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DEVELOPMENT OF THE SIMULATION
SOFTWARE PACKAGE TEST POERF RAW
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Abstract

In contributions [1, 2, 3] there are presented the basic possibilities of simulation
program Test POERF. This program serves to simulate functions of the range
channel core of the passive optoelectronic rangefinder (POERF). It allows
verifying the quality of algorithms for a target slant range finding from taken
stereo pair images of the target and its surroundings. These images are generated
by a special images generator in the program as a virtual reality. The actual
contribution presents consequential simulation software package Test POERF
RAW which works with taken images of a real scene. The package presently
consists of three separate programs: the editing program RAWedi, the main
simulation program RAWdis and the viewer RAWpro. The editor RAWedi
allows editing of stereo pair images of individual targets and supports the
creation of a Catalogue of Targets. The simulation program RAWdis serves for
testing algorithms for estimation of horizontal stereoscopic disparity which are
convenient for the use in POERF. Simulation experiments can also help to solve
problems in the development process of the software for a future POERF

prototype.

Keywords: Passive optoelectronic rangefinder, target slant range, stereo pair images,
stereoscopic disparity, simulation software package Test POERF RAW.
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Abstract

Packed bed chromatography is commonly applied for the separation of large
molecules in biopharmaceutical industry. A technical chromatography system is
typically composed of a cylindrical column that is filled with porous spheres.
Particularly in small columns, the impacts of inhomogeneous packing and wall
effects on separation performance can be quite significant. We hence study
convection, diffusion and adsorption in three-dimensional sphere packings.
Random packings are externally generated and imported into COMSOL where
the model equations are easy to implement. However, the COMSOL algorithms
for automatic meshing and for iteratively solving the resulting equation systems
fail to work with default settings. We have previously established a semi-
automated and half-manual meshing procedure that works with the direct
PARDISO solver. The present contribution addresses the evaluation and
optimization of the iterative equation solvers that are provided by COMSOL for
the given spatial geometry with up to six million degrees of freedom. The given
results illustrate that we can iteratively solve systems with up to 600 instead of
only 150 spheres using less memory and less computational time.
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Abstract

In the frame of the development of new exploitation technologies for renewable
energy sources, a steam generation system for a solar power plant has been
designed in Germany by Balcke-Duerr. In order to assist the construction of this
innovative system, a dynamic simulation of the thermal oil heated boiler has
been built by the Vienna University of Technology. Aim of this work is to
assess the time needed for the natural water circulation to start and to check if it
behaves properly. After a short description of the heat exchanger design, the
principles and possibilities of the 2 phase-flow dynamic simulation program
APROS are presented. The different stages of the simulation build-up are then
described, especially how the discretization of the system has been chosen and
which dimensions influence the simulation results most. Further on the different
simulated cases are defined as well as the relevant parameters of the system
(water circulation direction and rate, oil temperatures, steam mass fraction in
water/steam circuit) that are observed during a start-up phase. Eventually the
findings related to the simulation build-up and the dynamic behavior of the
steam generator are exposed and commented. A design optimization can be
carried out with this method.

Keywords: 2-phase flow, dynamic simulation, oil heat exchanger, solar power plant.
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MULTILEVEL MODEL
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Abstract

Artificial agents are autonomous entities that should behave rationally by their
own control. They should have also some social abilities that enable them to
make strategic decision inside a multi-agent community. One of such decision
is to select proper partner which it believes that its behaviour will be reliable
and trustworthy. We address area of trust which may be important for improving
agent’s reasoning capabilities and by this also rationality of its behaviour within
an agent or multi-agent system. This paper introduces specification of the model
which is used for representation of trusts and their hierarchy in agent’s beliefs. In
fact this is a part of agents’s belief base and it is used when decision about some
system element trustworthy takes part in agent’s reasoning process. For these
purposes, we develop Hierarchical Model of Trust in Context which is represented
by multilevel graph, where each node of the graph represents different aspects
(contexts) of trustee and each edge of the graph represents correlation between
different aspects. This is useful to modelling trust in respect to context-aware
environment.
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Abstract

Development of new technology also brings new areas where it would be appro-
priate to automatize or simulate human activity. One way to achieve this is to use
agent systems. In these cases the agent as a software component represents the
human decision-making process and acting on his behalf. To achieve its goals
often needs to cooperate with other agents. Trustworthiness of these agents may
play a key role in efforts to achieve these goals. In real life in these cases is deci-
sions made based on the experience with that partner. How to handle with these
experiences and how they determine the risk of cooperation is one of the topics of
artificial intelligence. A possible solution is to use the principles of trust and repu-
tation. There are many studies in different objectives. This article aims to propose
a model of trust and reputation based on the standard human decision-making,
with application mainly in the field of e-commerce.

