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PREFACE
Hochschule Bremen, Fachbereich Elektrotechnik, Bremen (Germany) and Faculty of Electrical Engineering in Osijek 

(Croatia) started from 1984 year with organization a joint scientific colloquium every year. In 1996 Fachhochschule 
Wiirzburg-Schweinfurt from Germany as well as "Kando Kalman" Polytechnic - Budapest and "Pollack Mihaly" College 
of Engineering - Pecs from Hungary joined this scientific colloquium, in 2003 Polytechnic Engineering College of Subotica 
joined the group, too. The main topic of the conference was research, teaching and new technologies in electrical engineering 
and computer science. In 2008, new university partners joined us.

26th conference held in Osijek and organized by the Faculty of Electrical Engineering, J.J. Strossmayer University 
of Osijek. The conference provided a platform for researchers and practitioners interested in the theory and practice of 
electrical engineering, computer science, automation, robotics, as well as interdisciplinary research and applications of 
the mentioned disciplines with mathematics, physics, mechanical engineering, medicine, etc. Submitted and reviewed 
papers are fully developed results or on-going work. The general theme of SiP 2008 was “Modern Computer Systems in 
Engineering Applications”. 

At the conference 72 authors, form seven countries, presented 35 papers in the following five sessions: (a) Research 
and project management, b) Power engineering and electrical drives, (c) Automation, robotics and industrial applications, 
(d) Computer systems and applications and (e) Computer systems and applications. With presented papers our faculties 
provided contributions to the development of new technologies and the knowledge economy in our countries which moves 
to the knowledge society - new civilizational and the development paradigm of European Union.

Osijek, September 2008

Editors
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mains, when addressing the software development of SV 
tools, as part of an integrated computational environment, 
see Figure 1, in order to efficiently support scientists/engi-
neers at their work in the research laboratories and industry. 
In industry, visualization is used to gain a more quantitative 
understanding of the simulated phenomena (ex. aerospace 
product design); the results of visualization are also used 
in management and commercial presentations. In contrast, 
in the research laboratory, scientists develop codes and try 
to understand qualitatively how the simulation algorithms 
behave; in this context, they tend to use SV as a debugging 
tool. In both cases, the computational environment includes 
software that supports geometrical definition (as in CAD 
systems), mesh generation (pre-processing), supervision of 
the simulation (co-processing) and display and/or analysis 
of results (post-processing).

Mechanical Engineering And Computer 
Science Need Tight Integrated Research for 

the Advance Of Visualization Tools in Future 
Engineering Applications

Dean Vučinić
Department of Mechanical Engineering

Vrije Universiteit Brussel
Pleinlaan 2, B- 1050 Brussels, Belgium

dean.vucinic@vub.ac.be

Abstract — Today’s visualization tools are equipped 
with highly interactive visual aids, which allow analysis and 
inspection of complex numerical data generated from high-
bandwidth data sources such as simulation software, experi-
mental rigs, satellites, scanners, etc... Such tools help scientist 
and engineers in data extraction, visualization, interpretation 
and analysis tasks, enabling them to experience high degree of 
interaction and effectiveness in solving their design problems, 
which everyday become more and more complex.

As the variety of today’s visualization tools is diversifying, 
there is a need for their simultaneous use within different en-
gineering software when solving multidisciplinary engineer-
ing problems. It is evident that such tools have to be available 
for a combined use, in order to eliminate many well known 
problems of sharing, accessing and exchanging the design 
models and the related information content. It is shown that 
Object-Oriented methodology is a well adapted approach to 
stream the software development process of the future engi-
neering applications.

The three European projects ALICE, LASCOT and SER-
KET are given as examples in which the evolving computer 
software technologies have been researched and demonstrat-
ed to address the evolution of the visualization software in en-
gineering and for information visualization in general.

Keywords — scientific visualization, object orientation,  
multidisciplinary engineering

I. VISUALIZATION SOFTWARE
Scientific visualization (SV) [1] is performed through 

specialized software [2], which combines visualization 
techniques to display and analyze scientific data. The scien-
tific visualization methodology defines methods to manipu-
late and convert data into comprehensible images [3]. The 
scientific visualization process starts with the transforma-
tion of data sets into geometric abstractions, which are fur-
ther processed in displayable images, created by computer 
graphics algorithms [4]. Finally the human vision, possess-
ing the highest-bandwidth of human’s information input, is 
exploited to understand the computer generated images.

In order to develop SV Software it is necessary to com-
bine advance Computer Graphics (CG) and User Interface 
(UI) technologies with engineering content. Thus, we need 
to consider and integrate the mentioned methodical do-

Figure 1. Integrated Computational Environment

Interactive visualization accelerates the problem solving 
design cycle by allowing the user to ‘jump’ at will between 
the various phases, so as to optimize his/her analysis tasks. 
The user conducts the investigation in a highly interactive 
manner, can easily compare variants of a simulation/analy-
sis and may intuitively develop a deep understanding of 
the simulation and of the calculation details. An example of 
an integrated environment application is the ‘Virtual Wind 
Tunnel’ [5], which reproduces a laboratory experiment in a 
virtual reality environment, where a virtual model can be 
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created and put to test with dramatic cost and time savings 
compared to what is done in the ‘real’ laboratory.

SV software has progressed enormously during the past 
two decades. One reason is the exponential increase of the 
computer processing power, which has led to today’s low-
cost PCs clusters, providing as much power as the high-end 
mainframes of some years ago. Development of advanced 
SV tools is no longer the prerogative of specialized labs 
with costly computer equipment. Yet, there is an un-dimin-
ished demand for new visualization-enabled software, driv-
en by continuous hardware changes and the emergence of 
new software platforms. Interactive visualization remains 
a key element of advanced engineering/scientific software, 
and their design must account for this fact. There are pres-
ently many commercial interactive visualization products 
on the market which provide SV functionality with increas-
ing success. Such visualization systems are widely used in 
application areas as diverse as nuclear energy exploration 
and atmospheric research. In the field of engineering, such 
products are commonly used to visualize flow patterns and 
stress fields, and generally to study large multi-dimensional 
data sets. SV applications are used in many industries in-
cluding aerospace, medicine, power production, shipbuild-
ing, geophysics, automotive, electronics, oil, agriculture, 
food production, etc. SV applications are now ubiquitous 
in engineering and science, be it in:

Fluid Mechanics,• 

Structural Analysis,• 

Electromagnetic,• 

Thermodynamics,• 

Nuclear Physic, etc.• 

For the sake of completeness, let us mention that SV 
has been (and is) instrumental in advancing the state of the 
art in industrial applications involving fluid flow modeling, 
such as:

Aerodynamics of trains, cars and airplanes.• 
Hydrodynamics of ships and floating structures.• 
Flow in turbo-machinery and torque converters.• 
Cryogenic rockets, combustion chambers • 
simulations.
Flow in manifold, pipes and machinery.• 
Medical researches, circulation of blood in veins.• 

It is evident that advances in engineering software are 
driven by demands from many application areas, which in 
turn places requirements on the associated visualization 
software. Today, visualization software solutions with 
interactive 3D graphics capabilities can be categorized into 
four groups:

Visualization Applications1. 

Modular Visualization Environments2. 

Visualization Toolkits3. 

Integrated Modeling Environments4. 

A. Visualization Applications
Stand alone visualization applications are software 

solutions which offer direct functionality to the user, 
who is responsible for defining the data set to be loaded 
for visualization. Known visualization applications in 
Computational Fluid Dynamics (CFD) and Finite Elements 
Analysis (FEA) engineering are as follows:

EnSight from CEI [6],• 

FieldView from Intelligent Light’s[7, 8]• 

TecPlot from Amtec Engineering Inc.[9]• 

CFView from NUMECA [10]• 

PLOT 3D, NASA [11]• 

VISUAL2-3 from MIT [12],• 

ParaView from VTK [13]• 

VisIt from Lawrence Livermore National Lab  [14] • 

Figure 2. CFView the scientific visualization system

Such programs are appropriate for users who need off-
the-shelf visualization functionality. Such software imple-
ments the ‘event-driven’ programming paradigm which is 
suitable where all functions are launched by the user inter-
acting at with the Graphical User Interface (GUI). This is 
the case for CFView [2], see Figure 2, a scientific visualiza-
tion application developed by the author over the 1988-98 
period.  CFView started as an academic application in 1988 
and was continuously upgraded in the following years. 
In the mid 90’s, CFView it was taken over by the VUB 
spin-off company NUMECA and integrated in ‘FINE’, that 
nicely illustrates the variety of visualization tasks that need 
to be performed to solve an engineering problem.
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B. Modular Visualization Environments
Modular Visualization Environments (MVE) are 

programs often known as ‘visualization programming 
environments’; examples are [15]:

Advanced Visual Systems AVS [16],• 
Iris Data Explorer from Silicon Graphics[15, 17],• 
OpenDX the IBM’s Data Explorer[18],• 
PV Wave from Visual Numeric [19].• 

Figure 3. The OpenDX Application Builder

Their most significant characteristic is the visual pro-
gramming paradigm. Visual programming intends to give 
users an intuitive GUI for them to build customized visu-
alization applications. The user graphically manipulates 
programming modules displayed as boxes, which encapsu-
late the available functionality. By inter-connecting boxes, 
the user defines the data stream from one module to an-
other, thereby creating the application. The MVE can be 
viewed as a ‘visualization network’ with predefined build-
ing blocks, and which often needs to be quite elaborate in 
order to be useful to the user. The freedom given to the 
users to design their own visualization applications is the 
strength of so-called ‘application builders’. This class of 
software implements the ‘data flow paradigm’, with the 
drawback that iterative and conditional constructs are dif-
ficult to implement. For example, PV Wave uses an inter-
active fourth-generation programming language (4GL) for 
application development, which supports conditional logic, 
data sub-setting and advanced numerical functionality in 
an attempt to simplify the use of such constructs in a visual 
programming environment. The interactive approach is 
usually combined with a script-oriented interface, and such 
products are not easy to use ‘right out of the box’ and have 
a longer learning curve than stand-alone applications.

There is an ongoing debate on whether the ‘best’ way 
to procure visualization software is to use stand-alone ap-
plications or to build applications using MVE-s. Time has 
shown that both approaches are equally accepted as there 
is no alternative. The suggested visualization solution is 
a compromise between the previous and this one. For ex-

ample, the GUI of CFView looks very much like the one of 
a stand-alone visualization application; internally though, 
CFView is an object-oriented system which has a flexible, 
modular architecture of the application builder. This is to 
say that a new component can be integrated in the core ap-
plication structure with a minimum coding effort; also, the 
resulting effects from the modification propagation are kept 
limited.

C. Visualization Toolkits
Visualization Toolkits are general-purpose object-

oriented visualization libraries, usually present as 
background components of SV applications. They emerged 
in the mid 1990’s, and the two representative examples are 
VTK[20] and VisAD[21]:

The Visualization ToolKit (VTK) is an open-source soft-
ware system for 3D computer graphics, image processing 
and visualization, now used by thousands of researchers 
and developers in the world. VTK consists of a C++ class 
library and several interpreted interface layers including 
Tcl/Tk, Java, and Python. VTK supports a wide variety of 
visualization algorithms (including scalar, vector, tensor, 
texture and volumetric methods), advanced modeling tech-
niques (such as implicit modeling, polygon reduction, and 
mesh smoothing, cutting, contouring and Delaunay trian-
gulation). In addition, dozens of imaging algorithms have 
been directly integrated to allow the user to mix 2D imag-
ing / 3D graphics algorithms and data.

The VISualization for Algorithm Development (VisAD) 
is a Java component library for interactive and collabora-
tive visualization and analysis of numerical data. VisAD 
is implemented in Java and supports distributed comput-
ing at the lowest system levels using Java RMI distributed 
objects. VisAD’s general mathematical data model can be 
adapted to virtually any numerical data that supports data 
sharing among different users, different data sources and 
different scientific disciplines, and that provides transparent 
access to data independent of storage format and location 
(i.e., memory, disk or remote). The general display model 
supports interactive 3D, see Figure 4, data fusion, multiple 
data views, direct manipulation, collaboration, and virtual 
reality. The display model has been adapted to Java3D and 
Java2D, and virtual reality displays.

Figure 4. VisAD application example
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D. Integrated Modeling Environments
Integrated Modeling Environments (IME) is software 

that combines two or more engineering applications 
and visualization systems to solve a multi-disciplinary 
problem. For example, the naval architect shapes the ship 
hull in order to reduce the ship’s hydrodynamic drag, while 
the stress engineer calculates the ship’s steel structure. 
Both use visualization to analyze the data generated by 
the hydrodynamics and stress calculation solvers. The 
visualization software may be able to process the CFD 
flow-field solver data and the FEA stress-field solver data 
in a unified manner, giving the two engineers the possibility 
to work in a compatible way, interfacing simultaneously 
3D representations of the hydrodynamic and structural 
problems. An example of such integration is the Product 
Life-cycle Modeling (PLM) developed by Dassault 
Systèmes and the CFD solver technology developed by 
ANSYS, Inc, where the FLUENT CFD flow modeling 
approach is integrated in CATIA CAD tools throughout the 
whole product lifecycle [22].

Figure 5. The integrated modeling environment from 
Dassault Systèmes and ANSYS, Inc

II. OBJECT ORIENTED METHODOLOGY
Computer hardware has improved drastically in 

quality and performance in the last 30 years, much faster 
than software quality and complexity. The trend is drawn 
qualitatively in 

Figure 6. The main reason for this situation is to be found 
in the reusability of hardware components (chips), which 
are the cheap and reliable building blocks of hardware 
systems, small and large. To date, software components 
with similar properties simply do not exist, and reusable 
software ‘chips’ are not commercially available. The effort 
to design and produce such software would be too large, 
and standardization is not pursued by software makers 
who keep customers captive with proprietary software and 
computer platforms. As a result, software production cannot 
keep pace with the hardware technology, a situation often 
recognized as symptomatic of a ‘software crisis’. The key 
idea is to try and produce visualization software that could, 
intrinsically, evolve as fast and as cheaply as hardware.

Software/Hardware productivity
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Figure 6. The comparison of Hardware/Software productivity

In this respect Object Oriented Methodology (OOM) 
for constructing software components, is a well adopted ap-
proach to consider, as it is a fairly universal approach that 
can be applied to solve many types of complex problems. 
The goal of OOM is to reduce the system complexity by 
decomposing it in manageable components called objects.  
Experience has shown that solving problems in a piece-wise 
manner leads to better quality and easily scalable solutions. 
The system is ‘cut’ into component pieces represented by 
‘objects’ that interact, through well-defined interfaces, by 
exchanging information through messages. The interesting 
feature of OOM is that objects can be created and devel-
oped independently, even with no a priori knowledge of 
the application in which the objects will be used. The ex-
istence of an object is independent of any specific applica-
tion. An interesting consequence of having many reusable 
software objects would be that it would then make sense 
to get hardware designed to fit the available software (and 
not the reverse as is the case today). The principles of soft-
ware reusability and portability are fundamental to foster 
the software productivity. Reusability is an intrinsic feature 
of all OO software and their efficient exploitation promotes 
the computer network to become a commercial market 
place, as the Internet, in which such general-purpose and 
specialized software components needs to be available, 
validated and marketed [23].

The OO approach has led to the emergence of Object 
Oriented Programming (OOP) with specialized OO pro-
gramming languages -- such as Smalltalk[24], CLOS, 
Eiffel[25-27], Objective C [28], C++ [29], Java, C# and 
other derivatives -- which apply encapsulation and inheri-
tance mechanisms to enhance software modularity and im-
prove component reusability. It is important to stress that 
the highest benefit of OOM is obtained when OOM covers 
the full software life-cycle, from the requirements specifi-
cation phase to the software delivery phase. When an ap-
plication is created applying OOM, reusability in different 
development phases can be expected. First, the OOP brings 
in object-oriented libraries, which provide components 
validated in previously developed applications. Second, 
the software design of the previously modeled software 
could be reused through the established design patterns. 
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Previously developed components may be reused for the 
new application which does not need to be designed from 
scratch, which is an obvious advantage. Improvements that 
could be brought to the existing, re-used objects would also 
improve the ‘older’ applications that use the same objects.

It is interesting to note that the OOP paradigm has shifted 
the emphasis of software design from algorithms to data 
(object, class) definitions [30-32]. The object-oriented 
approach can be summarized in three steps. The system is 
first decomposed into a number of objects that characterize 
the problem space. The properties of each object are then 
defined by a set of methods. Possibly, the commonality 
between objects is established through inheritance. Actions 
on these objects and access to encapsulated data can be 
done randomly rather than in a sequential order. Moreover, 
reusable and extensible class libraries can be created for 
general use. These are the features which make OOP very 
attractive for the development of software, in particular for 
interactive software.

Figure 7. The comparison of Hardware/Software productivity

It should be mentioned that OOM does not directly re-
duce the cost of software development; however, it mark-
edly improves the quality of the code by assuring consistent 
object interfaces across different applications.  Estimated 
software construction times are often incorrect. Time and 
resource allocation tend to be largely underestimated in 
software projects, not uncommonly by factors of 2 to 5, 
especially where innovative features are to be developed. 
Unfortunately, for the software construction planning we 
do not have an underlying engineering, scientific or math-
ematical model to calculate the software development time 
required, when starting the new software development pro-
cess. The theoretical basis of how to best construct soft-
ware does not exist. The ability to plan the project costs, 
schedule millstones, and diagnose risk is ultimately based 
on experience, and could be only valid for a very similar 
application done in the past and applying the same develop-
ment environment. 

It is also important to ensure the production of portable 
code, i.e. code that can run without need of adaptation on 
computing platforms other than its ‘native’ platform. Porting 
-- adapting software to a computer system other than the 
one for which it was originally designed -- can be a tedious 
and costly process. Portability can be improved by adopting 
standards which various hardware/system platforms support. 
For example, one may adopt the OpenGL standard which is 

supported by graphic boards. This ensures that only a small 
kernel of code must be modified before recompilation for 
another hardware platform. A graphics engine typically 
processes floating-point input data to generate graphics. 
Example of graphics data models are lines and polygons. 
Hence one assumes that line drawing and polygon filling 
are functions provided by the graphics engine, and one 
needs not be concerned with developing low-level graphics 
routines. One can therefore focus on generating the data 
sets that are needed to ‘feed’ the graphics engine.

To develop the visualization software, our approach 
must be ‘multi-disciplinary’ in the sense that it puts together 
an application engineer and a computer specialist in order 
to develop different application layers, as shown in Figure 
8. The software development environment needs to enable 
the evolution of the software under development and has to 
provide a framework for porting applications across differ-
ent hardware/operating systems/windowing systems. Also, 
it has to simplify the process of the creation of interactive 
graphical applications, with enabling the application engi-
neer to have under control the application software layer 
and hide the lower software layers of the system, as de-
picted in Figure 8. Thus, the object-oriented approach is 
appropriate to introduce the necessary abstraction levels 
and for organizing the inherent complexity present in the 
development of the scientific visualization software.

Figure 8. Software Components Distribution

The fundamental concept in OOM is the “object”; it 
is the elementary ‘building block’ for mapping scientific 
and engineering concepts to their software equivalents. 
The object is an abstract construct, which approximates 
(in a simplified manner) the understanding of real concept 
in consideration, which is often quite complex. Consider, 
for example, how the physics of fluid flows are described 
in terms of numerical equations and how these equations 
are modeled by software objects. These objects are useful 
because they are identifiable elements with a well-defined 
purpose: each object performs a given function by encom-
passing a certain mathematical or physical ‘intelligence’ 
For example, an object modeling a second-order differen-
tial equation; or a object modeling the viscosity of a liquid 
at a given temperature; etc., in such a way that it can be 
‘reused’ by the software engineer with no need to under-
stand the internal working details of the object. The obvi-
ous reused object in the real life is a car. We need it to go 
from one place to another, but we do not need to know how 
it is build. We use it, and this is a way the software engineer 
is supposed to reuse objects.
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ware in a formal, unambiguously defined manner. 
Such a precise specification is both the documentation and 
the communication tool between the developers and the 
users; recall that the term ‘developer’ includes application 
analysts, software designers and coding programmers (see 
Figure 9).

In the software development process, the analyst cre-
ates an abstract model that will be partially or fully im-
plemented. The designer uses that model as a basis to add 
specific classes and attributes to be mapped onto one or 
more OOP languages. The designer specifies the detailed 
data structure and functional operations/processes, which 
are required by the application specification. 

Figure 9: Software model as communication media 
in the software development process

Finally, the programmer receives the analyst’s and the 
designer’s models for implementation into source code. 
The source code is compiled to produce the executable 
software. Software modeling is then the iterative and 
incremental process which maps abstract concepts into 
formal constructs that eventually become reusable software 
entities. 

In OOM, the object model comprises a data model and 
a functional mode. The specification of an object includes 
a description of its behavior and of the data necessary 
and sufficient to support its expected functionality. The 
data model describes the pertinent data structures, the 
relations between the objects and the constraints imposed 
on the objects. The functional model describes the objects’ 
behavior in terms of operations. From the data model point 
of view, the primary concern is to represent the structures 
of the data items that are important to the scientific 
visualization process and the associated relationships.

III. THREE EUROPEAN PROJECTS
The three European projects ALICE, LASCOT and 

SERKET are given as examples in which the evolving 
computer software technologies have been researched and 
demonstrated to address the evolution of the visualization 
software in engineering and for information visualization 
in general.

A. Alice – QFView – towards the transparent 
visualization of numerical and experimental 
data sets
The development of QFView in the ESPRIT-IV “AL-

ICE” project (EP-28168) extended the author’s research 
towards using the World Wide Web for designing and build-
ing up distributed, collaborative scientific environments [33, 
34]. QFView was developed in a web-oriented client-server 
architecture (e.g. Java, JDBC) which allowed openness and 
modularity, as well as improved flexibility and integration 
of the visualization components (current and future). A core 
element was the creation of a central database where very 
large data sets were imported, classified and stored for re-
use. The distributed nature of QFView allows the user to ex-
tract, visualize and compare data from the central database 
using World Wide Web access. QFView integrates experi-
mental and computational data processing (e.g. flow field 
mappings with flow field visualization), see Figure 10.

