs
New scripting facilities
Model management
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Anti spin control
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Model Calibration

Determine unknown model parameters from transient measurements.

Acceleration (BMW 645i)
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Source: Auto Mobil, Issue 2, 2005



Measurement data

: _—_——_—_—______—__________________________-—————>>
e CSV files
e Matlab 4 mat files

Preprocessing data
e Detrending data

e Filter design and denoising
e Limitating data
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Easy setup

Design.Calibration.calibrate

(T calibrate

= @ setup Description

G Model parameters and start values to be calibrated

~r Free start values

® Tuner parameters

= Calibration data R, |2 >

_EE Ccases name active value miry ma
E‘E‘ inputCouplings 1 "gearBox.loss Table[1, 21" v 1|

# EF resutCouplings “engineTorgue e | 3201

H Irtegrator

%Optimizer

. .
[ ok | [ Info ] [ Copy Call ] [ Exscute ] [ Close

|

\

Dialog with model, and data browsers
to specify

e Tuners (parameters or initial values)
e Measurement files

e Couplings between model and
measurements

e (Case dependent parameters and
Initial values

© Select parameters

Component
= gearBox
O
O lossTable[1, 1]
lossTable[1, 2]
[ lossTable[1, 3]
O lossTablz[1, 4]
[ lossTable[1, 8]
= engine Torque
tau_0
O tau_max

Reset from file:

X

L

[ value

l [ Cancel




Reference carBody.der(v)
Calibration carBody.der(v)
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Reference carBody.der(v) |

Calibration carBody.der(v)
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Similar operations with the same setup

Design.Calibration.calibrate

= ﬁsetup
- @& Tuner paramete

= Free start value

= Calibration data
[

Calibration
Validation
Sensitivity analysis
Parameter sweeping

Checking calibration sensitivity

perturbParameters
sweepParameter -
sweepTwoParameters
cheu:'_‘kCaIibraﬁunSensiﬁvity




Design Optimization

Tune parameters of device or controller
to Improve system dynamics




- \nFinalValue

&r SettlingTime

T Overshoot

- RiseTime

s} MinimumDamping
+I—- LargestRealPart
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SettlingTime

e demand values to indicate trade-off

v FinalValue

i, SettlingTime

T~ Overshoot
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s MinimumDamping
# LargestRealPart




Optimize
= 4 setup
; @ tunerParameters
T criteria
[Hfcases
[l]demands
Egoptimizer
- ERintegrator

Optimize

Criteria
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Setup Dialogs

@ TunerParameter |

—Description

Model parameters to be optimized (same value for all cases)

Rows |2
name | active |Value |min max autoScale

1 "kp2" 2 0.0 20 [=]

2 "kg2" 1 0.0 10 [=]

3 | "Ts2 01 0001 1 =l

T Criterion |

—Description

Data defining one criterion for all cases

Rows |2

active | name criteria

1 "axisCriteria.overshooty" | v [EIEINEINEN

2 "axisCriteria.setting Time.y" Rl
% Seflling Time
T Overshoot
FT:RiseTime
fr=MeanValua
fi MeanSquare
e MaximumDe
fé IntegratedDe__
T IntearatedSe

HH Cases |
Rows |4

Case Active | startAngle2| startAngled | endAngle2 | endAngle3| mLoad
1 "High 1" true S0 0 0 0 15
2 "Low 1" true S0 -90 0 -90 0
3 "High 2" true 0 90 30 90 15
4 | "Low2" true 0 0 30 0 ol

Cases

[l1] Demand |
Rows |4 i’
axisCriteria.overshooty | axisCriteria.setingTime.y
High 1 0.003 0.3
Low 1 0.003 0.3
High 2 0.003 03
Low 2 0.003 03

Demands



Model Experimentation

How sensitive to parameter
variations is a model?

Parameter sweeping and
perturbation

Design. Experimentation.sweepIwoParameters

sweepT woParame ters % dependencyParameters

= @ setup Diescription
* Model parameters to be calibrated

5 .
W ariablesToPlat J2.w

i Raows |2
1,1, integrator
Sweepihg Values
1 10" Designinternal Equidistantgnd(0.7, 1.3) »
2 “J24J"|| Desigr.Intermal Equidistantarid(0.7, 1.3) ~

E J2.w againstJ1.Jand J2.Jatt=1.2



Design. Experimentation. MonteCarloAnalysis

Monte Carlo Analysis

MonteCarlodnalysiz uncertainParameters
= @setup Drezeription
+- uncertainParameters Model parameters to be calibrated
fixedParameters
# - obgervedvaniables Rows -
ﬁ integrator Mame rinimum maximum Random Distribution - -
1 e randomMomal...] (% randomNormal Distributions
-‘-F- randomM ormal
Inpuits
Mean Value 1)
oK l [ nfa ] [ Copy Cal ] [ Erecutd Standard Desiation 01}
| ok [ me  |[ Ome |
Expected Yalue = 265374 . . .
Stanclard Devistion = 0.333797 GaUSSIan Varlatlon
1.2 .
of J1.J in Clutch model
N i
2 ng
a
E 4
'.E . . .
2 04 Random Distribution
&
Observed in variable
T T T T

E Jd.w attime 1.2 s
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Amplitude