Keywords: Trust and reputation, Multi-agent systems, Simulation model.
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CONTROL SOLUTIONS, SIMULATION AND
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LEVITATION LABORATORY SYSTEM
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Abstract

The paper presents two control solutions for the position control of a sphere in a
Magnetic Levitation System with 2 Electromagnets. The nonlinear state-space
mathematical model of the controlled plant was linearized around several
operating points to enable for a low-cost control system design. Both control
systems which are discussed, the state feedback control and the cascade control,
are simple to design and easy to implement. Simulation and real-time
experiments referring to the sphere’s position and speed were conducted to
validate the performance of the two control systems.

Keywords: Cascade control solution, Magnetic Levitation System with 2
Electromagnets, State feedback control solution, Simulation, Real-time experiments.
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Abstract

The objective in this paper is to combine the simulation of Gas Metal Arc
Welding (GMAW) process models with the simulation models of inverter based
power machines. The main goal of proposed approach is enhancing the
hardware and software design of welding devices and research of new welding
technologies. The GMAW process is considered as an electrical circuit and the
mathematical model is based on physical descriptions of several parts of
GMAW process, as are the electric circuit of power supply, the arc dynamics,
and the electrode melting process. To establish the validity of the proposed
GMAW model, a simple welding application was simulated in MATLAB
SIMULINK. Welding parameters ware derived from several experimental
conditions. Next, the dynamic behavior of full-bridge DC-DC converter is
described and suitable discrete PI controller for welding current feedback
control is proposed. Both models, the GMAW model and the inverter power
supply model, are combined into simulation model of the GMAW process
application together with the inverter based welding machine. Presented
simulations are useful for study and research of new welding technologies, and
for the rapid development of new control algorithms and design of new inverter
control units as are power source circuits, and welding current or voltage
controllers

Keywords: modeling, simulation, gas metal arc welding process, welding power source,
inverter power supply.
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ANEW SCHEDULING METHOD BASED ON
DISPATCHING RULES AND APPLICABLE BY
SIMULATION MODELS
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Abstract

Scheduling and sequencing problems are an important part of production
planning problem and usually many assumptions are considered in order to
simplify these problems. Simulation models are used because simplifier
assumptions can be put aside and so the models reflect reality more precisely. In
this paper a method which performs scheduling by combining different
dispatching rules has been presented. It means that when deciding on a specific
machine some different dispatching rules are used to determine the best
candidate on that machine. The model is run for various combination of
dispatching rules and the best observed result is reported. Since dispatching
rules are easily executed by simulation engines this method can be generally
used as a simulation based scheduler module for production systems. Finally,
some suggestions for improving the model are presented.

Keywords: Sequencing and Scheduling, Simulation, Dispatching Rules.
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Abstract

The problems of simulation model validation and verification in CAD system
Triad.Net are discussed. CAD system Triad.Net is developed for computer system
design. It uses simulation as the main method for computer systems investigation.
Authors observe the specifications of the simulation model in Triad. Net, consider
the program tools for simulation model analysis (information procedures and con-
ditions of simulation) and propose to use them for simulation model validation and
verification, debugging and testing. Besides, authors suggest program tools
including the intellectual agents and ontology for localization of mistakes deter-
mined during verification and validation processes.

Keywords: Simulation Model, Validation, Verification, Debugging, Ontelogy
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Abstract

The observation and the regulation of flows is very usefull in numerous domains
of applications : in production systems, considering the flow of objects on a pro-
duction line, in software ingeneering, considering data flow, in urbanism, consid-
ering the flow of vehicles. Among the applications of Petri Nets, there is a great
number of examples in these domains in order to represent, to analyse the produc-
tion systems and the conflicts management in urban traffic. Among others, these
points need to solve some problems of resource sharing and complex sequencing.
In this viewpoint, we propose now a modelization of regulation flow by Petri Net
(PN). Then, we propose some models of flow measurement, in order to compare
the occupation rate and some dynamical sequencers for a better dispaching of
tasks in a real structure.

