




Volume 1 Abstract Volume:

ISBN 3-901608-30-3

5th Vienna Symposium on Mathematical
Modelling

5 MATHMOD
th

IENNA

ARGESIM Report no. 30

Proceedings

February 8-10, 2006
Vienna University of Technology, Austria

A
R

G
E
S

I
M

R
e
p
o
r
t



ARGESIM Report no. 30 
 
 
 
 
 

I. Troch, F. Breitenecker (Eds). 
 
 
 

Proceedings 
5th MATHMOD Vienna 
 
 

Volume 1: Abstract Volume 
Volume 2: Full Papers CD 
 
 
5th Vienna Symposium on Mathematical 
Modelling 
 
February 8-10, 2006 
Vienna University of Technology, Austria 
 
 
 
 
 
 
ARGESIM - Verlag, Vienna, 2006 
ISBN 3-901608-30-3 
 
 
 



 
ARGESIM Reports 
 
Published by ARGESIM and ASIM, Arbeitsgemeinschaft Simulation,  
Fachausschuss GI im Bereich ITTN – Informationstechnik und Technische Nutzung der 
Informatik 
 
Series Editor:  

Felix Breitenecker (ARGESIM / ASIM) 
Div. Mathematical Modelling and Simulation, Vienna University of Technology 
Wiedner Hauptstrasse 8 - 10, 1040 Vienna, Austria 
Tel: +43-1-58801-10115, Fax: +43-1-58801-10199 
Email: Felix.Breitenecker@tuwien.ac.at 

 
 
 

ARGESIM Report no. 30 
 
 
Titel:  Proceedings 5th MATHMOD Vienna –  

5th Vienna Symposium on Mathematical Modelling 
  Volume 1: Abstract Volume 
  Volume 2: Full Papers CD 
 
Editors:  Inge Troch, Felix Breitenecker 

Div. Mathematical Modelling and Simulation,  
Vienna University of Technology 
Wiedner Hauptstrasse 8 - 10, 1040 Vienna, Austria 
Email: Inge.Troch@tuwien.ac.at 

 
 
 
 
ISBN 3-901608-30-3 
 
Das Werk ist urheberrechtlich geschützt. Die dadurch begründeten Rechte, insbesondere die der 
Übersetzung, des Nachdrucks, der Entnahme von Abbildungen, der Funksendung, der Wiedergabe auf 
photomechanischem oder ähnlichem Weg und der Speicherung in Datenverarbeitungsanlagen bleiben, 
auch bei nur auszugsweiser Verwertung, vorbehalten. 
 
©  by ARGESIM / ASIM, Wien, 2006 
 
ARGE Simualtion News (ARGESIM) 
c/o F. Breitenecker, Div. Mathematical Modelling and Simulation, Vienna Univ. of Technology 
Wiedner Hauptstrasse 8-10, A-1040 Vienna, Austria 
Tel.: +43-1-58801-10115, Fax: +43-1-58801-42098 
Email: info@argesim.org; WWW: http://www.argesim.org 
 

 



 
 
 
 
 
 

 
Proceedings 
5th MATHMOD Vienna 
 
 
 
 
 
 
 
 
 
 

Volume 1: Abstract Volume 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
 

Proceedings 
5th MATHMOD Vienna 
 
 
 
 
 
 
 
 
 
 

Content 
 
 
 
 

i



Content  
  
Plenary Lectures 1
Modeling And Simulation Of Steam Turbine Processes; Individual Models For Individual Tasks   3
G. Zimmer (Mülheim, D)   
Block Based Physical Modelling 4
R. Rabenstein, S. Petrausch (Erlangen, D)  
Fuzzy Models For Precision Measurements 5
R. Viertel (Vienna, A)  
Mathematical Modelling For Nonlinear Control - A Hamiltonian Approach 6
K. Schlacher (Linz, A)  
Simulation In Robotics    7
L. Zlajpah  (Ljubljana, Slovenia)   
Simulation Of Systems With Dynamically Varying Model Structure   8
P. Schwarz (Dresden, D)  
Modeling Energy Dependent Nuclear Reaction Probabilities From Pointwise Measurements  
Including Full Covariance Information  

9

S. Tagesen (Vienna, A)  
  
Modelling and Simulation in Systems Biology 11
Time Constants Of Metabolic Carbon Labeling Systems 13
K. Nöh, S. Adam, M. Weitzel, W. Wiechert (Siegen, D)   
Chemical Reaction Network Theory – A Tool For Systems Biology   14
C. Conradi (Magdeburg, D), J. Saez-Rodriguez, E.-D. Gilles, J. Raisch     
Linear-Logarithmic Kinetics; A Framework For Modeling Kinetics Of Metabolic Reaction Networks   15
I.E.Nikerel, W.A. van Winden, W.M. van Gulik, J.J. Heijnen (Delft, NL)     
Dynamic Analysis And Control Of Biochemical Reaction Networks   16
I. Otero-Muras (Vigo, E), G. Szederkenyi (Budpaest, HU), K.M Hangos (Budpaest, HU), A. A. Alonso (Vigo, E)  
Visualizing Regulatory Interdependencies And Parameter Sensitivities In Biochemical Network Models   17
S. Noack, A. Wahl (Jülich, D), M. Haunschild (Siegen, D), E. Qeli (Marburg, D), B. Freisleben (Marburg, D), W. Wiechert (Siegen, D)     
A Hybrid Optimisation Method For Parameter Estimation In Systems Biology   18
E. Balsa-Canto (E), M. Peifer, J. Timmer (Freiburg, D), J.R. Banga (E), C. Fleck (Freiburg, D)  
Control Of Travelling Waves In Reaction-Diffusion Biological Systems   19
C. Vilas, M.R. Garcia, J.R. Banga, A.A. Alonso (Vigo, E)     
  
Structural Control  21
Approximation Of Shape Functions With A Finite Number Of Actuators Using Tools From Differential 
Geometry  

23

T. Rittenschober, M. Gusenbauer (Steyr, A)  
Displacement Control Of Visco-Elastic Structures    24
H. Irschik, M. Krommer (Linz, A)  
Stabilisation Of A Frame Structure Controller Design, Implementation And Experiments 25
J. Schröck, K. Zehetleitner (Linz, A)  
Mathematical Modeling, Control And Experimental Validation Of An Earthquake Excited One-Story Frame 26
D. Huber, H. Irschik, M. Krommer (Linz, A)  
Compensation Of Flexural Vibrations In A Cantilever Using Distributed Piezoelectric Sensors And Actuators 27
M.Nader, H. - G. v. Garssen, H. Irschik (Linz, A)  
  
Modelling Methods and Techniques 29
Duality Of Linear Systems: A Bond Graph Perspective 31
S. Lichiardopol, C. Sueur (Lille, F)  
An Optimal Control Problem: Bond Graph Representation And Solver Implementation 32
B. Chereji, O. Mouhib, W. Marquis-Favre, D. Thomasset, J. Pousin, M. Picq (Lyon, F)  
Relationships Between Model Inversion And Inverse Simulation Techniques  33
Linghai Lu, D.J. Murray-Smith, E.W. McGookin (Glasgow, UK)  
Concepts For High Performance Generic Scientific Computing 34
R. Heinzl, P. Schwaha, T. Grasser, M. Spevak (Vienna, A)  
Modelling And Stability Analysis Of Linear Switched Systems Via Topologic Considerations Using Graph 
Theory 

35

M.de la Sen, A. Ibeas (Bilbao, E)   
On Numerical Solution Of Arbitrary Symmetric Linear Systems By Approximate Orthogonalization 36
C. Popa (Constanta, Romania)  

