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Motivation

How to ensure the designe
controller (software) works
correctly?
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Controller, Plant, and Environment
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A Challengevalidatethe designof the controller
0 Onsite testingand calibrationcanbe
AExpensivétime + cost)
ADangerous

0 Instead run simulation
AMust modelphysicalpropertiesof plant & environment




Physical systems

A Models up to this point:
oa/ 2YUNREEIl of S¢§ &%\@USYZ
o System under design '?/Pr/,/g

0 Modeling goalfaciltate design process, (formal)
analysis and verification of internlaéhaviour

A Physical systems: Ogs,~
o Laws of physics can not be changed Rip y /,/E
0 Existing system

0 Modeling goal: assure designed system interacts we
with environment




Discrete vs continuous models

Discrete Continuous

Reactive state-basedmodels Differentialequationsystems
Changeslescribedoy assignments Behaviourdescribedoy mathematicalequations

Simulation- logicalclocks Simulation¢ numericallysolvingequationsystems
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A Reality: Practically all real systems are hybrid
0 Reactive components mixed with continuous changes




Platformbased systems design

e Requirements o
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Functional Platform  pia
model

Faulttolerance
& safety

Config model

HW/SW
allocation

Traceability

Architecture
model

Verificationand Validation

Linker Config file




Platformbased systems design




Learning Objectives

Modeling physical parameters and constraints

wDescribecontinuousbehaviourof physicalsystems
wlncluderulesconstrainingphysicalproperties
wCapturepropertiesand constraintsusing theSysMUanguage
wUsethe Modelicalanguageo describephysicalsystems

Simulationof discreteand continuousmodels

wWorkwith systemsof discreteand continuousstates
wCaptureboth continuoustime anddiscretetime properties
wPerformdiscreteeventand continuoustime simulation

wUnderstandchallenge®f simulationin industrialsettings




Outline

Modeling physicalsystems

Simulationbasics

Simulationof discreteand continuoussystems

Motivating examplesand casestudies




Modeling physical systems

Modeling SysML .




Physical models

Softwaremodels Physicaimodels

Usuallydiscrete Usuallycontinuous

Dissected; systemis built by integration of In manycasesverythinghas anmpacton
components everything(e.g weatherg temperature
Understandablemaintainable usable 0GodR 2 S dyfdinistraightlines
Anyengineercancreatethe model Goodmodelrequiresdomainexpertise

The Value of Models

* In sciqnce, the value of a model/ lies in how well its
behavior matches that of the physical system.

* |In engineering, the value of the physical system lies in
how well its behavior matches that of the model.

Edward A. Leévlodeling in Engineering and Science
https://dl.acm.org/citation.cfm?doid=3301004.3231590



https://dl.acm.org/citation.cfm?doid=3301004.3231590

Example: modeling a simple pendulu

A Simple pendulum

Angular
velocity

A Behavior of the pendulum as a function of time:

Angular ( ()) ( B )
acceleration




Assignments and equations

A Causaktonnection® assignment in programming
language
y:=x+3
0 Righthandside value determines leftandsside variable
0 Typical use: to implement controller
A Acausakonnection® mathematical equation

y=X+ 3 Uvy- 37 x=0

o Always holds; if any of the variables has a new value, it
enforces that the other variables change accordingly

0 Typical use: to modddehaviourof plant / environment




A Modelcan be simulatedd Modeling tools

0 Neither over nor underdetermined eqguation system
(theoretical requirement)

0 Modeling tools have additional constraints
A Representativamodel
0 Obeys physical laws formulate in model
0 Accurate representation of reavorld systems
A compare simulation with real measurements
A Generalusability
0 Maintainable, reusable, et®, blockbased modeling




How to create a model

1. Decompose the system

2. Customize existing components
0 Better to use components provided by tools
A (Just like programming languages)
0 Assign parameter bindings

3. Adjust connections

4. Check model accuracy

A Accurate modeling is difficult
0 Models are created by domain experts
0 There are complete books on modeling
A Simulation can be used for verification
0 (nonexhaustive, just like testing)




Checking physical model accuracy

Realsystem Modeling

AN

A Analyze
A dDebug

Experiment ﬁ ieﬁne Virtual

measurement experiment

Measurement Simulation
results




Modeling physical systems

Modeling SysML |
> basics Modelica




Constraint blocks

A Constraint equationswith parametersbound to
the propertiesof the system

A Constraintblock: supportsthe definition and the
reuseof constraints It holds

0 asetof parametersand
0 anequationconstrainingthe para

Equationg¢ no
Nameof the «constraint»
Newton's law dependency
between

constraints

{{java}force == mass * acceleration variables

parameters

May have force: N

language mass : kg Parameters
SpECifiC&tiOI’] acceleration : m/s/s with types




