~—M

OBEROSTERREICH

Forschungs- und Entwicklungs GmbH - Research Center Wels - Stelzhamerstrafe 23 - A-4600 Wels

Documentation

ModOPS - Scilab/XCos Model Library

Erstellt von:

FH-Wels




Contents

Contents

1. General Remarks

1.1. Hompage and Live-DVD . . . . . .. ... ... ... ..

1.2. Installation Instructions (Windows OS)
2. Overview on Tool-chain

3. Introduction of SCILAB and XCOS

3.1. General . . . . . ..
3.2. ATOMS . . . .
3.2.1. COSELICA . . . . o v v it i st

3.2.1.1. CosELICA functionality

3.3. HeuristicLab . . . . . . . ...

4. Position servo

4.1. Model description . . . . . . . .. ... . oL
4.2. Simulation of the system . . . . . . .. ... ... ... ..

4.3. Identification of system . . . . . . . .. .. ... ... ..

4.3.1. Recursive Least Square Algorithm

4.3.2. HeuristicLab (HL) . . ... ... ... ... ...,
4.4. Regulation of system . . . . . ... ... ... ... ...

5. Position servo with rod pendulum

5.1. Model description . . . . . . .. ... oL
5.2. Simulation of the system . . . . . . ... ... ...

5.3. Identification of system . . . . . . . .. ... ... ... ..

5.3.1. Recursive Least Square Algorithm

5.3.2. HeuristicLab (HL) . . ... ... ... ... ....
5.4. Regulation of system . . . . . ... ... ... L.

6. Two mass oscillator

6.1. Model description . . . . . .. ... oo
6.2. Simulation of the system . . . . . . ... .. ... ... ..

6.3. Identification of system . . . . . . . ... ...

6.3.1. Recursive Least Square Algorithm

6.3.2. HeuristicLab (HL) . . ... ... ... ... ....
6.4. Regulation of system . . . . . . ... ... ... ... ...

7. Two mass oscillator with rod pendulum

7.1. Model description . . . . . . . . ...

7.2. Simulation of the system . . . . . . . ... ... ... ...

© 0 -1 -1 &= b



Contents

7.3. Regulation of system . . . . . . . ... 36



2 OVERVIEW ON TOOL-CHAIN

1. General Remarks

1.1. Hompage and Live-DVD

The software presented here is provided for two different operating systems. On the one hand
there exists a Windows-Version. Due to licensing reasons, this version cannot be offered as a
Live-DVD and is only listed in this document. On the other hand, there exists a Linux-Live-DVD

with limited functionality.

1.2. Installation Instructions (Windows OS)

If a Windows OS is used, the following tools must be installed:

>> Scilab 5.4.1 (32bit or 64bit): http://www.scilab.org/download/5.4.1

— Coselica Toolbox (ATOMS)
— Plotting Library (ATOMS)

> C-Compiler (Visual Studio 2008/2010/2012/2013 Professional)
> HeuristicLab 3.3.9: https://dev.heuristiclab.com/download

Open Scilab and type “haveacompiler()” in the command line. If the return value equals “T”,

Scilab has found a C-compiler. After this, the Coselica Toolbox has to be installed, see 3.2.

2. Overview on Tool-chain

Fig.2.1 shows the basic steps from system modelling up to the closed loop experiments. First,
the system model has to be determined. This can be done by mathematical equations (ODEs,...)
or by using the Modelica based XCos add-on Coselica. After the system behavior of the two
modeling approaches has been verified, the system parameters can be identified with appropriate
methods like Recursive-Least-Square algorithm or HeuristicLab. If the system parameters are

known from identification, a suitable state feedback controller can be designed.
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Figure 2.1: Tool-chain

3. Introduction of SCILAB and XCOS

3.1. General

SCILAB is an open source software for numerical computations. It is very similar to MATLAB.
XCos, which is part of SCILAB, is a graphical dynamical system modeler and simulator, and
the counterpart of SIMULINK. A lot of MATLAB commands also work in SCILAB, some are only
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named differently. Also, the graphical user interface (GUI) is very similar to MATLAB.