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

iii



Shapes And Algorithm For Determining Signals Maximising The Absolute Value Of Error 37
E. Layer, K. Tomczyk (Krakow, PL)  
Multistep Fractional-Rational Numerical Method For Stiff Dynamic Problems 38
R. Stolyarchuk (Lviv, UKR)  
Investigation Of Structure Of Dynamic Process Models Via Simplified Representation Graphs 39
A. Leitold, M. Gerzson (Veszprém, H)  
Cognitive Modeling To Realize Autonomous Behavior  In Mobile Robotics  40
E. Ahle, D. Söffker (Duisburg, D)  
Cognitive Approaches Realizing Flexible Interaction Behavior Of Cognitive Technical Systems: A Comparison  41
D. Söffker (Duisburg, D)  
A User-Interface For Exploring Large Graphs 42
S. Wiegreffe (Hamburg, Germany)  
Implementation Of Gaussian Process Models  For Nonlinear System Identification  43
K. Thompson, D.J. Murray-Smith (Glasgow, UK)  
Improving The Local Modelling Of The Chaotic Time Series 44
M. Ataei (Isfahan, Iran)  
Identification And Approximation Of Rational And Non-Rational Linear Continous Time Systems 45
U. Konigorski (Darmstadt, D)  
Linear Regressive Model Structures For Estimation And Prediction Of Compartmental Diffusive Systems 46
D. Vries, K. J. Keesman (Wageningen, DK), H. Zwart (Twente, DK)  
An Approximate Normal Form Approach To Sampled Representations Of Nonlinear Systems 47
J. Deutscher (Erlangen, D)  
  
Multiscale Modelling in Materials Science  49
Multi-Scale Appoaches In Computational Materials Science 51
P. Weinberger (Vienna, A)  
New Scales: Properties Of Nanostructures In The Femtosecond Regime  52
A. Vernes, P. Weinberger (Vienna, A)  
Scientific Computing In Thin Film Growth 53
A. Voigt (Bonn, D)  
A Model Hierarchy For Surface Diffusion: The Small Slope Case    54
M. Burger, (Linz, A)     
  
Stochastic Optimization Models  55
Endogenous Risks And Learning In Climate Change Decision Analysis 57
B.C. O'Neill, Y. Ermoliev, T. Ermolieva (Laxenburg, A)  
An Integrated Approach To Catastrophic Risks Management    58
G. Fischer, T. Ermolieva, H.T. van Velthuizen (Laxenburg, A)  
Discounting, Catastrophic Risks Management And Vulnerability Modeling  59
Y. Ermoliev, T. Ermolieva, G. Fischer, S. Nilson, M. Obersteiner (Laxenburg, A)  
Adoption Of New Technology: The Case Of Future Pulp And Paper Mills 60
Z. Chladná (Laxenburg, A), M. Chladný (Bratislava, SVK), K. Möllersten (Luleå, S), M. Obersteiner (Vienna, A)  
Structured Modeling For Efficient Treatment Of Uncertainty In Complex Problems 61
M. Makowski (Laxenburg, A)  
Multiple First Order Reliability Methods (MFORM) 62
K. Marti (Munich, D)  
Asymptotic Trajectory Matching In Self-Navigation Of Autonomous Manless Interceptors: A Nonsearch 
Method And A Formulation Of The Functional Optimization Of The Stability Of Random Systems 

63

E. Mamontov (Gothenborg, S), A. Koptioug (Östersund, S) , M. Mångård (Linköping, S), K. Marti (Munich, D)  
  
Discrete Modelling and Planning 65
Parameter Estimation Of The Generalized Gamma Distribution 67
O. Gomes , C.  Combes,A. Dussauchoy (Lyon, F)   
Simulation Service Providing Based On Web Service Technology With Standardized DEVS Model 68
M. Gyimesi (Vienna, A)  
An Optimisation-Oriented Model Of Distributed Supply-Chain 69
M. Ghirardi, G. Menga, N. Sacco (Turin, I)  
Optimal Production Planning In A Firm Subject To Environmental Constraints  70
M. Rădulescu, S. Rădulescu (Bucharest, RO)  
Timed Petri Net Simulation In Matlab: A Production Cell Case Study 71
T. Löscher (Vienna, A), D. Gradišar (Ljubljana, SLO), F. Breitenecker (Vienna, A), G. Mušič (Ljubljana, SLO)   
 

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

iv



A Queue Model For The Operational Planning Of Maritime Container Terminals 72
A. Alessandri, S. Sacone, S. Siri  
Aspects Of Simulation For Planning Railway Operation 73
A. Schöbel (Vienna, A)  
M/GX/1 Queuing System For The Modeling Of Real-Time Services Over IP Network                                                 74
N. Kryvinska (Vienna, A)  
An Internet Traffic Modelling/Performance Measuring Tool  75
J. B. Lewoc, A. Izworski, S. Skowronski (Wroclaw, PL)   
  
Physical Modelling 77
Mathematical Model Of Dynamic Heat Transfer In A Human-Clothing-Environment System 79
Zhu Fanglong, Zhang Weiyuan, L. Liying (Shanghai, China)  
On The Numerical Solution Of The One-Dimensional Shallow Sea Waves 80
A. G. Bratsos (Athens, GR), A. M. Prospathopoulos (Anavyssos, GR), Th. Famelis (Athens, GR)  
Dynamic Modelling And Simulation  Of A Three-Phase Gravity Separator  81
N. Al-Hatmi, M. Tham (Newcastle upon Tyne, UK)   
Simulation Of Hindered Diffusion In Spatially Structured Domains Using A Parallel Cellular Automaton 82
E. von Lieres, M. Finke (Jülich, D), U. Buschmann (Siegen, D)  
A Lattice Boltzmann Model For Pulsative Blood Flow In Elastic Vessels 83
D. Leiner, S. Wassertheurer, F. Breitenecker (Vienna, A)  
A Model For Heap Bioleaching Of Chalcocite With Heat Balance: Effect Of Gas Flow Rate 84
M. J. Lehay, M. R. Davidson, P. Schwarz (Clayton, Australia)  
Shapes Optimization In Viscous Incompressible Flows  By Solution Of The Inverse Problem  85
N.B. Fedosenko (St. Petersburg, Russia)  
Modeling Of A Two-Axis Gimbal Test-Bed For Line-Of-Sight Stabilization 86
K. Fadaei, M. Ataei, S. Talebi (Kerman, Iran)  
Optimal Control Of Quantum Systems Under Non-Markovian Constraints 87
W. Pötz, A. Goritschnig, H. Jirari (Graz, A)  
Airflow-Dependent Models For Virtual Sensing Of Thermal Comfort  88
F. Felgner, L. Litz (Kaiserslautern, D)  
Education In Modelling And Simulation Using Argesim Comparisons/Benchmarks With Physical Modelling 89
F. Judex, F. Breitenecker, N. Popper (Vienna, A)  
Patterns Storage And Recall In Quantum Associative Memories 90
G.G. Rigatos (Patras, GR), S.G. Tzafestas (Athens. GR)  
Monte Carlo Method For Modeling Of Electron Transport In Quantum Wires 91
T. Gurov, E. Atanassov (Sofia, BG), N. Nedjalkov, V. Palankovski (Vienna, A)  
Identification Of Transport Parameters For Gallium Nitride Based Semiconductor Devices 92
A.Marchlewski, V. Palankovski, E. Ungersböck, S. Selberherr (Vienna, A)  
Multi-Scale Bond Graph Model  Of The Electrochemical Dynamics In A Fuel Cell 93
A.A. Franco, P. Schott (Grenoble, F), C. Jallut, B.M. Maschke (Lyon, F)  
On Some Convergence Results And Their Relation To The Impact Of Impurities On Effective Heat Conduction 
Properties 

94

L. Flodén, A. Holmbom, M. Olsson, J. Silfver (Östersund, S)  
  
Electrical and Power Systems 95
Noise Analysis Of Phase Locked Loops Using Stochastic Differential Equations 97
J. Anders, W. Mathis (Hannover, D)  
Modeling Of Electrical Multivibrators  By Singularly Perturbed Systems 98
M. Prochaska, F.A. Probst, K. Bohle, W. Mathis (Hannover, D)  
A Network Approach To The Modlling Of Active Magnetic Bearings 99
C. Collon, S. Eckhardt, J. Rudolph (Dresden, D)  
Elimination Of Hopf Bifurcations Within A Powersystem Using Washout Filter 100
I. Winzenick (Hamburg, D), M. Fette (Paderborn, D), J. Hor (Hamburg, D)  
Simulation Of Power Oscillations And Pressure Pulsations In A Hydraulic System Induced By Cavitating 
Vortex Rope 

