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B .
Overview

General information about the 15t semester course

e |dea of the course

e Why to take the course?
e Teaching strategy
 Form of evaluation

Stages of a learning process

e Learnto handle data

 From physical system to mathematical model
* Verify and validate

e Understand

* Apply


Oplægsholder
Præsentationsnoter
The idea of the course is to teach student to export data from experiment or simulations, import it to Matlab and then analyse it either by comparing to the Matlab solver solution or by fitting the paramters of the model and validating. Therefore, we first make sure students learn basic programming and mathematics with Matlab enabling data handling and then teach how to create, simulate, verify and validate mathematical models.


B
Semester plan

Date Seminar

Lesson 1. Matlab scripts, functions and mathematical

September, 7 _ e _ o
operations. Application to electrical circuits

September, 10 Exercises

MATTLAB
September, 14 Lesson 2. Linear algebra. Circuit analysis (DC) J— { ad

The Longuage of Technical Compuing

September, 17 Exercises | AT B® d ™
October, 5 Lesson 3. Import, plotting, fitting, derivative, export
OpenModeli
October, 12 Lesson 4. ODEs and RCL-curcuits (AC) p n o I ca
BREAK

MPRG. Part 2 ([November)

Focus of the course

November, 2 Lesson 5. Repetition. Equivalents and bridges. Parasitic effects

1. Simple programming

MNovember, 9 Lesson 6. Complex impedances and Steady State Analysis
November, 16 | Lesson 7. Tylor and Fourier series. Fourier analysis and filters 2 . S Im p I e numerica I m at h
Movember, 21 Lesson 8. Logic and loops. Logical circuits 3 R L C . . .

: -circuit modeling
Movember, 23 Lesson 5. Repetition. Electronic devices.

Movember, 30 Lesson 10. Additional topics. Exam info. ’
PROJECT
MPRG. Examination [January-February)


Oplægsholder
Præsentationsnoter
This numerical mathematics course for the first semester students, we have been developing and teaching for previous two years. Last year program included only programming and mathematics and students said they would rather have more applications to their semester project in electricity and to physics course. For this reason, our focus this year was on teaching RCL-circuit modeling additionally to programming and numerical math


ldea of the course

1. Data handling in Matlab: Import/export, fitting, if, for, while

2. Basic math: Linear matrix equations, integration, differentiation
3. Generalization: ODEs are a linear matrix equation with dynamics
4. Lumped models: RLC — analogy with mechanical systems

5. State space representation and verification of Modelica models


Oplægsholder
Præsentationsnoter
The idea of the course is to teach student to export data from experiment or simulations, import it to Matlab and then analyse it either by comparing to the Matlab solver solution or by fitting the paramters of the model and validating. Therefore, we first make sure students learn basic programming and mathematics with Matlab enabling data handling and then teach how to create, simulate, verify and validate mathematical models.


Why to take the course?

1. Little math and code are enough to simulate reality
2. RLC - analogy gives control over many physical domains

3. Model verification is a first step to validation and prediction

4. Model-based control can be implemented on equipment to

adjust its behavior to our needs


Oplægsholder
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At our introductory meeting we tried to give a broader perspective to students about why they need to study numerical mathematics and modeling. We put emphasis on analogy between the dynamic problems from different parts of physics based on the model of electrical RLC-circuit.


Teaching strategy

1. Ability to solve differential equations is a cornerstone of
engineering careers

2. ODE solvers can be used without prior understanding of their
principles: first do, then understand

3. After the solvers are applied to simple problems, their
principles are being gradually understood

4. Benefits of the equation-based modelling are explained in the
last stage based on experience


Oplægsholder
Præsentationsnoter
The strategy to make students learn that much material, we tried to explained the importance of differential equations to engineering careers and tried to teach students to solve the problems using methods, rather than understand those. The understaning should come in the final stage, when students are introduced to the difference between different modeling paradigms (to be implemented next year).  


Form of evaluation

1. Student project, with a goal of simulating, analyzing and
visualizing analogy between mechanical and electrical

oscillators in Matlab and Modelica

2. Code piece, which requires a slight stretch beyond the
program. Students are expected to improvise at the exam

based on what they have learned in the course.


