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2 OVERVIEW ON TOOL-CHAIN

1. General Remarks

1.1. Hompage and Live-DVD

The software presented here is provided for two di�erent operating systems. On the one hand

there exists a Windows-Version. Due to liensing reasons, this version annot be o�ered as a

Live-DVD and is only listed in this doument. On the other hand, there exists a Linux-Live-DVD

with limited funtionality.

1.2. Installation Instrutions (Windows OS)

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

✄ Silab 5.4.1 (32bit or 64bit): http://www.silab.org/download/5.4.1

� Coselia Toolbox (ATOMS)

� Plotting Library (ATOMS)

✄ C-Compiler (Visual Studio 2008/2010/2012/2013 Professional)

✄ HeuristiLab 3.3.9: https://dev.heuristilab.om/download

Open Silab and type �haveaompiler()� in the ommand line. If the return value equals �T�,

Silab has found a C-ompiler. After this, the Coselia Toolbox has to be installed, see 3.2.

2. Overview on Tool-hain

Fig.2.1 shows the basi steps from system modelling up to the losed loop experiments. First,

the system model has to be determined. This an be done by mathematial equations (ODEs,...)

or by using the Modelia based XCos add-on Coselia. After the system behavior of the two

modeling approahes has been veri�ed, the system parameters an be identi�ed with appropriate

methods like Reursive-Least-Square algorithm or HeuristiLab. If the system parameters are

known from identi�ation, a suitable state feedbak ontroller an be designed.
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3 INTRODUCTION OF SCILAB AND XCOS

Figure 2.1: Tool-hain

3. Introdution of SCILAB and XCOS

3.1. General

Silab is an open soure software for numerial omputations. It is very similar to Matlab.

XCos, whih is part of Silab, is a graphial dynamial system modeler and simulator, and

the ounterpart of Simulink. A lot of Matlab ommands also work in Silab, some are only
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3 INTRODUCTION OF SCILAB AND XCOS

named di�erently. Also, the graphial user interfae (GUI) is very similar to Matlab.

The sreenshot in Fig. 3.1 shows the GUI. On the left side, there is the �File Browser� whih

shows the urrent working diretory. The window in the middle is the �Console� where the

ommands are exeuted, but it's also possible to reate a ommand sript by liking the note

symbol on the left side of the toolbar. On the right side, there are the �Variable Browser�, whih

shows stored variables, and the �Command History�, whih logs all the exeuted ommands.

The XCos and the �Palette Browser� of XCos are launhed by liking the sreen symbol in

the toolbar.

Figure 3.1: GUI of Silab

The palettes of the �Palette Browser�, shown in Fig. 3.2 are almost idential to those of

Simulink. The bloks are inserted into the XCos diagram by drag and drop. The two most im-

portant buttons in the toolbar of XCos are shown in Fig. 3.3. The �play� symbol whih exeutes

the simulation and the red x-symbol whih aborts it. The parameters of the simulation-solver

an be edited by /Simulation/Setup in the menu bar.
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3 INTRODUCTION OF SCILAB AND XCOS

Figure 3.2: Palettes Browser

Figure 3.3: XCos window
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3 INTRODUCTION OF SCILAB AND XCOS

3.2. ATOMS

To extend the funtionality of Silab, there are a number of additional pakages available, whih

an be downloaded. These pakages are available diretly from the Silab onsole via the AuTo-

mati mOdules Management for Silab, alled ATOMS.

To searh for add-ons, open the ATOMS atalog by liking the ardboardbox-symbol in the

main window of Silab, see Fig. 3.4. To get full aess to all examples in this guide, install the

toolboxes �Coselia� and �Plotting library�. The Coselia toolbox an be found in the ategory

XCos and the �Plotting library� is loated in Graphis. �Plotting library� is supposed to help

you make plots as if you were using Matlab. The Coselia toolbox is based on the modeling lan-

guage Modelia and provides some basi mehanial, eletrial and thermodynamial modeling

and simulation bloks.

Figure 3.4: ATOMS atalog

3.2.1. Coselia

After you have installed Coselia in the ATOMS atalog, an additional palette appears in the

�Palettes Browser� of XCos. For the examples in this guide only Coselia bloks from �Bloks�

and �Mehanis� are used. The folder �Bloks� provides some essential bloks like signal soures,
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3 INTRODUCTION OF SCILAB AND XCOS

math operators, interfaes (data type onversion) et. The folder �Mehanis� provides bloks for

translational, rotational and planar movements of mehanial systems. Some of the translational

bloks are also used for planar simulations.