Figure 10: QFView Web Interface

B. LASCOT 
–Visualization as decision-making aid
The LASCOT project [35] is part of the EUREKA/

ITEA initiative. The Information Technology European 
Advancement (ITEA) program for research and 
development in middleware is jointly promoted by the 
Public Authorities in all EU Members States and some 
large European industrial companies.

The goal of LASCOT was to design, develop 
and demonstrate the potential benefits of distributed 
collaborative decision-support technology to the “future 
cyber-enterprise in the global economy” demonstrating the 
following issues:

Support access to traditional information systems • 
and to Web data; 
Enable situation assessment, and provide decision-• 
support facilities as well as simulation and 
validation facilities to support business decisions;
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Include current, enhanced-as-required security tools; • 
Make use of visualization technology for critical • 
tasks such as decision-making and knowledge 
management;
Produce an on line learning application to facilitate • 
the embedding of the platform, by the users.

Figure 11: QFView Web Interface

C. SERKET – Security situation awareness
The SERKET project [36] explored a solution to the 

issue of security in public areas and events by developing 
an innovative system whereby dispersed data from a variety 
of different devices are automatically correlated, analyzed 
and presented to security personnel as ‘the right information 
at the right time’. The aim was to design and to develop an 
open-software platform that can be deployed at low cost.

3D software development in SERKET is centered on 
the visualization and presentation engine, with special 
attention on the application of X3D (eXtensible 3D) and 
XML (eXtensible Markup Language) standards. The graphical 
middleware correlates, combines, annotates and visualizes 
sensor data and related metadata (the application context is 
security). Using sensor data analyzed by other processing 
and data fusion components, the graphical middleware 
builds 3D scenes which represent the objects detected 
by the sensors and the operational status of the sensors 
at their locations. Objects in the 3D scenes are annotated 
with metadata and/or with links to metadata describing the 
security context in relation to the displayed 3D objects. 

The 3D display of the situation removes unambiguous and 
provides highly understandable overview of the situation to 
the security end-user, who is able to switch between different 
levels of viewing details and select, at each level, desired 
viewpoints (the locations of the video cameras define the 
available viewpoints). The 3D model of situation-security 
awareness is parameterized in space and time as shown in 
Figure 13.

Figure 13. The SERKET architecture overview
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Figure 12: The SERKET application

Figure 14. Example of an 
Integrated Modeling Environment [37]

IV. TOWARDS AN INTEGRATED 
 MULTI-DISCIPLINARY 
 ENVIRONMENTS
Today’s trend in software development is towards more 

intelligent, multi-disciplinary systems. Such systems are 
expected to capture engineering intelligence and to put 
in the hands of the engineer advanced tools for designing 
new products or performing investigations. The Integrated 
Modeling Environment (IME) [38] concept is quite recent, 
yet its roots can be found in 1st-generation CAD-CAM 
tools. An IME system attempts to offer to the engineer a 
homogeneous working environment with a single interface 

from which various simulation codes and data sets can be 
accessed and used. In the fluid mechanics application area, 
an IME system needs to integrate the latest CFD and EFD 
‘good working practice’; the system must be constantly 
updated so that at any time, it runs on the most-recent 
software/hardware platform, see Figure 14.

An IME system consists of an Internet portal from which 
the investigator is able to access information/knowledge /
databases and processing functions, at any time and wherever 
they are located / stored. He/she has access to accurate and 
efficient simulation services, for example to several CFD 
solvers. Calculations can be performed extremely fast and 
cheaply where solvers are implemented as parallel code, and 
grid computing resources are available. Results obtained 
can be compared with separate experimental results and 
other computations; this can be done efficiently by accessing 
databases that manage large collections of archived results. 
The possibilities for benchmarking and for exchanging 
knowledge and opinions between investigators are virtually 
infinite in an IME environment. Clearly though, a pre-
requisite for an IME environment to work is its adoption 
by its user community, which agrees on a specific codex 
that enables and guarantees openness and collaboration. 
Typically, an IME system will open Web-access to:

Computational Services: selection of simulation • 
software and access to processing and storage 
resources
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Experimental Services: access to experimental • 
databases with possibility to request new 
measurements
Collaborative Services: chat and video-• 
conferencing, with usage of shared viewers (3D 
interactive collaboration)

Visualization is required to support many tasks in 
an IME software. This poses the problem of building/
selecting data models that can be used by the visualization 
components to present the information correctly to the 
users, whilst offering to them tools for real-time interaction 
in a natural, intuitive manner. The IME can include wall-
displays connected to high-performance, networked 
computing resources. Such systems and architectures are 
no longer a mere vision: they are becoming reality, which 
opens new challenges for scientific visualization software 
researchers and developers. In Figure 15 and Figure 16 
the large multi-tiled display walls, driven by a system for 
parallel rendering running on clusters of workstations (e.g. 
Chromium [39]) can adequately satisfy the requirements of 
the high resolution large-scale visualization systems. 

Figure 15.  Scientific Visualization with Chromium

Figure 16. NASA Space Station on Display Wall

V. CONCLUSION AND FUTURE 
DEVELOPMENTS
Innovation in visualization systems poses the simul-

taneous challenges of: building better, faster and cheaper 
computer-aided solutions to ever more complex scien-
tific, engineering and other multi-disciplinary problems; 
developing sophisticated methodologies and algorithms; 
harnessing the power of upcoming technologies; re-using 
and leveraging the power of legacy systems and solutions; 
and working in increasingly shorter design and production 
cycles.

The paper addresses the author research over many 
years, in which the continuous intention was to combine 
the engineering and computer science domains, trying to 
contribute to the improvements in software development 
methodology for constructing scientific visualization 
software, which role in the multidisciplinary engineering 
environment has became today an obvious prerequisite. The 
paper describe the problem of advancing the state-of-the-
art of scientific visualization systems using object-oriented 
methodologies and programming techniques, which are 
found appropriate for designing and building interactive 
visualization systems that meet all the requirements placed 
on them by engineering disciplines: correctness, accuracy, 
flexibility, performance and by computer science disciplines: 
compatibility, reusability, portability. In particular, we have 
shown the three European project examples that high degree 
of interactivity and user-friendliness can be achieved with 
such software solutions. More importantly, we have provided 
evidence that scientific visualization has deeply changed the 
very nature of the investigative process itself by allowing 
the researcher to explore and view the physical world in an 
intuitive, interactive and deeply illuminating manner.

The next generation engineering visualization tools will 
more and more associate semantic information to 3D mod-
els. They will engage web based software standards like 
X3D (eXtensible 3D) and Semantic Web, in order to en-
hance the visualization and manipulation of the graphical 
content in a distributed engineering network. The envis-
aged software architecture will support ontologies: to in-
terface knowledge-based systems, to promote a web-based 
software solution and to enable automation of perpetual 
engineering tasks.

Figure 17. Architecture overview 
of the ontology based visualization [40]
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Abstract — Croatia is now well on its way to the Euro-
pean Union.  The Croatian academic community and the rel-
evant governmental agencies are progressively getting aware 
of the opportunities that the entry in the EU will unleash for 
education, science and research.  To exploit this potential re-
quires a good understanding of the instruments and the pro-
cedures that the EU has established to facilitate and support 
collaborative research in its Member States and beyond.  It 
also requires concerted action and proper coordination of all 
actors in order to deploy adequate management mechanisms 
within the academic institutions.  The management challenge 
will be a major one, for all institutions and their staff will need 
to adapt to new rules and new attitudes in opening and com-
petitive work environments.

This paper illustrates the complexity of the issues at hand 
by discussing some management problems that must be faced, 
at departmental and individual levels, by the Croatian re-
search institutions that contemplate joining EU research 
programmes.  Attention is focused on what happens before a 
project gets EU funding.  Practical advice is given on what to 
do (and what not to do) in order to set up a proposal that may 
have reasonable changes of getting EU-funding.

It will be argued that for a Croatian academic institution to 
rapidly and fully exploit the opportunities that the EU will offer, it 
could be appropriate for it to establish new internal management 
and support services and processes for positioning, planning, pre-
paring and coordinating its involvement in the EU programmes.

I. INTRODUCTION
It is not easy to present a paper about management in 

a scientific conference meant for engineers.  Yet, at this 
particular point in time, there are many management issues 
that need addressing by the Croatian academic institutions, 
and these relate to Croatia joining the EU.

Most Croatian academics are now quite aware that EU 
membership will have an impact on higher-education and 
on research; not all, however, may fully realize the extent 
of the impact.  To some degree, all institutions and their 
staff, at all decisional and hierarchical levels, will need to 
adapt to new rules and adopt new attitudes in a wider and 
more competitive work environment.

A main challenge will be to clearly identify the problems 
to be solved, to prioritise them and to make sure that the 

right persons and bodies address them in a coherent manner.  
Consultation of all the stakeholders will be needed to plan 
and launch the necessary concerted, coordinated actions.  
Within the Croatian academic community, EU-related 
issues will need to be tackled at the institution, faculty, 
department and individual levels.  Change management 
will need to be at the centre of all attention.

An issue of direct interest to the audience of this 
conference is the question of getting Croatian scientists 
involved in research funded by the EU.  Clearly, this is 
a very wide management issue: it has many dimensions 
and one could talk about it for days.  Since engineers are 
interested in pragmatic work, it seemed suitable to address 
a concrete problem and consider how a faculty or research 
department in Croatia could best organize itself to be part 
of an EU-funded research project.

Here again the topic is quite wide.  Hence I will restrict 
my talk to what happens before a research project gets EU 
funding, and I will focus on the EU- proposal preparation 
phase. Specifically, on the 7th Framework Programme.  I 
will point out the difficulties that you, as an academic 
scientist or professor, may meet in this endeavour.  I will 
draw your attention on the pitfalls and suggest an approach 
which may lead to a successful proposal and which, even 
in the case of failure, may bring new know-how and value 
to you and to your organisation.

II. THE 7TH FRAMEWORK 
 PROGRAMME
It is known that the EU finances many trans-national 

collaborations through funding programmes that support 
its policies in many activity areas.  The EU science and 
research policy is currently supported by the ‘Seventh 
Framework Programme for Research and Technological 
Development’ -- short-named ‘FP7’.  FP7 is a € 50-billion 
programme that will contribute to shaping research in the 
EU over the 2007-2013 period.

FP7 is designed to foster and support collaborative 
research, taking into account Europe’s employment needs, 
competitiveness and quality of life.  With about € 7-billion 
to be distributed per year, FP7 is the EU funding source that 
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will no doubt attract most of the attention of the Croatian 
scientific community in the years to come.  This money 
will be (mainly) spent in ‘grants’ to research actors in the 
EU and beyond and co-finance research, technological 
development and demonstration projects.  Grants will be 
allocated to projects selected through competitive ‘calls for 
proposals’.

This is not the place to further present FP7:  there is 
a lot of information on the EU Web-sites about FP7, its 
objectives, structure, components, coverage, rules of 
procedure, etc.

Hence let us consider a fairly simple question: how 
can a scientist in a Croatian faculty which is yet unfamiliar 
with FP7 join or launch a project that is likely to get EU-
funding?  There are many aspects of this question; let us 
develop several elements of response that you may wish to 
take into account when you contemplate applying for FP7-
funding.

III. GETTING FAMILIAR WITH FP7

A. Get Used to the EU Terminology
There is a language barrier to be overcome if you wish 

to be involved in FP7 and EU activities and it has nothing 
to do with mastering English.  There was a time when the 
various documents issued by the Commission were said 
to be written in ‘Commissionese’, a language of its own, 
known only to the happy few...  Commissionese was the 
result of mixing several national variants of English and 
including new terms, old terms used with new meanings 
and a lot of acronyms...  

Today’s written information from the EU is much more 
readable, yet the EC has kept its own jargon and all EU 
programmes have their own vocabulary, so that a minimum 
of terminology should be learned prior to approaching them.  
A few examples will prove the point.  Consider terms like 
‘framework programme’, ‘specific programme’, ‘call for 
proposals’, ‘instrument’, ‘funding scheme’, ‘evaluation’, 
‘eligibility’, etc. If you have already taken part in a EU-
project, they are all familiar to you; if not, you should 
definitely take some time to learn the language of the EU-
programme of interest to you...

A parenthesis on acronyms.  Acronyms are a core com-
ponent of the ‘dialects’ used in the EU world.  Acronyms 
such as ‘CORDIS’, ‘ERA’, ‘ERAWATCH’ or ‘IPR’ are om-
nipresent; new acronyms appear every day and many are 
likely to leave you puzzled...  Hence it is best to get used 
to EU acronyms.  Years ago, an EC official once publicly 
declared that the EU programmes had given birth to the 
new discipline of ‘acronym engineering’...  All EU-proj-
ects being known by their acronym, be sure to choose your 
project’s acronym carefully so that it can be easily distin-
guished and remembered.  It has become customary for all 
project partners to propose their own acronym and to vote 
for the best one democratically...

You will find too often that many persons work 
on EU proposals with the wrong understanding of the 
provisions, statements and other requirements found in 
the documentation from the EC.  This invariably leads to 
misinterpretations and errors, possibly to conflicts, and in 
all cases to useless work.  Understanding the terminology 
of the EU requires some effort.  The time spent reading and 
learning the basic concepts of FP7 -- or the programme of 
interest to you -- is definitely time smartly invested.

B. Understand the Roadmap to Success in FP7
The road-map to success for a FP7-proposal is often 

described as follows:

Have an idea (or vision) for a new, promising line of 1. 
research.

Find out whether, where and which type of FP7-2. 
funding is at all possible.  This means identifying, in FP7, 
the specific programme and call for proposals that covers 
your idea, then understanding how to apply for funding.

Seek out potential project partners (some must be 3. 
abroad) who are interested in your idea and are willing to 
contribute.

Develop your project proposal according to the 4. 
applicable rules and submit it to the EC using the imposed 
procedure (e-submission; beware of the deadline).

Wait for the response from the EC.  The EC decision 5. 
regarding the (non)funding of your proposal rests essentially 
on the opinion of an independent expert panel who have 
assessed it (according to a strictly controlled procedure).  
All going well, the EC lets you know that your project is 
eligible for funding.

Wait for the EC to invite you to take part in the 6. 
‘contract negotiation’ aimed at setting the final granting 
conditions.  In this process, The EC may ask you to adapt 
your project (work programme and budget) to meet certain 
requirements prior to allowing the grant.

Wait for the formal ‘grant agreement’ from the EC.  7. 
One it is received, your FP7-project and consortium are 
legally established.  Research work can start under the FP7 
umbrella with EU-funding.

It all seems quite straightforward.  The formulation 
above is meant to highlight the fact that the ‘applicants’ for 
funding (you) are in control of the early part of the process 
only.  Steps 3 and 4 constitute the bulk of the ‘proposal 
preparation phase’; these steps are really the critical ones 
and the hardest to control yet, in many cases, they get too 
little attention and lead to unsatisfactory results.  As we 
shall see, precautions can be taken to ensure that things go 
right when preparing the proposal.

C. Know the Proposal Evaluation Procedure
Prior to writing your proposal, it is useful to understand 

on which basis and how the EC will assess it and decide 
on its fate.
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In FP7, the EC evaluates all ‘eligible’ proposals -- 
and only the eligible ones ! see next Section -- in order to 
determine which ones are of sufficient quality for possible 
funding.  The proposals are evaluated in a ‘peer-review’ mode 
by independent experts nominated by the EC.  Typically, the 
experts meet during an ‘n’-day session to assess the proposals 
received in response to a given ‘Call for proposals’.  The 
assessment is conducted according to a strict procedure on 
the basis of fixed evaluation criteria.  The criteria shown in  
Table I are typically used for evaluation (illustrative value 
only).

TABLE I.  
A set of proposal evaluation criteria

SCIENTIFIC AND/OR TECHNOLOGICAL EXCELLENCE:1. 

 a) Soundness of concept, and quality of objectives

 b) Progress beyond the state-of-the-art

 c) Quality and effectiveness of the S/T methodology 
  and associated work plan

QUALITY AND EFFICIENCY OF IMPLEMENTATION  2. 
 AND MANAGEMENT

 a) Appropriateness of the management structure and procedures

 b) Quality and relevant experience 
  of the individual participants

 c) Quality of the consortium as a whole  
  (including complementarity, balance)

 d) Appropriateness of the allocation and justification of the 
  resources to be committed (budget, staff, equipment)

POTENTIAL IMPACT THROUGH THE PROJECT RESULTS3. 

 a) Contribution, at the European and/or international 
  level, to the expected impacts listed in the work 
  programme under relevant topic/activity.

 b) Appropriateness of measures for the dissemination 
  and/or exploitation of project results, 
  and management of intellectual property.

Note that where there are ethical concerns (this is mainly 
true in health research), ethical measures may be required 
and in that case, these will also be evaluated.

The experts rate a proposal by giving a score for each 
evaluation criterion, for example on a 0 to 5 scale.  The 
scores could be as follows:  1=Very poor; 2=Poor; 3=Fair; 
4=Good; 5=Excellent.  A minimum quality threshold is 
fixed for each criterion (e.g. min. 3/5) and for the total score 
(e.g. min. 10/15).  If all scores are above the thresholds (a 
consensus of the experts is sought on the scores), the EC 
considers that the proposal is eligible for funding.

The Commission may then decide to negotiate with 
the projects eligible for funding -- some or all of them, 
depending on the available budget.  Where negotiations 
succeed, ‘grant agreements’ providing for EU-funding are 
established.

D. Understand What ‘Eligibility’ Means
Not all proposals submitted to the EC are evaluated: 

a proposal submitted to the EC must be ‘eligible’ to get 

evaluated. Prior to entering the evaluation process, the 
proposal should meet all the applicable ‘eligibility criteria’.  
Eligibility is the first filter, and it is applied by the EC 
officers.  If a single eligibility criterion fails to be met, the 
proposal is merely rejected.

The eligibility criteria are defined in the ‘work pro-
gramme’.  There may also be additional eligibility criteria 
for the Call.  Eligibility criteria generally touch upon sev-
eral elements and characteristics of the project.  There are 
requirements imposed on the composition of the partner-
ship, such as number of participants, types of participants, 
places of establishment of participants, etc.

There may be eligibility criteria placed on the overall 
budget and on the contribution from the EU.  There may be 
limits placed on certain parts of the budget; for example, 
the budget spent on management should not exceed a set 
fraction (e.g. 7%) of the total project cost.

Most importantly, the proposed research should ‘fit 
with the Call’ and ‘address the Topics of the Call’.  Check-
ing that the planned research fits to a Topic and a Call is 
probably the hardest thing to do.  This is an arguable area 
of eligibility since it may involve an interpretation of the 
coverage and finality of the EU Call.

Selecting the right Call/Topic for a proposal should be 
made very carefully, on the basis of a thorough understand-
ing of the EU policies and objectives for the work pro-
gramme.  Consulting with the EC on the suitability of an 
idea for a Call/Topic prior to starting any proposal write-up 
is a wise precaution.  One may, in certain cases, submit 
the idea to a ‘pre-proposal check’ performed by an EC-des-
ignated expert, and it is recommended to do it as prudent 
measure.  Be aware that even a positive pre-proposal check 
is not a guarantee that the final (full) proposal will be eli-
gible.  Submitting a proposal to the ‘wrong’ Call/Topic may 
mean rejection of the proposal on non-eligibility grounds.

To be complete, let us mention that a proposal may also 
be rejected on ethical grounds.  Any ethical, safety or regu-
latory issues which could arise from the research must be 
pointed out in the proposal and dealt with explicitly by the 
project.  For example, experiments on animals in a bioge-
netics research project would need to be monitored and al-
lowed by an ethical review panel.  An ethical check (plus an 
ethical review if the issues at hand are sensitive) will take 
place during the proposal evaluation.

Let us conclude the proposal assessment topic by noting 
that a formal ‘redress procedure’ exists and can be engaged 
by the applicants who wish to question the rejection of their 
proposal.  For evident reasons, the chances of success of 
this type of appeal procedure are, at best, fairly small.

E. Know the Structure of an FP7-Proposal
Your FP7-proposal is expected to completely define the 

research project that  you plan to undertake.  In order to 
develop the proposal, you will need to analyse all aspects 
of your project and document them at the appropriate 
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level of detail.  You should cover the scientific/technical, 
management, administrative, financial and cost/budgetary 
aspects of your project.  Gathering all the requested data 
and information can be in itself quite a challenge for most 
academic researchers.

The data are collected in ‘Part A’ of the proposal and 
the bulk of the description of the project is ‘Part B’ of the 
proposal.  Hence an FP7-proposal comprises:

In Part A:  A summary of the project, data • 
about the participants (identification, contact 
and administrative details), and budgetary and 
requested-funding data;

In Part B:  The work programme itself, i.e. an • 
extensive description of the intended work, 
including amongst other things: relevance to EU 
policies, scientific/technical objectives, nature and 
extent of research, roles of participants, expected 
benefits and impact.

The EC demands that all proposals be presented using 
imposed data-entry forms (Part A) and a template (Part B).  
The rationale for the template is that by imposing a structure 
 -- i.e. a sequence of section headings --, one ensures that all 
important/necessary topics and aspects of the research will 
be covered.  A maximum length is usually specified for the 
sections of Part B.

F. Check up the FP7- 
Proposal Submission Tool
All FP7-proposals must be submitted using a Web-based 

service called the ‘Electronic Proposal Submission Service’.  
EPSS provides a secure work-space for the ‘applicants’ -- 
the ‘Coordinator’ and the ‘Other Participants’ -- to jointly 
prepare the proposal.  Access to EPSS is through a web-
browser.  Proposals that are not submitted through EPSS 
are simply discarded and are not evaluated.

Using EPSS is quite easy as long as every partner is 
aware of its limitations.