After a presentation of the principles on which the regulation takes place, we take
up a specifical application : the flow regulation in an urban traffic. The exposed
problem is relatively simple and could be extended to more complex situations.

Keywords: Petri Nets, flow control, urban network, modelization, real time, sequencers.
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Abstract

From the wet-lab to the dry-lab, Biologists have a big step to do — and little help.
Conventional lectures can be completed by the use of a tutoring system to help
Biology students with the learning of modeling and simulation of biochemical
processes. In order to develop such a tutoring system, we first defined a model-
ing and simulation workflow aiming to minimize the sources of error for novice
modelers and to give a structure to a tutoring system. We then identified teaching
objectives through an expert survey. These teaching objective describe the most
critical issues to be assimilated by the students to improve the modeling skills they
need. With a user survey, we identified the mental model of the target group re-
garding biochemical processes and established the requirements on the structural
and visual design of the tutoring system. Thus, we laid the foundation stone for
the development of a tutoring system for Biology students learning modeling and
simulation.
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Abstract

The development and realization of complex and automated flexible manufactur-
ing systems is a multi-step and cost-intensive process. Concepts and solutions
which provide a systematic development process from the early design phase un-
til the operational control are referred to as Rapid Control Prototyping (RCP) ap-
proaches. Where RCP is common practice in developing feedback control systems
this approach in context with complex discrete controls of manufacturing systems
is still a matter of research.

This paper introduces a project dealing with RCP technology for manufacturing
systems and predictive simulations for optimization in the operation phase. The
main focus of this contribution is put on the first phase of the control development
process. In a detailed comparative study two DES tools are used to model and ana-
lyze a coating plant as an example of a flexible manufacturing system. The results
of the study are presented and discussed in-depth by addressing modeling effort,
simulation accuracy and runtime. After summarizing the preceding sections an
outlook on future steps of the complete research project is given.

Keywords: Manufacturing Simulation, Rapid Control Prototyping, Simulation Model
Based Control.
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Abstract

Usually, mechanical machines do not break down or fail without any kind of warn-
ing, which is indicated by a combination of changing measurable symptoms. The
complexity and the high dimensionality of the measured signals require reliable,
fast, and less demanding methods to recognize the faults. In this work, a produc-
tion machine related supervision task is investigated over a long duration to design
a fault detection and prediction system to support condition-based maintenance of
wear parts and to detect and predict failures usually leading to the full loss of
functionality. Wear parts failure should be detected before scuffing or seizing lead
to serious failure of the machine. An approach for developing the system as a
prewarning module is presented. The system is based on support vector machine
(SVM) classification as a signal-based diagnosis technique and as a feature fusion
tool. The processed and extracted parameters of the machine operation are inves-
tigated and fused by the SVM to find the most reliable features for the detection
system. Alternative combinations of fusing sensors are taken into consideration
to find a complementary sensor array for better accuracy. A parameter indicating
the need for wear part replacement; a Change Index (CT) is presented based on the
decision value resulting from the SVM which shows a tendency to change over
time coinciding with the deterioration of the part and the remaining life time.

Keywords: Condition monitoring, SVYM classification, Signal based modeling, Feature
fusion, Fault detection and prediction.
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Abstract

This study presents the development of a virtual reality platform for electric
wheelchairs with a multipurpose usage in an enabled environment. The
platform with the electrical wheelchair will be stationary with pitch and roll
actuated actions for possible different uses as electric wheelchair driving
simulations, wheelchair training, assistive technology research, architectural
route planning and accessibility evaluation. The investigation into the mobility
factor of wheelchair bounded users will be beneficial in the area of ergonomic
designs of architectural structures. The use of the virtual reality platform can
further be extended to the evaluation and training of inexperienced electric
wheelchair users. The platform will be a mechatronic design consisting of both
mechanical- and electrical properties. The mechanical components will consist
of rollers driven by the electric wheelchair and its user placed on the platform
where acquired electrical signals of the rotation of the wheelchairs wheels are of
importance. The platform will be placed onto actuators for simulating angular
movements of the wheelchair approaching an inclining or declining given path.
The simulator must map intended motion by an electric wheelchair user into the
virtual world with considering influences such as collisions, gradient changes
and different surface properties. The design will finally consist of a
combination of different engineering disciplines with the relevant kinematics
and dynamics controlled in a simulated virtual reality environment.