3.2.1.1. Coselia funtionality Coselia uses a very intuitive way of desribing physial

systems. The simulation models onsist of basi physial elements. They an be ombined

and onneted without substantial knowledge about mathematial bakground. Simulink and

XCos imply substantial mathematial knowledge about their physial bakgrounds ompared to

Coselia.

The demo examples in this guide are only mehanial systems, so the basi funtionality of

Coselia will be shown by the mehanial model of a position servo. The sreenshot in Fig.

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

Figure 3.5: basi Coselia elements shown at the example of a position servo

The basi blok of all planar simulations is a joint. For di�erent degrees of freedom there

are di�erent joints (translational, rotational). On one side, the joint is onneted to a world

oordinate system (or to other omponents) to de�ne its referene position. Beyond, masses

are onneted to the joint. All fores that a�et the joint are onneted parallel to it. These

fores an derive from dampers, springs or external fores for example. To measure the states

of the model, sensor bloks are used. There are di�erent sensor bloks for position, veloity and

aeleration. To onnet signals from normal XCos bloks to Coselia bloks and vie versa,

interfae bloks are neessary. How to realise di�erent mehanial systems in Coselia will be

illustrated in the following examples.

-8-



3 INTRODUCTION OF SCILAB AND XCOS

3.3. HeuristiLab

HeuristiLab [1℄ is an open soure framework for heuristi and evolutionary algorithms that is

developed by members of the Heuristi and Evolutionary Algorithms Laboratory (HEAL) sine

2002 and is freely available at http://dev.heuristilab.om/Download. HeuristiLab is shipped

with a wide variety of ready-to-use algorithms and problem de�nitions.

Figure 3.6: Sample sreenshot of the HeuristiLab GUI

In the ontext of this projet, HeuristiLab is used to identify to parameters of a simulation

model, whih is implemented in Silab/Xos. Therefore, a generi oupling between HeuristiLab

and Silab has been implemented that allows the exeution of arbitrary Silab sripts. When a

parameter identi�ation problem (Fig. 3.7) for simulation models should be solved, the sript

is responsible exeuting the simulation model with suggested parameter values and alulating

a �tness value. The �tness value expresses the aordane between the results of the simulation

model with the urrently used parameter values and the observed measurements in the real

world. Most of the times the sum of the absolute errors at prede�ned time steps is alulated

and used as �tness value (f. Fig. 3.7 last line of the evaluation sript). In addition to the

Silab sript a few other parameters have to be adapted, before the parameter identi�ation

problem an be solved. First of all, the problem dimension (e.g., how many parameters should be

optimized) must be on�gured. The next step is the on�guration of the names of the parameter

(ParameterNames) and the name of the variable (QualityVariableName) whih ontains the

quality value. Afterwards the Silab sript (SilabEvaluationSript) for evaluation a parameter

vetor has to be hosen and whether the quality should be maximized or not (Maximization); in

the ase of the sum of absolute errors as �tness funtion Maximization should be set to false.
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3 INTRODUCTION OF SCILAB AND XCOS

Figure 3.7: Parameter Identi�ation Problem in HeuristiLab

After the problem on�guration is �nished every HeuristiLab algorithm that is able to deal with

real vetors an be used to solve the problem (e.g., evolution strategies or geneti algorithm).

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

egy (CMA-ES) yields the best results for parameter identi�ation problems of simulation models.

The results of an exemplary run of the CMA-ES on a parameter identi�ation problem are shown

in Fig. 3.8. In the following setions a HeuristiLab �le for every desribed simulation model

an be found in the aording folder. The �le ontains the preon�gured CMA-ES algorithm as

well as the parameter identi�ation problem (the evaluation sript has to be set manually, before

the algorithm an be exeuted) and the ahieved results.
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4 POSITION SERVO

Figure 3.8: Results of an exemplary CMA-ES run on a parameter identi�ation problem

4. Position servo

4.1. Model desription

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

The drawing in Fig. 4.1 shows the shemati struture of the model.