First, EPSS is not a permanent service: it is made • 
available on a Call per Call basis, several weeks 
prior to the submission deadline.  Hence one cannot 
test it at any time.

Second, EPSS must be initialised and set up by the • 
‘Coordinator’ (see below) for it to be available to its 
partners the ‘Other Participants’.  Each participant 
may then log in onto EPSS to input its own data 
using e-forms.

Third, EPSS is not a word-processing platform: it • 
does not support shared document editing.  Part 
B of the proposal must be prepared/edited offline; 
once completed, the Coordinator must upload it onto 
EPSS as one (or two) Acrobat ‘pdf’ file(s).

The Coordinator must explicitly submit the proposal for 
registration with the EC.  Any proposal uploaded on EPPS 

but not submitted and registered is simply ‘unknown’ to 
the EC. The submission deadline is strictly (automatically) 
enforced.

Note that successive drafts of the proposal may be 
submitted (and registered): each new submission overwrites 
the previous one, which allows for corrections to be made 
to the proposal.

Prior to submitting the proposal, the Coordinator should 
ensure that Part-B is complete and that all mandatory 
sections are provided.  Omitting requested information will 
mean lower scores and the possible rejection of the proposal.  
The completeness of Part A should also be checked, but 
this is somewhat easier since EPSS runs validation checks 
on the input data and reports several types of errors or 
inconsistencies (e.g. missing items).

G. Keep In Mind Some Proposal Writing Tips
The proposal that you will submit to the EC is a 

comprehensive, stand-alone document which should 
clearly and completely describe the research activities that 
you plan to carry out.  It should explain who will carry 
out the work, outline the working methodologies and 
the management methods (activity monitoring, problem 
solving, risk control), and provide estimates of activity 
timing and working costs.

Your proposal is the only document available to the EC 
to judge the value of your research idea and work-plan: it 
must be convincing.  It must be long enough to provide 
all information necessary for the reader to understand your 
idea and the way it will be implemented, yet it must be short 
enough not to discourage the readers -- the EC officers and 
the experts -- who may need to assess tens of competitive 
proposals in a matter of days.

Your writing style should be precise and concise.  
A common pitfall is to produce lengthy, repetitive and 
otherwise ‘wordy’ proposals.  Be brief and get to the point: 
common-sense arguments and matter-of-fact descriptions 
are far more useful than vague or pedantic digressions.  
Tailor the information to serve the proposal by cutting out 
all redundant or irrelevant information.  This last remark 
should be kept in mind especially when presenting the 
know-how and competences of the participating institutions 
and scientists.  Remember that generic faculty/department 
profiles and all-purpose CV’s tend to be unconvincing; if 
they are long, they are tedious to read.  It is not the job of 
the evaluators to seek out which part of a profile or CV is 
relevant to the project: it is up to the applicants to filter out 
and highlight the relevant information.

This also means that each applicant should select its 
own internal project team -- the scientists who will actually 
carry out the research -- very carefully and on the basis of 
their true added-value to the research.  Remember finally 
that the staff whom you include in your project team must 
not only be competent but actually available for performing 
the work assigned to them in the proposal.
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IV. GETTING READY FOR FP7

A. Ensure that EU-funding is Appropriate
It is not obvious that getting EU-funding is the only 

and best way for financing your research project.  There 
may be alternative sources of financing -- national or 
international, public or private -- that should be considered 
prior to applying for EU money.  Selecting FP7 as a funding 
source should be an informed decision based on rational 
arguments.

Your decision ‘to go or not to go FP7’ should account 
for several factors: the nature of your research, the policies 
and regulations of your institution regarding collaboration 
with external parties (e.g. public-private partnerships), the 
research context in which you operate, the implementation 
constraints, and other particular requirements linked for 
example to intellectual property, to legal situations and 
other circumstances.  Simply put, your participation to an 
FP7-project should fit in your research environment and be 
coherent with the strategy and rules of operation of your 
institution.  It may be that your stated intention to enter an 
FP7-project will trigger an interesting debate on research 
policy and strategic issues in your department, faculty and 
institution.

There are several ways FP7 could fund your research:  
FP7 provides for several ‘funding schemes’ -- such as the 
‘Collaborative Project’ (see below).  In actual case, it is 
important to ensure that you apply for the right ‘funding 
scheme’, i.e. for a scheme which is available in the Call and 
eligible for your institution and which best suits your needs.  
Hence prior to deciding, attention should be invested in 
analysing the possible ‘funding schemes’ and selecting the 
right one.

It is useful to remember that work in a EU-funded project 
must be conducted in compliance with the contract -- the 
‘grant agreement’ -- signed with the EC.  This means that, 
quite normally, there are certain ‘strings’ attached to the 
money received from the EU.  First, the project work must 
be implemented and the deliverables produced according 
to the work programme approved by the EC (there are 
however provisions for changes as the research unfolds).  
Second, the reporting rules and cost-control obligations 
must be respected.  The EC retains the right to control how 
grant money has been spent by the project.  Third, since 
the research is conducted by a consortium, communication 
channels and interfaces between the partners need to be set 
up and managed.  In ‘heavier’ projects with many partners, 
there may be difficulties linked to communication, to 
decision-making, to dependencies, late deliveries, etc. and 
the management overhead may be important.

All in all, working in an FP7-project implies certain 
constraints and a certain amount of overhead.  In order 
to meet the reporting obligations vis à vis the EC, your 
institution may need to adapt its internal systems and 
procedures to be able to produce the records and reports 
required by the EC.

B. Select the Right Research Idea
A good research idea does not necessarily make a 

proposal that will get EU-funding.  A poor research plan, 
however, is very unlikely to lead to a good proposal and to 
funding: the EC has learned to distinguish between high-
quality and poor-quality projects.  It happens that a proposal 
for good research gets no funding; when it is the case, the 
applicants should consider re-submitting it (with some 
improvements).  There has been instances where proposals 
have been funded on a second or third re-submission.  In 
any case, selecting the ‘right’ research idea in the right area 
is a must prior to considering FP7-funding.

We will examine the scenario where you have an idea 
for a major line of research.  Assume that your research 
project is ambitious: it should last from 2 to 4 years with 
a budget of the order of 2-6 million euros.  Assume also 
that your intended research would highly benefit from 
contributions from research institutions abroad.  Your own 
institution is unable to fund this work and obtaining funds 
at national level is not possible.  This is where you should 
investigate the possibility of obtaining FP7-funding.  The 
so-called ‘funding scheme’ available in FP7 to help you 
carry out your research is called a ‘Collaborative Project’.

A good practice is to document your research idea in 
the form of an ‘executive summary’ -- one or two pages 
written to convince your colleagues, your supervisor, 
your hierarchy  -- possibly a Faculty review board -- and 
some friendly potential partner that your idea will lead to 
an exciting piece of research.  Armed with your executive 
summary, you are ready to contact EC officers to informally 
discuss and check the suitability of your idea for applying 
to FP7 support:  it is always a good idea to get their opinion 
as early as possible.

C. Choose Your Own Role in the Project
If you had an idea for an FP7-project, you probably 

have an idea on how the research could be organized and 
how work should eventually be conducted.  If you wish 
to keep an eye on how the project progresses, you should 
probably take up the position of ‘Coordinator’.  The Co-
ordinator has certain legally-defined obligations: it is the 
partner who will oversee the overall implementation of the 
project and the operation of the consortium.  If you choose 
to be the Coordinator (you ‘own’ the research idea but you 
need not take on this role), your institution (and yourself) 
will be the single point of contact between the consortium 
and the EC.  All communications from/to the EC will pass 
through you and you would need to relay/collect them to/
from your partners.

Most consortium and project-level management tasks 
are performed by the Coordinator.  Such tasks are quite 
distinct from scientific/research work and usually require 
significant effort and specific skills, if not a taste for 
management.  As a scientist, you may be willing to lead and 
coordinate the research work, but quite reluctant to take on 
the administrative/management tasks normally assigned to 
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the Coordinator.  You might decide to pass on the position 
of Coordinator to another partner so as to concentrate on 
your research;  in this case, you may agree to retain the role 
of ‘Scientific Lead or Coordinator’.  The distribution of 
roles is all a matter of negotiation and agreement between 
the partners at the early stages of the proposal preparation 
phase.

If your institution acts as Coordinator, you could 
assign the scientific and management coordination tasks to 
different persons, depending on your internal organisation. 
In general, specific support staff, services and procedures (a 
‘project unit’ or ‘project office’) will be needed internally 
for you to perform well as a Coordinator.

D. Select the Right Partnership
FP7 ‘Collaborative Projects’ must be run by a consortium 

of several partners established in different countries (this is 
an eligibility requirement).  The consortium should be built 
carefully with partners chosen according to their ability to 
contribute to the project.  The consortium must be coherent 
and economical, i.e. complete and non-redundant from the 
points of view of competences, capacities and resources.  
The ideal consortium is one where one cannot withdraw 
one partner without damage to the project and where adding 
a partner results in no benefit to the project.

Selecting the ‘core’ partners of a project is often quite 
easy: the Coordinator knows and approaches the scientists 
who have the best scientific knowledge in the research area 
of the project.  Additional partners may eventually be invited 
to join the project in a less controlled manner.  A partner that 
joins a project should be accepted for ‘good’ and justified 
reasons, i.e. with a clear understanding of its added-value 
and contribution to the project.  Clearly, increasing the size 
of a consortium tends to increase the cost of the project 
with smaller contributions/budgets for each Partner.  In 
many cases, ‘small’ partners cannot significantly contribute 
to the project and represent an overhead.

The ‘quality of the consortium as a whole’ will be 
assessed by the EC, who will judge of the complementary 
of the partners, of their contribution to the work and on the 
overall balance between the partners.

A last remark.  There are several services and web-sites 
provided by the EC to facilitate partner search.  It may be 
useful for you to post your search-for-partner requests on 
such sites, and to scan their data bases to locate potential 
partners with specific profiles.

V. GETTING ORGANIZED 
FOR YOUR FP7-PROPOSAL

A. Stage A Proposal Kick-Off Meeting
There is no better way to get people interested in 

collaborating in a EU-proposal than to meet with all of 
them together.  A ‘proposal kick-off’ meeting is probably 
the best way to get a project going.  A face-to-face meeting 

allows people to get to know each other, to agree on the 
idea and aim of the project and to outline the overall project 
framework.  Staging it formally marks the beginning of the 
proposal-making phase.  There should be ample time (say 
12 weeks) till the proposal submission deadline.

The meeting should take place as soon as the core 
partnership is fairly well-established and there is agreement 
around the project idea.  Organizing a meeting too early may 
be unproductive (even counter-productive) since ideas are 
not mature. Organizing it too late will lead to late delivery 
problems (possibly to missing the deadline).  Ideally, the 
meeting should allow for a full day of work.

The Coordinator should define a formal agenda for the 
kick-off meeting.  The expected outcome and results of the 
meeting should be identified so that every participant can 
get prepared.  A well-run meeting should lead to agree-
ments on: a close-to-final project abstract, the contributions 
and roles of the lead partners, an outline of the work-plan 
(list of work packages), an overall budget envelope and a 
preliminary distribution of the budget between work pack-
ages and partners.  The participants should also leave the 
meeting with a clear view of the proposal writing plan (who 
does what, for when).

The meeting should, hopefully, seal the commitments 
of all participants.  The potential partners unable to attend 
should be kept informed of during the meeting, of the 
decisions taken, and invited to comment and react where 
necessary.

The value of a kick-off meeting as a way of ‘cementing’ 
the project should not be underestimated.

B. Define the Partners Contributions 
to the Proposal
Writing an EU-proposal is like having a large orches-

tra perform a concerto with musicians who play together 
for the first time: there must be a conductor who is able to 
tell the musicians how and when to play.  The conductor 
will soon find out that some musicians know their score, 
that others do not and that all look up to him (her) to syn-
chronize them...  If the conductor is not directive enough, 
chances are slim that the music will be appreciated...

To streamline the proposal-making activity, one needs 
a ‘conductor’ to lead the work: someone -- quite often but 
not necessarily the Coordinator -- should take on the role 
of ‘Editor’.  The Editor should be prepared for frequent, 
almost continuous interactions with all the partners during 
the proposal writing phase.  The Editor will act as help-desk 
and answer the many questions that invariably arise from 
the partners.  Not everyone is familiar with EU-proposal 
writing and the Editor needs to instruct, explain, check and 
rectify the interpretations of requirements.

Each partner should formally designate its contributor.  
Ideally, all writers -- especially the Editor -- should be fluent 
in English, which remains the language understood by most 
(note however that one may submit proposals in any of the 
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EU languages; the decision rests with the partners).  All 
contributors and the Editor are expected to book reasonable 
time to prepare and deliver their contributions on the agreed 
deadlines, as required.  A time-line must be defined and 
complied with.

A last comment.  The roles of the partners during 
proposal write-up are not to be confused with their roles in 
the project-to-be.  You may find that a partner with a small 
share of the project will contribute a lot to the proposal 
whilst a ‘major’ partner will be of little help for the proposal 
(if this happens though, you may like to reconsider the 
participation of that partner...).

C. Plan the Proposal-Making Process
It should be obvious by now that putting together an 

FP7-proposal is no small feat: writing it (40 to 100 pages 
based on inputs from many partners) requires knowledge, 
skills, commitment and... enough time.

Preparing the proposal may be an excruciating or 
pleasant experience: it all depends on how carefully one 
has organized and planned the work and also -- mainly -- 
on the commitment of the persons who contribute to the 
write-up.

In Collaborative Projects, all partners should contribute.  
It is not a good idea to have a single person -- the Editor 
-- write the full proposal.  It is far better to have Sections 
of the proposal -- typically those that relate to the Work 
Packages -- written by the relevant lead scientists.  The 
Editor’s job is to cut down the proposal into sections and 
to assign them to the Partners.  Requesting and collecting 
the various contributions from the Partners typically takes 
time and dedication, even where the partners have been 
precisely told what is expected from them...

An example of a managed proposal-making sequence is 
shown in Table II.

TABLE II. 
Example of a proposal-making process

KICK-OFF MEETING1. 

n=0

Issue Proposal-V(n) to Partners2. 

Collect & Check Partners Contributions3. 

Consolidate & Edit V(n+1)-Proposal4. 

∀5.	 n: Verify Proposal Compliance

n >~3: Ensure Peer-Review6. 

∀7.	 t: Go/NoGo Decision

n=n+1, Go to (2)

Post Proposal on EPSS8. 

Final-Check Proposal Compliance & Quality9. 

SUBMIT PROPOSAL10. 

Some comments on the ‘Go/NoGo’ decision step.

It is not because the base idea is good and you have 
started writing a proposal that you should submit it at all 
costs.  Unexpected difficulties or obstacles may arise that 
will prevent you from completing the proposal in time, or 
completing the proposal with the desirable level of quality.

You must avoid submitting a low-quality piece of work.  
This means that you may need to halt the proposal-making 
process if some of the key elements are missing or are 
found weak.  It is therefore good practice to provide for a 
formal ‘Go/NoGo’ decision mechanism agreed upon by all 
partners.  In case of need, this mechanism can be activated 
to suspend or abort the proposal writing work to avoid 
unnecessary work.  The NoGo decision should be taken on 
objective criteria so as to limit the disappointment of all 
persons involved.

VI. GETTING PREPARED AT  
  INSTITUTION/ FACULTY LEVEL
Getting research funded by the EU -- or any other 

funding source for that matter -- is a major planning and 
management exercise.  Putting together an FP7-proposal 
and partnership is a complex undertaking that requires 
know-how, dedication, hard work, a budget (admittedly 
limited) and good timing.  The proposal preparation phase 
is probably the most critical and the hardest to control 
and manage yet, paradoxically, it tends to be disregarded 
compared to the project implementation phase.

If there were a recipe to guarantee funding when one 
submits a EU-proposal, it would be known by now.  There 
is none, because many factors determine whether a propos-
al gets funded or not, and these are not all under the control 
of the applicants.  The institutions and faculties may like 
to let their scientists seek for funding and run projects on 
their own, in isolation.  Yet, when it comes to joining EU-
programmes, there is much to be gained by acting within 
a clear management framework.  This will maximize the 
chances of success and allows the capture of management 
information and knowledge that can be beneficial to the in-
dividuals involved and their institution, faculty or depart-
ment.

The decision to apply for EU-funding should be a ra-
tional, informed one rather than merely opportunistic; it 
should be taken in a defined policy framework involving 
all stakeholders of the institution/faculty.  Prior to launch-
ing or entering a EU-project, a faculty or department 
should weight the specific pros and cons of that project.  
The opportunities opened by funding of international col-
laboration are extremely attractive and exciting, but they 
are somewhat offset by the requirements that the EU places 
on its funded projects.  Strict reporting constraints apply, 
which the institution’s administrative, financial and man-
agement systems must be able to meet.  In all cases, the 
scientific team and the administrative/support staff should 
all be prepared to meet the requirements placed on them by 
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the ‘grant agreement’ of the EC, and this usually requires 
information, training and, quite likely, adapted internal pro-
cedures.

At this point in time, it could be appropriate for the Cro-
atian academic institutions to tune their policies and goals 
regarding participation in EU-funded research.  Those in-
stitutions that consider FP7 (or other EU-programmes) as 
strategic and key to their development would do well to 
review their internal organisation to determine whether it 
is ready and well-adapted to deal with EU-funded appli-
cations and projects.  Auditing the internal organisation’s 
capacity to respond to the requirements imposed by EU-
funding may uncover the need for changes.  Various actions 
may then need to be taken to facilitate and foster the access 
of scientists to EU-funded research, for example:

Setting up a ‘watch service’ for monitoring EU • 
research policies, funding programmes/calls and 
EU-projects, in areas of interest.  Capturing, filtering 
EU-relevant information and diffusing it to the 
need-to-know persons.
Developing and maintaining an FP7-adapted • 
documentation system covering for example:  
policy and objective statements, institution (faculty, 
department) profiles, standardised scientists CVs, 
FP7-compliant working procedures....
Organizing periodic faculty/department meetings/• 
seminars on selected EU research policies, initiatives, 
programmes.  Setting up mechanisms to elicit, 
discuss and develop EU-fundable research ideas.
Training scientists on EU matters and encouraging • 
them to systematically develop and propose research 
ideas. Coaching administrative and support staff on 
EU requirements. 
Setting up new, identifiable service entities within • 
the institution for explicitly dealing with EU affairs 
and providing support to the scientists.

A list of possible preparatory actions is proposed in  
Table III.

TABLE III.  
Preparatory actions at institution/faculty level

Define EU-funding & project participation policies1. 

Conduct ‘FP7-audit’ of internal services & systems2. 

Establish FP7-support services & procedures3. 

Define formal EU-management functions & roles4. 

Train scientific & support staff5. 

Install EU-programmes watch service6. 

Foster innovative research ideas7. 

Foster collaborative networking & partners search8. 

Filter out project ideas & core partners9. 

Locate relevant programme/call/topic10. 

Launch proposal preparation sequence/process11. 

VII. CONCLUSION
For the Croatian academic community to rapidly and 

fully exploit the research opportunities that the EU will 
offer, its institutions, faculties and departments need to 
systematically build up their management competences 
in the area of EU funding policies, programmes and 
procedures.  It is likely that parts of the internal organisation 
of academic bodies will need to be changed/upgraded to 
be able to respond fully and efficiently to the requirements 
of EU-funding.  This will require the implementation of 
coordinated action plans involving all the stakeholders of 
the Croatian research.

Disclaimer
The views expressed in this paper are the author’s only 

and are his sole responsibility; they result from his own 
experience with EU proposals and projects.  The statements 
herein reflect in no way the official position of the EC, even 
where based on material extracted from EC public web-
sites such as

http://ec.europa.eu/research/fp7/ 
 and 

http://cordis.europa.eu/fp7/.
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Abstract — The modern paradigm of civilizational devel-
opment is the knowledge society. Pillars of knowledge society 
are: a) Information Society, b) Networked society, c) Knowl-
edge economy, and d) Life-long learning. Each of these pillars 
is the immanent to the knowledge society and there is no de-
velopment without connection these four elements. In modern 
conditions yet two essentials process are very important which 
presented specific limitations. That is:planetary ecologically 
frameworks and the social cohesion. Therefore - important-
ly understands the interaction between technical, economic, 
social and the environmental system and processes. The eco-
logically framework suggests how industry and whole society 
needs in the future reduce the conflict with ecosystem of the 
world, and social cohesion points out the importance: (a) the 
fiducia people and their trust in the institution of society and 
states, (b) the joining people and their public activity in dif-
ferent social, political and business organizations, and (c) the 
respect of concept civillity (respect publicly defined regula-
tions). 

This paper shows the model of developments of innova-
tions in the model of triple helix for the transition country and 
point out the importance of social capital and social cohesions 
in development new technologies for the knowledge society.

Keywords — knowledge economy, knowledge society, new 
technolgies, research institution; social capital, social cohe-
sion

I. THE KNOWLEDGE SOCIETY
The basic characteristic of “knowledge society” was 

able describe the analogy with the model of “learning 
organisation” - continued the process in which society 
develops in the constant adaptation to new all accelerated 
challenges in the environment; accelerated changes 
traditional ways of life, work and knowledge acquisitions; 
how is in the middle XX centuries point Leslie White: 
technolo-gies determines the development of the society.

Pillars of knowledge society are:

a) computerised the economy, the public sector and citizens 
– Information society, 

b) the network of economy, the public sector and citizens 
based on new technologies of commu-nication - 
Networked society,  

c) the production and distributions of knowledges 
and using the knowledge in economic activities as 
base of working and developments - Knowledge 
economy, and  

d) continued educating of all individuals - Life-long 
learning (Figure 1). 

Figure 1: Structure of knowledge societies 
(basic sectors) 

Development of national economy, local communities 
in the region and the techno-economic system or some 
institutions presumes changes of: (a) institutional, (b) 
social, (c) administrative and (d) changes of systems of 
values; i.e. abandoning of usual attitudes which are opposed 
to the function aim of expected development. 