The screenshot in Fig. 3.1 shows the GUI. On the left side, there is the “File Browser” which
shows the current working directory. The window in the middle is the “Console” where the
commands are executed, but it’s also possible to create a command script by clicking the note
symbol on the left side of the toolbar. On the right side, there are the “Variable Browser”, which
shows stored variables, and the “Command History”, which logs all the executed commands.
The XCos and the “Palette Browser” of XCos are launched by clicking the screen symbol in
the toolbar.
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Figure 3.1: GUI of SciLAB

The palettes of the “Palette Browser”, shown in Fig. 3.2 are almost identical to those of
SIMULINK. The blocks are inserted into the XCos diagram by drag and drop. The two most im-
portant buttons in the toolbar of XCo0Ss are shown in Fig. 3.3. The “play” symbol which executes
the simulation and the red x-symbol which aborts it. The parameters of the simulation-solver

can be edited by /Simulation/Setup in the menu bar.
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3.2. ATOMS

To extend the functionality of Scilab, there are a number of additional packages available, which
can be downloaded. These packages are available directly from the Scilab console via the AuTo-
matic mOdules Management for Scilab, called ATOMS.

To search for add-ons, open the ATOMS catalog by clicking the cardboardbox-symbol in the
main window of SCILAB, see Fig. 3.4. To get full access to all examples in this guide, install the
toolboxes “Coselica” and “Plotting library”. The Coselica toolbox can be found in the category
XCos and the “Plotting library” is located in Graphics. “Plotting library” is supposed to help
you make plots as if you were using Matlab. The Coselica toolbox is based on the modeling lan-
guage Modelica and provides some basic mechanical, electrical and thermodynamical modeling

and simulation blocks.

T
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Figure 3.4: ATOMS catalog

3.2.1. COSELICA

After you have installed Coselica in the ATOMS catalog, an additional palette appears in the
“Palettes Browser” of XCos. For the examples in this guide only COSELICA blocks from “Blocks”

and “Mechanics” are used. The folder “Blocks” provides some essential blocks like signal sources,
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math operators, interfaces (data type conversion) etc. The folder “Mechanics” provides blocks for
translational, rotational and planar movements of mechanical systems. Some of the translational

blocks are also used for planar simulations.

3.2.1.1. Coselica functionality COSELICA uses a very intuitive way of describing physical
systems. The simulation models consist of basic physical elements. They can be combined
and connected without substantial knowledge about mathematical background. SIMULINK and
XCos imply substantial mathematical knowledge about their physical backgrounds compared to
COSELICA.

The demo examples in this guide are only mechanical systems, so the basic functionality of
CoseLICA will be shown by the mechanical model of a position servo. The screenshot in Fig.

3.5 shows the simulation model of a simple position servo (cart with force as input).

wold coordinate system joint mass
i = o=
damper,
spring,.. E‘E:-I g
SENsors EL—
i i
o
force

Figure 3.5: basic COSELICA elements shown at the example of a position servo

The basic block of all planar simulations is a joint. For different degrees of freedom there
are different joints (translational, rotational). On one side, the joint is connected to a world
coordinate system (or to other components) to define its reference position. Beyond, masses
are connected to the joint. All forces that affect the joint are connected parallel to it. These
forces can derive from dampers, springs or external forces for example. To measure the states
of the model, sensor blocks are used. There are different sensor blocks for position, velocity and
acceleration. To connect signals from normal XCos blocks to Coselica blocks and vice versa,
interface blocks are necessary. How to realise different mechanical systems in Coselica will be

illustrated in the following examples.
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3.3. HeuristicLab

HeuristicLab [1] is an open source framework for heuristic and evolutionary algorithms that is
developed by members of the Heuristic and Evolutionary Algorithms Laboratory (HEAL) since
2002 and is freely available at http://dev.heuristiclab.com/Download. HeuristicLab is shipped

with a wide variety of ready-to-use algorithms and problem definitions.

Figure 3.6: Sample screenshot of the HeuristicLab GUI

In the context of this project, HeuristicLab is used to identify to parameters of a simulation
model, which is implemented in Scilab/Xcos. Therefore, a generic coupling between HeuristicLab
and Scilab has been implemented that allows the execution of arbitrary Scilab scripts. When a
parameter identification problem (Fig. 3.7) for simulation models should be solved, the script
is responsible executing the simulation model with suggested parameter values and calculating
a fitness value. The fitness value expresses the accordance between the results of the simulation
model with the currently used parameter values and the observed measurements in the real
world. Most of the times the sum of the absolute errors at predefined time steps is calculated
and used as fitness value (cf. Fig. 3.7 last line of the evaluation script). In addition to the
Scilab script a few other parameters have to be adapted, before the parameter identification
problem can be solved. First of all, the problem dimension (e.g., how many parameters should be
optimized) must be configured. The next step is the configuration of the names of the parameter
(ParameterNames) and the name of the variable (QualityVariableName) which contains the
quality value. Afterwards the Scilab script (ScilabEvaluationScript) for evaluation a parameter
vector has to be chosen and whether the quality should be maximized or not (Maximization); in

the case of the sum of absolute errors as fitness function Maximization should be set to false.
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' Scilab Parameter Optimization Problem for Posi

Name: Scilab Parameter Optimization Problem for Posttion Servo Simulation Mode!