Keywords: Electric Wheelchair, Motion Platform, Virtual Reality.
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Abstract

Standard approaches to simulating epidemics of infectious diseases include the
classic SIR-model and agent based simulations. Another interesting application
for modelling and simulation are studies of the dynamics of whole parts of
health care systems and their reimbursement schemes. We show how to
integrate the transmission of infectious diseases into a model of this type. It ig
agent based and consists of three main agent types: Patients, Medical Providers
and Medical Problems. The latter represents different diseases which patients
can contract. Each patient implements a statechart for every medical problem
type. These statecharts model the random generation of new diseases and
corresponding medical problem objects which control disease progression and
the treatment pathways a patient takes. A central “Health Market” object
manages provider search of the patients. As an example, we integrate influenza
as an infectious disease into the model with a separate object type
“InfluenzaEpidemic” that stores the characteristics of every new epidemic
during simulation time. Transmission of the disease takes place between agents
which are connected by a network based on spatial relations. Each agent stores
his past infections so he does not get the same virus strain twice. Experiments
show that this resembles the behaviour of SIR-models and that this model can
provide insight into the impact of epidemics on the utilization of the health
service system and its reimbursement.

Keywords: Epidemics, SIR-Model, Health Services Research, Agent based modelling.
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Abstract

The paper presents application of discrete event simulation in healthcare
processes. The goal of the project was to optimize several processes in the
context of business process engineering. The project in one of the largest
hospitals in the region revealed several possibilities to improve quality of
service. Besides simulation several other techniques and tools were used.
Discrete models evolved in four iterations: a) preliminary model, verified in the
first phase of the project, b) iteration 0: a simulation model for the reception in
two clinical departments, c) iteration 1: a simulation model was improved by
inclusion of the third clinical department and d) iteration 2: doctors at the site
realized that medical activities (outpatient examination and functional
diagnostics) must be included in the simulation model, since administrative
process is interrupted by medical activities. Special attention was put on refining
simulation input data, distribution of service times, measurement of average
service times and deviations. Two simulation programs model behaviour of the
present (separate reception sites) and proposed (joint reception site) process.
The simulation results confirm that centralization of administrative personnel
would contribute to higher quality of service, improved working environment
for employees and decreased possibility of errors, mistakes and lost documents.

Keywords: simulation, health care, business process reengineering.
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Abstract

The visually handicapped person can localize the position of the sound source
only by hearing. The auditory space might be constructed on the auditory system
in the brain. Such an auditory mechanism remains unknown. A human-like
robot that can construct an auditory space with two microphones might reveal an
alternative solution to clarify such a mechanism. The present paper describes a
new computational algorithm for constructing a 2D auditory space with two
microphones. The cross-power spectrum phase of the sound pressure transmitted
from a broadband sound source in a reverberation room is discontinuous with
respect to the frequency. The discontinuous phase differences spectra (images)
are used to identify both the distance to the sound source and the azimuth of the
sound source. A head and torso simulator with a built-in microphone in each ear
was fixed at the center of the reverberation room. The 2D positions were
identified for the source placed at various positions. The results showed that the
source positions could be identified over a range of 3 meters and an approximate
range of azimuths of from -50° to +50°.