Oplægsholder
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At the exam the students are offered to defend the project on exploring the analogy between electrical and mechanical systems, following the semester project in electronics/physics. The second assignment was to explain the code piece they have never seen before, but have the background to understand it.


Learning process


Oplægsholder
Præsentationsnoter
Now I will describe what and how a student is expected to learn in the course.


LEARN TO HANDLE DATA


Oplægsholder
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First, the student has to learn to handle data exported from the experiment and simulations and to save the results at the external disk


Covered topics

1. function, if, for, while
2. data, including vectors and matrices

3. import/export, fitting, plotting


Oplægsholder
Præsentationsnoter
It makes nessessary to teach basic programming keyworkds learned in most of the languages, as well as data types and commands for import/export, fitting and plotting


Matlab Grader

1. Automatic evaluation

2. Evaluation speed: < 1 min/student/problem

3. Individual approach combined with self-study

4. Gradual transfer from easy to hard assignments


Oplægsholder
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We are using the Matlab Grader is the tool most of the students consider particularly good for learning Matlab. For teacher it provides high evaluation speed, simplified individual feedback and gradual increase in problem complexity


Example: importing from Modelica

In Modelica: i @5 a3

In Matlab: . exportFromModelica.m |+ |
1 %% Import and plot data from modelica
2 - clear, close all
== data=dimread('simple.csv',',',1,0);
4 — t=data(:,1);
Si= v=data(:,2);
6 — i=data(:,3);
7= subplot(1,2,1)
8 — plot(t, v, 'ko', 'markersize', 1.5, 'LineWidth',2)
9 — Xlabel('time, s'), ylabel('voltage, V')
10 — subplot(1,2,2)
11 - plot(t, v, 'ko', 'markersize', 1.5, 'LineWidth',2)
12 — Xlabel('time, s'), ylabel('current, A") 12
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The example shows a piece of code for data export and and plotting used most frequently by students during the semester.


Example: explain code at the exam

Code_piece 21.m +

1— cle,clear,close
2 — delete('test.m') %delete the script file called test.m, if it existed
3— edit('test.m’)

4@  fid=fopen('test.m','w');
5— fprintf(fid,'function [XleY, Xnew] = test(X,Y)\nXleY= X<=Y;\nXnew=X(XleY);\nend');

7— X=[34,57];
g~ Y=[-156,0],

10— [XleY, Xnew]=test(X,Y);

13


Oplægsholder
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This example shows a random piece of code the student had to explain and figure out what output it produces.


PHYSICAL SYSTEM ->
MATHEMATICAL MODEL


Oplægsholder
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Learn to convert the description of real physical system to mathematical models. 


B . . . .
Modelica as a visualization tool
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On the one hand, Modelica can be used to draw the physical systems. On the other hand, the drawing itself is a mathematical model, because each each object in the diagram is a mathematical model itself. We have studied static systems first, which lead to linear equations and then dynamic systems, which lead to ordinary differential equations. Both are equally easily represeneted in Modelica. 


“Modelica allows to vary complexity
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The same physical system can be represented by different mathematical models. In Modelica, we can easily take into acount the additional physical effects and complexity with minimum effort.


Mathematical model for a static problem

storl
R=5
n
resistor2 resistor3
R=10 R=20
|| |
m O
o
= * ar = E
1} —__—% m n
A c 5 g
& =
o e

ground1

Matrix equation



Oplægsholder
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When learning how to model systems, we solved static problems directly in Modelica and by implementing functions, which solve linear equations.


®)

"Recognizing” math in dynamic systems
ir(t)

Example 4.7 . s
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dv
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dt



Oplægsholder
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After students felt confident with linear systems, we have studied how one can convert the description of the second-order dynamic system into a second order ODE.


DE as a matrix equation with dynamics

State-Space Model

Initial conditions

dV V(t) 1f V(t)dt‘HL(O)—l - -
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Præsentationsnoter
We learned how to convert these equations into a state-space form, which is easy for Matlab to solve. The tricky part for the students was to understand, why they should use state-space form and not the symbolic processer and how they find initial conditions


“Different physics
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After we learned how to solve systems in the state-space form, whe tried out the siplest second order systems from mechanics.