© Evaluator: ScilabParameterVectorEvaluator
@ Maximization: False

® =
Parameters
[+ x| @
- Details
4% BestKnownQualty: null
4 Bounds: [[0:100]] Name: ScilabEvaluationSeript @ o5

Data Type: TextFileValue

&4 ParameterNames: [ab:c] Vaue
@ ProblemSize: 2 7| | X| ShowinRun: [@]
@ QualityVanableName: qualty — ———— ——
@8 SciabEvauationScript: TexdFe Valve:  C:\Reps'\MODOPS\sources\SciLab\PostionServoReduced - Test sce =]
© SolutionCreator: UnformRandomRealVectorCreator
// parameters of the cart -
// mass of the cart
// viscous friction coefficient
p.Feo = c; // Coulomb friction force
// equivalent parameters for the simulation model
p.mr = p.Ja*(p.n/p.x)"2; // eguivalent mass tco moment of inerctia
p-mt = p.m + p.mx; // egquivalent mass (total)
p-del = (p.n/p.r*p_km)~2/p.Ra; // linear damping from motor
p.dt = p.dl + p.del; // linear damping coefficient
p.beta = p.a*p.km/p.z/p.Ra; // input transformation

importXcosDiagram(“"SimulatePositicnsSe

xcos_simulate(scs_m,4):
values = PositionServoReduced.values(:,2:3);

original = csvRead("PositionsServoReduced.csv", ",",".");
quality = sum(abs(values(:,1l) = original(:,3)));

.zecos");

Figure 3.7: Parameter Identification Problem in HeuristicLab

After the problem configuration is finished every HeuristicLab algorithm that is able to deal with

real vectors can be used to solve the problem (e.g., evolution strategies or genetic algorithm).

However, several algorithm tests have shown that the covariance matrix adaption evolution strat-

egy (CMA-ES) yields the best results for parameter identification problems of simulation models.
The results of an exemplary run of the CMA-ES on a parameter identification problem are shown
in Fig. 3.8. In the following sections a HeuristicLab file for every described simulation model
can be found in the according folder. The file contains the preconfigured CMA-ES algorithm as

well as the parameter identification problem (the evaluation script has to be set manually, before
the algorithm can be executed) and the achieved results.

-10-
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Figure 3.8: Results of an exemplary CMA-ES run on a parameter identification problem

4. Position servo

4.1. Model description

The position servo is basically a cart with one degree of freedom that is driven by a DC motor.

The drawing in Fig. 4.1 shows the schematic structure of the model.

y
_ B
m F -
lo==on

Figure 4.1: schematic of the position servo

-11-
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The mathematical equations to describe this mechanical system are:

=0
d
V= Tlv + ﬁua
mi mi
‘ Name ‘ Description ‘
T position of cart
v velocity of cart
mi accumulated mass of cart
dy accumulated friction of cart
15} force factor of drive

Table 4.1: Abbreviations cart system

The dynamic of the electrical circuit is neglected because of its high dynamic compared to the

mechanical part.

4.2. Simulation of the system

The XCos simulation file (“simPositionServo.zcos”) and the COSELICA simulation file
(“simPositionServo_Coselica.zcos”) can be found in the folder “PositionServo'\Simulation”. The
screenshots in Fig. 4.2 and Fig. 4.3 show the XCos diagram and the COSELICA diagram of the

position servo.

-19-
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Figure 4.2: Simulation of the position servo with standard XCos blocks

-13-
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Figure 4.3: Simulation of the position servo with COSELICA blocks

The XCos simulation of the system in Fig. 4.2 is implemented by a so-called “SCILAB function
block”, very similar to the MATLAB-function block in SIMULINK. The COSELICA simulation

consists of basic mechanical components, as described in Chapter 3.2.1.

To start the simulation, execute the script file “initPositionServo”. This script initializes all
necessary parameters and executes all simulations related to the position servo. To visualize the
output of the simulation, execute the file “docPostionServo”.

4.3. Identification of system

Because the parameters of a mechanical system are often not known, a parameter identification,
based on real measurements of the system, is necessary. One possible way of identifying a system

is the RLS identification (recursive least square identification), which is used for this example.