Keywords: 2D, Position identification, Sound source, Phase difference, Images,
Head and torso.
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USING SIGNIFICANT COEFFICIENTS TO
EVALUATE THE ENERGY EFFICIENY
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Abstract

In times of heavily increasing energy costs, companies more and more try to find
further cost reducing provisions. Large gas distribution systems, like those in inte-
grated iren an steel works, have losses caused by different physical behavior. The
physical contexts in large systems are complex. This makes it complicated to find
causal relationships between cause and effect. To visualize those causal behaviors,
the gas distribution system of a 5 mil. tonnes of steel producing integrated iron
and steel work was numerically modeled. Therefore APROS, a simulation tool
for one dimensional dynamic simulation of different gases, steam or water-steam
media, was used. The blast furnace gas distribution was modeled and evaluated.
With the model, different analyses in terms of controlling, disturbance and chang-
ing net configurations were realized. For easier comparison, it becomes more and
more important to have an objective method in order to quantify the efficiency of
different network configurations . Therefore two coefficients have been developed
which make it possible to compare different configurations of networks in terms
of efficiency. Furthermore the developed coefficients were applied to the dynamic
model, to show how numerical simulation can be used to develop optimization
methods for a later implementation into a real plant.

Keywords: Apros, integrated steel works, gas distribution system, minimizing losses
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Abstract

Modelling and simulation of hybrid systems is getting more and more important
in advanced modelling theory and application. Therefore, the requirements re-
garding flexibility on modern simulators are getting higher and higher. The neces-
sity of fast and stable algorithms is increasing considering higher complexity in
simulation questions. ARGESIM started in 1990 the series Comparison of Sim-
ulation Software in the journal Simulation News Europe (SNE). These software
comparisons developed towards benchmarks not only for simulation tools but also
for modelling tools and for modelling techniques and modelling approaches. To
see how modelling and simulation environments deal with state events of differ-
ent order, three classical examples are discussed in this benchmark. These parts
offer a spectrum of questions for testing basic features and they represent mini-
mum requirements to hybrid simulators regarding state events. Sample solutions
are carried out in MATLAB® and partly in SIMULINK® and can be used for
comparison with solutions calculated with other simulation environments.

Keywords: hybrid modelling, state event modelling, bouncing ball, electrical circuit, pen-
dulum
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Abstract

This paper deals with Takagi-Sugeno modelling and parallel distributed
compensation (PDC) control of nonholonomic mobile robots. The emphasis is
given especially to the modelling part where the problem of discretization is
solved. The nonlinear tracking error-model is solved analytically under the
premise of ZOH present at the system input. The nonlinear discrete model is
then developed. Several discretization approaches are discussed and the
modelling errors are analysed and compared. The goal is to find the model that
would allow for a simple solution of the underlying control problem. This is
why the trade-off between the complexity and the accuracy of the model is
discussed. The sector nonlinearity approach is used for constructing the Takagi-
Sugeno discrete model. The PDC control is then designed in the LMI (linear
matrix inequalities) framework to ensure the stability of the controlled system
and to optimise the decay rate. Some performance issues are discussed on the
simulation cases.

Keywords: Takagi-Sugeno. PDC control, Mobile robot, Kinematic model, Discretization.
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Abstract

A mathematical model of epoxy-based resin curing at forming of a thick-walled
composite structure is presented. A differential equations system link a kinetic
equation of the resin cure, that has derived from the differential scanning
calorimetry investigation, with heat conduction equation taking into account a
phase transfer from liquid to gel and next to solid phase. Implemented in
Comsol Multiphysics software the developed model gives the spatio-temporal
patterns of a curing front propagation in a moulded composite body. A
possibility of using the developed model for improving the control of the

molding thermal regime is discussed.

Keywords: Composite material, Thermoset resin, Curing process, Kinetic equations,

Differential scanning calorimetry, Exothermal heat, Finite-element model.
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Abstract