Figure 4.1: shemati of the position servo
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4 POSITION SERVO

The mathematial equations to desribe this mehanial system are:

ẋ = v

v̇ =
d̃1

m̃1

v +
β

m̃1

ua

Name Desription

x position of art

v veloity of art

m̃1 aumulated mass of art

d̃1 aumulated frition of art

β fore fator of drive

Table 4.1: Abbreviations art system

The dynami of the eletrial iruit is negleted beause of its high dynami ompared to the

mehanial part.

4.2. Simulation of the system

The XCos simulation �le (�simPositionServo.zos�) and the Coselia simulation �le

(�simPositionServo_Coselia.zos�) an be found in the folder �PositionServo\Simulation�. The

sreenshots in Fig. 4.2 and Fig. 4.3 show the XCos diagram and the Coselia diagram of the

position servo.
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4 POSITION SERVO

Figure 4.2: Simulation of the position servo with standard XCos bloks
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4 POSITION SERVO

Figure 4.3: Simulation of the position servo with Coselia bloks

The XCos simulation of the system in Fig. 4.2 is implemented by a so-alled �Silab funtion

blok�, very similar to the Matlab-funtion blok in Simulink. The Coselia simulation

onsists of basi mehanial omponents, as desribed in Chapter 3.2.1.

To start the simulation, exeute the sript �le �initPositionServo�. This sript initializes all

neessary parameters and exeutes all simulations related to the position servo. To visualize the

output of the simulation, exeute the �le �doPostionServo�.

4.3. Identi�ation of system

Beause the parameters of a mehanial system are often not known, a parameter identi�ation,

based on real measurements of the system, is neessary. One possible way of identifying a system

is the RLS identi�ation (reursive least square identi�ation), whih is used for this example.

4.3.1. Reursive Least Square Algorithm

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

input signal and the output signal of a measurement are required.
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4 POSITION SERVO

The �le �initPositionServo_ParIdentRLS.se� in the folder \PositionServo\Identi�ation initial-

izes and exeutes the identi�ation that is arried out by the identi�ation program �measPo-

sitionServo_ParIdentRLS.zos�. The sreenshot in Fig. 4.4 shows the identi�ation program.

The RLS-subsystem is provided with the measurement data of the position servo and alulates

the parameters of the system. Afterwards, the identi�ation output is stored to the workspae.

Figure 4.4: Identi�ation program of position servo

The prepared measurement data of a real position servo is stored in �dataIdent_PosServo_MATLAB.mat�.

By exeuting the �le �doPositionServo_ParIdentRLS.se� the identi�ation will be visualized

(Fig. 4.5). The graph shows the input signals (ua and x) output signals (m̃1and d̃1) of the RLS-

blok. The valid identi�ation parameters are the stationary values of the parameter signal.

They are stored in the struture pIdent at the workspae.
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4 POSITION SERVO

Figure 4.5: Visualisation of the parameter identi�ation of the position servo

After exeuting the �le �doPositionServo_ParIdentRLS.se� it is possible to visualize a om-

parison between the mesurement and the simulation with the identi�ed parameters. To visualize

the omparison, the �le �initCompareMeasSim.se� has to be exeuted.

4.3.2. HeuristiLab (HL)

The �le �ParIdent_HL_PositionServo.hl� has to be exeuted with HeuristiLab. To do this, the

exeutable �le (...\HeuristiLab 3.3.9\HeuristiLab 3.3.exe) has to be started. In the window

that appears, the button �Optimizer� must be seleted, after whih the following user interfae

should be visible, see Fig. 4.6. Open �ParIdent_HL_PositionServo.hl�, whih is loated in

�...\ModelLibrary\PositionServo\Identi�ation\HL�.
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4 POSITION SERVO

Figure 4.6: User Interfae HeuristiLab Optimizer

In the tab �Results�, the results of the last identi�ation runs are displayed. As you an see, the

identi�ed parameters (m̃1, d̃1) in the �eld �Best Solution� math perfetly with the real values.

The deviation between measurement and simulation (with identi�ed parameters) is in the order

of 10−6
. Duration time of the identi�ation proess is in the range of 8 minutes, see Fig. 4.7.

Figure 4.7: Results of an CMA-ES identi�ation run using the example of the position servo
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4 POSITION SERVO

If you want to perform a separate run, you have to do following:

1. Verify the paths of the two Silab sripts (�PositionServoReduedInitSript.se� and �Po-

sitionServoReduedCyliSript.se�), see Fig. 4.8 and Fig. 4.9.