4.3.1. Recursive Least Square Algorithm

This method assumes that the mathematical model of the system is known, furthermore the

input signal and the output signal of a measurement are required.

“14-
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The file “initPositionServo_ParldentRLS.sce” in the folder \PositionServo'Identification initial-
izes and executes the identification that is carried out by the identification program “measPo-
sitionServo  ParldentRLS.zcos”. The screenshot in Fig. 4.4 shows the identification program.
The RLS-subsystem is provided with the measurement data of the position servo and calculates

the parameters of the system. Afterwards, the identification output is stored to the workspace.

& *measPositionServo_ParldentRLS (E:\SciLab\Demo CD\PositionServo\ldentification’...| — || = |[s£3]
File Edit Wiew Simulation Format Teols ?

EEEERIEL]

.....
L it L

limebase
far sampling

visualisation of

From workspace

measurement data
load measurement
data from workspace o
DEMLLE
RLS-Subsystem
h J
EnD To workspace
dataPosServoParldent [16384)

simulation
stop SavE parameter

to workspace
parameter identification pasition servo

(recursive least square)
Input; u=[ua, x]
Cutput w= [m1w, c1w]

Figure 4.4: Tdentification program of position servo

The prepared measurement data of a real position servo is stored in “dataldent PosServo  MATLAB.mat”.
By executing the file “docPositionServo_ParldentRLS.sce” the identification will be visualized
(Fig. 4.5). The graph shows the input signals (u, and z) output signals (ri;and d;) of the RLS-
block. The valid identification parameters are the stationary values of the parameter signal.

They are stored in the structure pIdent at the workspace.

-15-
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Figure 4.5: Visualisation of the parameter identification of the position servo

After executing the file “docPositionServo ParldentRLS.sce” it is possible to visualize a com-
parison between the mesurement and the simulation with the identified parameters. To visualize

the comparison, the file “initCompareMeasSim.sce” has to be executed.

4.3.2. HeuristicLab (HL)

The file “Parldent HL PositionServo.hl” has to be executed with HeuristicLab. To do this, the
executable file (...\HeuristicLab 3.3.9\HeuristicLab 3.3.exe) has to be started. In the window
that appears, the button “Optimizer” must be selected, after which the following user interface
should be visible, see Fig. 4.6. Open “Parldent HL _PositionServo.hl”, which is located in
“...\ModelLibrary'\ PositionServo\Identification\ HL”.

-16-
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Figure 4.6: User Interface HeuristicLab Optimizer

In the tab “Results”, the results of the last identification runs are displayed. As you can see, the
identified parameters (mq, Jl) in the field “Best Solution” match perfectly with the real values.
The deviation between measurement and simulation (with identified parameters) is in the order

of 107%. Duration time of the identification process is in the range of 8 minutes, see Fig. 4.7.
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Figure 4.7: Results of an CMA-ES identification run using the example of the position servo
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If you want to perform a separate run, you have to do following:
1.

sitionServoReducedCyclicScript.sce”), see Fig. 4.8 and Fig. 4.9

Reset Algorithm, see Fig. 4.10 at the lower left.

3. Start/Resume Algorithm, see Fig. 4.10 at the lower left.

["Prbiem | Pammeies | Resis | urs. | Gpesior Grph | ]
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Figure 4.8: Verify path Init-script

Problem | Parameters | Resuts | Runs | Operator Graph | Engine |

ciab Parameter Optimization Froblem

77 1oad similation file

L]
Ve
7] [X] showinrun: @
value: [ Insert path: PositionservoReducedinitscript.sce =l EIEE]
/7 Moops P
77 Pazemecer Tdensi: Sicavion wich Heurisci

Detals

Neme:  SolabEvauationScrt

Data Type: TentFleVake
Vaie

7 [%] stowinrun @

Insert path: PositionServoReducedCyclicScript.sce

OR]

DB

/1 get £1le-pach

B =

Figure 4.9: Verify Path Cyclic-script
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Problem | Parameters | Resuts |Runs_| Operator Graph | Engine |

e
X @

Detals

v
44 Best Soluton: [1,84249630019507.1,2820369595834] Neme:  Guaities n
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% Relaive DfferenceBestknown To Best: 20815 8068185432 %
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Figure 4.10: Reset and start new identification run

4.4. Regulation of system

The regulation of the model is shown by the example of a state controller. The state controller
uses the inner states of the system to control the model by feedbacking them. This enables you
to force the system dynamic range.