101

J. Koutnik (Heidenheim, D)  
The Modelling Of The Ghazi-Barotha Hydro-Powerplant For The Purpose Of The Training Simulator  102
S. Blažič, D. Matko, M. Letonje, M. Clemente, I. Škrjanc (Ljubljana, SLO)  
Computer Modeling And Simulation Of Electrical Power Systems 103
G. Fusco, M. Russo (Cassino, I)  
A Numerical Simulation Of The Dynamic Behaviour Of A Directly Wood Particle Fired Gas Turbine 104
F. Wingelhofer, B. Glöckl (Vienna, A)   

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

v



Causal Channel Inversion For MIMO ISI Systems: Equalization Error Modeling And Robustness                             105
N. Vukic, H. Boche (Berlin, D)  
The Peak-To-Average Power Reduction Problem – Fundamental Limits And Connection With Fourier Analysis 106
H. Boche, V. Pohl (Berlin, D)  
  
Modelling of Distributed-parameter Systems for Control Purposes  107
Model Inversion For Distributed–Parameter Systems Using Summability Methods 109
T.Meurerand (Saarbrücken, D), M.Zeitz (Stuttgart, D)  
Hybrid Modeling Of A Stratified Storage Tank 110
T. Kreuzinger, M. Bitzer (Schwieberdingen, D) , W. Marquardt (Aachen, D)  
Modeling Of Piezoelectric Structures -A Hamiltonian Approach 111
H. Ennsbrunner, K. Schlacher (Linz, A)  
Front End Bending Caused By Asymmetrical Rolling Conditions: An Analytical Approach 112
T. Kiefer, A. Kugi (Saarbrücken, D)  
  
Advanced Mathematical Methods for Simulation Based Research Services  113
Comparison Of Pid, Imc And Fuzzy Gain Scheduling Controllers In Varying Time-Delay Systems   115
L. Eriksson, H. N. Koivo (Finland)     
Self-Tuning Recursive Modelling And Estimation Of Weather Measurements 116
V. Hasu, J. Poutiainen, H. Koivo (Helsinki, FIN)  
Concurrent Engineering Of Subprocess Models With Apros    117
T. Ollikainen,K. Porkholm (Finland), A. Ahmed (Egypt)  
System Dynamics – A Tool For Designing And Analysing Complex Processes   118
J.P. Ylén, V. Hölttä (Finland)    
Solving Matrix Equations In Largescale Dynamic Simulation Of Flow Networks  119
A. Villberg, T. Karhela (Finland)  
  
Efficient Operation of Sequential Batch Reactors for Wastewater Treatment 121
Experiments For Modelling The Biodegradation Of Wastewater In Sequencing Batch Reactors   123
G. Buitrón (Mexico City, Mexico), R. Canziani (Milano, I), M. Torrijos (Narbonne, F), S. Gutiérrez (Montevideo, Uruguay), I. Moreno-
Andrade (Mexico City, Mexico), D. Mazouni (Narbonne, F), N. Fiocchi, E. Ficara (Milano, I), G. Moreno (Mexico City, Mexico), A. 
Benitez (Montevideo, Uruguay), J. Pérez (Mexico City, Mexico), A. Ferrari (Montevideo, Uruguay)   

 

Dynamical Modelling, Identification And Software Sensors For SBRs 124
H. Fibrianto (Louvain-la-Neuve, Belgium), D. Mazouni (Narbonne, F), M. Ignatova (Sofia, Bulgaria), M. Herveau (Narbonne, F), J. 
Harmand (Narbonne, F), D. Dochain (Louvain-la-Neuve, Belgium)   

 

Development Of Hardware Sensors For The On-Line Monitoring Of SBR Used For The Treatment Of Industrial 
Wastewaters 

125

R. Canziani, E. Ficara, N. Fiocchi, P. Ratini, M. Pirani, S. Mariani, A. Pauss, T. Ribeiro, O. Schoefs (Milano, I)   
Optimal Control Of Biological SBRs For The Treatment Of Dairy And Toxic Wastewaters 126
M. J. Betancur (Mexico City, Mexico), D. Mazouni, J. Harmand (Narbonne, F), J. A. Moreno (Mexico City, Mexico)     
Detection Of Abnormal Conditions Of Aerobic SBR Process Using Feature
Extraction 

127

D. Wimberger, C. Verde Rodarte (Mexico City, Mexico)  
Development Of An Integrated System For The Optimisation Of SBR’s 128
P. Ratini, M. Pirani, S. Mariani, A. Quintabà, L. Luccarini, D. Mazouni, N. Fiocchi, J. Harmand  
  
Object Oriented Modelling in Mechatronics 129
Object-Oriented Modelling Of Two-Phase Fluid Flows By The Finite Volume Method   131
F. Casella (Milano, I)     
Modelling And Simulation Of Motorcycle Dynamics For Active Control System Prototyping   132
G. Ferretti, S.M. Savaresi, F. Schiavo, M. Tanelli (Milano, I)  
Object Oriented Modelling And Simulation Of Parabolic Trough Collectors With Modelica 133
L. J. Yebra, M. Berenguel, E. Zarza, S. Dormido (Almería, E)  
Modelling, Simulation And Control Of Spacecraft With Flexible Appendages 134
F. Schiavo, M. Lovera  (Milano, Italy)  
Automating The Selection Of Numerical Solvers 135
P. Bunus (Linköping, S)  
  
Issues of Model Quality and Validation 137
Simulation Model Quality Issues In Engineering: A Review   139
D.J. Murray-Smith, (Glasgow, UK)  
Simulation Model Development In Analogy With Software Engineering  140
M. Valasek (Prague, CZ)  

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

vi



Gaussian Process Models Validation: Biotechnological Systems Case Studies   141
K. Ažman, J. Kocijan ´(Ljubljana, Slovenia)  
Comparative Evaluation Of Nonlinear Identification Approaches   142
C. Märzinger, L. del Re, E. Grünbacher, A. Schrempf, (Linz, A)    
Fault Detection Based On Gaussian Process Models 143
D. Juričić (Ljubljana, SLO), J. Kocijan (Nova Gorica, SLO)  
Knowledge Support Of Simulation Model Development By Reuse 144
M. Valasek, P. Steinbauer, Z. Sika (Prague, CZ), Z. Zdrahal, P. Mulholland (Milton Keynes, UK)  
  
Model Reduction and Reduced Order Modelling  145
Parameter Preserving Model Reduction For MEMS System-Level Simulation And Design 147
E. B. Rudnyi, C. Moosmann, A. Greiner, T. Bechtold, J. G. Korvink (Freiburg, D)  
Multi-Parameter Polynomial Model Reduction Of Linear Finite Element Equation Systems   148
O. Farle, V. Hill, P. Ingelström, R. Dyczij-Edlinger (Saabrücken, D)  
Controller Reduction: An Observer Based Approach    149
A. Yousefi, B. Lohmann (Munich, D)  
Balanced Truncation Model Reduction Of Second-Order Systems   150
T. Stykel (Berlin, D)   
Passive Reduced Order Modelling Of Second Order Systems By Back Conversion   151
B. Salimbahrami, B. Lohmann (München, D), A. Bunse-Gerstner (Bremen, D)  
Order Reduction Of First And Second Order Systems Using Laguerre Series And Moment Matching 152
R. Eid, B. Salimbahrami, B. Lohmann (Munich, D)  
A Special Method For Controller Reduction    153
A. Hofer (Graz, A)  
  
Mechanical Systems 155
Modelling The Air Path System Of Diesel Engines By Quasi-Lpv Identification Techniques 157
Xiukun Wei, L. Del Re (Linz, A)  
Modelling Of The Air-System Of A Two-Stage Turbocharged Passenger Car Diesel Engine 158
D.Schwarzmann, R.Nitsche (Schwieberdingen, D), J.Lunze (Bochum, D)  
A Linear Parametric Model Of An Air-Conditioning Unit With Operating Point Dependent Parameters Under 
Nearly Steady Weather Conditions 