This paper presents a simulation model for evaluating the impact of various quay
operational protocols on the unloading and loading of containers at a container
terminal. Two quay operational protocols were evaluated: 1) unload one con-
tainer, load one container and then repeat the cycle and 2) unload all containers
and then load all containers. In summary, Protocol! was the more efficient quay
operation. Also twelve chasses are necessary to maximize ship throughput, to
minimize any delays in container unloading and loading and to minimize ship
time at the terminal. Ship arrivals less than 1.5 days, even with twelve chasses,
caused the simulation to become unstable. Ship throughput was similar for ship
time between arrivals of 3 and 2.25 days for both protocols. Ship throughput var-
ied considerably when the ship time between arrivals dropped to 1.5 days. As the
time between arrivals of ships decreased ship delays increased and in most cases
significantly when only six chasses were available. With six chasses for Protocol1
(Run2) the ship delay was 155 minutes and increased to 553 minutes (+256%) for
Protocol2 (Run8). An increase in the number of chasses to twelve greatly reduced
the ship delays tor both protocols. There were no ship delays for Protocoll (Run4)
and Protocol2 (Run10) with 3 days between arrivals and twelve chasses. The ship
delay was only 18 minutes for Protocoll (RunS5) and zero minutes for Protocol2
(Runl1) with 2.25 days between arrivals and twelve chasses. With six chasses the
time to unload and load a ship was greater for Portocol2 as compared with Proto-
coll. For Protocoll (Runl) the total ship time was 1,248 minutes as compared to
1,923 minutes (+ 54%) for Protocoi2 (Run7). Also with twelve chasses the time
to unload and load a ship was greater for Protocol2 as compared with Protocoll.
For Protocoll (Run4) the total ship time was 1,227 minutes as compared to 1,653
minutes (+34%) for Protocol2 (Run10). Included in this paper are a description
of the two quay protocols, the two quay ProcessModel simulation models and the
simulation results.

Keywords: Container terminal, quay crane, quay protocol, discrete event simulation
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Abstract

New students at universities have a widely varying knowledge of mathematics.
In this paper we present a blended-learning approach using Maple T.A. to
refresh the mathematical knowledge of the new students on the one side, and to
teach them enough elementary mathematical skills to be able to follow the
elementary applied lectures of different curricula on the other side. The Maple
T.A. e-learning platform was used, since it allows for free learning as well as for
randomized, supervised tests. In this way the students can specifically train these
fields, in which they lack skills, and their progress can be monitored. Although
the examples in Maple T.A. can be highly randomized, they can be constructed
with this software to guarantee for simple solutions. School students were used
to test the software platform beforehand and their feedback was incorporated in
the course. After the refreshment course the effectiveness of this approach was
evaluated statistically and it was shown, that the knowledge of the students
increased significantly.

Keywords: E-learning, Blended Learning, Mathematic Education.
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Abstract

The paper presents a virtual environment that can be a powerful support in a course
focused on safety procedures to be adopted in public environments (e.g. industrial
sites but also supermarkets, schools and universities). It is formed by three mod-
ules for the teaching of the procedures, their practice and the assessment of user’s
comprehension. The created virtual environment can make the user experience
realistic simulations and provide a complete set of information on the building
structure and the exploitation of the main tools which are useful in case of emer-
gency by means of multimedia contents. The considered virtual environment is
fully customizable: maps are created by the users, new events, objects and proce-
dures can be defined in order to make the tool usable in a wide set of frameworks.
Currently some very common harmful si-tuations are implemented together with
standard safety procedures. The pursued tests show the efficiency of the proposed
tool in improving the users’ knowledge of the explained safety procedures.

Keywords: safety; virtual reality; simulation; mulfimedia
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Abstract

Two chemicals, formaldehyde and ally} isothiocyanate (AITC), have been anal-
ysed both experimentally by soil column experiments and theoretically by inverse
simulation in order to determine their risk potential and leaching behaviour in
porous media. The software products HYDRUS-1D and COMSOL Multiphysics
3.5a coupled to MATLAB (v. 7.0.1) are applied for inverse modelling of the soil
column experiments. Due to the viscous properties of AITC, a tool able to sim-
ulate multiple phase flow (i.e. COMSOL Multiphysics or STOMP 3.0) has to
be used for this substance, while for formaldehyde HYDRUS-1D can be applied.
Regarding formaldehyde breakthrough curves, linear adsorption and first-order
decay reactions are assumed. AITC reduction in the soil might also be explained
by reactions with the soil matrix, biodegradation and partly volatilization. Pa-
rameter fitting of the water-oil two-phase flow equations, coupled to equations
for solute transport, will be implemented by applying the multidimensional non-
linear minimisation module fminsearchbnd with bound constraints, which uses
the Nelder-Mead simplex (direct search) method. Advantages and disadvantages,
ease and limits of use, besides flexibility of the respective simulation tools will be
pointed out. Results show that formaldehyde is faster degraded than AITC. Thus,
the latter will have stronger impact on soil organisms as it is retained longer and
migrates slower than formaldehyde.

Keywords: Multiphase flow, Porous media, Inverse modeling.
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