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

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

Figure 4.8: Verify path Init-sript

Figure 4.9: Verify Path Cyli-sript
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4 POSITION SERVO

Figure 4.10: Reset and start new identi�ation run

4.4. Regulation of system

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

uses the inner states of the system to ontrol the model by feedbaking them. This enables you

to fore the system dynami range.

The regulation simulation �le �simCtrPositionServo.zos� (Fig. 4.11) an be found in the folder

\PositionServo\Regulation. The model of the system is built out of standard XCos bloks. It

would also be possible to regulate a model based on Coselia bloks. The feedbak loop with

the feedbak vetor �kt� is shown. The setpoint for the position of the art an be set in the

superblok �setpoint presetting�.
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5 POSITION SERVO WITH ROD PENDULUM

Figure 4.11: regulation of position servo

The �le �initCtrPositionServo.se� omputes the feedbak vetor, initializes and exeutes the

simulation. The outome of the regulation simulation will be visualized by exeuting the �le

�doCtrPositionServo.se�.

5. Position servo with rod pendulum

5.1. Model desription

The position servo with rod pendulum is a art with one degree of freedom, with a rod pendulum

installed on it. The art is driven by a DC motor. The drawing in Fig. 5.1 shows the shemati

struture of the model.
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5 POSITION SERVO WITH ROD PENDULUM

Figure 5.1: shemati of the position servo with rod pendulum

The nonlinear mathematial equations to desribe this mehanial system are:

ẋ = v

ϕ̇ = ω

v̇ = −

3 g m2 cos(ϕ) sin(ϕ) + 4β ua − 4 d̃1 v + 2 l m2 sin(ϕ)ω
2

3m2 cos(ϕ)2 − 4 m̃1 − 4m2

ω̇ = −

6 g m̃1 sin(ϕ) + 6 g m2 sin(ϕ) + 6β cos(ϕ)ua − 6 d̃1 cos(ϕ) v + 3 l m2 cos(ϕ) sin(ϕ)ω2

4 l m̃1 + 4 l m2 − 3 l m2 cos(ϕ)2

Name Desription

x position of art

ϕ angle of pendulum

v veloity of art

ω angular veloity of pendulum

m̃1 aumulated mass of art

m2 mass of pendulum

d̃1 aumulated frition of art

β fore fator of drive

g aeleration of gravity

Table 5.1: Abbreviations art with pendulum system

It is supposed that the frition of the pendulum is very low, so that it an be negleted. The

dynami of the eletrial iruit is negleted beause of its high dynami ompared to the me-

hanial part.
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5 POSITION SERVO WITH ROD PENDULUM

5.2. Simulation of the system

The XCos simulation �le (�simPositionServo_RodPendulum.zos�) and the Coselia simula-

tion �le (�simPositionServo_RodPendulum_Coselia.zos�) an be found in the folder

�PositionServo_RodPendulum\Simulation�. The sreenshots in Fig. 5.2 and Fig. 5.3 show the

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

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

Figure 5.3: Simulation of the position servo with pendulum with Coselia bloks

The XCos simulation of the system in Fig. 5.2 is implemented by a so-alled �Silab funtion

blok�, very similar to the Matlab-funtion blok in Simulink. The Coselia simulation

onsists of basi mehanial omponents, as desribed in Fig. 3.2.1.

To start the simulation, exeute the sript �le �initPositionServo_RodPendulum�. This sript ini-

tializes all neessary parameters and exeutes all simulations related to the position servo with rod

pendulum. To visualize the output of the simulation, exeute the �le �doPostionServo_RodPendulum�.

5.3. Identi�ation of system

Beause the parameters of a mehanial system are often not known, a parameter identi�ation,

based on real measurements of the system, is neessary. One possible way of identifying a system

is the RLS identi�ation (reursive least square identi�ation), whih is used for this example.