159

R. Tawegoum (Angers, F), B. Lecointre (Mulhouse, F)  
Mathematical Modeling Of Dynamic Processes Of Bucket Wheel Excavators 160
S. Bosnjak, Z. Petkovic, N. Zrnic, S. Petric (Belgrade, Serbia)  
Modelling And Analysis Of Machine Tools And Converting Machines  161
E. Schäfers (Erlangen, D)  
Modeling And Simulation In Continuous Casting 162
C. Furtmueller, L. del Re, K. Moerwald (Linz, A)   
A Simulation Package For Coordinated Motion Control Of A Fleet Of Under - Actuated Surface Vessels 163
F. Arrichiello, S. Chiaverini (Cassino, I)  
On Free-Flying Redundant Space Robots  With Nonholonomic Constraints 164
B. Schäfer, B. Rebele, R. Krenn (Oberpfaffenhofen, D)  
A Mathematical Model For The Prediction Of The Mechanical Properties Of Al-Killed And Interstitial Free 
Steels  

165

V. Colla, G. Bioli, M. Vannucci, R. Valentini (Pisa, I)  
  
Modelling for/and Control 167
On State Space Realization Of Bilinear Input-Output Differential Equations 169
Ü. Kotta, T. Mullari (Tallinn, EST), A. S. Zinober (Sheffield, UK), P.Kotta (Tallinn, EST)  
Climate Control Of A Bulk Storage Room For Foodstuffs 170
S. van Mourik, H. Zwart (Twente, NL), K. J. Keesman (Waageningen, NL)  
A Fast Algorithm For Time Optimal Control Of A Cooperative Multi Manipulator System On Specified Path 171
M.J. Sadigh, M.H. Ghasemi (Isfahan, Iran)  
Modeling, Validation And Optimal Control Of Constrained Nonlinear Oil Tanker Motion  172
Tayfun Çimen (Istanbul, TUR)  
Modeling And Control Of An Elastic Ship-Mounted Crane Using Variable Gain Model-Based Controller  173
Y. Al-Sweiti, D. Söffker (Duisburg, D)  
Underground Analysis, Prognosis And Control,  Based On Modern Ict Methods  174
D. P. F. Möller, Ch. Körber, Ch. Zemke (Hamburg, D)  
Modelling Quadratic Suboptimal Controllers For Dynamic Interconnected Bilinear Systems 175
M. de la Sen, A.J. Garrido, J.C. Soto, O. Barambones, F.J. Maseda, I. Garrido (Bilbao, E), A. Ibeas (Barcelona, E)  

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

vii



Building An Unknown Input Observer (UIO) From A Bond Graph Model: A Geometric Approach 176
C. Pichardo-Almarza (Sheffield, UK), A. Rahmani, G. Dauphin-Tanguy (Lille, F)  
Intermittent And Periodic Observations In Kalman Filtering 177
L. Carotenuto, P. Pugliese (Rende, I)  
  
Nonlinear Oscillations  179
Torus Breakdown And Chaos In A System Of Coupled Oscillators 181
T. Bakri (Utrecht, NE)  
Strange Beating Behaviour Of A Dry Friction Coscillator 182
G. Cernák, G. Stépan (Budapest, HU)  
Hydraulic Switching Control With Nonlinear Converters    183
R. Scheidl, B. Manhartsgruber, H. Kogler (Linz, A)  
Numerical Continuation Of Fixed Points Of Maps In Cl_Matcont 184
H. Meijer (Utrecht, NE)  
  
Modelling in Biology and Physiology 185
Modelling Nectar-Collecting Behaviour In A Honeybee Colony 187
R. Thenius, T. Schmickl, K. Crailsheim (Graz, A)  
Modelling The Self-Organized Division Of Labour In Honeybees 188
T. Schmickl, K. Crailsheim (Graz, A)  
Growth Model For Mycorrhizal Funghi 189
A. Schnepf (Vienna, A), T. Roose (Oxford, UK)  
Time Delay Model Of Algal Population Growth In A Photobioreactor 190
J. Fišer, J. Červený, P. Zítek (Prague, CZ)  
Object Oriented Modelling Of Metabolic Pathways  191
A. Belič, R. Karba ,K. Fon-Tacer, T. Režen, D. Rozman (Ljubljana, SLO)  
The Total Quasi-Steady State Approximation For Complex Enzyme Reactions  192
M. G. Pedersen (Lyngby, DK), A.M. Bersani, E. Bersani (Rome, I), G. Cortese (Padova, I)  
Modeling The Dynamics Of Biocontrol Systems Mechanistically 193
R.M. Javier, J.J. DiStefano (Los Angeles, USA)  
Identifiable Reduced Complexity Model For The Human Respiratory And Cardiovascular System  194
M. Hirsch, C. Furtmueller, L. del Re (Linz, A)  
Hemodynamic Models For Education In Physiology    195
M. Hessinger, A. Holzinger (Graz, A), D. Leitner, S. Wassertheurer (Vienna, A)  
Evaluation Of Rupture Of Intracranial Saccular Aneurysms Basing On The Model Using Legendre Functions 196
K. Szafrański, (Szczecin, Poland)  
  
Mathematical Modelling and Control of Chemical and Bio-chemical Processes  197
Design Of Estimators For Specific Growth Rate Control In A Fed-Batch E. Coli Fermentation 199
I. Rocha, A. C. A. Veloso, E. C. Ferreira (Braga, Portugal)  
From Optimal To Practically Feasible Temperature Control Of A Tubular Reactor   200
F. Logist, I.Y. Smets, J.F. Van Impe (Leuven, Belgium)     
Modelling The Response Of The Marine Micro Algae Emiliania Huxleyi To An Elevation Of pCo2  201
O. Bernard, S. Madani, A.Sciandra (Sophia-Antipolis, F)  
Mechanistic Kla Modelling In An Upflowanaerobic Digester    202
J.Hess, O. Bernard (Sophia-Antipolis, F)  
Metabolic Flux Analysis : An Approach For Solving Non-Stationary Under-Determined Systems   203
A. Provost, G.Bastin (Louvain-la-Neuve, Belgium)    
  
PDAE Models in Engineering Applications  205
Modeling With Partial Differential-Algebraic Systems In Chip-Design 207
A. Bartel, R. Pulch (Wuppertal, D)  
Modeling And Simulation Of Shape Memory Behavior 208
G. Teichelmann, B. Simeon (Munich, D), D. Helm (Kassel, D)  
Data Evaluation As Source For Modelling In Nano-Imaging 209
B. Alles (Munich, D), E. Cotte (Dresden, D), B. Simeon (Munich, D)  
  
Modelling and Simulation for Control System Design, Coordination and Supervision  211
Design And Evaluation Of Control Algorithms For Nitrogen Removal In Activated Sludge Plant: A Simulation 
Study   

213

A. Stare, N. Hvala, D. Vrečko, S. Strmčnik (Ljubljana, Slovenia)     
 

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

viii



Modelling Of Hydraulic Elements For Design And Supervision Of Hydraulic Processes   214
M. Golob, B. Bratina, B. Tovornik (Maribor, Slovenia)  
Simulation Environment For Real Time Verification Of Control Algorithm   215
S. Alexik, M. Alexik (Žilina, SVK)     
Computer And Physical Simulations Combined To Support The Development Of A New Aircraft Fuel 
Management System 

216

J. M. Giron-Sierra, M. Seminario, J.F. Jimenez, C. Insaurralde (Madrid, E)  
Modelling And Identification Of A Laboratory Helicopter    217
G. Karer, B. Zupančič (Ljubljana, Slovenia)     
Modelling And Simulation In Development And Tuning Of Intelligent Controllers 218
E. K. Juuso (Oulu, FIN)  
Optimal Multivariable Control Design Using Genetic Algorithms   219
M. Atanasijevic-Kunc, A. Belic, R.Karba (Ljubljana, Slovenia)     
Comparison Of Learning Algorithm Based On Sliding Mode And Neural Nets Control By Real Time Simulation  220
M. Alexik,  M. Luučivjanský (Žilina, SVK)  
Simulation Environment For The Investigation Of Automatized Cooperation Of Marine Crafts  221
D. M. Carrillo, J.A. Lopez-Orozco, J. M. Giron-Sierra (Madrid, E)  
Modular Software Environment For General Purpose Autonomous Agents Simulation And Control 222
S. Cifuentes, J. M. Girón-Sierra, J.F. Jiménez (Madrid, E)  
  
Rule Based Automation of Engineering in Process Industries  223
On Rule Based Automation Of Automation    225
S. Schmitz, U. Epple (Aachen, D)    
Rule Based Engineering Of Asset Management System Functionality   226
T. Schmidberger, A. Horch, A. Fay, R. Drath (Hamburg, D)  
A Rule Ontology As A Basis For Automatic Reasoning On Industrial Plant Information   227
T. Schmidberger, R. Drath, A. Fay (Hamburg, D)  
Automated Treatment Of Balances    228
R. Jorewitz, A. Münnemann, U. Epple, R. Böckler, W. Wille, R. Schmitz (Aachen, D)  
  
Port-based Modelling and Control 229
The Port-Hamiltonian Systems Approach To Modelling And Control Of Complex Dynamical Systems. Why 
Should You Ever Be Interested?  

