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models based on measurements

- instance (technology) – specific

- high (experimentation) cost
- may not even be possible to measure

- allows reproducing data, no extrapolation;
  no insight/explanation

- inductive vs. deductive modelling workflow
  science vs. engineering, usually combination



Torque Curve “model” (measured)



Distributed                   Lumped

Parameters
(vs. Constants and Variables)



Shuttle Loom



Air Jet Loom
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model using domain notation



  

Idealized Physical Model (IPM)
1D aka “lumped parameter” 



  



  



  

Multi-Domain
Modeling

this slide from Peter Fritzson's Modelica tutorial

http://www.modelica.org

http://www.modelica.org/


  

Acausal model
(Modelica)

Causal 
block-based
model
(Simulink)

Keeps the 
physical structure

Visual Acausal
Hierarchical 
Component 

Modeling

Multi-Domain
Modeling

this slide from Peter Fritzson's Modelica tutorial



  



  



  



  



  

Steven Xu
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system is “stable”



  

system is “stable”

Communication Interval (CI)

~ Integration Interval (II)



  

system is “stable”
numerical approximation is “unstable”



  



  



  

 Calibration / Parameter Estimation 



  

Newton Cooling Model

Parametrized model



  

Newton Cooling Model

can be measured

can be calculated



  

Newton Cooling Model

has to be estimated



  

Newton Cooling Model

Trace from experiment on real system
data with sensor inaccuracies, noise ...

Multiple traces from simulation with 
different parameter values for h 

Compare 

- distance metric 
- search for parameter that yields the smallest distance 



  

Best matching trace → 
The corresponding parameter from that simulation →  
The best estimate for the parameter value



  

Beware: variables are signals (functions of time)!

OO Modelling of Physical Systems



  

Standard Library (MSL)



  



  



  



  



  



  



  



  



  

“low (frequency) pass filter”



  



  



  

Meaning: set of Differential Algebraic Equations (DAEs) obtained by

 1.a. expanding inheritance
 1.b. instantiation of classes
 2. flattening hierarchy, constructing unique names
 3. expanding connect() into equations (across vs. flow)
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Meaning: set of Differential Algebraic Equations (DAEs) obtained by

 1.a. expanding inheritance
 1.b. instantiation of classes
 2. flattening hierarchy, constructing unique names
 3. expanding connect() into equations (across vs. flow)

“across” variables are equal in a connection node

“through/flow” variables sum to 0 in a connection node

equations with unique variable names, after flattening



  



  



  



  

(symbolically, using Computer Algebra)



  



  



  



  



  

Model-Solver  Interface
Simulator-Environment Interface

~ co-simulation (and the FMI standard)



  



  

simulation run statistics



  

VS frequency = 2 Hz

VS frequency = 50 Hz

“low (frequency) pass filter”



  

Hybrid (includes discontinuities) → “when” temporal operator



  

Hybrid (includes discontinuities) -- unstable



  

Hybrid (includes discontinuities) -- stable











a(t)











PID controller
constrained multi-criteria optimization
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