5.3.1. Reursive Least Square Algorithm

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

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

The �le �initPositionServo_RodPd_ParIdentRLS.se� in the folder \PositionServo_RodPendulum\Identi�ation

initializes and exeutes the identi�ation that is arried out by the identi�ation program
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5 POSITION SERVO WITH ROD PENDULUM

�measPositionServo_RodPd_ParIdentRLS.zos�. The sreenshot in Fig. 5.4 shows the identi�-

ation program. The RLS-subsystem is provided with the measurement data of the position servo

with rod pendulum and alulates the parameters of the system. Afterwards, the identi�ation

output is stored to the workspae.

Figure 5.4: Identi�ation program of position servo with rod pendulum

The prepared measurement data of a real position servo is stored in dataIdent_PosSrv_RdPd_MAT.mat�.

By exeuting the �le �doPositionServo_RodPendulum_ParIdentRLS.se� the identi�ation will

be visualized. The graph in Fig. 5.5 shows the input signals (ua, x and ϕ) and the parameter

output signal (length of pendulum l) of the RLS-blok. The valid identi�ation parameter is the

stationary value of the parameter signal, it is stored in the struture pIdent at the workspae.

The value of the mass of the pendulum is not identi�ed beause it has been measured. The
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5 POSITION SERVO WITH ROD PENDULUM

aumulated mass and frition of the art is the same as those of the position servo, see Fig. 4.3.

Figure 5.5: Visualisation of the parameter identi�ation of the position servo with rod pendulum

After exeuting the �le �doPositionServo_RodPendulum_ParIdentRLS.se� it is possible to vi-

sualize a omparison between the mesurement and the simulation with the identi�ed parameters.

To visualize the omparison, the �le �initCompareMeasSim.se� has to be exeuted.

5.3.2. HeuristiLab (HL)

The �le �ParIdent_HL_PositionServo_RodPendulum.hl� has to be exeuted with HeuristiLab.

For detailed information on the operation of HeuristiLab, see hapter 4.3.2. In the tab �Results�,

the results of the last identi�ation runs are displayed. As you an see, the identi�ed parameter

(l) in �eld �Best Solution� mathes perfetly with the real value. The deviation between mea-

surement and simulation is in the order of 10−6
. Duration time of the identi�ation proess is

in the range of 9 minutes, see Fig. 5.6.
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5 POSITION SERVO WITH ROD PENDULUM

Figure 5.6: Results of an CMA-ES identi�ation 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 ontroller. The state ontroller

uses the inner states of the system to ontrol the model by feedbaking them. This enables you to

fore the system dynami range. The state ontroller is developed for a linearized mathematial

model of the system.

The regulation simulation �le �simCtrPositionServo_RodPendulum.zos� is shown in Fig. 5.7, it

an be found in the folder \PositionServo_RodPendulum\Regulation. The model of the system

is built out of standard XCos bloks, but it would also be possible to regulate a model based

on Coselia bloks. The feedbak loop with the feedbak vetor �kt� is shown. The setpoint

for the position of the art an be set in the superblok �setpoint presetting�. The ontroller

regulates the angle of the pendulum to zero.
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6 TWO MASS OSCILLATOR

Figure 5.7: regulation of position servo with rod pendulum

The �le �initCtrPositionServo_RodPendulum.se� omputes the feedbak vetor, initializes and

exeutes the simulation . The outome of the regulation simulation will be visualized by exeuting

the �le �doCtrPositionServo_RodPendulum.se�.

6. Two mass osillator

6.1. Model desription

The two mass osillator onsists of two arts with one degree of freedom that are onneted with

a spring. One art is driven by a DC motor. The drawing in Fig. 6.1 shows the shemati

struture of the model.
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Figure 6.1: shemati of the two mass osillator

The mathematial equations to desribe this mehanial system are:

ẋ1 = v1

ẋ2 = v2

v̇1 = −

d̃1

m̃1

v1 +
c

m̃1

(x2 − x1) +
d12

m̃1

(v2 − v1) +
β

m̃1

ua

v̇2 = −

d2

m2

v2 −
c

m2

(x2 − x1)−
d12

m2

(v2 − v1)

Name Desription

x1 position of fored art

x2 position of unfored art

v1 veloity of fored art

v2 veloity of unfored art

m̃1 aumulated mass of fored art

m2 mass of unfored art

d̃1 aumulated frition of fored art

d2 frition of unfored art

c spring onstant

d12 frition of spring

β fore fator of drive

g aeleration of gravity

Table 6.1: Abbreviations Two mass osillator

The dynami of the eletrial iruit is negleted beause of its high dynami ompared to the

mehanial part.