231

H. Bruyninckx (Leuven, Belgium)  
Port-Based Modeling Of Dynamic Systems In Terms Of Bond Graphs   232
P.C. Breedveld (Enschede, NL)     
Energy-Based Modelling And Control Of A Multi-Domain Energy Storage And Management System   233
C. Batlle, A. D`oria, E. Fossas (Vilanova i la Geltrú, E), R. Ortega (F)   
A Port Based Formulation Of Transport Phenomena    234
A. Baaiu, F. Couenne, D. Eberard, C. Jallut, L. Lefµevre, Y. Legorrec, B. Maschke, M. Tayakout-Fayolle (Lyon, F)  
Control Of Port Hamiltonian Systems By Interconnection And Energy Shaping Via Generation Of Casimir 
Functions. An Overview   

235

A. Macchelli (Bologna, I), R. Pasumarthy (Twente, NL), A. J. van der Schaft (Groningen, NL)  
Simple Elastic Systems, An Introduction Based On Geometry 236
K. Schlacher, M. Schöberl, H. Ennsbrunner (Linz, A)  
  
Modelling and Simulation in the Pulp and Paper Industry 237
Use Of Modelling And Simulation In The Pulp And Paper Industry 239
A. Blanco (Madrid, E), E. Dahlquist (Vasteras, S), J. Kappen (Munich, D), J. Manninen (Espoo, FIN), C. Negro (Madrid, E), R. Ritala (Tampere, 
FIN) 
Use Of Mathematical Models And Simulators For On-Line Applications In Pulp And Paper Industry  240
A. Avelin, J. Jansson, E. Dahlquist (Vasteras, S)  
Optimal Pin Fin Heat Exchanger Surface For Pulp And Paper Industry 241
H. Nabati, J. Mahmoudi (Västerås, S)  
Modelling Of Uncertainty: Case Studies On Operation Of Papermaking Process 242
H. Jokinen, K. Latva-Käyrä, P. Pulkkinen, R. Ritala (Tampere, FIN)  
Application Of Advanced Data Treatment To Predict Paper Properties  243
A. Alonso, A. Blanco, C. Negro, J. Tijero (Madrid, E)   
Model Uncertainty And Control Consequences: A Paper Machine Study   244
B. Lie (Porsgrunn, N)   
  
 

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

ix



Petrinets: Current Research Topics and their Application in Traffic Safety and Automation Engineering  245
Petrinets As A Concept For Modeling Transport Automation Systems 247
E. Schnieder, J. R. Müller (Braunschweig, D)  
A Petri Net Approach To Debug Simulation Models Of Logistic Networks   248
P. Kemper, C. Tepper (Dortmund, D)     
Construction And Correctness Analysis Of A Model Transformation From Activity Diagrams To Petri Nets 249
H. Ehrig, K. Ehrig, C. Ermel, J. Padberg (Berlin, D)  
Integration Of Planning And Production Processes 250
C. Simon (Koblenz, D)  
The Concept Of Duality In Petrinets And It’S Impact For Reliability Engineering 251
J. R. Müller, E. Schnieder (Braunschweig, D)  
  
Modelling of Enviromental Systems  253
A Framework Designed For Social Scientists To Model Human Agent Behaviour In Social Networks  255
J. Wittmann (Hamburg, D), R. Tobias (Dübendorf, CH)  
Experimental Design For Agent-Based Modelling Approaches    256
J. Wittmann (Hamburg, D)  
Optimised Control Of Adaptive Current Consumers – A First Approach   257
U. Vogel, J. Pei, M. Sonnenschein (Oldenburg, D)  
Time Series Modelling Of Water Quality Indicators 258
J.  Alegue, A. Gnauck (Cottbus, D)  
Modelling Of Phosphorus Changes In A Shallow River-Lake Ecosystem 259
A.Gnauck (Cottbus, D)  
  
Optimzation in Multibody Dynamical Systems 261
Optimisation Of CVT Rocker Pin Chains                                                                                                                      263
F. Pfeiffer, H. Ulbrich, L. Neumann (München, D)   
Optimal Motions Of Certain Mutibody Systems In Resistive Media   264
F.L. Chernousko (Moscow, Russia)     
Discrete-Time Control By Nonlinear Online Optimization On Multiple Shrinking Horizons For Underactuated 
Manipulators  

265

D. Weidemann, N. Scherm, B. Heimann (Hannover, D)  
Optimal Control Of Shock Isolation Systems On The Basis Of Three-Component Models 266
D.V. Balandin (N. Novgorod, RU), N. N. Bolotnik (Moscow, RU), W. D. Pilkey, S. V. Purtsezov (Virginia, USA)  
Robot Placement In A Production Cell 267
K. Gotlih (Maribor, SLO)  
Optimization Of Rail Wheel Profiles    268
R. Kovalev (Bryansk, Russia)  
  
Optimal Control of Applications described by DAEs/PDEs/PDAEs  269
Modeling Of An Mhd Free Surface Problem Arising In Cz Crystal Growth    271
R. Griesse (Linz, A), A.J. Meir (Auburn, USA)    
A Nonsmooth Newton'S Method For Control-State Constrained Optimal Control Problems 272
M. Gerdts (Hamburg, D)  
Simulation And Optimal Control Of Molten Carbonate Fuel Cells 273
K. Chudej, K. Sternberg, H. J. Pesch (Bayreuth, D)  
Optimal Control Of Self-Organized Dynamics In Cellular Signal Transduction    274
D. Lebiedz, S. Sager, O. S. Shaik, O. Slaby (Heidelberg, D)  
Numerical Optimal Control Of The Wave Equation: Optimal Boundary Control Of A String To Rest In Finite 
Time 

275

M. Gerdts (Hamburg, D), G. Greif (Darmstadt, D), H. J. Pesch (Bayreuth, D)  
  
Process Modelling 277
Bond Graph Modelling Of An Adsorption Process 279
A. Baaiu, F. Couenne, Y. Le Gorrec, L. Lefèvre, M. Tayakout-Fayolle (Lyon, F)  
Effect Of Non-Ideal Mixing On Control Of Cooled Batch Reactors 280
F. Caccavale, M. Iamarino, F. Pierri, G. Satriano, V. Tufano (Potenza, I)  
Modelling Of Temperature Conditions In Sterilisation Tunnel  281
A. Knoll, M. Atanasijević-Kunc, R. Karba (Ljubljana, SLO)  
A Mathematical Model For Detection Of A Partial Blockage In Pipelines Using Fluid  Transients 282
M.S. Ghidaoui (Hong Kong, China), A. A. Kolyshkin, I. Volodko (Riga, Latvia)  
 

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

x



Reliability-Based Design Of Intermediate Storages Under General Stochastic Operational Conditions  283
É. Orbán-Mihálykó, B.G. Lakatos, C. Mihálykó (Veszprém, H)  
Black-Box And First-Principle Model Based Optimization Of Operating Technologies   284
F.P. Pach, B. Balasko, S. Nemeth, P. Arva, J. Abonyi (Veszprem, HU)  
Dynamic Modelling Of A Ph Neutralization Plant For Control 285
I. Rosdiazli, D. J. Murray-Smith (Glasgow, UK)  
Modelling And Optimization Of Hierarchical Structures  286
T. Riismaa (Tallin, EST)  
Modelling And Feedback Control Of The Startup Process Of Empty Cold Reactive Distillation Columns: The 
Fillup And Heating Case  

287

S.Sommer, J.Raischand, K.Sundmacher (Magdeburg, D)  
  