That points out the complexity of processes of 
developments which, therefore, includes all important 
sectors of social life, culture, and political behaviour, 
economic, social and individual effici-ency.
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II. THE KNOWLEDGE ECONOMY AND 
TECHNOLOGIES
The knowledge economy marks the concept of econo-

my which is based on the production and distributions and 
commercial uses of knowledge. In that concept of economy 
high percentage of em-ployed included the research, mod-
elling and designing of product, development of technolo-
gies, marketing, sell and the fast-selling services (trainings, 
maintenance etc.), and all lower in the production and the 
exchange of material goods  between the people and na-
ture. In such is the economy constant and huge (difficultly 
numerable) the flow of information, different thinking and 
concepts and through all economic and admini-strative ac-
tivities in the great amount are strong the influence of sci-
ence and technologies.

Structures and organisations of knowledge constantly 
changes under the influence of three components: cogni-
tive, communication and infor-mational. Here is important 
understand the interaction between: technical, economic, 
social and the environ-mental system and processes. The 
industrial ecology is the concept how industry (overall so-
ciety) needs in the future to reduce the conflict with eco-
system of world.1

Many authors yet before ten years concludes the ex-
ponential growth of developments of know-ledge i.e. that 
reduces the period of doublings of knowledge; so in the 
beginning third millennium knowledge in the science and 
the engineering doubled every five years.2

Key element of knowledge economy at the level tech-
no-economic system is the education of employee and their 
knowledge - which frequently names “human capital” and 
towards that element (factor of production) creators of de-
velopment policy in the country and owners-businessmen 
correspon-dding behaves. Successful business in knowl-
edge economy based at the information and knowledge.  In 
progress processes of globalization knowledge is more and 
more on the value; it cuts costs of business, promotes busi-
ness and develops new technologies and products.  

Comparing the industrial economy with the economy 
of knowledge was able at these second  observe process 
more and more is represented “the abstraction” of busi-

1. OECD analyses show that is Sweden, USA, Korea and  
Finland - four countries with the most developed economy of 
knowledge - considering their investing in the knowledge spe-
cifically (the academic education, private and public invest-ting 
in the research and development and the software) highest and 
outlines between 5.2 and 6.5 % of GDP. The such development 
most quickly follow Nordic countries, Ireland and the Australia 
whose is investments in the knowledge during last decades of 
XX century grow at the rate per annum of 3,4 %, and gross in-
vestments in the fixed capital on the rate of 2,2 % yearly. About 
the economy of knowledge, therefore, was able speak when capi-
tal investments occur are replaced investing in the knowledge as 
basic factor of economic growth. (Švarc, 2004).  
2. Venturesome estimates point out the possibility that 2020 
years knowledge double anyone 170 day. Whereof in more detail 
- Ivanović, 2006         

ness activities - within the meaning that activities which is 
related to research and services tends accelerated increas-
ing of impor-tance in representation those activities in the 
creation of gross domestic product (GDP). Second is part 
of the investment in intangibles: educating, health and cul-
ture; where also achieves the strongly increasing in relation 
to the investment in the physical capital.  

Essence in the knowledge economy is  capitalizations 
of knowledge. The functionally connection of research re-
sources with other parts of socio-economic system for the 
purpose of creation of new technologies and innovations 
or products, processes and services competitive on world 
markets are essence of economy of knowledge. If public 
financed science does not operate the as open system func-
tionally related to economy - she becomes autistic, is iso-
lated and unnecessary. 

Needs point out that the importance of knowledge in 
the new (knowledge) economy has restricted only on high-
technological sectors; orga-nisational style production and 
in low-tech sectors same is in the process transformations 
usage new knowledge-bases. Crucially in that question 
the management to the processes of production - the how 
lonely knowledge so and material products and services; 
management enables the much usage of potential for the 
efficiency of knowledge. 

Technologies are the important driving force for the 
economic development; technologies and communications 
are two essentials for the develop-ment of sustainable soci-
eties. Without new sustain-nable technologies - are not the 
possible economic growth and the development of global 
values; without skills of communications in the society is 
not possible agreement in democratic processes for differ-
ent new technologies.

III. THE TRIPLE HELIX OF 
  INNOVATIONS
Developed countries entered by the end of XX century 

into knowledge economy – an essential pillar of knowledge 
society paradigm - building with science and technologies as 
the infrastructure for the building of knowledge society.3

Economy of knowledge results from com-bining four 
interdependent elements: production of knowledge (mostly 
through the scientific research), transfer of knowledge 
(through the education and training), disseminate the 
knowledge (through information and communications 
technologies) and using the knowledge in technological 
innovations. At the same time occur new structures and forms 
production, transfer and the implementation of knowledge 
including while growing number of attendants, as a rule, 
with the corresponding growth of the internationalised 
web-started context. [3] 

Capitalizations of knowledge are the initiator of 
economy of knowledge; this process implemented through 
3. Construct of the Europe of knowledge is primary EU objective 
from the Lisboan session of European Council in March 2000.
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innovations which inside integrate the scientific research, 
his technological implementation and the commercial 
exploitation. In transformations of industrial economy to 
the economy and the knowledge society those in processes 
of capita-lization of knowledge specially point have 
universities – which and lonely in this processes passes 
their transformation in the direction of more responsibly 
role and the stronger activity.  

Because is located in the crossway research, educating 
and innovations - universities in many views hold the key 
of economy and knowledge society. 4

The besides excellent developed research work and 
efficient technologies three important S&T of component 
on which develops countries are different from European 
transition countries; 

Developed countries differ from European transition 
countries in three important S&T com-ponents:   

High GERD and market oriented development of 1. 
new technologies / product,

Developed networks of research institutions with 2. 
strong and qualitative research structure 

Establishment of cooperation model connecting 3. 
university, economy and government (the triple helix) - that 
has enabled yet more intensive development of science and 
technologies.

Developing countries (especially countries in the 
transition) are in the expressed weaker position in all 
three abovementioned elements and S&T sector operates 
in significantly unfavourable political, economic and the 
social environment. That certainly influences on that results 
of the transitional S&T of sector weaker in contributions 
world fund of knowledge and technologies. Tendency of 
accelera-ted increase of gap between these two groups of 
countries is evident.  

The basic idea of Triple Helix (TH) relation in 
development knowledge and technologies is in the 
connection three sectors: (a) universities, (b) econo-mies 
and (c) states. In last decades of XX century acceleration 
of development of science and techno-logies innovation in 
economic activities more lonely question of administration 
of company already in this activities more and more have 
included and other sectors. 

Debate about the setting up TH of model for the transition 
country is not lonely combining the different rate of financial 
investments for the research and/or possible organizational 
forms of cooperation three basic subjects TH (countries, 
universities and economies). Here for the purpose of  needs 
respects series of aggravating circumstances which – if do 
not build in the model TH – make the debate about TH and 
his modelling irrelevant, i.e. unrealistic, unnecessary. 

Specifically, in transitional countries not was able ig-
nore short capital earning capacities of transition economy, 

4. Sees whereof in more details in [1]

the undeveloped awareness of economy about the need in-
vesting in innovations, the short social cohesion in the soci-
ety, insufficient (and in this conditions impossible) the ori-
entation re-search on market, short innovative culture and 
series of the other, with this correlated, problem. Therefore 
transitional model TH must be different from TH of devel-
oped countries and must have additional, special, module 
which needs serve for the controlling is said insufficiencies, 
i.e. will increase the capacity for the transfer and the devel-
opment of new technologies. Especially importantly here 
to point out that it is about the simultaneous process (the 
simultaneity of development TH of model and including in 
the EU scientific and technological and economic flows) – 
that represents the aggravating circumstance and the whole 
process makes very complex. 

Our positioned model 
(on the example of Croatia) bases on: 

(a) Determining priority techno-logical areas in the 
country, 

(b) Foundation of university institutes for that 
determined the area of technology, 

(c) Organisation of national technological clusters 
and 

(d) Pragmatic web as infrastructure of whole process 
(fig. 2) 5

5  Graphs and explanation of three existing models 
Triple Helix (Etatistic, Laissez-faire and Integral) sees in [6] 

Figure 2: Triple Helix IIb - the Model of University–Industry–Govern-
ment relations for transition countries. 
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IV. THE HUMAN CAPITAL AND 
 SOCIAL COHESION
 Here is important that indicate another one essential 

knowledge economy - its social cohesion; she is not pos-
sible only at the level one business system – already was 
able will develop at country level which builds the knowl-
edge society. 

Specifically, for the realisation functioning high tech-
nologies and on the knowledge of founded business sys-
tems necessary is corresponding: (a) business environment 
(banks, traffic, communica-tions) and (b) widely the social 
environment (authority, public sector, media, and civil so-
ciety).  

So by the human capital in essentials of economy of 
knowledge (and knowledge societies) must count in and 
the social capital.  Importance of social capital in business 
managers of knowledge yet larger when question the sys-
tem of innovation and innovation processes. Technological 
innovation and the human capital is the key characteristic 
of prosperity. 

In the last decade in the theoretical debate and politically 
related debates for the economic growth and the develop-
ment very frequent reference related the concept of social 
capital. Putnams  influential study of the social capital in It-
aly and  USA (1995 and 2000) becomes one of most widely 
quoted books in the modern social science, the special after 
adoption that concept by the World Bank. The more study 
has shown the correlation between the social capital and the 
economic growth and development; competitiveness to the 
society, regions and countries is more and more depending 
on the social capital. 

The social capital is quality which rises from the lonely 
structure of society, of participations of citizens in social 
relations. For this occasion performs that is the most fa-
vourable definition of World Bank which - in roughly are 
looked at - equates the social capital and the social cohe-
sion. 1

Based on the theory of social capital and results research 
well organized and the efficient country-societies (western 
democracies) – horizontal social interactions, strengthens the 
socially trust, strengthen social relations and expand social 
identities, and that contributes integrations of plural society. 
1. Social cohesion mostly presumes the ability of society that 
enables the benefit for all their members reducing  economic dif-
ference and social polarization on the lowest possible dimension 
– in the constant trying against social exclusion and the poverty. 
Social cohesion is ideal which needs tend to - in such society 
in which rules the social justice - free individuals mutually help 
achieving joint goals on democratic methods. Social cohesion is 
one of essentials economic and the social development anyone 
country, for tends to the efficient approach economic resources 
and enables the development of the individual and group po-
tentials human and potentials of society thoroughly – by which 
initiates the further development of society in cultural, economic 
or other  view. In more detail about the social cohesion And 
the social capital and social values sees in the book of group of 
author “Where go” (Albert E, 2006)

Based on series author social capital refers to the number and 
the quality interaction in the civil area – and that includes the 
participation of citizens in the work of associations of citi-
zens, non-governmental organizations, membership in trade-
union organisations, work in religious associations, spending 
in hobbyist clubs, neighbourliness etc. 

Social cohesion is the condition of social stability. She 
achieved adopting most important values which reduces 
social conflicts in the socially stratified society. The Euro-
pean identity and propor-tionally functioning such complex 
communities as the EU has resulted not just the standard-
izing of the economic and political conditions than and the 
dividing of joint European values based on human rights, 
multiculturalism, tolerance and other regula-tions of adjust-
ment of interests inside-complex social entity. All citizens 
need adopt values which contributes the social cohesion. 
(Nielsen, K. (2001) 

The empiric social capital structured from three (inter-
related) elements: 

(a) Trust in people and social institutions - marks the 
readiness on the cooperation (not just with mem-
bers of the family or good friends), 

(b) Joining and collective actions which enables the 
directly experience of cooperation and her advan-
tages, in the implementation of interest which is 
outside of the framework of individual action, 

(c) Respect of the social and legal rules. 
Like in 19th century in processes of transit with agricul-

tural on the industrial economy (in the Western Europe and 
the USA) would obtain the migration of huge part of work 
force from agri-cultural to the industry, right now similar 
process happens expanding the service sector with the dra-
matic underestimation of unqualified manual labour. That 
process of deindustrialization of develo-ped countries con-
tributes at same time too ace-lerated industrializations of 
developing countries as well as undeveloped countries. 

In Croatia do not exist systematic nor the continued 
research of social cohesion nor the social capital; it few 
researches which implement more is a result the scientific 
enthusiasm and the civic activism than is profiled research 
policies in our country. 

This author by the end of 2005 years does research the 
social capital in the area of Slavonic regions, on the random 
cause of 1000 interviewed. 2 

2. About the methodology this research sees in some detail in 
the book „ Where go “ (2006); Ivanović, p. 83-87; In research 
has been developed the system of 8 indicators of trust, but here 
shows only one of them.
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TABLE I. 

Trust in the institutions of society (%)

% of  trust Church NGOs Trade unions Media Political 
parties

Local self-
governments Businessmens

100 % 11,6 4,2 1,9 1,0  0,5 2,2 1,8

51 - 99 % 39,8 40,3 25,1 24,3 10,4 16,5 18,6

50 % 14,2 19,4 18,9 21,0 9,9 17,2 18,8

2 - 49 % 22,1 27,4 42,7 45,0 58,6 50,0 49,0

1 % 4,8 0,9  4,0 2,5 7,0 4,9 3,6

Without answer 7,5 7,8 7,4 6,2 13,7 9,2 8,2

The social capital has been investigated through: (a) 
trust in the institution of society, (b) institution of state 
and analysis of (c) civic activism, (d) volunteerism, (e) 
philanthropy and (f) ethnic distance. Result of opinion poll 
about the trust in society/state institutions shows tables 1 
- 2;

- Low trusts in the institution of society: church and 
associations of citizens has confidence only half of 
interviewed, considerably fewer trusts in media, trade 
unions and businessmen, and very low trusts in local self-
government and political parties. (tab 1) 

- Low trusts in the institution of state; President has 
confidence only half of the polled, considerably fewer 
trust is in police and courts, and very low is in Croatian 
Parliament and in Government of Republic of Croatia. 
(tab 2) 

- Low the level of civic activism; dominates group of 
sociopolitical inactive inhabitants (75,6 %). In the 
group of the active a lot of is trade-unionists (6,5 %), 
religious associations (6,1 %), political parties  (4,4 
%), nongovernmental organizations and association of 
citizens (4,9 %) and expert associations (2,3 %). 

- Very low level of volunteer engagements of citizens (23,9 
%), low material (25,8%) and financial (47,2 %) help of 
citizens to social actions and public interest. 

- Relatively is the high ethnic distance, which at national 
minorities lower (they are more open toward interethnic 
relations) and higher is at the majority nation. 

Our test results and attitude confirm the research other  
scientists in Croatia as well as the percentage of citizens 
voting on local and parliamen-tary elections in recent 
years.

Towards Šundalić social cohesion in Croatia is visible 
disrupted and this on a lot of level: political (the distrust 
according to political parties, generally, and then and 
towards elected government represen-tatives because 
of non-fulfillments of pre-election programs; economic 
(distrust employee towards employers, distrust of employers 
towards govern-ment and vice versa); interpersonal levels 

TABLE II.  
Trust in institutions of state (%)

%  of 
trust President Parlia

ment Governs  Police. Court

1-25 % 2,1 6,7 6,4 2,8 3,1

26-49 % 27,8 51,4 52,2 42,0 45,7

50 % 17,1 14,5 13,6 19,6 17,2

51-99 % 41,1 14,9 14,6 24,6 22,2

100 % 5,6 0,3 0,5 1,2 1,4

Without 
answer 6,3 12,2 12,7 9,8 10,4

of every-day life (distrust in the other person because of 
differences in the social position, of national and religious 
affiliations, of the party belonging and other. (Šundalić, 
2000) 

Here needs warn and on attitude of Slavko Kulića about 
needs of reconstruction of Croatian society which is would 
take out 1996 in their paper „Reconstructions of society as 
precondition of res-tructuring of economy and includings 
in European integrations“. (Kulić, 1999) 

V. CONCLUSION
Diversity of area in which comes to changes points out 

possibly forming the certain confusion about settings up of 
goals and priorities. Which is why for the correct integration 
of policies of knowledges importantly clarification of goals 
which produce the support of ideas of knowledge society. 

Finally formulates long-term policies de-pends on 
definitions those goals and about the formulation of such 
project of society which: (a) will seem the possible confront 
with to the challenges of globalization, (b) progress to the 
meeting to the needs of development knowledge-based, 
and (c) achieve Millennium development objectives.   

Formulation such policies requires intensi-fication 
the research (which is still in fragments) about the social 
activity of different policies of knowledges which adopted, 
including educational policy, transformations approach for 
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scientific info-rmation and the possible consequence of 
develop-ments-democracies. 

The social capital and cohesion are essentials for 
economy of knowledge and knowledge societies.  

Importance of social capital in business managers 
of knowledge is yet larger when question on system of 
innovation and innovation processes are. Technological 
innovation and human capital are key characteristic of 
prosperity.

Universities must take this conclusion very serious.
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Abstract — Today modern organizations are more and 
more oriented on achieving competitive advantages through 
projects. Also, some topics, such as efforts to gain quality as 
a standard, improving of products as well as achieving excel-
lence, innovations and adequate usage of new technologies 
are extremely pointed out. Project management is almost in-
conceivable without computer support. This paper deals with 
development trends of computer support for project manage-
ment. 

Keywords — project menagement, virtual organization, 
the Internet, intranet, extranet, computer support

I. INTRODUCTION
Since the beginning of the century we have been 

witnesses of dramatic changes in organizations and the 
way they have been made. All the things which seem to be 
advantages for a company today, just tomorrow they can be 
disadvantages. It is almost impossible to predict what we 
can expect in the future. 

Generally speaking, traditional way of business 
operations and business processes based on heritage just 
cannot meet market needs any more. Companies on more 
developed markets tend to get project management through 
computer support, more and more small companies become 
globally competitive as they form company nets and virtual 
organizations, which can make close mutual cooperation 
and very good relations with their clients through the 
Internet 

Project management has been permanently developed, 
and the turning-point happened in the middle of the century 
when development in theory, practice and professional 
literature became much faster. Nowadays, it is almost 
impossible to stay on market without a certain form of 
project management, as life cycle of products and services, 
even the most complex ones, is shorter and shorter. We 
also must not forget the role of informatics technology, 
which made project management much sophisticated by 
introducing innovations such as software for  planning and 
running projects support. 

We can say that project management is, today, almost 
impossible without usage of computers. Every day we are 
faced with permanent need of adequate usage of computer 

resources which help us to make project time shorter and 
project expenses less, as well as to improve quality, that is, 
to meet all goals which some projects present to us. 

Future project management development trends, 
as well as project management computer support lead 
to development of virtual organizations, company nets 
worldwide (the Internet, extranet, intranet), new software 
and improving of existing ones, and all that with the aim to 
make work easier, development faster and to get competitive 
advantages on market. 

II. VIRTUAL ORGANIZATION
Rapid development of new informatics and telecom-

munication technologies open a completely new world to 
modern organizations – the world of virtual organizations. 
It enables team members to work together from remote 
parts of the world, that is, it enables forming of virtual 
teams which do not have to be at the same place as conven-
tional teams used to be. 

Virtualization is mostly spread in computer industry, es-
pecially in software industry, in which informatics experts 
meet together and work on mutual project, nevertheless 
how far they are. Information and other working materials 
can be transferred by the Internet, and just because of that 
trend,   organizations have to make project web sites, which 
are available to appropriate organizations and project team 
members in different parts of the world. That is the way to 
present and transfer important information to project team 
members, that is, to make virtual organization, which can 
eliminate some phases within business processes, lessen 
needs for temporary recruiting and training of new staff, 
and it is also  able to make better coordination, flexibility 
and faster business operations. 

The most usual practice is that meetings in person are 
replaced by videoconferences (if, for example, manage-
ment of a big world corporation, because of time shortage, 
is not able to organize management meeting in person at 
one place), e-reports, managers’ massages on video cas-
settes, communication by e-mail etc.  

A lot of experts agree that a team is basic unit of 
effectiveness in each organization, and that virtual teams 
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today provide new views and better efficiency, higher 
quality and faster work as well as less expenses, and that 
all help an organization to survive on market which is more 
demanding every day. 

Those virtual teams are teams of the future as jobs are 
not done in one office any more, but in offices located in 
different remote parts in the world with support of new 
technologies which provide the teams easier virtual work. 

The following figure shows simplified display of a 
virtual organization:

Figure 1. Virtual organization [10]

Virtual work, of course, posts new requirements. A 
number of production plants will not be able to meet 
important changes in production, for example, there is a 
problem of high responsibility, there is no headquarters, 
there is no boss. Relationships are made through information 
technology, what can be understood as one of disadvantages 
of such type of organizations, because it means a certain 
information knowledge. The other disadvantage is limited 
amount of information transferred among project team 
members. However, despite of all disadvantages, virtual 
team work is much more present, there are more and more 
virtual organizations every day, and very soon there will be 
more virtual organizations than conventional ones. 

III. THE INTERNET, INTRANET, 
  EXTRANET
In recent twenty years three different types of  linked 

computer nets have been used in the field of project 
management [8]:

Internet (since late 1980s);• 

Intranet  (since 1996);• 

Extranet (since 1997).• 

The Internet is an amazing linking concept in a global 
net by using telecommunication infrastructure, and it is of-
ten called ‘’net of all nets’’. It is a group of public services 
based on mutual connection of a number of computers and 
computer nets, which use the same technical standards to 
be able to communicate to each other, in a system avail-
able, without limits, to everybody. Today, the Internet of-
fers almost everything. A number of libraries, newspapers, 
magazines, archives, international non-governmental orga-
nizations, ministries, embassies, faculties, institutes etc. It 
sounds  incredible, but almost entire planetary knowledge 
is gathered in a single computer net – the Internet. 

Intranet is a private or local net within some big com-
pany or organization which is based on the Internet tech-
nology, and it provides easier access to information, simple 
communication and cooperation among employees in a 
company. Only computers of employees can be connected 
to such net. In that way, big companies enable maximum 
security of their system and they protect themselves from 
hackers’ attacks. 