The regulation simulation file “simCtrPositionServo.zcos” (Fig. 4.11) can be found in the folder
\PositionServo\Regulation. The model of the system is built out of standard XCos blocks. It
would also be possible to regulate a model based on COSELICA blocks. The feedback loop with
the feedback vector “kt” is shown. The setpoint for the position of the cart can be set in the

superblock “setpoint presetting”.
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Figure 4.11: regulation of position servo

The file “initCtrPositionServo.sce” computes the feedback vector, initializes and executes the
simulation. The outcome of the regulation simulation will be visualized by executing the file

“docCtrPositionServo.sce”.

5. Position servo with rod pendulum

5.1. Model description

The position servo with rod pendulum is a cart with one degree of freedom, with a rod pendulum
installed on it. The cart is driven by a DC motor. The drawing in Fig. 5.1 shows the schematic

structure of the model.
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5 POSITION SERVO WITH ROD PENDULUM

Figure 5.1: schematic of the position servo with rod pendulum

The nonlinear mathematical equations to describe this mechanical system are:
T =0
p=w

) 3 gmy cos(¢) sin(p) + 4 8 uq — 4dy v+ 21 my sin(p) w?
v=—
3mg cos(p)? —4my —4my

) 6 gy sin(p) + 6 gma sin(e) + 6 8 cos(p) ug — 6dy cos(p) v + 31ms cos(p) sin(p)w
w=-

2
41my +41lma — 31 mgy cos(p)?

‘ Name ‘ Description ‘
T position of cart
% angle of pendulum
v velocity of cart
w angular velocity of pendulum
my accumulated mass of cart
mo mass of pendulum
dy accumulated friction of cart
I5; force factor of drive
g acceleration of gravity

Table 5.1: Abbreviations cart with pendulum system

It is supposed that the friction of the pendulum is very low, so that it can be neglected. The

dynamic of the electrical circuit is neglected because of its high dynamic compared to the me-
chanical part.
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5 POSITION SERVO WITH ROD PENDULUM

5.

2. Simulation of the system

The XCos simulation file (“simPositionServo RodPendulum.zcos”) and the COSELICA simula-

tion file (“simPositionServo RodPendulum _Coselica.zcos”) can be found in the folder

LLP

ositionServo RodPendulum)Simulation”. The screenshots in Fig. 5.2 and Fig. 5.3 show the

XCos diagram and the COSELICA diagram of the position servo with rod pendulum.

_Fsié Edit: Miew Simulation Format Tools

|

#lal>0aded

timebase
for sampling

EMD
simulation i L
stop ! gl
. b To workspace.
dlataPostionServa_RodPd [16384]
- save simulation data
Inqu vﬂﬂﬂge to workspace
source [l
caontinuous nonlinear model of ML
positon servo with rod pendulum
-
| i b

Figure 5.2: Simulation of the position servo with pendulum with standard XCos blocks
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5 POSITION SERVO WITH ROD PENDULUM
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Figure 5.3: Simulation of the position servo with pendulum with COSELICA blocks

The XCos simulation of the system in Fig. 5.2 is implemented by a so-called “SCILAB function
block”, very similar to the MATLAB-function block in SIMULINK. The COSELICA simulation

consists of basic mechanical components, as described in Fig. 3.2.1.

To start the simulation, execute the script file “initPositionServo  RodPendulum?”. This script ini-
tializes all necessary parameters and executes all simulations related to the position servo with rod

”

pendulum. To visualize the output of the simulation, execute the file “docPostionServo  RodPendulum”.

5.3. Identification of system

Because the parameters of a mechanical system are often not known, a parameter identification,
based on real measurements of the system, is necessary. One possible way of identifying a system

is the RLS identification (recursive least square identification), which is used for this example.

5.3.1. Recursive Least Square Algorithm

This method assumes that the mathematical model of the system is known, furthermore the
input signal and the output signal of a measurement are required.
The file “initPositionServo_ RodPd _ParldentRLS.sce” in the folder \ PositionServo RodPendulumIdentificatio

initializes and executes the identification that is carried out by the identification program
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5 POSITION SERVO WITH ROD PENDULUM

“measPositionServo  RodPd_ParldentRLS.zcos”. The screenshot in Fig. 5.4 shows the identifi-
cation program. The RLS-subsystem is provided with the measurement data of the position servo
with rod pendulum and calculates the parameters of the system. Afterwards, the identification

output is stored to the workspace.

I ' e e e L Ry A T ; = i
L5 *measPositionServo_RodPd_ParldentRLS (E:\Scilab\Demo CD'\PositionServa_RodPendulu...