Ecomomic Systems 289
Modelling Advertising Effects - A Hybrid Approach Using Odes And Cellular Automata 291
J. Wöckl, D. Leitner (Vienna, A)  
The Principle Of Parsimonious Modelling In Economic Growth Empirics - Comparing Data-Driven Approaches 292
B. Brandl, C. Keber, M. Schuster (Vienna, A)  
A Nonlinear Analytical Dynamic Model For The Iranian Male Labour Supply 293
A. Aghaei, H. Shakouri G., M. Karrari (Tehran, Iran)  
  
Control-oriented Modelling of Advanced Multi-Link Manipulators  295
Object-Oriented Dynamics Modeling Of Walking Robots For Model-Based Trajectory Optimization And 
Control   

297

R. Höpler (Munich, D), M. Stelzer, O. von Stryk (Darmstadt, D)     
Modeling And Optimal Control Of Multiple Constrained Manipulator Motion On Manifolds   298
S. Breun, R. Callies (Garching, D)     
Bilevel Optimization Of Container Cranes    299
C. Büskens, M. Knauer (Bremen, D)  
Intrinsic Modeling Of Mechanical Systems Based On Geometry   300
M. Schöberl, K. Schlacher (Linz, A)  
Recursive Modeling And Control Of Multi-Link Manipulators With Vacuum Grippers   301
R. Callies, S. Fronzy (Munich, D)  
  
Tool Integration and Interchange Formats for Hybrid Systems  303
Tool Integration For Hybrid Systems In Hycon     305
M.A. Pereira-Remelhe, S. Engell (Dortmund, D)  
Formal Verification Of Chi Models Using Phaver 306
D.A. van Beek, K.L. Man, M.A. Reniers, J.E. Rooda, R.R.H. Schiffelers (Eindhoven, NL)  
Interchange Semantics For Hybrid System Models    307
A. Pinto, L.P. Carloni, R. Passerone, A.S. Vincentelli (Berkeley, USA)     
Siconos: A Software Platform For Modeling, Simulation, Analysis And Control Of Non Smooth Dynamical 
Systems.   

308

V. Acary, F. Pérignon (Montbonnot, F)  
Modeling Visual Languages Based On Graph Transformation Concepts And Tools   309
C. Ermel, H. Ehrig, K. Ehrig (Berlin, D)  
  
Mathematical Modelling of Semiconductor Devices  311
Transparent Boundary Conditions For Quantum-Waveguide Simulations 313
A. Arnold (Vienna, A)  
Mathematical Modelling Of Semiconductor-Superconductor Hybrid Structures 314
F. Libisch, S. Rotter, J. Burgdörfer (Vienna, A)  
Kinetic Effects On The Transport Properties Of Semiconductor Devices Studied By Deterministic Solutions Of 
The Boltzmann - Poisson System 

315

C.Auer, F.Schürrer (Graz, A)  
Effect Of Band Structure Discretization On The Performance Of Full - Band Monte Carlo Simulation 316
G. Karlowatz, W. Wessner, H.Kosina (Vienna, A)  
Simulation Of Microelectronic Structures Using A Posteriori Error Estimation And Mesh Optimization 317
M. Spevak, R. Heinzl, P. Schwaha, T. Grasser (Vienna, Austria)  
Inverse Dopant Profiling For Highly Doped Semiconductor Devices    318
M.T. Wolfram (Linz, A)     
  
 

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

xi



Future Mobile Communication Systems  319
Low Complexity Simulation Of Wireless Channels Using Discrete Prolate Spheroidal Sequences   321
F. Kaltenberger, T. Zemen, C.W. Ueberhuber (Vienna, A)     
Time-Variant Channel Prediction Using Time-Concentrated And Bandlimited Sequences - Analytic Results  322
T. Zemen, C.F. Mecklenbräuker(Vienna, A), B.H. Fleury(Aalborg, DK)     
Advanced Mathematical Models For The Design Andoptimization Of Low-Interference Wirelessmulticarrier 
Systems 

323

G. Matza, K. Grochenig, F. Hlawatscha, A. Klotz, G. Tauböck, A. Skupcha (Vienna, A)  
A Realistic Radio Channel Model Based On Stochastic Propagation Graphs 324
T. Pedersen, B. H. Fleury (Aalborg, DK)  
Maximum Entropy Mimo Wireless Channel Modelswith Limited Information 325
M. Guillaud, M. Debbah (Sophia Antipolis, F)  
Adaptive Algorithms For Mobile Digital Signal Transmissionmulticarrier Systems 326
M. Fornasier (Vienna,A)  
  
Mathematical Models of Cooperative Multiagent Systems  327
Industrial Applications Of Robotsoccer    329
P. Kopacek (Vienna, A)  
Transformed Net – Collision Avoidance Algorithm For Robotic Soccer   330
M. Saska, M. Kulich, G. Klancar, J. Faigl (Prague, Czech Republic)  
Decision Support By Simulation In A Robotic Soccer Domain    331
T.Krajník, J.Faigl, L.Přeučil (Prague, Czech Republic)  
An Industrial Image Processing System For Fast Moving Objects    332
P. Kopacek, M.-W. Han, B. Putz, E. Schierer, M. Würzl (Vienna, A)  
Localisation Of Mobile Robots By Tracking Identical Colour Markers  333
G. Klančar (Ljubljana, SLO), M. Brezak, I. Petrović (Zagreb, CRO), D. Matko (Ljubljana, SLO)  
  
Poster Session 335
Arterial Pressure Modeling By An Integrable Approximation Of Navier-Stokes Equations   337
T.M. Laleg, E. Crépeau, M. Sorine (Rocquencourt, F)  
Modeling The Migration Of Transuranium Elements In Contaminated Soils 338
K. Breitenecker, H. Böck, A. Brandl (Vienna, A)  
Synthesis Of External Load Model Under Uncertainties    339
Y. Menshikov (Dnepropetrovsk, Ukraine)     
Reduced Order Models For  Structural Modelling 340
W. Weidinger, F. Breitenecker (Vienna , A)  
Identifiability Of Nonlinear Systems: Computational Aspects 341
J. Tabun, S. Nömm, Ü. Kotta (Tallin, EST), C. H. Moog (Nantes, F)  
Alternative Groundwater Modelling 342
G. Höfinger (Seibersdorf, A), F. Judex (Vienna, A)  
A State Space Embedding Approach To Time Discretization Via An Approximate Normal Form 343
J. Deutscher, M. Bäuml (Erlangen (D)  
Quasi Steady-State Approximations In Signal Transduction – A Word Of Caution 344
M. G. Pedersen (Lyngby, DK), A. M. Bersani, E. Bersani (Rome, I)  
A Modelica Library For System Dynamics Modelling 345
G. Zauner, F. Breitenecker (Vienna, A), B. Zupancic (Ljubljana, SLO)  
Dynamics Of An Experimentally Based Chemostat Model 346
J. Heßeler (Freiburg, D), J. K. Schmidt, U. Reichl, D. Flockerzi (Magdeburg, D)  
Modeltool 1.0 - A Model Toolbox For Matlab/Simulink 347
M. Bakošová, J. Baleja and A. Vasičkaninová (Bratislava, SVK)  
Fuzzy Modelling And Identification Of The Chemical Technological Processes 348
A. Vasičkaninová, M.Bakošová (Bratislava, SK)  
Parameter Estimation In Stochastic Chemical Reactions 349
S. Reinker, R. Altman, Jens Timmer (Freiburg, D)  
Classical ODE Modelling Versus Cellular Automata Modelling Of A SIR-Type Epidemic                                         350
N. Popper, H. Hötzendorfer, D. Leitner, F. Breitenecker (Vienna, A)  
Electrical Stimulation Of A Human Thigh With Conductive Implant: A Finite Element Study 351
F. Dohnal, F. Rattay, M. Reichel (Vienna, A)  
Mathematical Modelling Of An Autonomous Vehicle For Navigation Control 352
K. Moriwaki, K. Tanaka (Shiga, J)  
Cournot Model With Unknown Costs 353
S. Barros, F. Ferreira, F. Ferreira, A. Pinto (Porto, Portugal)  