Extranet or extended intranet is a private business net, 
made by connecting the intranet of some co-operational and 
partner organizations. It has been made because it was nec-
essary to improve electronic business operations, and it pro-
vides revolutionary changes in structure and in operations of 
different organizations. Extranet is not available to everyone, 
and its usage is not limited within one organization only. One 
of the most important advantages of the project extranet is 
that all team members have access to the documents of the 
project, what makes mistakes and confusion significantly 
less. Extranet is based on existing Internet infrastructure, and 
it replaces conventional ways of communication between or-
ganizations and makes direct connection with business part-
ners. It provides faster and more efficient business operations 
and makes expenses less. 

Schematic display of the Internet, intranet and extranet, 
which shows their relation from external net to the internal 
one, is shown in the following figure: 

Figure 2. Relation from external to internal net [9]

Characteristics of these three types of computer nets are 
shown in parallel in the following table:
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Access Users Information

Internet Public Everyone Fragmentary

Intranet Private Company members only Own

Extranet Semi-private Group of chosen users Shared in small 
group

TABLE I. 
Characteristics of the Internet, Intranet and Extranet [8]

The Internet, intranet and extranet can be used in different 
ways, but always with the aim to achieve competitive 
advantages in corporative environment, but the most 
important business innovation today is seen in contribution 
to communication, cooperation and relieving information. 
This new kind of computing helps all innovative companies 
to distinguish themselves and the others (which are for 
some reasons in crises) just to survive. 

IV. PROJECT MENAGEMENT 
 COMPUTER SUPPORT  
During last fifty years information technology has 

been significantly developed in all fields, as well as in 
business organizations. Together with the new concept, it 
is necessary to gain new organizational knowledge, which 
will be aimed to ensure needed information and knowledge, 
not only to transfer and to save data, so new trends within 
project management computer support development have 
been developed in that direction. 

Project management software enables us to elaborate 
plans, to work out graphs, timetables and to distribute 
resources. All this leave more time to do re-calculation and 
to review different plan versions, necessary to make the 
best decisions.

A.  Criteria needed to choose project 
 management software
It is not probable to find on the market a unique program 

package which can support different programs. That is why, 
it is necessary to take in account the following criteria, 
while choosing software [1]: 

Operational criteria are related to the purpose of the • 
software package, that is, its abilities and functions 
and those are: distribution activities; budgeting, 
cost evaluations and money flows; resources 
management; structure of jobs divided into sections, 
organizational structure determining; project control 
and reporting. 
Criterion of information system evaluation relates • 
to software ability to make integrated function in 
different operational and organizational conditions. 
Beside project systems, it refers to all types of 
manager information systems, and it includes 
integration, compatibility with existed software, 
documented installing, usage and maintenance. 

Criterion of life cycle costs  relates to costs of • 
purchase, installing, maintenance and usage of 
software during its usage and operation, that is, 
during its working life.

Choice of software imposes three main limit factors: 
price, time necessary for implementation and training. 

B. Software for project management
The most known program packages for project 

management are the following: Microsoft Project, 
Primavera Systems, Niku, PeopleSoft, Planview, etc. All 
these programs solve project tasks in similar way. Solving 
process consists of entering the initial data which are being 
processed and final results are got in the form of different 
reports, graphic review of sequence of activities, project 
net plan account, resource account etc. Beside that, these 
programs enable monitoring and running a number of 
projects simultaneously, and exchanging data with other 
programs such as text editors, programs for work with 
tables, data bases etc. Project manager has just to choose the 
program which suits him best because of its characteristics, 
interface, price and other criteria. 

In the following figure it is seen how the most known 
project management program tools were spread on market 
in period 2003/2004: 

Figure 3. Usage of software on market in period 2003/2004.

Which program support is used for
project management?

Software 2003 (%) 2004 (%)

Microsoft 20,3 19,7

Primavera Systems 11,5 10,8

Niku 5,1 7,5

PeopleSoft 6,2 5,7

Planview 4,5 4,2

Others 52,4 52,1

TABLE II.  
Project  management  support in period 2003/2004 [7]

As it is seen in the table, among the most known project 
management program tools, MS Project is the most used. It 
is possibly because it is similar to the other Microsoft tools, 
and that helps a user to become familiar with it and to use 
it easier. 
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In the following table we can see license revenue of 
each of these software in the same period, 2003/2004.

TABLE III.  
License revenue in  period 2003/2004 [7]

License Revenue (Millions of Dollars)

Software 2003 2004 Growth 
2004 (%)

Microsoft 73,4 80 9

Primavera Systems 41,5 43,8 5,5

Niku 18,5 30,3 63,6

PeopleSoft 22,5 23,2 3

Planview 16,3 17,2 6

Others 189,7 211,9 11,7

V. CONCLUSION
At the end of this paper, we can conclude that future 

project management development leads to increased num-
ber of virtual organizations, much more usage of the In-
ternet, extranet and intranet, and computer support which 
becomes integral part of each project. 

Virtual teams are teams of future, and they are those who 
enable modern organization to gain competitive advantages 
and to improve their operations. The Internet, extranet and 
intranet have become integral part of each organization, 
and today it is almost impossible to find a company which 
operates without using one of these forms of computer nets. 
Software, as a project management computer support, is 
very important, because it gives the organizations, which 
use it, enormous advantages on competitive market, and it 
enables the organizations to keep pace, in today’s business 
world, when processes are being made up to 10 times faster 
than before those trends in project management. 

It can be concluded that mentioned concepts of project 
management computer support significantly influence 
market conditions, and it is obvious that the future 
development goes in the same direction.
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Abstract: The electricity supply of ships in port (alterna-
tive maritime power supply) is now intensively promoted in-
ternationally. This allows the significant reduction of output 
of the harmful combustion gases of electricity generators on 
board during time in harbor. The WHO (World health orga-
nization) has found that life expectancy in the vicinity of ports 
and areas of the area travel is reduced by emissions from ships 
by 1 to 1.5 years. Now joint action and the research for tech-
nical and economic solutions is urgently needed. The paper 
describes some approaches to do so.

Keywords: alternative maritime power, environment pro-
tection, power supply from ship and port.

I. EINLEITUNG

Die WHO (World health organization) stellte fest 
[1], das durch Revierfahrten, das Manövrieren und die 
liegenden Schiffe im Hafen durch die dabei ausgestoßenen 
Schadstoffe die Lebenserwartung von Anwohnern um bis 
zu 1,5 Jahren vermindert wird. Dies hat zu einer Reihe 
von Überlegungen geführt, besonders den Ausstoß von 
Schadgasen zu untersuchen und Lösungen zu finden, mit 
denen in den wichtigsten Fällen dieser Ausstoß vermindert 
werden kann [2]. So hat das Bremer Institut Gauss mit 
einer Studie für das BMWi im Jahr 2000 [3] den Großraum 
Lübeck und den dortigen Schiffsverkehr untersucht, um die 
emittierten Schadstoffe hinsichtlich der unterschiedlichen 
Verursacher (Schiffe, Straßenverkehr, Hausbrand) zu 
bewerten. Die Ergebnisse sind eindeutig: NOx und SOx 
werden zu überwältigenden Anteilen (90 bzw. 95%) nur 
durch den Schiffsverkehr erzeugt. Ursache für diesen 
großen Anteil ist offensichtlich, dass in den vergangenen 
Jahrzehnten die Haushalte mit den Heizanlagen sowie 
der Verkehr auf der Straße mit strengen Auflagen zu einer 
deutlichen Verbesserung der Luftqualität beigetragen 
hat. Demgegenüber ist überwiegend aus Kostengründen 
und einer fehlenden internationalen Kooperationen der 
Schiffsverkehr bisher von derartigen Regulierungen 
ausgenommen worden. Durch den Übergang zur elektrischen 
Versorgung von Land kann zugleich die Emissionen von

Kohlendioxid (CO2) um mehr als 50 %,• 

Kohlenmonoxid (CO) um etwa 99 %,• 

Stickstoffdioxid (N20) um mehr als 50 %• 

vermindert werden. In der EU müssen ab 2010 Schiffe 

an Liegeplätzen in Häfen Kraftstoffe mit maximal 0,1% 
Schwefelgehalt verwenden. Elektrisch versorgte Schiffe 
werden davon befreit [6].

Ziel der eigenen Untersuchungen war es daher, die 
verschiedenen technischen und organisatorischen Ansä-
tze in unterschiedlichen Häfen zusammenzustellen, und 
Lösungen zu finden, wie eine mittlere Reederei mit einer 
Containerschiffflotte auf die für die Zukunft zu erwartende 
Entwicklung reagieren sollte, welche Kosten im einzelnen 
durch Umrüstung von Schiffen oder durch die noch offene 
Standardisierung zu erwarten sein werden. Das folgende 
Papier beschreibt die Ergebnisse der Zusammenstellungen, 
ohne jedoch auf die einzelnen Lösungsvorschläge für die 
Reederei einzugehen.

A. Emissionen durch das Seeverkehrssystem
Das gesamte Verkehrssystem Seeverkehr verursacht 

eine Reihe von Emissionen:

Schadstoffe aus der Verbrennung von Treibstoffen bei1. 

 a) Seeseitiger Transport
i) Revierfahrten »
ii) Manövrieren »
iii) Liegezeit »

 b) Hafenbetrieb
i) Schiffe zum An- und Abtransport, »
ii) Fahrzeuge zum An- und Abtransport, »
iii) Ladebetrieb »

 c) Landseitiger Transport (LKW, Bahn)
Lärm2. 
Vibrationen3. 

Abbildung 1 zeigt, dass etwa 1/3 des Volumens von ver-
meidbaren Abgasen durch Schiffe im Hafen entsteht, wobei 
der größere Anteil durch den Abgasausstoß während der 
Liegezeit entsteht – der kleinere Anteil durch Hafenbetrie-
bsschiffe (Binnenschiffe und Schlepper). Untersucht man 
die Gefährdung der Bevölkerung in der Hafenumgebung, 
ergibt sich als Verursacher im Falle Los Angelos (Abbil-
dung 2) die größte Anzahl von gefährdeten Personen durch 
die ausgestoßenen Abgase während der Liegezeiten (Merk-
mal Schiffe).
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In einer Studie hat die WHO festgestellt, dass die 
durchschnittliche Lebenserwartung in der Nähe von 
Gebieten der Revierfahrt und von Häfen um bis zu 1,5 
Jahre durch den Schadstoffausstoß von Schiffen reduziert 
wird. Insgesamt werden 70% der gesamten Schadstoffe in 
die Küstennähe ausgestoßen [13].

Abbildung 1. Anteile Abgase des Seeverkehrs [4]

Abbildung 2. Krankheitsrisiko der Bevölkerung in Hafenumgebung im 
Falle Los Angelos für unterschiedliche Ursachen nach Abbildung 1

II. ENERGIEVERBRAUCH AUF SCHIFFEN

A. Containerschiffflotte
Die 15 größten Reedereien für Containerschiffe haben 

mit 2250 Schiffen eine Transportkapazität von etwa 5,6 
Millionen TEU (Twenty foot equivalent Unit) [5]. Das 
entspricht einem Durchschnitt von 2.500 TEU pro Schiff. 
bereits im September 2005 gab es 43 Schiffe mit mehr als 
9.000 TEU. Im Jahr 2006 wurde das erste Schiff mit mehr 
als 13.000 TEU von der Reederei Maersk, der größten 
Containerreederei, in Dienst gestellt. Die Schiffsdatenbank 
weist im März 2008 mehr als 100 neue Bestellungen von 
Containerschiffen mit mehr als 10.000 TEU auf. Deutlich 
zu erkennen ist, das die Containerflotte von den Reedereien 
massiv ausgebaut wird, große Schiffe mit deutlich mehr 
als 10.000 TEU werden in Zukunft den Markt auf den 

langen Strecken zwischen den Kontinenten beherrschen. 
Ein deutlicher Trend geht in Richtung zur Erhöhung des 
Anteils von Kühlcontainern. Heute haben die großen 
Schiffe bis zu 1000 Kühlcontainer, angestrebt sind bis zu 
1/3 Kühlcontainer.

B. Energieverbrauch auf Schiffen
Der größte “Energieverbraucher” an Bord ist das An-

triebssystem. Heute werden überwiegend Reihendiesel mit 
etwa 100.000 bis 110.000 PS (80 MW) in Containerschiffen 
eingesetzt. Diese treiben direkt die Welle; obwohl der elekt-
rische POD-Antrieb mit zwei Propellern eine höhere Manö-
vrierfähigkeit sowie Einsparungen bei den Rudersystemen 
ermöglicht, und insbesondere im Betrieb deutlich preiswer-
ter wird, sind derzeit die Einschraubenantriebe noch die ers-
te Wahl. Neben den betrieblichen Vorteilen des elektrischen 
Antriebs wäre zugleich die Versorgung von vielen Kühl-
containern wesentlich einfacher, da ausreichend elektrische 
Energie ohne weitere Hilfsmaschinen zur Verfügung steht.

Für den heute noch verwendeten Treibstoff (schwefel-
haltiges und schwefelreiches Schweröl) ist sowohl eine 
kontinuierliche Vorwärmung des Treibstoffbunkers, als 
auch eine Heizung des einzuspritzenden Treibstoffes not-
wendig. Der Treibstoff wird dabei mit Drücken bis zu 1800 
bar in die Brennkammer eingespritzt. Auch dies erfordert 
einen kontinuierlichen thermischen und mechanischen 
Energiebedarf. Das Abschalten dieser thermischen Prozes-
se ist wegen der die Liegezeiten deutlich übersteigenden 
Zeitkonstanten in der Regel nicht möglich.

Kühlcontainer benötigen etwa 7 kW, so dass bereits 
heute dafür elektrische Leistungen zwischen 4 und 7 MW 
nur für den Kühlbetrieb der Container notwendig sind. 
Eigene Untersuchungen an einer Flotte mit etwa 80 Schiff-
en haben ergeben, dass im Hafen der Verbrauch elektrisch-
er Energie im Wesentlichen durch die Anzahl der Kühlcon-
tainer bestimmt wird. (Abbildung 3) 

Abbildung 3. elektrischer Leistungsbedarf von Containerschiffen im 
Hafenmit und ohne Kühlcontainerversorgung (Reefer)

AbbildungDeutlich sichtbar ist in Abbildung 3, das der 
elektrische Energieverbrauch bei allen 3 Schiffstypen ohne 
die geladenen Kühlcontainer etwa gleichgroß ist, während 
bei großen Schiffen durch die Kühlcontainer bis zum 4,6 
fachen Wert der Leistung ohne Kühlcontainer erforderlich 
werden.
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III. ELEKTRISCHER VERBRAUCHER 
  IM HAFEN

A. Elektrische Verbraucher im Hafenbetrieb
Im Hafen und an der Kaimauer besteht heute der 

elektrische Verbrauch überwiegend aus

 Ladeanlagen• 
Containerbrücken* 
Beleuchtung* 
Kühlcontainer* 
Ladefahrzeuge (LKW, Bahn, Schiff)* 

Seeseitiger Transport (Schiffsanschluss) 3• 
 Landseitiger Transport (Bahntransport)• 

Größter Einzelverbraucher an der Kaimauer sind die Con-
tainerbrücken sowie die zwischengelagerten Kühlcontainer.

B. Schätzung des elektrischen Verbrauchs 
 an der Containerkaje
Wenn an einer langen Containerkaje (circa 4 km) etwa alle 

100 m eine Containerbrücke zur Verfügung steht, und diese zur 
Be- und Entladung noch einmal zusammengezogen werden 
(z.B. beladen 6 Containerbrücken gleichzeitig die 400 Meter 
langen Schiffe mit größer 10.000 TEU), sind bei einem Gle-
ichzeitigkeitsfaktor von 0,3 etwa 3,5 MVA je Schiff und circa 
25 MVA für den Betrieb aller Containerbrücken erforderlich. 
Die Kühlung der zwischengelagerten Kühlcontainer erfordert 
etwa 5 bis 10 MVA. Kommen mehrere Schiffe gleichzeitig 
mit einem großen Anteil Kühlcontainer hinzu, so würden hi-
erfür weitere 30 bis 40 MVA für die Versorgung der Schiffe 
mit Landstrom erforderlich werden. Dies würde die Anschlus-
sleistung des Hafens praktisch gesehen verdoppeln.

C. Randbedingungen für die Schiffe im Hafen
Mit den vorgesehenen, kurzen Liegezeiten zwischen zwei 

und zwanzig Stunden, wird es äußerst schwierig bei diesen 
kurzen Liegenzeiten, sofort nach dem Anlegen und erst kurz 
vor dem Ablegen die elektrischen Verbindungen für eine Ver-
sorgung von Land herzustellen. Lediglich 42 MWh (etwa 
3300 EURO) werden benötigt, wenn das Schiff sieben Stun-
den mit einer Leistung von 6 MVA mit Mittelspannungsan-
schluss versorgt würde.

Moderne Schiffe der Typklasse 8200 TEU haben an Bord 
14,2 MVA Generatorleistung, die mit einem 2 MVAWellen-
generator und fünf, unabhängig betriebenen Hilfsgeneratoren 
erzeugt werden können. Damit wird über ausreichend Re-
dundanz die Sicherheit der elektrischen Versorgung bei al-
len Betriebsarten des Schiffes gewährleistet. Die installierten 
Transformatoren sind überwiegend zur Versorgung der Kühl-
container notwendig (7 für Kühlung mit insgesamt 11,2 MVA, 
2 für andere Versorgungsaufgaben mit insgesamt 7,6 MVA).

Das Abschalten der Antriebsmaschinen erscheint bei 
kurzen Liegezeiten nicht praktikabel. Die Reduktion meh-
rerer Hilfsmaschinen für die elektrische Versorgung der 

elektrischen Einrichtungen erscheint jedoch grundsätzlich 
möglich, auch wenn derzeit intensiv über alternativen nach-
gedacht wird, die Versorgung an Bord so zu verbessern, 
dass die Bedingungen eingehalten werden können und eine 
Landstromversorgung möglicherweise eine niedrigere Pri-
orität unter den verschiedenen Alternativen zur Vermind-
erung des Schadstoffaustoßes erhält.

Es bleibt festzustellen, dass hier sowohl ökonomisch, als 
auch technische Aspekte die wohl bedeutsamste Rolle spielen 
und die gefunden Lösungsmöglichkeiten und Alternativen un-
ter ökologischen Gesichtspunkten zu bewerten sind bzw. du-
rch politisches handeln bereits vorgegeben erscheinen. Daher 
ist eine Landstromversorgung eine wichtige Alternative, die 
im Folgenden weiter erklärt werden soll.

IV. LANDSTROMVERSORGUNG

A. Prinzip der Landstromversorgung
Die elektrische Versorgung von Land her erfordert 

technische Vorkehrungen, dass das im Seebetrieb als Insel-
netz betriebene elektrische Netz mit dem Landnetz zusam-
mengeschaltet werden kann. Das

Abschalten der Schiffsgeneratoren und die• 
Umschaltung auf das Landnetz, unter • 
Berücksichtigung

Gleicher Spannung* 
Gleicher Frequenz* 

machen eine separate Steuereinheit erforderlich, die die 
Schiffsgeneratoren schnell synchronisieren kann. Die Ab-
bildung 4 zeigt das Prinzip der Landstromversorgung für 
größere Leistungen, wie sie bei Containerschiffen benötigt 
werden. Da derzeit die elektrischen Versorgungsnetze an 
Bord sowohl mit

Frequenzen von 50 Hz oder 60 Hz• 
Spannungen von 10 kV, 6,6 kV, 0,44 kV und 0,22 kV• 

betrieben werden und die Schiffsversorgung insgesamt 
sehr heterogen ist, wird zusätzlich sowohl eine Spannungs- 
als auch eine Frequenzkonversion notwendig, die jedoch im 
Bild nicht eingezeichnet worden ist. Diese ist auch deswegen 
notwendig, da es Länder mit 50 Hz und Länder mit 60 Hz 
Frequenz der Versorgungsnetze gibt. Selbst wenn die Schiffe 
überwiegend mit 60 Hz betrieben werden, muss in den 60 
Hz-Ländern ein Frequenzkonverter verwendet werden.

Abbildung 4. Prinzip der Landstromversorgung für größere Leistungen
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B. Kabelführung
Die erforderliche elektrische Leistung des Hafens als 

Ganzes kann, so wie im Abbildung 4 gezeigt, mit einem 110-
kVNetz geliefert werden. Schwierigkeiten dürfte jedoch 
der Verbindungspunkt (connection point) in der Nähe der 
Kaimauer machen. Die Abbildung 5 zeigt für den Hafen Los 
Angelos am Beispiel eines Containerschiffliegeplatzes, dass 
eine erhebliche Zahl von Kabeln (7) vom Connectionpoint 
an die Kaimauer, sowie ein Verbindungskabel von der 
Transformatorstation zum Connectionpoint geführt werden 
müssen.

Da eine Kaianlage in den norddeutschen Häfen als ein 
kompletter Baukörper - ein monolithischer Betonklotz 
- aufgebaut ist, ist das nachträgliche Einbringen von 
Kabeltrassen und technischen Einrichtungen mit Volumen 
in bestehenden Hafenanlagen mit hohem ökonomischen 
und technischen Aufwand verbunden, der außerhalb dieser 
Abhandlung steht und hier nicht weiter betrachtet werden 
soll.

Abbildung 5. Kabelplanung der Versorgung eines Liegeplatzes von der 
Transformatorstation über einen Kabelverteiler bis an die Kaimauer; hier 

Hafen von Los Angelos [16]

C. Technische Konzepte
Derzeit existieren die folgenden technischen Konzepte:

Barge system1. 

Fully Ship Integrated System2. 

Semi fixed container3. 

All in one removable container4. 

Einspeisung über den Umformer des 5. 
Wellengenerators,

die im weiteren kurz ausgeführt werden sollen.