File Edit View Simulation Format Teols

CERE® SR aeal>0as

& @

limehbase
for sampling

|

visualisation of
measurement clata

uz
W
load measurement W
data from workspace
DEMLY RLS-Subsystem..
h i
END To workspace
dataPosServo_RodPd_Parld [16384]
simulation save parameter
stop to workspace

parameter identification position
senvo with rod pendulum
(recursive least square)

Input: u=[ua, x phi]

Qutput v = [Ip]

Figure 5.4: Identification program of position servo with rod pendulum

The prepared measurement data of a real position servo is stored in dataldent PosSrv_ RdPd MAT.mat”.
By executing the file “docPositionServo  RodPendulum ParldentRLS.sce” the identification will
be visualized. The graph in Fig. 5.5 shows the input signals (u,,  and ¢) and the parameter
output signal (length of pendulum 7) of the RLS-block. The valid identification parameter is the
stationary value of the parameter signal, it is stored in the structure pldent at the workspace.

The value of the mass of the pendulum is not identified because it has been measured. The

24



5 POSITION SERVO WITH ROD PENDULUM

accumulated mass and friction of the cart is the same as those of the position servo, see Fig. 4.3.
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Figure 5.5: Visualisation of the parameter identification of the position servo with rod pendulum

After executing the file “docPositionServo  RodPendulum ParldentRLS.sce” it is possible to vi-
sualize a comparison between the mesurement and the simulation with the identified parameters.

To visualize the comparison, the file “initCompareMeasSim.sce” has to be executed.

5.3.2. HeuristicLab (HL)

The file “Parldent  HL _PositionServo RodPendulum.hl” has to be executed with HeuristicLab.
For detailed information on the operation of HeuristicLab, see chapter 4.3.2. In the tab “Results”,
the results of the last identification runs are displayed. As you can see, the identified parameter
(1) in field “Best Solution” matches perfectly with the real value. The deviation between mea-
surement and simulation is in the order of 107%. Duration time of the identification process is

in the range of 9 minutes, see Fig. 5.6.
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Figure 5.6: Results of an CMA-ES identification run using the example of the position servo
with rod pendulum

5.4. Regulation of system

The regulation of the model is shown by the example of a state controller. The state controller
uses the inner states of the system to control the model by feedbacking them. This enables you to
force the system dynamic range. The state controller is developed for a linearized mathematical
model of the system.

The regulation simulation file “simCtrPositionServo RodPendulum.zcos” is shown in Fig. 5.7, it
can be found in the folder \PositionServo RodPendulum)\Regulation. The model of the system
is built out of standard XCos blocks, but it would also be possible to regulate a model based
on COSELICA blocks. The feedback loop with the feedback vector “kt” is shown. The setpoint
for the position of the cart can be set in the superblock “setpoint presetting”. The controller

regulates the angle of the pendulum to zero.
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Figure 5.7: regulation of position servo with rod pendulum

The file “initCtrPositionServo  RodPendulum.sce” computes the feedback vector, initializes and
executes the simulation . The outcome of the regulation simulation will be visualized by executing

the file “docCtrPositionServo  RodPendulum.sce”.

6. Two mass oscillator

6.1. Model description

The two mass oscillator consists of two carts with one degree of freedom that are connected with
a spring. One cart is driven by a DC motor. The drawing in Fig. 6.1 shows the schematic

structure of the model.
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Figure 6.1: schematic of the two mass oscillator

The mathematical equations to describe this mechanical system are:

T =0
To = Vg
v = —gm +—(zy—m1) + @(02 —v1) + —Uq
my my my my
UQ = —@1}2 — i(m'g — .%'1) — @(1}2 — 1)1)
ma ma ma
‘ Name ‘ Description ‘
1 position of forced cart
To position of unforced cart
U1 velocity of forced cart
V9 velocity of unforced cart
my accumulated mass of forced cart
mso mass of unforced cart
dq accumulated friction of forced cart
ds friction of unforced cart
c spring constant
dia friction of spring
I5] force factor of drive
g acceleration of gravity

Table 6.1: Abbreviations Two mass oscillator

The dynamic of the electrical circuit is neglected because of its high dynamic compared to the

mechanical part.