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

xii



Two-Dimensional Snow Temperature Simulation    354
H. Teufelsbauer (Wien, A)     
Modeling Of Fire Protective Materials 355
C. Trenado, D. Strauss, W. Reinhard, A. Alther (Saarbrücken, D), T. Smuc, A. Maksimovic, R. Boskovic (Zagreb, CRO)  
Multiscale Simulation Of Human Blood Flowin Arteries 356
J. Kropf, S. Wassertheurer (Vienna, A)  
Measuring Process and Capability Indices 357
K. Rezaie, B. Ostadi, M. R. Taghizadeh (Tehran ,Iran)  
Process Capability And Process Performance 357
K. Rezaie, M. Rabbani, M. R. Taghizadeh, B. Ostadi (Tehran, Iran)  
  
Index of Authors 359
 

Proceedings 5th MATHMOD Vienna, February 2006       (I.Troch, F.Breitenecker, eds.)

xiii



COMPUTER AND PHYSICAL SIMULATIONS COMBINED TO SUPPORT THE 
DEVELOPMENT OF A NEW AIRCRAFT FUEL MANAGEMENT SYSTEM 

 
J. M. Giron-Sierra, M. Seminario, J.F. Jimenez and C. Insaurralde 

 
Corresponding Autor: J.M. Giron-Sierra 

Dep. ACYA, Fac. Fisicas, Universidad Complutense de Madrid 
28040 Madrid, Spain 

Phone: + 34 91 394 4387, Fax: + 34 91 394 4687 
e-mail: gironsi@dacya.ucm.es 

 
 

Abstract. The paper describes part of an EU research project, aiming at the development of a new distributed 
aircraft fuel management system, using smart components. Along the research is necessary to develop and check 
candidate solutions for the distributed control. A simulation system has been created, using two interconnected 
computers and laboratory physical simulators. The laboratory physical simulators are scaled down replicas of 
aircraft fuel systems. One of the computers simulates in real time the networked electronic part of the smart 
components. The other computer simulates the fuel plant, with the tanks, valves, pipes, etc. Both computers 
interact with the same analog or discrete signals that are present in the laboratory physical simulators, so it is 
possible to mix the computer and the physical systems for hardware-in-the-loop simulation purposes. The paper 
describes this combined simulation system, and presents some experiments which reproduce the main operations 
of the new distributed fuel management system. 
 
 
1. Introduction 
 
 The objective of this research is to create a combined simulation system to support the development of a new 
distributed fuel management system for aircrafts. The new system is based on smart components connected to a 
fieldbus. The purpose of the simulation is to test the system in a set of experimental conditions, including normal 
operations and pertinent reactions when there are malfunctions. Laboratory physical simulators have been 
implemented, with the main purpose of studying the behaviour of the fieldbus. Computer simulations have the 
advantage of allowing for non dangerous experiments about malfunctions, the kind of experiments that should 
not be done on real aircrafts. 
 
This paper is concerned with part of a European Community Research Project, denoted as “Smartfuel”. 
Conventional aircraft fuel management systems use a central specific computer, connected point-to-point to each 
component, such sensors, valves, and pumps. The target of the Smartfuel project is to develop a new fuel 
management system, distributed along a fieldbus, and using smart components. Digital processing capabilities 
are included in each component, sensor, valve, pump, making it a smart component. By using such new 
components, the central computer is no longer needed for control, only for human interface. Our new simulation 
system corresponds to the new fuel management system. 
 
The project Smartfuel involves four industrial partners makers of components, two companies making aircrafts, 
and three universities providing scientific support for the research. The CANbus has been selected as the 
fieldbus. The research started with a requirements phase, then devoted long discussions to propose ideas for the 
new distributed system, then made first development and viability tests on our simulator, then developed a 
communication protocol, then developed smart components with a software core, and then arrived to rig testing. 
 
Aircraft fuel systems are described in books such [1] and [2]. Very few scientific articles deal with such systems. 
We found only an experimental reference in [3] and [4]. There is an overview of avionic data buses in [5]. In this 
overview there is no reference to fieldbuses. The application of fieldbuses in avionics is a new issue. The book 
[6] contains a general treatment of fieldbuses. The CANbus is fully described, together with applications, in [7] 
There are not many references about smart components, although they are now in common use in certain 
industrial sectors; let us quote [8] and [9] as books on this topic. 
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The paper starts with a description of the problem, the system to be simulated, and then describes the solution, in 
terms of simulation decomposition and how the simulation is used to support the research. Experiments with the 
simulations are described, for several fuel system operations. Finally some conclusions are presented. 
 
 
2. Aircraft fuel management systems 
 
Nowadays an aircraft fuel management system has a central computer connected, point to point, to sensors and 
actuators. Figure 1(a) shows some typical components of such systems. The central computer has an operator 
interface with manual switches. In certain aircrafts, seven fuel tanks are used. In airplanes, tanks are usually 
inside the wings. Many fuel gauges per tank may be used, due to the wing geometry. 
 
The point-to-point connections imply a lot of wiring and big connectors in the computer. If a fieldbus based 
system is used instead, the system becomes simpler, with less weight. This is a main objective of the Smartfuel 
project. 
 
Moreover, the central computer can be avoided, if the valves, pumps and sensors know what to do at any 
moment during aircraft operation. The Smartfuel project proposes the development of smart components for 
such purpose. 
 
Figure 1(b) shows the main blocks of a smart component. A microcontroller is embedded in each valve, pump 
and sensor of the fuel system. The microcontroller has an interface to a CANbus, and another interface to the 
component itself (to make the pump run or stop, or the valve to open or close, etc.). 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. (a) Typical fuel management components.  (b) Smart component blocks 

 
The research considers two types of aircrafts: helicopters and airplanes. Generic cases have been defined for 
each type. 
 
Figure 2(a) shows a simplified top view of a helicopter fuel system. The four tanks are connected to form two 
subsystems. One consists of the front and right hand tank, the other consists of the rear and left hand tank. All 
tanks are at the floor, under the pilot. The connections between tanks allow for simple gravity transfers between 
them. There is a bidirectional pump and valve connection between the two subsystems, for aircraft balancing 
purposes. Figure 2(b) shows a more detailed diagram of the helicopter fuel system. The pressure refueling input 
is located at the bottom right of the figure; it has one common input to two valves. There are fuel gauges and 
level limit sensors, with some redundancies. There are two engines, taking fuel from tanks 3 and 4. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. (a) Simplified top view of the helicopter tanks. (b) Details of the helicopter fuel system 

 
Figure 3 shows a top view of the airplane fuel system. It is a simplified diagram showing three tanks in each 
wing, and a trim tank in the tail. The wings inclination allows for gravity transfers of fuel to the engines. There 
are interconnections between tanks, so it is always possible to transfer fuel from one wing to the other, and 
to/from the trim tank. There is some redundant piping, so there are alternative paths for the fuel if any valve of 
pump fails.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Simplified top view of the airplane fuel system 
 
The main functions of the fuel system in helicopters and airplanes are refueling, engine supply, aircraft balancing 
and trimming (cog management), and maintenance mode. All functions are done controlling the action of pumps 
and valves, for adequate routing of the fuel. 
 
 
3. Research support with combined simulations 
 
The Smartfuel project involves a long development. In such kind of projects, the ideas at the beginning, the 
fundamental roots of what will be done, are of critical importance. So it was a positive contribution to the project 
to create a first simulation where the viability of the essential ideas was confirmed.  
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For this initial step, we developed a laboratory physical simulator. In fact, two laboratory systems were built. 
One corresponds to the helicopter, with four tanks at the same horizontal level, and the other corresponds to the 
airplane, with seven tanks. Tanks and pipes are scaled down with respect to the real aircraft fuel systems. 
 
Each laboratory simulator is made with two interacting subsystems. One of the subsystems consists in a scaled 
operational version of the fuel system: tanks, pipes, valves, etc. The other subsystem consists in electronic 
modules corresponding to the electronics inside the smart components. Figure 4 shows a diagram of the 
laboratory simulator concept. 
 
 

 

 

 

 

 

 

 

 
Figure 4. Diagram of a Laboratory Simulator 

 
We shall name as LBS-H  the laboratory simulator subsystem with the physical fuel plant, and LBS-L the other 
subsystem, at lower level, with the smart component electronics. 
 