1) Barge System: Dabei wird ein Ponton am Heck des 
Schiffes vor der Kaimauer mit einen Kran die technischen 
Einrichtungen tragen, um die Versorgung zu ermöglichen. 
Mit dem Kran können die Versorgungsleitungen zum Schiff 
geführt werden. Die Kabeltrommeln steht auf dem Ponton.

2) Fully Ship integrated System: Dies erfordert 
eine vollständige Nachrüstung oder Ausrüstung der 
elektrischen Versorgungsanlage des Schiffes. Die 
Mittelspannungszuleitung könnte über einen Stecker 
geführt werden. Frequenz- und Spannungsumsetzung 
erfolgen in dieser Schiffsanlage. Alle Schiffe müssen damit 
ausgerüstet werden.

3) Semi fixed Container: Insbesondere zur Nachrüstung 
der im Betrieb befindlichen Schiffe wird ein Container 
auf dem Schiff dauerhaft installiert. Er beinhaltet 
gegebenenfalls eine Kabeltrommel sowie den Frequenz- 
und Spannungsumsetzer. Es stellt damit eine Variante des 
vorgenannten Fully Ship integrated System dar.

4) All in One removable Container: Hierzu könnten 
zwei zusätzliche Container (Mittelspannungsebene und 
Niederspannungsverteilung) auf das Schiff gehoben 
werden, um damit die Versorgung schnell zu ermöglichen. 
Der Mittelspannungscontainer könnte eine Kabeltrommel 
enthalten, die bei einem äußeren seitlichen Containerplatz 
über die Bordwand an die Kaimauer über einen Ausleger 
abgetrommelt werden kann.

5) Einspeisung über den Wellengenerator: Der 
Wellengenerator verfügt über einen Frequenz- und 
Spannungsumsetzer, der die unterschiedlichen Drehzahlen 
der Welle für die gleichfrequente, elektrische Versorgung 
umsetzt. Wegen der zu geringen Leistung der heute 
auf den Fahrbetrieb ohne Kühlcontainer ausgelegten 
Wellengeneratoren wäre jedoch eine Ertüchtigung des 
auf die Leistung des Wellengenerators ausgelegten 
Frequenzumsetzers in der Regel notwendig. Damit 
könnte jedoch der Aufwand zusätzlicher technischer 
Zusatzeinrichtungen auf die Mittelspannungsleitung 
reduziert werden.

V. STANDARDISIERUNG
Derzeit sind verschiedene Normungsaktivitäten 

konzentriert auf die technischen Aspekte von den 
erforderlichen Versorgungsspannungen, Stecker, 
Betriebsweisen, Verantwortlichkeiten und die Technischen 
Konzepte für die Frequenzumsetzung zu regeln. Erste 
Firmen haben fertige Lösung am Markt [7], [8]. Wie 
immer bei Normungsaktivitäten, sind jedoch lange 
Übergangszeiten vorgesehen (ca 15 Jahre).

VI. ÖKONOMISCHE UND POLITISCHE 
  BEWERTUNG
die EU-Kommission hat bereits im Mai 2006 eine 

Empfehlung für die nationale Gesetzgebung herausgegeben 
[11]. Die Nationalstaaten der EU sind damit aufgerufen, 
daraus einheitliche nationale Regeln zu erstellen. Eine 
daraufhin im Deutschen Bundestag im Jahr 2006 diskutierte 
Beschlussvorlage zur konsequenten Umsetzung der EU 
Regelung wurde jedoch wegen der fehlenden internationalen 
Normung, der ökonomischen Notwendigkeit (als Belastung 
gewertet) sowie der fehlenden Kraftwerksleistung im 
Herbst 2006 abgewiesen. - Angesichts der derzeit in 
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Norddeutschland laufenden massiven Ausbauplanung von 
Kraftwerken erscheint diese Begründung sicherlich in 
Kürze noch einmal zu überdenken.

Aus ökonomischer Sicht ergeben sich Probleme, wer 
die entstehenden Investitionen tätigt: Hafenbetreiber oder 
Schiffseigner. Wegen der noch ausstehenden Standards 
sind beide Gruppen eher abwartend. Gerade, wenn man 
zu einer Lösung mit einem zuladbaren Container kommen 
möchte, der vom Hafenbetreiber auf das jeweilige Schiff 
schnellstmöglich geladen und dort angeschlossen wird, 
ist eine Einigung auf Standards für Technik und Betrieb 
absolute Voraussetzung. Der Umbau der Schiffe und 
Hafenanlagen muss dann zügig vorgenommen werden, um 
eine für alle lohnende Investition zu erhalten.

Die weitere Entwicklung wird auch von den folgenden 
Parametern beeinflusst:

Art des verwendeten Brennstoffes (und dessen • 
Schadstoffbelastung)
Verbrauch der Hilfsmaschinen (Generatoren an • 
Bord)
Anzahl und Art der elektrischen Verbraucher an • 
Bord (Entwicklung des Anteils von Kühlcontainern 
zu ungekühlten Containern)
durchschnittliche Dauer der Hafenliegezeiten und • 
deren Entwicklung
Kraftstoff- und Strompreise• 
Eventuelle Gebühren, Strafen (hierüber könnte • 
insbesondere die Politik entscheiden, um eine 
ökonomische Steuerung auszulösen)
Jahreszeitliche schwankende Verbräuche• 

Da der Containerumschlag im Seeverkehr noch bis 
2025 weiter starkes Wachstum erwartet - von derzeit 10,8 
Millionen TEU (2004) auf dann 45 Millionen TEU [15] - 
werden die Reedereien weiter investieren, zumindest um den 
Betrieb ab 2010 mit schwefelarmen Kraftstoffen in Häfen 
zu ermöglichen. Der Zeitpunkt erscheint also aus heutiger 
Sicht äußerst günstig zu liegen, um in neue Technologien 
für Schiffe und Hafenanlagen zu investieren.

VII. ZUSAMMENFASSUNG
Die Landstromversorgung von Schiffen in Häfen ist 

eine wichtige Möglichkeit, die Gesundheit der küsten-
nahen Bevölkerung durch Verbesserung der Luftqualität 
auch bei wachsendem Schiffsverkehr dauerhaft zu sichern. 
Die Landstromversorgung wird bereits in mehreren Häfen 
praktiziert, um mit diesen ersten Schritten in der Praxis den 
Schiffsbetreibern ab 2010 eine Möglichkeit zu schaffen, den 
Schwefel und Partikelausstoß im Hafen deutlich zu vermin-
dern. Die europäische Kommission und das Parlament ha-
ben dazu klare Empfehlungen zur Gesetzgebung in den Mit-
gliedsstaaten ausgearbeitet und verabschiedet. die nationale 
Gesetzgebung kann über Strafen und Gebühren erheblichen 
Einfluss auf die ökonomische, und damit auch auf die ökolo-
gische Wirksamkeit dieser Maßnahmen nehmen.

Auch wenn die internationalen Standards für Technik 
und Betrieb noch nicht das erforderliche Niveau haben, 
um für die Akteure sichtbar, zügig die notwendigen Inves-
titionen voranzutreiben, so ist es langfristig sinnvoll, vor 
allem auch wegen der zu erwartenden, steigenden Treib-
stoffpreise und des verordneten Einsatzes von schwefelar-
men Treibstoffen, diese Alternative Landstromversorgung 
weiter zu untersuchen. Hier ist ein weites interdisziplinäres 
Betätigungsfeld für die Elektro- und Schiffstechnik.
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Abstract — Three phase permanent magnet synchronous 
motors are widely used in high performance industrial drives. 
The torque produced by these machines has a pulsating com-
ponent which is a function of actual rotor position. The main 
part of this component is usually cogging torque. A variety 
of special machine construction techniques exist for reduc-
ing cogging torque which is affected greatly by mechanical 
misalignments. If the manufacturing tolerances are not well 
defined cogging may vary in a wide range. If analysis is made 
by several cases of each kind of mechanical misalignments, 
manufacturing tolerances can be defined.

Index Terms — Cogging torque, diagnosis, finite element 
analisys, mass production, mechanical misalignments.

I. INTRODUCTION
Permanent magnet synchronous motors (PMSM) have 

been widely accepted in the industrial drives for high 
performance applications due to the attractive features such 
as high torque density and low aqustic noise. 

Pulsating torque results from nonsinusoidal flux-
density distribution (torque ripple) and the interaction 
of the rotor’s permanent magnets with changing stator 
reluctance (cogging torque) which is a magnetostatic effect 
[1]. Cogging torque is current independent and is only the 
function of actual rotor position. This torque pulsation can 
be detected by rotating manually the shaft of the machine 
when it is detached from the inverter.

A variety of special machine constructions is published 
and used to reduce cogging torque like magnet pole arc 
shifting, skewing of rotor magnets or stator slots, using 
dummy slots or stator with bifurcated tooth structure, etc 
[2]. 

Electric motors are made in mass-production. The 
main parts like shaft, motor housing, end-shields, rotor 
core iron etc are usually made by CNC machines. The 
size of any manufacturing tool changes and they must be 
replaced or calibrated after a work period which is defined 
by the manufacturing tolerances. The narrower tolerance 
field results higher manufacturing cost because the time 
consumption of calibrating the cutting tools is relatively 
high so too strict tolerances would result in unacceptable 
price and by too wide ones the quality of the products would 

be instable. The analysis of manufacturing tolerances is a 
must to be able to keep a defined cogging torque range.

II. ANALYSIS OF METHOD
Each magnet pole and stator teeth interaction creates a 

cogging torque component. By machines with conventional 
winding the components are summarised in phase so 
the summation of them is a high value. A fractional slot 
machine is better because the cogging torque components 
act at different phase and time so the summation of them is 
a rather smaller value. A higher cogging torque frequency 
with low amplitude can be achived by a fractional slot 
construction where the slot number and rotor pole number 
are relative prime numbers. The period can be determined 
by expression (1):

Figure1. Analised model.
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where T is the period of cogging torque in mechanical 
degrees, 2p is the rotor pole number, Z is the stator slot 
number, LCM is the lowest common multiplier.

The usual mechanical misalignments were analysed in 
[3]. This paper describes the results of a more detailed anal-
ysis of mechanical misalignments by the same, 2p=8 poles 
and Z=9 slots fractional slot permanent magnet synchro-
nous motor (Fig.1.). The outer diameter of the stator is 150 
mm and the length of stator stack is 40 mm. The air-gap is 
1 mm. The rated torque is 6.5 Nm by the current density of 
5A/mm2 which means 20 A as nominal current. The resist-
ance of a phase winding is 0.018 Ω. The rated voltage is 24 
V with the no load speed of 740 rpm. 

The cogging torque wave of an “ideal” model without 
any mechanical misalignment is shown in Fig.2. According 
to (1) the period of cogging torque is 5 mechanical 
degrees.

Cogging torque calculation was made by ANSYS. 
All analysed models were made by using about 180-200 
thousand second order quadratic elements [4].

Figure 2. Cogging torque wave of the 2p=8 Z=9 model withut 
any mechanical misalignments.

A. Air-gap eccentricity
Air-gap eccentricity is a usual mechanical misalign-

ment. It may appear for many reasons. For instance let’s see 
the assembling of the stator lamination into the aluminium 
made housing by heat-shrinking. If heating is not homoge-
neus and/or the housing has residual stresses, the expan-
sion of the aluminium housing is not homogenous and the 
central axis of lamination stack and housing will not be the 
same. The end-shields are positioning the rotor to the cen-
ter of housing i.e. static eccentricity appears. 

The air-gap of a permanent magnet servo machine is 
regularly optimised to produce high induction in the air gap 
and high torque-to-iteria ratio. Air-gap eccentricity may ap-
pear also by the manufacturing of the end-shields and/or by 
the prepairing of the centerings of the stator housing. Cog-
ging torque calculation was made by several different value 
of rotor dislocation (see Fig.3.).

Rotor dislocation was analised between 0 and 0.35 mm 
zone by 0.05 mm steps. The mechanical air gap is 1 mm.

The model called “regular” is the one without any 
mechanical misalignments. The air-gap eccentricity 

produces a definite new cogging torque component with 
a pole number harmonic order. The amplitude of this 
component is a function of the size of static eccentricity. 

By the case of 0.35 mm rotor dislocation the peak value of 
cogging torque changes from 0.012 Nm to 0.21 Nm. Fig.4. 
shows how the peak value of cogging torque changes in 
percentage of rated torque by different rotor dislocation.

Figure 3. Effect of different cases of air-gap eccentricity.

Figure 4. Effect of different cases of air-gap eccentricity.

B. Magnet positioning error
The main parts of the rotor are the shaft, steel core and 

magnets. The shaft and steel core can be made by CNC 
machines with close tolerance. 

Servo machines are usually produced by using a rare 
earth magnet material. The magnet pole pieces are made by 
powder metallurgy so strict size tolerances can be defined. 

The problematic part of the rotor production is the fixing 
of the magnet pieces on the steel core. Magnet poles can be 
built by one or several pieces. The usual magnet mounting 
technology is adhesive bonding. It is well known that the 
same polarity magnet pieces are pushing and magnetic poles 
with opposite direction are attracting each other. This way 
quite big forces may appear on the magnet positioning tool 
till the adhesive bonds. These forces may pull or push away 
a magnet piece of it’s defined position so I’ve analised the 
effect of this kind of magnet positioning error. 

Calculation was made by a hypothesized magnet 
positioning error i. e. two magnets were mounted with a 
defined mechanical degree deviation. This means, that 
the distance between these magnets had decreased by two 
times the degrees of the positioning error. 
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Figure 5. Effect of magnet positioning error.

The simulated positioning error zone was 0 to 1 
mechanical degree by 0.1 degree steps. In this case the 
shape of cogging torque curve has basically changed (see 
Fig. 5.). The order of the new pulsating torque component 
stands together with the stator slot number – 9th harmonics – 
so this mechanical misalignment produces a dangerous low 
frequency torque ripple component with high amplitude.

Figure 6. Cogging torque in percentage of rated torque by 
different magnet positioning error.

By the case of 1 mechanical degree magnet positioning 
error the peak value of cogging torque changes from 0.012 
Nm to 0.28 Nm. Fig.6. shows the peak value of cogging 
torque in the percentage of rated torque by different magnet 
positioning error.

III. CASE OF COMBINED MECANICAL 
  MISALIGNMENTS
As it was described earlier each analised mechanical 

misalignment creates a cogging torque component with a 
construction defined (slot number or pole number order) 
harmonic. This means that the regular cogging torque 
harmonic and the production related harmonics may be 
separated by the FFT analysis of the cogging torque wave. 

The effect of rotor dislocation or magnet positioning 
error was presented in Fig.4. and Fig.6. The acceptable 
cogging torque of the motor is defined by the application. 
This value can be kept if the sum of the regular cogging 
torque and the production tolerance related components 
can be kept in a well defined zone. 

IV. MEASUREMENT
The measurement of cogging torque is quite complicated. 

First, it needs a motor to rotate the rotor of the analised 
machine with very smooth torque and low speed. The other 
sensitive part is the clutching of the two machines and the 
torque sensor. If they are not in the same axis the driving 
machine will scrag the shafts and a low frequency torque 
component appears with high amplitude. 

A prototype machine was made to validate the finite 
element analysis and to demonstrate the effect of usual 
misalignments. The motor and the measuring system is in 
Fig.7.

Figure 7. Cogging torque measuring system.

The main part is a Faulhaber made BLDC motor [5]. 
It is made by air-gap winding and the gear ratio is 1:1526. 
This way the torque of the driving machine can be rated 
as absolute smooth. The torque sensor is a HBM-T20W 
type one with high accuracy and 1 Nm torque range. The 
two machines and the torque sensor were attached by the 
original metal-bellow cloutching of HBM. The waveform 
was measured by a Yokogawa made oscilloscope and was 
exported in waveform data format. 

The rotor magnet poles were built by several magnet 
segments which were hand-bonded. It is obvious that by 
this manufacturing procedure magnet positioning error 
arises. The rotor eccentricity could be created artifically by 
moving the end-shield of it’s original position. The housing 
of the prototype machine has only one end-shield, so 
eccentricity could be generated at one side. The mechanical 
air gap is 1 mm and the generated eccentricity was about 
0.7 mm.

The measured cogging torque waves of prototype 
machine are in Fig.8. The period of these waveforms differ 
from the regular one due to mechanical misalignments. The 
“original” waveform is defined by the magnet positioning 
errors while by the wave “eccentricity” static eccentricity 
is also present. 

The regular wave in Fig.2. is mainly defined by the 
construction releated 72th harmonic. The measured ones 
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contain several low frequency harmonics so their shape has 
to change basically.

Figure 8. Waveform of measured cogging torque of prototype machine.

Figure 9. FFT spectrum of the prototype machine.

The FFT spectrum of the measured origional cogging 
torque waveform of prototype machine is in Fig.9. The 
hamonics of are the 9th, 18th, 27th, 36th which are slot 
number order ones, as only magnet positioning error is 
present. The magnet poles were built by magnet skewing to 
eliminate the 72th regular harmonic.

The housing of the prototype machine has only one end-
shield, so eccentricity could be generated at one side. The 
mechanical air gap is 1 mm and the generated eccentricity 
at one end-shield was about 0.7 mm. The FFT spectrum of 
the measured cogging torque is in Fig.10.

A definite new harmonic component appears which is the 
8th one. The magnet positioning error generated 9th, 18th, 
27th, 36th harmonics are still present. So each mechanical 
misalignment acts separetaly and can be identified by the 
FFT spectrum of the measured or calculated cogging torque 
wave. Moreover, this method can be used for diagnose 
purpoes as well.

The peak value of the “original” wave is 0.18 Nm 
which means that the magnet positioning error is about 0.6 
deg regarding to Fig.5. The measured value fits with the 
calculated one regarding to mechanical measurements.

V. CONCLUSION
To produce permanent magnet synchronous motors with 

low cogging torque not only a well considered construction 
is needed but well defined production tolerances too. 
As it was described manufacturing tolerances can be 
simulated and analysed and by the results they can be 
defined. Each manufacturing misalignment act separately 
so by measurement and FFT analisys of a cogging torque 
waveform they can be diagnosed. 
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motor purpose and load demands. Laboratory model for 
testing these methods consists of frequency converter, 
induction motor and DC generator as load. For each 
method values of current, load torque, speed and power 
are recorded during loaded motor acceleration from zero 
to rated speed. Problem at motor start causes the motor 
current which has high amounts. The other problem is to 
insure sufficient moment which depends on motor load. 
In aspect of speed, motor needs to achieve rated speed in 
short time. This task is opposite to request of low current 
at starting of motor. Basis for understanding this dynamic 
behavior is mathematical model which connects physical 
values with time as common variable [5]. By choosing the 
one of mentioned control principles, in the dependency of 
motor load or required characteristics, motor dynamics and 
stability can be improved.

II. MOTOR CONTORL PRINCIPLES 

A. Scalar Control (U/f)
The open loop volts/hertz control of an induction motor 

is by far most popular method of speed control because of 
its simplicity, and these types of motors are widely used 
in industry [4]. Voltage is required to be proportional to 
frequency so that stator flux (Φ) remains constant. This 
causes maximum motor torque (T) to also remain constant 
and independent of supply frequency. Equation (1) connects 
these values in relative terms as in [5]:

T = Φ2= (U / f ) 2.
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Abstract — Main object of research in this paper is com-
parison of three different principles of induction motor con-
trol using high performance frequency converter FC-302. In 
the beginning principles of Scalar Control (U/f), Voltage Vec-
tor Control (VVCplus) and Flux Vector Control (FVC) are 
explained. Further more laboratory model for testing each 
method, which consists of frequency converter, induction mo-
tor and DC generator as load, is described. Measurements of 
load torque, current and motor speed for each method are 
performed during motor acceleration from zero to rated mo-
tor speed. Comparison of mentioned methods in aspect of dy-
namics and stability related to the load torque is given. Practi-
cal use of each method is proposed.  

Keywords — comparison, converter, scalar control, vector 
control, laboratory model.

I. INTRODUCTION 
High performance frequency converters provide usage 

of different motor control principles. Basic principle of 
frequency converter is rectifying of AC voltage from main 
power supplies into DC voltage and, after that, converting 
DC voltage to AC voltage with variable amplitude and 
frequency. This enables infinitely variable speed control of 
three phase AC motors and permanent magnet synchronous 
motors. There are three kinds of motor control principles 
which will be presented in this paper. Scalar control, 
as the name indicates, is due to magnitude variation of 
control variables only, and disregards the coupling effect 
in the machine [1]. The most common control principle 
for induction motors is the constant volts per hertz (U/f) 
principle [2]. This principle is used in open loop volts per 
hertz control by frequency converter used in research.  The 
other two observed control principles are based on vector 
control. Vector control simplifies motor control using d-q 
or Park-Transformations which convert current and voltage 
from a-b-c to de-qe or synchronously rotating reference 
frame [3]. Voltage Vector Control (VVCplus) of induction 
motor connects stator voltage equation, converted to 
field coordinates, with magnetizing current vector, which 
represents the rotor flux. Reference [4] gives complete 
mathematical model of voltage-fed induction motor in field 
coordinates. The last observed motor control principle is 
Flux Vector Control (FVC) which is used without speed 
sensor in open loop. The speed of an induction motor is 
estimated by speed estimation techniques given in [1]. 
Usage of these mentioned control principles depends on 

To
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ue
 (T

)

Speed (ω)
Figure 1. Torque-speed curves showing effect of frequency variation 

load torque and supply voltage changes [4].
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Fig. 1 shows the torque-speed curves on example of fan 
or pump load type. Speed is increasing proportionally with 
frequency and maximum torque remains constant if supply 
voltage also increases with frequency.  Scalar control is 
simple to implement but, because of the inherent coupling 
effect (i.e. both torque and flux are functions of voltage 
or current or frequency), gives sluggish response and the 
system is easily prone to instability. This is caused by high 
order (fifth-order) system effect.   