Bar Graphs Stem Diagram



Customizable User Interfaces

TestHTML

TestHTRL

[hputz

Forrmat It iz pozsible to format description; =, Iarger with subindex A2, colar
i uze ather font s and even uze greek characters: o By

and also include line

picture By

breaks and pictures ™ in the descrption

|| [ || Copy Call || Execute || Cloze

Flexible text formating in HTML



» Check Box

Flexible Layout

StyleDataSurface styleData
StyleD ataSurface

Description
Specify ztyle of plot to perfarm

2

e Radio Buttons

e Vertical Layout —

Inputs
General

freTEretebimtH et O Given color () s diection () pdiection () z direction

Line "Width ¥ Specular Coefficient [0t 1] ¥ Color Intensity [0
Surface

e eiehari=ried > Mone () wireframe (O) Hiddenlines (O Filled (3) Filled with Mes
Lewel Curves

Color of the Surface E
ko 1] ¥ hctor Fi @

Select Plot Style Lot et “—Eortonr b AT

Lew > M amiruim lewvel ¥ Minimum level

Cuztom Color map

" ater Fall
Select Flot Style (&) Mone () ‘water Fall () ‘water Fall Solid

),lﬂ.lnﬁ&' ¥ Mumber of levels »
Choose levels from vector [ | Select Colomap——Here——GrapScale () Red Scale ™ Gresn-Seale——rEiueStale () Custom

ok || e || Close




Nested Dialogs — Tree Browser

Ffunction CalibrateModel
""Calibrate model to measured data"
input ModelCalibrationSetup setup;

MOPS.CalibrateModel

Calibratetd odel @ TunsParameter
= Egsetup Description ---
= [ Model prameters o be optin @ Call 1brateModel ;
Eégiiﬂim Fows [ record ModelCalibrationSetup
1. Eg calbiationCases hame String Model;
- Eg opinize - TunerParameter tunerParameters|[:];

==] inkegrator

Optimizer optimizer;

Integrator integrator;
end ModelCalibrationSetup;
record TunerParameter

""Model parameter to be optimized ...
d String name=""" "Full name of ...';
_ Seket | Boolean active=true "true, 1f __..";

end TunerParameter;




Specialized Dialogs

[nput Filenarme
ke

FLAamnE

Open experiment data file

Plot3D. plotStem

plotStem
+-plotD ata
coordinateSystem

Lok in: | i) Design

oY

(G

My Recent
Documents

Desktop

My Documents

Fw Computer

<

kg Hetwork
Places

I bin

WS
|)Design
|) Documentation
) Tukorials
| visualize3D Docurnentation
carBody.m = 1600,00
carBody.m = 1633,33
carbr = 16 7
carBody.m = 1700,00
carBody.m = 1722.22
carBody.m = 1733.33

R I o 2

carBody.m = 15000
catBody.m = 1810.0

plotD ata
Rows |2

b

e
Y z
Al w1 21
w2 y2 2
1] 4 l [ Info ] [ Copy Call ] [ Execute ] [ Cloge

& carBody.m = 1511.1
B carBody.m = 1822.2
B carBody.m = 1833.%
E carBody . m = 1844.<
E carBody.m = 1855.5
carBodv.m= 1560.£
& carBody.m = 1877.%
E carBody . m = 1888.£
& carBody.m = 1900.0
& carBody.m = 1900.C

carBody.m = 1744.44 dstes

carBody.m = 176667 engineTorgue.kau_C
carBody.m = 1785.89 EulerSystemsodPrat
< ¥
File harme: |carEody.m = 1BEE.67.mat j Dpen |
Files of ype: |AII expenment files [*.mat *.cav) j Cancel

File Dialog

Color of the Surface

Array of records

Select color

Basic colors

Custom colars

Define Custom Colors »»

==

ig: 240 Red: [0
255 | Green: |0
Wal: 255 Blue: 255

5|

Cancel ]

l &dd to Custom Calors

Color Dialog



Version Control

e Maintain revision history of model files

e Supports two common external tools
— Concurrent Version System (CVS)
— Subversion (SVN)

e Additional support in Dymola

— Map from class name to file name
— Reload files after “update” from repository



Encryption

e Protection of intellectual property
— Distribute libraries with hidden parts
— Allow parameterization with user models
— Fine control of what is visible or concealed

e Encryption stores file in binary format

e Scrambling removes proprietary data and
structure
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Model Dependency

 Show how package depends on used classes
e Links in HTML documentation

These classes have been referenced in this package.

Class Referenced From
Flot3Dr sweepn Twol atameters
Design Internal Records MatCevFile Name dataPreprocessing

Desgign Internsl Fecords MatCevFileNameChut | dataPreprocessing

calibrate, checkCalibrationSensitivity, perturhParameters,
sweepFarameter, sweepTwoF arameters

Design Internal Fecords ModelCalibrationZetup

Design Internal Fecords PerturbationParameter | perturbParameters
Diesizn Internal Records PreprocessingSisnal dataPreprocessing

Modelica lTtilities Streams dataPreprocessing

ModelicalTtilities Streatms print checlkiZalibrations ensitivity, sweepTwol aram eters

checkiz alihrations ensitivity, perturhParameters,
sweepn T wol atameters

Modelica Ttidities Strings

Modelica Lineatdvstetns dataPreprocessing
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