It was better not to wait for the smart component makers to get specific versions for our laboratory simulators. 
So we “made” the smart components by combining conventional components, such valves, pumps, etc., and 
external electronic modules, which further will be embedded into the future real smart components. Figure 5 
shows a diagram with the laboratory smart component blocks. 
 

 

 

 

 

 

 

 

 

 

 
Figure 5. Laboratory Smart Component 

 
Once the main ideas of the project were shown as viable, by experiments in the laboratory simulators, it became 
clear that a computer based simulation would be also useful for the project. 
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There is a main technical difficulty for a computer simulation. It is that a main concern of the project is the 
behavior of the fieldbus. Message collisions, bus overloading, or any other problem should be detected, and then 
solved. One of the missions for the computer simulation is a deep monitoring of activities at the electronic level. 
But this means hard-real time. We do not want the computer to be distracted by graphics animation or hidden 
Widows activities.  
 
In consequence, it was decided to decompose the computer simulation into two computers. One of the computers 
is in charge of hard real-time issues. The other is dedicated to animated graphics representing the fuel system 
behavior (filling of tanks, valve opening or closing, etc.). Figure 6 shows a diagram of the computer simulation 
system, with two interconnected computers. 
 

 

 

 

 

 

 

 

 
Figure 6. Two-Computer Simulation System 

 
We shall name the computer on top as CPS-H. This computer simulates the physical fuel plant. The other 
computer, at bottom, simulates the electronic system, and will be named as CPS-L. Both computers are 
connected through analog or digital signals. The same signals that connect LBS-H and LBS-L in the laboratory 
simulators (figure 4). 
 
Now we have all the elements to establish a hardware in the loop laboratory simulation system. It is just a matter 
of cable switching between the laboratory and the computer simulation systems. Figure 7 depicts the concept. 
The two blocks on the left are the laboratory simulators. The two blocks on the right are the two-computer 
simulation system. 
 
 

 

 

 

 

 
Figure 7. The combined simulation system 

 
Both simulation systems, the laboratory physical simulator and the two-computer simulation system, have 
specific advantages. It was seen that both systems can be combined for several interesting purposes. 
 
The key factor here is that the connection between the two computers is made with the same signals as in the 
laboratory smart components (figure 6). But the signal coming to a valve in the laboratory simulator can be 
originated from the corresponding electronic module in this simulator or from the computer in charge of real-
time simulation in the two-computer system. It is just a matter of putting a switch, that can be electronically or 
manually operated. This can be done with any valve, pump or sensor.  
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The combined system is useful to study normal and abnormal working of the fuel system. For further increase of 
experimental possibilities, the “fault boxes” in the laboratory simulators can be modified for more difficult 
problems, such intermittent malfunctions. 
 
Figure 8 shows one of the possible uses of the combined-system. In this case, switches are used to form a system 
with a physical electronic level (LBS-L) and a simulated physical plant with problems such tank leaks or breaks, 
or an obstruction, etc. (things of destructive nature, not easy to study with real components). 
 

 

 

 

 

 

 
Figure 8. Example of combined system use. 

 
There are many other possible uses of the simulation system. For instance, to study digital processing problems, 
in any smart component,  part of the LBS-L can be switched off, putting computer simulated nodes instead. 
 
 
4. Constructive and functional details 
 
As said before, two laboratory systems were built. One corresponds to the helicopter, with four tanks at the same 
horizontal level, and the other corresponds to the airplane, with seven tanks. Tanks and pipes are scaled down 
with respect to the real aircraft fuel systems. Conventional easy to get valves and pumps, for ¼” pipes, were 
used. The fuel system configuration -that is: the piping connection scheme- for the helicopter and for the airplane 
was reproduced. Three external electronic modules were added for each valve, pump and sensor, according with 
figure 5. One of the modules is a “fault box”, which is used to simulate cable connection failures. Figure 9(a) 
shows a photograph of the helicopter laboratory simulator, and figure 9(b) shows a photograph with a front view 
of the airplane laboratory simulator; notice the wings inclination. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9(a). The Helicopter Laboratory Simulator,   9(b) The Airplane Laboratory Simulator 

 



For the initial project studies, the laboratory simulators were used in the following way. A program was 
developed in a PC, in C code, with preliminary implementations of the control distribution idea. A set of local 
automata was developed, and a procedure for information broadcasting about the system state was devised. The 
C program was translated to the microcontroller executable code, and put into each microcontroller in the 
laboratory simulator. For instance, the helicopter system has 19 microcontrollers. Then, the correct working of 
the fuel system was checked, for all the functions considered (refueling, balancing, engine supply). Several 
program refinement cycles were performed. Soon, the main ideas of the project were proven as viable. The load 
on the CANbus was monitored, and the message procedure between smart components was improved to avoid 
collisions, overloading and information missing. 
 
Along the project, the laboratory simulators have been the main platform for software developing and testing. 
Likewise, the laboratory smart component concept, which is to test first a combination of external electronic 
modules and components, before actual embedding, was further extended by the Smartfuel industrial partners, in 
order to conduct experiments in a real scale rig. 
 
Computer simulations are more flexible and rich in possibilities than physical simulators. In particular, computer 
simulations are really useful to make experiments that are destructive or dangerous in real conditions. For 
instance, we could make a pipe to leak in the laboratory simulator, or make a pump to get blocked, but it less 
problematic to simulate this on computers. 
 
The idea and structure of the simulation system made with two interconnected computers has been already 
explained (figure 6).  
 
The CPS-H computer displays the behaviour of the fuel in the tanks with rich graphic views. The simulation is 
developed in C++, and it runs under MS-Windows. Figure 10 shows one of the simulation screens with the 
helicopter fuel system; the fuel levels in the tanks are shown with animated graphics. 
 
The CPS-L computer has a more spartan screen. Everything causing delays is avoided, including graphics. A real 
time operating system is used [10], and the simulation of the electronic modules and the CANbus is made 
departing from C++ code. The same C code developed for the microcontrollers of the laboratory simulator is 
included here as objects.  
 
The computer simulation system is useful to study the effect of malfunctions, and to devise functional 
reconfigurations of the fuel system. 
 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 10. CPS-H Screen showing a refueling operation 
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5. Simulation experiments 
 
Our first simulation studies consider the main operations of the fuel management system, to see if the control 
distribution works correctly, so the sequence of events is as expected. 
 
Figure 11 shows the results of the pressure refueling in the helicopter. The normal refueling operation starts with 
the opening of the two inlet valves. Tanks 2 and 3 (figure 2(b)) start to fill up, while transferring fuel to tanks 1 
and 4. The gravity transfer from tank 2 to tank 4 is slower than the flow rate of the pressure refueling. The valve 
RV2 must close when the maximum level of tank 2 is reached, or when the desired final fuel quantity in tanks 2 
and 4 has been attained. Some closing and re-opening of the valve may happen, depending on the initial 
conditions and the final quantity. The same happens with the other subsystem, formed by tanks 1 and 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11. Helicopter Pressure Refueling 

 
 
A second experiment is devoted to check the engine supply operation. It works correctly, so the tank levels 
decrease along the simulated flight.  
 
The third experiment considers an abnormal operation: it happens that one of the refueling valves, RV1, does not 
open. In this case, the balance valve and the balance pump must transfer fuel from the subsystem that correctly 
works, to the other subsystem. Figure 12 shows the evolution of the fuel levels in all four tanks. Fuel is 
transferred via the balance pump and the balance valve, from one of the subsystems to the other. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. A Failure in refuelling valve RV1 



The Project has specified a set of normal and abnormal scenarios for study. All of them have been already 
reproduced in the simulation system, with correct results. 
 
 
6. Conclusions 
 
A combined simulation system for a new distributed avionic system has been introduced. The simulator gives an 
important support for a European Research project, aiming at a new aircraft fuel management system. 
 
The paper has described the purposes of the simulation and how several parts of the simulation system have been 
devised, answering to the needs of the research. 
 
The simulator system combines a two-computer simulation system with a laboratory physical simulator. This 
platform is useful for control software development for the fuel management systems, and for abnormal 
operation studies. The simulator proved to be an important tool for the kind of development research considered. 
 
There are several interesting paths to follow in the future with the simulator. For instance, the study of automatic 
reconfigurations for certain faults and the improvement of the smart components program to include such 
functional changes. 
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