VERIFY AND VALIDATE


Oplægsholder
Præsentationsnoter
It seems important that students learn to test their work early in their studies


@I\/Iodel verification

Mandatory assignment: verify the model of the circuit below
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To connect Modelica and Matlab and to check whether the result is correct, students export the data from Modelica to Matlab and learn to visualize signals to show that they coincide. This assignment was given to students to students to teach them model verification
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@I\/Iodel validation

=

Student work:
Grey-box estimation

Compare the predictions of mechanical oscillator
dynamics with viscosity model F = bv + kv? for

cases:

1. k=0

2. k=0

1 function [dx,y] = NonlinearPenduluml(t,x,u,m,w,1l,b,varargin)

2

3 % Output equation.

4 - y = X(1); % Angular position.

5

6 % State equations.

7 - dx = [x(2); ... % Angular position
8 —wkx (1) -bxx(2)-1xx(2)"2 + mxu ... % Angular velocity

9 1;

92— Leang State-space model
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Many students wanted to fit their experimental data for the damped mechanical oscillator to the differential equation solution, therefore, we decided to include validation and explained the Grey-Box estimation in Matlab to them


D . . .
Model validation Student work:
Grey-box estimation

Simulated Response Comparlson
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Conclusion: account of quadratic term does not lead to better accuracy


Oplægsholder
Præsentationsnoter
The results were encoraging


UNDERSTAND



Why is Modelica “easier” than Matlab?

1. Because of the object-oriented approach
2. Because of equation-based approach

3. Because of annotations



Object-oriented modelling

1. Object in Modelica encapsulates data and code

2. Obiject represents physical entity, fex Pin or Resistor

3. Objectis an instant of a Class (definition/template)

4. Inheritance => reusable components with clear structure
5. Polymorphism => exchange objects in a big model

6. Variables, parameters, constants



Object-oriented modelling

Pin (node) is explained as an object, which “knows” the common
properties (i, v) of two objects to make their interaction possible,

Therefore, the corresponding class is usually implemented in the
subpackage called “Interfaces”

TwoPin describes the properties of the electric field in the circuit
(potentiality)

OnePort describes general relation between two nodes in the circuit

Resistor, Capacitor, Inductor give specific form for this relation



Equation-based modelling

1. In Matlab one needs to convert equations of the mathematical
model into a sequence of assignment statements

2. In Modelica, equations can be written directly after the keyword
equation in the code.

3. When using connect on the two pins of different objects they
“become a single node”, which means that the Kirchhoff's Laws
are automatically generated for this node



Annotations

1. Visualization of math and code is always hard work
2. Annotations allow us to “draw” the physical meaning of objects

3. They help us explain parameters of the model

Assignment: implement the simplest electric package



Implementation

ED Remalibrary
Interfaces
H rin
B PositivePin
[] NegativePin
@ twopin
* * OnePort
Components
MW Resistor
* Ground
=+ Capacitor
= Inductor
@ testofcom

Student work:

inductorl capacitorl

L=L C=C

Library implementation

esistorl

L
X

gr%zu ndl
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The 


APPLY
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The student implement the model without control and got a simple increase without pulses. After asking us on what wrong, we said that she needs to implement a controller using the Hysteresis block. She tried also to implement it in Matlab, but it did not work.


Student work:
Complex phyS|cs Dynamic vibration absorber
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We gave a student a paper on Dynamic vibration absorber and she followed the verification procedure given in the course.


Student work:
Complex phyS|cs Dynamic vibration absorber
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The results are the same as reported in the paper
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We gave a student a book on heat transfer and a paper on heater model inside the building with aggregated parameters


Student work:
Complex physics Heater warming up a room
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We gave a student a book on heat transfer and a paper on heater model inside the building with aggregated parameters


Outcome

1. The course is hard, but doable for students

2. Many of those, who did not like the complexity during the
semester, changed their minds after the course

3. Most students have shown a good grasp of material at the exam

4. All students have shown understanding of the interplay between
physics, mathematics and programming



THANK YOU!
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