B. Vector Control 
Requests of very dynamic drives can not be accomplished 

by using scalar control because it is slow so scalar control 
is replaced with vector control. Vector control of induction 
motor is based on torque control of separately excited DC 
motor. Control of DC motor is based on control of two 
separate circuits: field circuit an armature circuit. This means 
that when torque is controlled by controlling the armature 
current (Ia), the field flux (Φf) is not affected and we get the 
fast transient response and high torque/ampere ratio with 
the rated field flux [1]. Because of decoupling, when field 
current (If) is controlled, it affects the field flux only, but not 
the armature flux (Φa). DC-machine like performance can also 
be implemented to an induction motor if the machine control 
is considered in a synchronously rotating reference frame (de-
qe), where the sinusoidal variables appear as DC quantities in 
steady state. Fig. 2 shows induction motor with the inverter 
and vector control in the front, which is presented with two 
control current inputs, ids* and iqs*. These currents are the 
direct axis component and quadrature axis component of the 
stator current, respectively, in synchronously rotating reference 
frame [1]. Field current is analogous to ids and armature current 
is analogous to iqs. Torque can be expressed as:

T = Kt Φrmax iqs = Kt
’ ids iqs ,  (2)

where Φrmax is the  peak value of flux and Kt is constant 
value. Current  ids is oriented in direction of flux and iqs is 
established perpendicular to it, as shown in space-vector 
diagram on the right of Fig. 2. This means that when iqs* is 
controlled, it affects the actual iqs current only, but does not 
affect the flux. Also, when ids* is controlled, it controls the 
flux only and does not affect the iqs component of current. 
As mentioned before in paper two control principles of 
vector control are used. These control principles will be 
explained from usage perspective. 

Voltage Vector Control (VVCplus)1. 

VVCplus control is used in open loop without feedback 
sensor. Control structure in VVCplus is shown on Fig. 3. 

VVCplus improves dynamic and stability, both when speed 
reference is changed and in relation to the load torque [6].This 

Figure2. Vector-controlled induction motor [1].

Figure 3. Control structure in VVCplus open loop and closed loop.

type of control is adaptive to motor load and adaptation to 
speed and torque changes is less then three milliseconds. 
Motor torque can remain constant regardless to speed 
changes.  

Flux Vector Control (FVC)2. 

FVC is used also in open loop without a feedback sensor. 
In this case an estimation of speed feedback is generated 
to the PID regulator to control the output frequency. PID 
regulator must be set with its P, I and D parameters. This 
control principle can be used in closed loop if speed signal 
is available. FVC is used for high demanding motor drives. 
Control structure in FVC is showed on Fig. 4.

III. LABORATORY MODEL
In Fig. 5 is shown laboratory model that consists of 

induction motor (4 kW) and frequency converter FC-
302, which controls motor performance. Induction motor 
is configured in delta connection, with DC generator 
as load [6]. Direct current that excites magnetic field in 
DC generator is set so that, when rated speed is reached, 
electrical power amounts 4 kW. The reference speed value 
for motor acceleration is linear ramp. Motor accelerates 
from zero RPM to rated speed in 20 s, as it is set in frequency 
converter parameter for ramp up time.

A. Frequency converter FC-302
FC-302 is a high performance frequency converter for 

various applications. Beside squirrel cage induction motors, 
FC-302 can also handle permanent magnet synchronous 
motors. It consists of diode rectifier, LC filter and three-
phase bridge inverter (Fig. 6).

Figure 4. Control structure in FVC sensorless open loop configuration.
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Figure 5. Block scheme of experimental model and tested motor data.

B. Load characteristics
Fig. 7 represents characteristics of DC generator used as 

load. Measured torque and calculated mechanical power on 
the motor shaft are given in correlation with motor speed. 
Load torque is proportional to motor speed. According to 
[7] mechanical power is calculated as follows:

where T is torque and ω is mechanical angular frequency. 
According to (3) mechanical power is proportional to 
second power of motor speed. Gained load characteristics 
indicate that DC generator acts as Eddy-current system. 
This type of load corresponds to calendars with viscous 
friction, Eddy-current brakes, etc.

V. RESULTS
To find out what benefits each control principle brings, 

current, torque, electrical power and speed are recorded. 
Measurements are preformed using frequency converter 
software and associated computer software. It is important 
to notice that current and electrical power exact values are 
measured on motor phases, whereas torque on the shaft and 
motor speed are values estimated in internal motor model 
of frequency converter. 

A. Current measurements
Measurements of current performed during motor 

acceleration from zero to rated motor speed with U/f, 

P = T ∙ ω,   (3)

Figure 6. Power transmission part of converter.

VVCplus and FVC motor control principles are shown on 
the Fig. 8. The highest peak value and the fastest current 
respond is gained using FVC. The slowest current response 
is realized using U/f control principle. The lowest peak 
value and fast response is reached using VVCplus control 
principle.

B. Torque measurements
Torque measurements performed during motor 

acceleration from zero RPM to rated motor speed with all 
three motor control principles are shown on the Fig. 9. The 
highest peak value and the slowest torque respond is realized 
using FVC. The fastest torque response and the lowest peak 
value are  gained using VVCplus control principle.

C. Electrical power measurements
Electrical power measurements performed during 

motor acceleration using all three methods are shown on 
the Fig. 10. The highest electrical power values and the 
slowest respond is realized using FVC. Measured electrical 
powers gained with VVCplus and U/f control principles are 
very similar. The difference in electrical power response 
between these two methods is that peak value reached with 
VVCplus is 90 W smaller than the peak value reached with 
U/f control principle. 

Figure 7. Load characteristics.

Figure 8. Current measurements.
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Figure 9. Torque measurements.

Figure 10. Electrical power measurements.

D. Speed measurements
Speed measurements performed during motor 

acceleration from zero RPM to rated motor speed with all 
three motor control principles are shown on the Fig. 11. 
The highest peak value and the slowest speed respond is 
realized using FVC. The fastest speed response is gained 
using VVCplus control principle.

V. CONCLUSION
Frequency converter FC-302 provides three different 

motor control principles, Scalar Control (U/f), Voltage 
Vector Control (VVCplus) and Flux Vector Control (FVC). 
These three methods are tested in laboratory system, with 
DC generator as load. DC generator has load characteristics 
analogous to those of calendars with viscous friction, Eddy-
current brakes, etc. Results of taken measurements indicate 
that, for this type of load, VVCplus control principle is most 
adequate, while it provides the fastest speed and torque 
response, lowest current and torque peak values, as well 
as lowest electrical power on the motor phases. FVC gives 
slowest speed and torque responses, with highest peak 
values of all measured signals. Measured electrical power 
on motor phases is considerably higher than electrical 

power measured using other two control principles. Hence 
current, torque and power values at motor acceleration are 
higher than with other two methods. 

All this indicates that FVC control principle is 
inappropriate for used load, but would be suitable for loads 
with constant torque, such as belt conveyors and also for 
loads with constant power, that is winders, rotary cutting 
machines etc. Scalar Control U/f provides the most accurate 
speed in both static and dynamic conditions, while voltage-
frequency characteristic in this control principle is fixed. 
Voltage-frequency characteristic can be entered manually 
in frequency converter software in five points, so it does not 
have to be linear. This makes U/f control principle suitable 
for special motor applications. However, scalar control in 
common applications is inferior to vector control, because 
of slower response with higher peak values. 

Figure 11. Speed measurements.

References
[1] B.K. Bose, Modern Power Electronics and AC Drivers. 

Prentice Hall, Upper Saddle River, New Jersey, USA, 
2002, pp. 333-435.

[2] H.A. Toliyat, S. Campbell, DSP – Based 
Electromechanical Motion Control. CRC Press LCC, 
Boca Raton, Florida, USA, 2004

[3] Z. Spoljaric, J. Jelecanin and Z. Valter, “Supervisory 
Control of EC Synchronous Motor Using LabView 
program”, DAAAM International, Vienna, Austria, 
pp. 699-700, October 2007 [Proceedings of 18-th 
International DAAAM Symposium, Zadar, Croatia]

[4] W. Leonhard, Control of Electrical Drivers. Springer, 
Berlin, Heidelberg, NewYork, 2001, pp. 241-301.

[5] B. Skalicki, J. Grilec, Electrical Machines and Drivers. 
FSB, University of Zagreb, Zagreb, Croatia, 2005, pp. 
337-407.

[6] V. Jerkovic, Z. Spoljaric and Z. Valter, “Optimal control 
of induction motor using high performance frequency 
converter”, unpublished.

[7] B. Jurkovic, Electromotor Drives. School Book Zagreb, 
Zagreb, Croatia, 1990, p. 86. 



- 57 -

CONTENT

Application of Hydro Power Calculator in 
Power Engineering Education

Tihomir Vemenac 
The Office of 

chartered pioneer 
Osijek, Croatia

tihomir.vemenac@gmail.com

Lajos Jòzsa
Faculty of electrical 

engineering in Osijek
Osijek, Croatia

lajos.josza@etfos.hr

Hrvoje Glavaš
Faculty of electrical 

engineering in Osijek
Osijek, Croatia

hrvoje.glavas@etfos.hr

Abstract — the subject of this paper is the application of 
hydro power calculator – a program developed within a di-
ploma paper assignment – in the education of engineers of 
electric power supply. Energy characteristics of hydro plants 
are determined on the basis of hydrological characteristics of 
the flow and hydrological head (head further in the text). An 
algorithm was developed based on the analysis of the calcu-
lation of the parameters of a hydro plant, and software was 
developed by Java program language. A detail description of 
the program’s use is also given.

Keywords — student educationt, hydro power plant, 
hydro power calculator, Java )

I. INTRODUCTION
Program Hydro Power Calculator is used for education, 

and was created as a product of a diploma paper assignment 
which was meant to familiarize students with the problems 
behind producing electric energy in hydro plants. In order 
to make this program as educational as possible one of the 
main objectives in making this program was to implement a 
lot of interactivity of the interface towards the user. This was 
achieved by an easy-to-survey entry of input-parameters, by 
their graphic depiction, detailed survey of the calculation, 
explanation of the selection by pictures and definitions, and 
by short instructions for the program’s use.

Program was made by Java program language because 
of its ability to facilitate transfer, i.e. its characteristic 
that once translated Java program can be run on various 
operational systems without alterations.

This is made possible by Java Virtual Machine (JVM), 
a system that interprets Java programs and runs them on 
the given computer. So a unique program can be run on all 
computers which have an option for JVM.

In practice the program is applied in laboratory practice 
for the subject “Energetski procesi i elektrane” (energy 
processes and energy plants), which, amongst other things, 
deals with production of electric energy in hydro plants.

II. DESCRIPTION OF THE PROGRAM 
     FOR THE CALCULATION OF HYDRO 
     PLANT’S PARAMETERS

When the program is run, a window for entering user 
account and password appears (picture 2.1.). After the user 

has entered the right data, program’s working window, 
which is made of six tabs that guide the user through the 
calculation of hydro plant’s parameters, appears

Picture 2.1. User account and password window

Picture 2.2. Hydro energy potential of Croatia’s water flows

A map of Croatia with hydro energy potential of 
Croatia’s water flows which is in program’s data base is 
depicted in the program’s first tab (picture 2.2.). Next tab is 
opened by selecting any of the offered locations.
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Offered locations are those for which the characteristics, 
taken from available hydro energy studies, are stored in 
the data base. Table 2.1. brings middle average values of 
the flow taken in the period of 40 years, this hydrological 
stream is also in the data base of the program.

Month
Drava Ma-

nojlovac
m3/s 

Drava Osijek
m3/s

Krka Manoj-
lovac2
m3/s

Krka Čikola2
m3/s

Kupa Otok
m3/s 

Lika Otočac
m3/s

Mura Koto-
riba
m3/s

Sava Prečko
m3/s

January 394,6 423,5 24,7 10,0 72,7 30,1 111,9 301,9

February 379,6 408,9 23,6 9,1 73,9 26,4 113,0 295,1

March 473,8 497,3 25,5 10,3 89,1 31,2 153,7 400,4

April 552,9 574,0 26,5 11,2 85,1 29,0 204,6 376,8

May 724,9 735,4 24,5 9,1 68,7 21,2 273,1 369,9

June 821,7 826,9 20,1 7,0 39,7 8,7 261,7 310,8

July 684,5 699,5 14,6 2,5 26,7 3,4 205,0 241,9

August 575,5 596,8 10,4 0,5 21,5 1,5 181,5 189,0

September 490,4 513,6 10,2 1,0 47,9 2,6 154,5 235,6

October 478,4 502,0 14,8 4,6 91,5 14,5 148,4 354,9

November 566,4 582,5 28,2 11,8 116,3 32,9 164,6 509,4

December 457,5 484,8 28,3 13,7 103,8 33,7 134,1 384,8
Annual 
average 550,0 570,4 21,0 7,6 69,7 19,6 175,5 330,9

TABLE 2.1.  
Characteristics of Croatia’s water flows

A. Hydrological characteristics 
and calculation data
After a location on the map is chosen, second tab of 

the user interface opens (picture 2.3.). This tab is used for 
alteration of choice or forming hydrological characteristics 
and entering input data for the calculation of the hydro 
plant’s parameters.

Selection of the flow’s duration curve1. 

User can once again select one of offered water flows, 
and the existing data can be altered directly by entering 
values into table’s fields.Altered data needs to be confirmed 
by pressing the “Prikaži” (show, display) button. Upon this 

Picture 2.3. User interface with hydro plant selection

the flow’s duration curve appears on the graph designed for 
the purpose.

Entered data can be saved in the data base by pressing 
the “Sačuvaj” (save) button. Saved location can be deleted 
by pressing the “Obriši lokaciju” (delete the location) 
button. Data on hydrological characteristics of Croatia’s 
water flows are protected from deleting.

Forming flow duration curve2. 

One of eminent functions of this program is the 
possibility of forming flow’s duration curve by the user. 

Picture 2.4. User interface for forming the flow’s duration curve

By pressing the “Isprazni tablicu”  (clear table) button 
all the values are set to zero. (Picture 2.4.). Desired data is 
entered directly into table’s fields, taking into consideration 
that (average monthly) flows are entered by months.

After finishing the input, and pressing the “Prikaži” 
(show, display) button, flow’s duration curve is graphically 
displayed, in the same manner as the offered curve, arranged 
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by size, not chronologically by months, because if it was 
given chronologically it would represent flow’s curve.

Entered data can be saved in the data base by pressing 
the “Sačuvaj” (save) button, and a saved location can 
be deleted by pressing the “Obriši lokaciju” (delete the 
location) button.

B. Calculation data
After a flow’s duration curve is formed, the program 

enables user to enter data necessary for the calculation 
(picture 2.5.): installed flow of the turbine Qi (m3/s), and 
the characteristics of the head (gross head Hb in meters and 
the loss of head Hg in percentages of Hb)

Picture 2.5. Calculation data entry user interface

This allows processing real or fictional water flow. User 
can, by changing the shape and the size of the water flow, 
monitor the influence on the selection of the turbine and 
possible annual generation of electric energy.

maxminQ Q Qi< <

1. Instalirani protok

Installed flow is set by entering data in the field designed for 
the purpose. Value of the installed flow can be within borders: 
i.e. between minimal Qmin (m3/s) and maximal flow Qmax 
(m3/s) which are determined by the flow’s duration curve.

If the user should enter a value that is outside the 
given borders, the program signalizes illogical entry of 
parameters.

Once the user has entered the installed flow, and pressed 
the “Prikaži” (show, display) button a work area determined 
by the minimal and maximal flow is shown on the flow’s 
duration curve.

2. Head’s Characteristics

Second parameter for the calculation of the turbine are 
the head’s characteristics. The program enables direct entry 
of net head Hn or gross head Hb and loss of head Hg that 
leads to the calculation of net head.

Fields designed for that purpose require entry of gross 
head Hb in meters. Value of gross head is limited to:

max 2000 mbH =

After this the entry of head’s loss, which represent a 
measure for the loss of power, is required. Program has a 
field designed for the entry of total loss in percentages. The 
loss is then calculated as:

%

100
g

g b

H
H H=

Hb stands for gross head in meters, Hg% stands for total 
loss of fall in percentages and Hg total loss of head in 
meters. Loss of head is limited to

max 20%gH =

Net head equals gross head if the head’s loss has not 
been entered. In contrary net head is calculated by:

n b gH H H= −

Maximal value of net fall is also limited:

max 1800 mnH =

If any of the entered head’s characteristics is bigger than 
the maximum value, the program informs that the entered 
data should be altered.

Once the user has entered the installed flow and net 
head, the program calculates turbine’s parameters. Should 
the data be illogical the program will warn the user to alter 
the calculation data

C. Parameters Calculation and the 
Selection of the Turbine

Parameters necessary for the selction of the water turbine 
are calculated based on the data on installed flow and 
head which were entered on the previous tab. Parameters 
calculation and the choice of turbine based on the specific 
number of rotations is shown on the third tab of program’s 
user interface.

 Picture 2.6. Turbine’s parameters calculation user interface

(2-1)

(2-2)
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5. Turbine’s parameters calculation

Disposable power for a turbine is calculated by relation

[ ]9,81 kWh i nP Q H= ⋅ ⋅

Disposable power is in kilowatts (kW) for installed flow 
Qi in m3/s and net head Hn in meters.

Installed power is calculated by:

[ ]kWi t hP Ph= ⋅

by which the degree of efficiency is always

0,88th =

Number of turbines Tn  is determined by the ratio of 
installed and minimal flow with the presumption that the 
minimal flow is covered by a single’s turbine production:

min min

i i
T

Q P
n

Q P
= =

by which Tn  is rounded to the first bigger whole number.

Nominal power of the turbine is calculated as:

[ ]kWi
T

T

P
P

n
=

In further calculation power calculated as (2-6) is used, 
and not the first bigger standardized value from catalogue 
data of real turbines.

6. Selection of the turbine considering the specific 
rotation number

Specific rotation number is determined as a given net 
head Hn as given in table 2.2. so that:

1 2n n nH H H< <

Specific rotation number is determined from equation:

( )2 1
1 1

2 1

s s
s s n n

n n

n n
n n H H

H H
−

= + −
−

Where Hn1 and Hn2 determine area of head in which the 
net head is located, and ns1 and ns2 are lowest and highest 
boundaries of specific rotation number from table 2.2

Type of turbine ns, min-1 Hn, m

Peltonove turbine s jednim mlaznikom
Peltonove turbine s dva mlaznika
Peltonove turbine s tri mlaznika

4 do 30
25 do 50
50 do 72

1800 do 300
800 do 100
400 do 100

Francisove turbine vrlo sporohodne
Francisove turbine sporohodne
Francisove turbine normalne
Francisove turbine brzohodne
Francisove turbine ekspresne

55 do 70
70 do 120
120 do 200
200 do 300
300 do 500

400 do 200
200 do 100
100 do 50
50 do 25
25 do 15

Kaplanove turbine sporohodne
Kaplanove turbine normalne
Kaplanove turbine brzohodne
Kaplanove turbine ekspresne

320 do 500
500 do 700
700 do 850
850 do 1000

80 do 20 
20 do 14
14 do 10
10 do 5

Overlap of more turbines for the same area of head is 
possible according to table 2.2. Specific rotation number 
is calculated for every type and a turbine with bigger ns is 
selected

Real rotation number is calculated as:

[ ]
1

4
min

1,16
n n

s

T

H H
n n

P kW
−⋅  = ⋅  

and is then synchronized with standard values for hydro 
generator’s speeds according to table 2.3. n is taken as such 
that it makes difference between calculated and standard 
value is minimal. Number of pairs of polarities is taken 
from the same table according to the chosen number of 
rotations.

Table 2.3.  
Standard values for hydro generators’ speeds

Number of pari pole p 4 5 6 8 10 12

rpm n, min-1 750 600 500 375 300 250

14 16 18 20 24 30 34 40 50 60

214,3 187,5 166,7 150 125 100 88,2 75 60 50

After this specific rotation number is calculated again 
but according to selected number of rotations:

1,16 1min
4
n PTns

H Hn n

⋅ ⋅ − =   ⋅

this serves as a check for turbine’s selection. Specific rotation 
number is checked to confirm that it is within area:

1 2n n ns s s< <

In case the above given requirement is met, the program 
will show the chosen turbine. If the requirement has not 
been met the program will calculate with other values of 
specific rotation number.

(2-3)

(2-4)

(2-5)

(2-6)

(2-7)

(2-8)

(2-9)

TABLE 2.2. Specific rotation number NS of the hydro turbine and 
approximate value of net head HN
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Cavitation factor is calculated for Francis’ and Kaplan’s 
turbine while Pelton’s turbine has no cavitation.

Francis: 5 1,417,54 10 nT ss −= ⋅ ⋅

Kaplan: 5 1,466,40 10 nT ss −= ⋅ ⋅

(2-10)

(2-11)

After the turbine’s parameters are set the program will 
show a detailed calculation of the turbine (Picture 2.6)

Suggested turbine is illustrated in pictures and a short 
description is also given (Picture 2.7) Pictures of turbines 
can be changed by pressing the arrows above the picture. 
Sketches, cross-sections, parts and photographs of each 
turbine can be seen.

Picture 2.7. program’s interface with description 
and picture of the turbine 

D. Possible hydro plant’s production
Main calculation of the program is the possible annual 

electric energy production for a given flow’s duration curve 
with specific area of working flow, net head and optimal 
turbine.

7. Produced energy calculation

Forth tab provides the calculation of possible overall 
produced energy as well as chart diagram of hydro plant’s 
strain (Picture 2.8)

Picture 2.8. Programs interface with possible energy production calculation

Possible overall produced energy is calculated as the 
sum of contributions of all portions of surface under the 
curve on the hydro plant’s strain diagram:

8760

0
W P tx

x
= ⋅∆∑

=
(2-12)

This is how we get the possible production of energy 
follows the flow’s duration curve and takes in consideration 
reduction of efficiency of the turbine due to reduction of 
flow.