6.2. Simulation of the system

The XCos simulation �le (�simTwoMassOs.zos�) and the Coselia simulation �le

(�simTwoMassOs_Coselia.zos�) an be found in the folder �TwoMassOsillator\Simulation�.
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The sreenshots in Fig. 6.2 and Fig. 6.3 show the XCos diagram and the Coselia diagram

of the two mass osillator.

Figure 6.2: Simulation of the two mass osillator with standard XCos bloks
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6 TWO MASS OSCILLATOR

Figure 6.3: Simulation of the two mass osillator with Coselia bloks

The XCos simulation of the system in Fig. 6.2 is implemented by a so-alled �Silab funtion

blok�, very similar to the Matlab-funtion blok in Simulink. In opposite to the Coselia

example in Fig. 3.2.1 with bloks from the planar library, the simulation in Fig. 6.3 is built with

bloks from the translational library. How the bloks are used is very similar to Fig. 3.2.1. The

only di�erene is that there are no joints in the translational library beause there is only one

degree of freedom. For this reason, the fores are onneted to masses, not to joints. To start

the simulation, exeute the sript �le �initTwoMassOs�. This sript initializes all neessary

parameters and exeutes all simulations related to the two mass osillator. To visualize the

output of the simulation, exeute the �le �doTwoMassOs�.

6.3. Identi�ation of system

Beause the parameters of a mehanial system are often not known, a parameter identi�ation,

based on real measurements of the system, is neessary. One possible way of identifying a system

is the RLS identi�ation (reursive least square identi�ation), whih is used for this example.

6.3.1. Reursive Least Square Algorithm

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

input signal and the output signal of a measurement are required.
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The �le �initTwoMassOs_ParIdentRLS.se� in the folder \TwoMassOsillator\Identi�ation ini-

tializes and exeutes the identi�ation that is arried out by the identi�ation program

�measTwoMassOs_ParIdentRLS.zos�. The sreenshot in Fig. 6.4 shows the identi�ation pro-

gram. The RLS-subsystem is provided with the measurement data of the two mass osillator

and alulates the parameters of the system. Afterwards, the identi�ation output is stored to

the workspae.

Figure 6.4: Identi�ation program of two mass osillator

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

�dataIdent_TwoMassOs_MATLAB.mat�. The identi�ation will be visualized by exeuting

the �le �doTwoMassOs_ParIdentRLS.se�. The graph in Fig. 6.5 shows the input signals (x1

and x2) and the parameter output signals (d2 and c) of the RLS-blok. The valid identi�ation
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parameters are the stationary values of the parameter signals, they are stored in the struture

pIdent at the workspae. The value of the spring frition was negleted beause it is very low.

The aumulated mass and frition of the fored art is the same as those of the position servo

(identi�ed in Chapter 4.3). The mass of the unfored art is known beause it an be weighted.

Figure 6.5: Visualisation of the parameter identi�ation of the two mass osillator

After exeuting the �le �doTwoMassOs_ParIdentRLS.se� it is possible to visualize a om-

parison between the measurement and the simulation. To visualize the omparison, the �le

�initCompareMeasSim.se� has to be exeuted.

-32-



6 TWO MASS OSCILLATOR

6.3.2. HeuristiLab (HL)

The �le �ParIdent_HL_TwoMassOs.hl� has to be exeuted with HeuristiLab. For detailed

information on the operation of HeuristiLab, see Chapter 4.3.2. In the tab �Results�, the results

of the last identi�ation run are displayed. As you an see, the identi�ed parameters (d2, c) in

�eld �Best Solution� math perfetly with the real values. The deviation between measurement

and simulation with the identi�ed parameters is in the order of 10−6
. Duration time of the

identi�ation proess is in the range of 23 minutes, see Fig. 6.6.

Figure 6.6: Results of an CMA-ES identi�ation run using the example of the Two-Mass-

Osillator

6.4. Regulation of system

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

uses the inner states of the system to ontrol the model by feedbaking them. This enables you

to fore the system dynami range.

The regulation simulation �le �simCtrTwoMassOs.zos� is shown in Fig. 6.7, and an be found

in the folder \TwoMassOsillator\Regulation. The model of the system is built out of standard

XCos bloks, but it would also be possible to regulate a model based on Coselia bloks.