6.2. Simulation of the system

The XCos simulation file (“simTwoMassOsc.zcos”) and the COSELICA simulation file

(“simTwoMassOsc_ Coselica.zcos”) can be found in the folder “TwoMassOscillator\Simulation”.
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The screenshots in Fig. 6.2 and Fig. 6.3 show the XCos diagram and the COSELICA diagram

of the two mass oscillator.
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Figure 6.2: Simulation of the two mass oscillator with standard XCos blocks
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Figure 6.3: Simulation of the two mass oscillator with CosELICA blocks

The XCos simulation of the system in Fig. 6.2 is implemented by a so-called “SCILAB function
block”, very similar to the MATLAB-function block in SIMULINK. In opposite to the COSELICA
example in Fig. 3.2.1 with blocks from the planar library, the simulation in Fig. 6.3 is built with
blocks from the translational library. How the blocks are used is very similar to Fig. 3.2.1. The
only difference is that there are no joints in the translational library because there is only one
degree of freedom. For this reason, the forces are connected to masses, not to joints. To start
the simulation, execute the script file “initTwoMassOsc”. This script initializes all necessary
parameters and executes all simulations related to the two mass oscillator. To visualize the

output of the simulation, execute the file “docTwoMassOsc”.

6.3. Identification of system

Because the parameters of a mechanical system are often not known, a parameter identification,
based on real measurements of the system, is necessary. One possible way of identifying a system

is the RLS identification (recursive least square identification), which is used for this example.

6.3.1. Recursive Least Square Algorithm

This method assumes that the mathematical model of the system is known, furthermore the

input signal and the output signal of a measurement are required.
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The file “init TwoMassOsc_ ParldentRLS.sce” in the folder \ TwoMassOscillator\ Identification ini-
tializes and executes the identification that is carried out by the identification program

“measTwoMassOsc_ ParldentRLS.zcos”. The screenshot in Fig. 6.4 shows the identification pro-
gram. The RLS-subsystem is provided with the measurement data of the two mass oscillator
and calculates the parameters of the system. Afterwards, the identification output is stored to

the workspace.

B measTwoMassOse_ ParldentRLS (E\SciLab\Demo CONTwoMassOscllstondentficationmea.. |- | |aa]

File Edit View Simulation Format Tools #

(ERE® c|®
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= o
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1
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-
¥2 visualisation of
"'L measurement data
el -}
Nl 4
ua
From workspace -]
-
load measuremert cata w2
from workspace
p EE——
DEMLIX FLS-Subsystem
h i
EMD To warkspace
dataTwoMass0sc_Parld [16384]
simulation k-
stop save parameter

. o workspace
parameter identification

two mass oscillator

frecursive least square)

Input: u="[1, x2]

Qutput: y=[d2,c]

Figure 6.4: Identification program of two mass oscillator

The prepared measurement data of a real two mass oscillator is stored in

“dataldent TwoMassOsc_ MATLAB.mat”. The identification will be visualized by executing
the file “docTwoMassOsc_ ParldentRLS.sce”. The graph in Fig. 6.5 shows the input signals (z
and x9) and the parameter output signals (dy and ¢) of the RLS-block. The valid identification
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parameters are the stationary values of the parameter signals, they are stored in the structure
pldent at the workspace. The value of the spring friction was neglected because it is very low.
The accumulated mass and friction of the forced cart is the same as those of the position servo

(identified in Chapter 4.3). The mass of the unforced cart is known because it can be weighted.
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Figure 6.5: Visualisation of the parameter identification of the two mass oscillator

After executing the file “docTwoMassOsc ParldentRLS.sce” it is possible to visualize a com-
parison between the measurement and the simulation. To visualize the comparison, the file

“initCompareMeasSim.sce” has to be executed.
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6.3.2. HeuristicLab (HL)

The file “Parldent HL TwoMassOsc.hl” has to be executed with HeuristicLab. For detailed
information on the operation of HeuristicLab, see Chapter 4.3.2. In the tab “Results”, the results
of the last identification run are displayed. As you can see, the identified parameters (dz,c) in
field “Best Solution” match perfectly with the real values. The deviation between measurement
and simulation with the identified parameters is in the order of 107%. Duration time of the

identification process is in the range of 23 minutes, see Fig. 6.6.
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Figure 6.6: Results of an CMA-ES identification run using the example of the Two-Mass-
Oscillator

6.4. Regulation of system

The regulation of the model is shown by the example of a state controller. The state controller
uses the inner states of the system to control the model by feedbacking them. This enables you
to force the system dynamic range.

The regulation simulation file “simCtrTwoMassOsc.zcos” is shown in Fig. 6.7, and can be found
in the folder \ TwoMassOscillator\Regulation. The model of the system is built out of standard
XCos blocks, but it would also be possible to regulate a model based on COSELICA blocks.
The feedback loop with the feedback vector “kt” is shown. The setpoint for the position of the

unforced cart can be set in the superblock “setpoint presetting”.
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Figure 6.7: regulation of two mass oscillator

The file “initCtrTwoMassOsc.sce” computes the feedback vector, initializes and executes the
simulation . The outcome of the regulation simulation will be visualized by executing the file
“docCtrTwoMassOsc.sce”.

7. Two mass oscillator with rod pendulum

7.1. Model description

The two mass oscillator with rod pendulum consists of two carts with one degree of freedom that
are connected with a spring. One cart is driven by a DC motor. On the second cart, there is a

rod pendulum installed. The drawing in Fig. 7.1 shows the schematic structure of the model.
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Figure 7.1: schematic of the two mass oscillator with rod pendulum

The nonlinear mathematical equations to describe this mechanical system are:

fl = V1

fz = V2

p=w

. dy c di2 g

U = ——v1 + — (T2 — 1) + —(v2 — V1) + —Uq
my my my my

. 8cxy —8cxo +8dipvy — 8 (diz + da) va + 2mgsin(p) (3 g cos(p) + 21 w?)
v =
2 8may + 5msz — 3mgcos(2p)

o —6 g (mo + m3) sin(p) — 3 cos(p) (20x1 —2cx9 +2diav; — 2(dig + da) vy + Img sin(y) w2)

21
‘ Name ‘ Description

1 position of forced cart

To position of unforced cart

% angle of pendulum

vy velocity of forced cart

V9 velocity of unforced cart

w angular velocity of pendulum
mi accumulated mass of forced cart
meo mass of unforced cart

ms mass of pendulum

d~1 accumulated friction of forced cart
dsy friction of unforced cart

c spring constant
di2 friction of spring

I5; force factor of drive

g acceleration of gravity

Table 7.1: Abbreviations Two mass oscillator with rod pendulum
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It is supposed that the friction of the pendulum is very low, so that it can be neglected. The
dynamic of the electrical circuit is neglected because of its high dynamic compared to the me-

chanical part.

7.2. Simulation of the system

The simulation file (“simTwoMassOsciallator RodPendulum.zcos”) can be found in the folder
“TwoMassOscillator  RodPendulum'\Simulation”. The screenshot in Fig. 7.2 show the XCos

diagram of the two mass oscillator with rod pendulum.

E‘*sﬂnTwu iﬂ;ﬂur_ {E:\.Sc;La-h\T c‘;’ﬂatur_F T ﬁ — -.EI e
File Edit View Simulation Format Teols 7

[]lEﬁ E;| E; E%| Eﬁ |ﬂ? |ﬁﬂ = |%i| [ "| F;.:u

i HPE e
S
simulation
END
stop E
timebase for
i gampling
> I 5
> b To workspace
_D[EI dataTwolassOsc_RodPd [16384]
: ; save simulation data
input vottage to workspace
source .
continuous nonlinear model of MU}-{
tow mass oscillator with rod pendulum
| m k

Figure 7.2: Simulation of the two mass oscillator with pendulum

The XCos simulation of the system in Fig. 7.2 is implemented by a so-called “SCILAB function
block”, very similar to the MATLAB function block in SIMULINK. To start the simulation, execute
the script file “init TwoMassOscillator RodPendulum.sce”. This script initializes all necessary pa-
rameters and executes the simulation of the two mass oscillator with rod pendulum. To visualize

the output of the simulation, execute the file “docTwoMassOscillator RodPendulum.sce”.

7.3. Regulation of system

The regulation of the model is shown by the example of a state controller. The state controller

uses the inner states of the system to control the model by feedbacking them. This enables you to

-36-



References

force the system dynamic range. The state controller is developed for a linearized mathematical
model of the system.

The XCos regulation simulation file “simCtrTwoMassOscillator RodPendulum.zcos” is shown in
Fig. 7.3 and can be found in the folder \TwoMassOscillator RodPendulum'Regulation. The
feedback loop with the feedback vector “kt” is shown. The setpoint for the position of the unforced
car can be set in the superblock “setpoint presetting”. The controller regulates the angle of the

pendulum on the unforced cart to zero.
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Figure 7.3: regulation of two mass oscillator with rod pendulum

The file “initCtrTwoMassOscillator  RodPendulum.sce” computes the feedback vector, initializes
and executes the simulation . The outcome of the regulation simulation will be visualized by

executing the file “docTwoMassOscillator  RodPendulum.sce”.
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