The feedbak loop with the feedbak vetor �kt� is shown. The setpoint for the position of the

unfored art an be set in the superblok �setpoint presetting�.
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7 TWO MASS OSCILLATOR WITH ROD PENDULUM

Figure 6.7: regulation of two mass osillator

The �le �initCtrTwoMassOs.se� omputes the feedbak vetor, initializes and exeutes the

simulation . The outome of the regulation simulation will be visualized by exeuting the �le

�doCtrTwoMassOs.se�.

7. Two mass osillator with rod pendulum

7.1. Model desription

The two mass osillator with rod pendulum onsists of two arts with one degree of freedom that

are onneted with a spring. One art is driven by a DC motor. On the seond art, there is a

rod pendulum installed. The drawing in Fig. 7.1 shows the shemati struture of the model.
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7 TWO MASS OSCILLATOR WITH ROD PENDULUM

Figure 7.1: shemati of the two mass osillator with rod pendulum

The nonlinear mathematial equations to desribe this mehanial system are:

ẋ1 = v1

ẋ2 = v2

ϕ̇ = ω

v̇1 = −

d̃1

m̃1

v1 +
c

m̃1

(x2 − x1) +
d12

m̃1

(v2 − v1) +
β

m̃1

ua

v̇2 =
8 c x1 − 8 c x2 + 8 d12 v1 − 8 (d12 + d2) v2 + 2m3 sin(ϕ) (3 g cos(ϕ) + 2 l ω2)

8m2 + 5m3 − 3m3 cos(2ϕ)

ω̇ =
−6 g (m2 +m3) sin(ϕ)− 3 cos(ϕ)

(

2 c x1 − 2 c x2 + 2 d12 v1 − 2 (d12 + d2) v2 + l m3 sin(ϕ)ω2
)

2 l

Name Desription

x1 position of fored art

x2 position of unfored art

ϕ angle of pendulum

v1 veloity of fored art

v2 veloity of unfored art

ω angular veloity of pendulum

m̃1 aumulated mass of fored art

m2 mass of unfored art

m3 mass of pendulum

d̃1 aumulated frition of fored art

d2 frition of unfored art

c spring onstant

d12 frition of spring

β fore fator of drive

g aeleration of gravity

Table 7.1: Abbreviations Two mass osillator with rod pendulum
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It is supposed that the frition of the pendulum is very low, so that it an be negleted. The

dynami of the eletrial iruit is negleted beause of its high dynami ompared to the me-

hanial part.

7.2. Simulation of the system

The simulation �le (�simTwoMassOsiallator_RodPendulum.zos�) an be found in the folder

�TwoMassOsillator_RodPendulum\Simulation�. The sreenshot in Fig. 7.2 show the XCos

diagram of the two mass osillator with rod pendulum.

Figure 7.2: Simulation of the two mass osillator with pendulum

The XCos simulation of the system in Fig. 7.2 is implemented by a so-alled �Silab funtion

blok�, very similar to theMatlab funtion blok in Simulink. To start the simulation, exeute

the sript �le �initTwoMassOsillator_RodPendulum.se�. This sript initializes all neessary pa-

rameters and exeutes the simulation of the two mass osillator with rod pendulum. To visualize

the output of the simulation, exeute the �le �doTwoMassOsillator_RodPendulum.se�.

7.3. Regulation of system

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

uses the inner states of the system to ontrol the model by feedbaking them. This enables you to
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fore the system dynami range. The state ontroller is developed for a linearized mathematial

model of the system.

The XCos regulation simulation �le �simCtrTwoMassOsillator_RodPendulum.zos� is shown in

Fig. 7.3 and an be found in the folder \TwoMassOsillator_RodPendulum\Regulation. The

feedbak loop with the feedbak vetor �kt� is shown. The setpoint for the position of the unfored

ar an be set in the superblok �setpoint presetting�. The ontroller regulates the angle of the

pendulum on the unfored art to zero.

Figure 7.3: regulation of two mass osillator with rod pendulum

The �le �initCtrTwoMassOsillator_RodPendulum.se� omputes the feedbak vetor, initializes

and exeutes the simulation . The outome of the regulation simulation will be visualized by

exeuting the �le �doTwoMassOsillator_RodPendulum.se�.
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