Further calculation of possible energy production in an 
arbitrary interval t1 to t2 given by the user is possible on 
the fourth tab (Picture 2.9). This calculation is used because 
in real life a hydro plant can not be operational throughout 
the year.

Calculation of energy’s production in an arbitrary 
interval is done so that the useful area of the flow’s 
duration curve gets divided into smaller, equal sections and 
individual section’s contribution to energy production is 
calculated.

Picture 2.9. Program’s interface with an example of calculation of 
energy of an arbitrary interval

Energy of an arbitrary interval is calculated as:

2

1

t
W P tx

x t
= ⋅∆∑

=

which represents the sum of contributions of all sections 
of the surface bellow the power in time curve within t1 to 
t2 interval

8. Financial calculation

The program provides, for a given number of tariffs and 
the cost of electric energy in each tariff (set by the user), a 
calculation of daily and annual influx of financial resources 
from electric energy sale (Picture 2.10). When setting 
duration for each tariff it should be taken into consideration 
that the sum of all tariffs must be 24. 
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Picture 2.10. Program’s interface with an example of daily and annual 
influx of financial resources from electric energy sale calculation.

Annual financial resources from electric energy sale 
influx  is calculated as the sum for each tariff as follows:

[ ]0,04167 kn/godK h kn Wgod n n
n

= ⋅ ⋅ ⋅∑

Where hn is duration of a tariff in hours and knn is tariff’s 
price in kilowatt-hours per kuna (kWh/kn)

Daily financial influx is calculated by dividing annual 
influx with the number of days in a year:

(2-14)

[ ]kn/dne
365

KgodKdne= (2-15)

E. Short instructions and basic 
information on the program

Last two tabs of the interface provide short instructions 
for using the program (Picture 2.11) and some basic 
information on the program (Picture 2.12)

Picture 2.11. Program’s interface with short instructions

Picture 2.12. Program’s interface with basic 
information on the program

III. CONCLUSION 
Program Hydro Plant’s Characteristics Calculator was 

made as a work of a student and grow into help for others 
with the goal of deeper understanding and harnessing 
water potential. Concept of the program allows for future 
improvement i.e. it for an example allows the user to 
choose on his own one of the selected turbines for the given 
head when there is an overlap of work areas. An algorithm 
for selection of turbine by work curves of standardized 
turbines could also be implemented. When determining 
possible production of a hydro plant one could take into 
consideration the influence of changeable degree of turbines 
activity.
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Abstract — Due to the need for a practical explanation of 
the solar energy exploitation, Solar Power Calculator has been 
created in this paper. Based  upon measured results obtained 
by the Energy Institute Hrvoje Požar, the annual database for 
the year 2006. has been created for Split, Osijek, Zagreb and 
Rijeka. Using the created database, the algorithm and a user 
interface have been created for calculation of the total solar 
energy absorbed as well as direct financial benefit in the case 
of practical realization of the solar collector. A thorough ap-
plication of the solar power calculator has been explained in 
this paper as well.

Keywords — solar energy, solar cells, power, calculator

I. INTRODUCTION
Due to the need for a practical explanation of solar energy 

exploitation, Solar Power Calculator has been created and 
described in this paper. Based  upon measurement results 
obtained by the Energy Institute Hrvoje Požar, the annual 
database for the year 2006 has been created for Split, 
Osijek, Zagreb and Rijeka.

Using the created database, the algorithm and a user 
interface have been created for calculation of the total 
solar energy absorbed as well as direct financial benefit 
in the case of practical realization of the solar collector. A 
thorough application of the solar power calculator has been 
explained in this paper as well.

II. SOLAR POWER CALCULATOR 
APPLICATION IN EDUCATION
2.1. Input data

When the program starts, a dialog box opens up in 
which you select a year for which calculation is done or the 
data are saved in the database after measurements. After 
selecting the year, the data are read by clicking the mouse 
on the key read (Figure 1.). The database holds the data 
referring to total insolation for the four cities in the Republic 
of Croatia, i.e. Osijek, Zagreb, Rijeka and Split. The dialog 
box given in Figure 1. shows the insolation data referring to 
every single month and every city individually.

By selecting certain total insolation for a particular 
city we can see the total data for every day, interval and 

insolation value within the month (Figure 2.). The first, 
second, third, fourth  and fifth column refer to year, month, 
day of the month, interval (in hours) and insolation value in 
W/m2 , respectively.

Figure 1. Reading data about total insolation per month

Figure 2. Total insolation for a particular city per months, days, hours 
and insolation values

2.2. Graphical representation of annual insolation

This dialog box represents graphically the data about 
the total insolation intensity during one year (per individual 
months) for the four cities in question (Figure 3.).  

Below this graphical representation of annual insolation 
within the same dialog box there follow the data about 
mean monthly insolation intensity. By selecting a city, the 
data referring to average values of insolation intensity for 
every month are given (Figure 4.).
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Figure 3. Graphical representation of annual insolation

Figure 4. Data about mean insolation for every month

2.3. Solar cells

By selecting the Solar Cells menu on the menu bar, there 
appears a drop-down menu with the following options: 
Enter New Cell and Delete and Change Solar Cell (Figure 
5.).  If you want to enter a new cell, the option Enter New 
Cell must be selected, as shown in Figure 5. If you want 
to delete a certain cell that has already been entered, or 
change the saved cell, the option Delete and Change Solar 
Cell must be selected.

Figure 5. Solar cells

Data input for a certain solar cell of certain characteristics 
is done by selecting the Solar Cells menu. The following is 
to be entered: cell name, peak power, short-circuit current, 
open-circuit voltage, maximum power voltage, maximum 
power current, battery’s rated voltage current, NOCT, 
voltage change due to temperature, wind power or surface 
pressure, hail resistance, operating temperature and storage 

temperature, maximum voltage of the system, dimensions 
and weight of the solar cell. When the necessary data are 
entered, they should be saved or in case we do not want to 
save them, they should be deleted.

As can be seen from Figure 6., and based upon 
considerations outlined in previous theoretical sections, 
minimum requirements for the input of a new cell are as 
follows: 

Figure 6. Input of  a new solar cell

Cell name – cell name provided by the manufacturer 

Figure 7. Power engineering calculation

Peak power • – cell power by maximum insolation [W]
Short-circuit current•  – current that occurs at short-
circuited cell terminals [A]
Open-circuit voltage • – cell terminal voltage in an 
unloaded condition [V]
Maximum power voltage • – cell terminal voltage by 
maximum power [V]
Maximum power current•  – current along cell terminals by 
maximum power [A]
Battery’s rated voltage current•  (12.5 V) – current value that 
can be obtained if a battery is installed in the system [A]
NOCT•  - nominal operating cell temperature [C]



- 65 -

CONTENT
Voltage change due to temperature•  – voltage change at 
terminals due to temperature variation [mV/C]
Wind power or surface pressure•  – cell resistance to 
pressure
Hail resistance•  – maximum dimension and speed of hail a 
cell can stand 
Operating temperature and storage temperature • – cell 
operating and storage temperature [C]
Maximum voltage of the system • – maximum cell 
breakdown voltage [V]
Dimensions • – cell dimensions 
(height, width, length) [mm]
Weight • – cell weight [kg]

2.4. Calculation of power and the number of 
    solar cells on the given area from power  
    engineering viewpoint

Selection of Power Engineering Calculation from the 
toolbar causes a dialog box to open in which a solar cell is first 
selected and then read. After that the area is selected in which 
the cell should be mounted (Osijek, Zagreb, Rijeka, Split). 
Then, by selecting the period (either annual or monthly) for 
which calculation should be done the program automatically 
shows the following: average daily insolation, highest sun 
intensity, level of cell efficiency, average daily power per 
unit of area, average daily energy per unit of area,  average 
daily power per cell, and average energy per cell. Data that 
are subject to change i.e. that can be entered individually are 
the highest sun intensity (about 1353 W/m2) and the level of 
cell efficiency. A dialog box referring to power engineering 
calculation is presented in Figure 7.

Area where the cell is mounted – geographical position, • 
selection of the city with the cell 

For period • – time interval for which calculation is done 

Average daily insolation • – insolation value for a selected 
time interval 

Highest sun intensity • – maximum insolation value 

Level of cell efficiency • – percentage of transformation of 
solar energy into electrical energy 

Average daily power per unit of area • - average daily 
power per unit of cell area expressed in W/m2

Average daily energy per unit of area • - average daily 
energy per unit of cell area expressed in  kWh/m2

Average daily power per cell • - average daily power per 
cell expressed in W

Average daily energy per cell•  - average daily energy per 
cell expressed in kWh

Available area for mounting a cell – • area that can be used 
for mounting a cell (roof, yard)

Number of cells per given area –•  value obtained 
after entering the available area and pressing the key 
“Calculate“, and it represents the maximum number of 
cells that can be installed 

Expected power of a photovoltaic module -•  expected 
power of a photovoltaic module for the given area 

Expected energy of a photovoltaic module -•  expected 
energy of a photovoltaic module for the given area

Price –•  price on the basis of which financial gain is 
calculated. The required format is kuna+lipa.
Expected gain on a daily basis for the observed period – • 
financial gain expected on a daily basis for the given area, 
region and period. 

The data about the area available for solar cells and 
the price for kWh are entered in the second part of the 
dialog box. After that, by clicking on the key Calculate, 
calculation is done. Calculation provides values referring 
to the number of cells on the given area, expected power of 
a photovoltaic module, expected energy of a photovoltaic 
module and the expected financial gain for the observed 
period (Figure 7.). Expected financial gain on a daily basis 
for the observed period is the product of the expected energy 
of a photovoltaic module and the market price of a kWh.

pvkWhd Wcc ⋅= (1)

cd - expected financial gain on a daily basis for the 
observed period [kn]

ckWh – market price of a kWh [kn]

Wpv - expected energy of a photovoltaic module for the 
observed period [kWh]

2.5. Education, help and the toolbar

Dialog box Education contains explanations of 
necessary notions concerning solar energy and provides 
additional information regarding this renewable energy 
resource (Figure 8.).

Dialog box Help offers a graphical example explaining 
how to use a solar power calculator (Figure 9.). 

On the toolbar there is a part giving an explanation of 
the program entitled Program. Solar cells and About give 
the data about the program and persons who helped creation 
of the program, respectively.

Figure 8. Education Menu

Figure 9. Help Menu
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2.6. An example of using a solar power calculator

In this section we will explain usage of a solar power 
calculator on a family house. The house is located in Osijek, 
with available roofing area of 12x5 m2. The program will 
determine energy and economic gain that would be acquired 
if photovoltaic installations were installed.

In the first dialog box, year 2006 is selected and then 
confirmed. Read whatever can be seen in Figure 10.

Figure 10. Help Menu

Figure 11. Dialog ox with cell reading

Then, the next dialog box named Power Engineering 
Calculation is opened, where it is possible to select a 
corresponding cell (H-1500), which is later on read  
(Figure 11.).

After that, the area is selected where the cell is to be 
mounted (Osijek) which is given by Figure 12. as well as 
the annual period shown by Figure 13.

We select the highest sun intensity that equals 1350 W/
m2 and the level of cell efficiency. Then the data referring to 
the available roofing area of 12x5m (60 m2) is entered into 
the dialog box. As the last step in calculation, the price of a 
kWh of 0.61 kn is entered and calculation is confirmed. 

A solar power calculator shows us an average daily 
insolation for the observed annual period which is 216.04 
W/m2. 

Figure 12 show total calculation results of the program 
referring to the annual period, the period for March, July 
and December, as well as calculation results for an available 
area of a family house of 60 m2 (12x5m).

Figure 12. Dialog box with calculation for July

According to data explained in sections 2.3. and 2.4. the 
program has calculated the following:

TABLE I. Calculated data
Average daily power per unit of area 25.92 W/m2

Average daily energy per unit of area 0.62 kWh/m2

Average daily power per cell 27.37 W
Average daily energy per cell 0.66 kWh

Number of cells per given area 56 pieces
Expected power of a photovoltaic module 1555.56 W
Expected energy of a photovoltaic module 37.33 kWh

Expected financial gain for the observed period  22.77 kn

III. CONCLUSION
Solar Power Calculator proved to be very helpful when 

it comes to teaching and revision of issues concerning the 
usage of solar energy in the course Renewable Energy 
Resources. It is also used in other courses dealing with 
generation of energy to get a feeling of the financial benefit 
such investment of using the Sun’s potential might result 
in. According to its abilities, the program is rather modest, 
but a feedback coming from users i.e. students makes it a 
valuable tool in studying solar energy, especially relative to 
energy and financial benefit it offers. Authors are proud of 
the fact that a particular product of a graduation paper has 
been used practically and that it will be useful to generations 
of students to come.
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Abstract — For the optimization of both conventional and 
decentralized regenerative production of electric energy it 
is mandatory to have exact data of produced and consumed 
energy. This can be achieved using the presented remote-
reading multi-utility meters for obtaining the data and 
correlating these with short–term meteorological and demand 
forecasts.. (Abstract)

Keywords — electricity meters, remote reading, multi-
utility, energy optimisation 

I. INTRODUCTION
With the focus on global warming and the CO2 dilemma 

new approaches to the production of electric energy are 
necessary. Wind turbines and solar cells produce CO2-
free electricity. Unlike power plants using combustion of 
coal, gas or oil the availability of those renewable energies 
is time-dependent and can’t easily be foreseen, so today 
either storage or a standby of conventional power plants 
is necessary. A new approach is an optimization by closely 
monitoring these decentralized regenerative power sources 
and correlating them with the current weather and also 
producing short-term power production forecasts using 
detailed weather information. Today more and more 
solar panels are installed in many houses and the power 
is on a huge increase, in Germany the installed solar cells 
increased within ten years from 30 MWp in 1997 to more 
than 3.5 GWp in 2007[1]. So for the regional electricity 
companies these figures are very interesting to optimize the 
load-management. This demands a reading of even small 
decentralized units, down to the household.

II. ELECTRICITY METERS
In Germany we still use to a large extend Ferraris-meters, 

but in other European countries, like Italy, they already use 
remote reading via power-line communication in the 135 
kHz band. The Italian ENEL SpA introduced them for all 
27 million customers from 2001 to 2005. But also in mind, 
that they had almost 10% theft of the supplied energy and 
the new meters are tampering-proof and for non-paying 
customers the power can be switched off remotely.

 This is not a problem in Germany, but we face high cost 
of reading the meters. About 2/3 of all installed household 

meters are read by the customer mailing the reading by 
postcard. This is extremely cheap, total cost is little more 
than 1 € per reading. But the remaining third is rather 
expensive to get the reading, as in Germany the meters are 
normally located inside the buildings, so somebody has to 
gain access to make the reading. Sometimes you have to 
show up several times and this can sum up to a total cost 
of more than 25 € for the reading. Normally we read the 
meters once a year and pay a monthly down-payment with 
is adjusted with the actual consumption once a year. 

There are rumors within EU-jurisdication to enforce 
bi-monthly billing according to actual consumption. This 
requires remote reading. But there are also meters for gas 
and water, which need reading. So the focus is now on 
multi-utility remote-metering. The connection to the gas 
and water meters is via a radio link at 868 MHz with battery 
powered transmitters. These lithium thionyl chloride 
batteries operate well for the calibration interval of 6 years. 
This technology is well-proven for years. Fig. 1 shows the 
overview of such a system.

Electricity meterExternal interface
and radio receiver

Transmitter Water meter

Transmitter Gas meter

Figure 1. Multi-utility remote-reading meters setup

III. THE EHZ ELECTRICITY METER
The basis is the specification of VDN (Verband Deutscher 

Netzbetreiber [Association of German Network Operators]) 
for the electronic household meter eHZ [2]. This meter is a 
three-phase meter with the option of two-tariff metering. The 
specification comprises both a front-side and a mounting-
side IR data port, which can be used as a connection to any 
communication device for remote reading. This separate 
unit also avoids any problems with calibration, as this can be 
done with only the meter. This advantage compensates for 
the higher cost of an additional housing.
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Figure 2. VDN eHZ electronic household meter

Figure 3. eHZ connection setup with knife contacts[2]

IV.  REMOTE READING OF METERS
Crucial for a remote reading is the choice of an adequate 

transmission path. For that we have many different 
options:

wire-bound• 
direct: M-bus* 
PLC (EN 55065-1)* 
classic telecom* 

PSTN (public switched) »

ISDN D-channel (packet) »

TCP/IP (ADSL)* 
wireless• 

proprietary P2P networks * 
ISM 433, 868 or 2450 MHz »

Fixed radio service channels in 2 m or 70  »
cm band 

Networks (standardized)* 
ISM bands »

WLAN -
BlueTooth -
ZigBee (IEEE 802.15.4) -

Public MTN (GSM/UMTS) »

CSD (connection) -
GPRS (packet) -

All of these options have specific advantages and 
disadvantages for range, cost and availability and all of 
them are used somewhere.

Today there are already remote-reading meters available 
using PLC or mobile telephone networks (CSD and GPRS), 
but none of them implements a multi-utility capability.

PLC needs appropriate data concentrators and has 
limited communication speed. For normal readings this 
is adequate. Also, except for the infrastructure, there are 
no standing fees and there is no dependency of third party 
companies. 

Using MTNs the transmission speed is of no concern, 
also the coverage is extremely good and no investment in 
infrastructure is necessary. In the past the high cost of the 
communication was a major drawback, but currently the 
price dropped dramatically. 

Another point is, that European households are 
increasingly fitted with broadband access and this is why 
TCP/IP connections are getting feasible for such a project. 
Using this infrastructure, the equipment necessary is cheap 
and the additional data traffic is negligible.

This design implies an embedded micro-web server in 
the meter. Fig. 4 shows a sample.

Figure 4. Embedded micro-web server

This also enables the customer to access his own data to 
create statistics and profiles.

Another interesting application running on this hardware 
is load management. It has been discussed for years, but was 
always a problem for the high cost of implementing it. The 
goal is to shift energy usage from peak to off-peak hours. 

There is also the possibility to establish additional 
services, like burglar alarm or other services in the medical 
service field who can share such connection to reduce cost. 

With this in mind, such a device can provide a home-
gateway for many other applications.

For energy billing purposes fig. 5 shows the structure of 
the software integration.



- 69 -

CONTENT

Figure 5. Software architecture

IV. CALCULATING CURRENT 
 DECENTRAL ENERGY 
 GENERATION
With this setup, there is an instant access to the current 

load and production possible. To make the assumption of 
the amount of regenerative energy generation as accurate as 
possible it is necessary to have an exact forecast of the wind 
speed and solar conditions. With today’s exact short-term 
forecast for the next 3 hours it is possible to have this. Fig. 
6 shows such a map for cloud cover and wind vectors.

Fig. 6. Map sample of cloud cover and wind vectors

The solar energy can be calculated taking into account 
the current position of the sun and a factor compensating 
for the cloud cover. It does not only depend on the direct 
solar irradiance, but both on the direct and the diffuse 
component [3].

We are about to make both measurements of the generated 
energy in correlation with the actual meteorological data 
compared to forecasts from one, two and three hours ago. 
This will have statistical uncertainty, but with a learning 
curve the accuracy of the results will become better. 

Most of the solar power generators are relatively small 
units with less than 10 kWp but with a high number of 
installed units. This is why it is difficult to obtain exact data 
today, but with remote-reading meters it is easy to get this 
information. Also new-built units can easily be integrated 
into the prediction programs.

Similar considerations will be made with wind turbines. 
Due to the already much higher installed power of wind 
turbines, they are, to a certain extend, already integrated 
into the programs.

With this information it is possible to make adequate 
short-term power-production forecasts. In Germany 
currently we just reduce the power of conventional power 
plants, if there is production from wind turbines or solar 
cells. Using the meteorological data and introducing them 
into the current models forecasting the demand using 
probabilistic techniques it is possible to reduce the number 
of active power plants.

V. CONCLUSION
 With this in mind, the term virtual power plant can be 

introduced. That is, the energy production from renewable 
sources can take part of the demand prediction models 
just like any conventional power plant with a certain 
power characteristic. The foundation for that lies in instant 
online monitoring of generated energy using remote-
readable electricity meters in combination with detailed 
meteorological forecasts.
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Abstract — This paper presents Computer Aided Design 
(CAD) software which assists engineers to design grounding 
facilities for power plants, substations and buildings. The pro-
gram is used to perform soil resistivity measurement interpre-
tations, elevation of ground potential rise and danger point 
evaluation within any area of interest. The soil module sup-
ports both “single-layer” and “two-layer” soil model analysis. 
The grid module computes the tolerable step and touch volt-
ages. CYMGRD® software was used to perform ground-elec-
trode sizing, ground potential rise computation and the equiv-
alent resistance of the grounding system. Surface potential 
and touch voltage potential gradients at any point of interest 
within the area of investigation can be computed. Equipoten-
tial contours for surface and/or touch potentials, and poten-
tial profiles showing touch and step voltages along the chosen 
direction are presented. Two and three dimensional plots are 
presented for the grounding system of thermal power plant 
TE-TO Osijek. The safety of personnel and the equipment in 
and around the grounding grid is satisfied. 

Keywords — Grounding system, touch voltage, step volt-
age, computer modeling, grounding resistance

I. INTRODUCTION 
All energized parts of the power plant have to be 

protected from undesirable touch voltage in order to prevent 
situations that could endanger workers´ health and life. 
Apart from mechanical protection from unintentional touch, 
the touch voltage protection is also implemented through 
the grounding and automatic protection. Faults have to be 
disconnected from the power source in the shortest possible 
time. A grounding system is a galvanic connection between 
the metal grounded part of an electrical device, plant and a 
certain energized part of the grid and the ground. Grounding 
systems are metal parts buried into the ground in order to 
establish the galvanic connection of the grounded part with 
the ground. [1] As a rule, all parts of a device which are not 
part of the electrical circuit (e.g. electrical device housing, 
metal cell parts, insulator flanges, metal screens and cable 
armor, accessible metal parts of reinforced concrete and 
metal buildings, etc.), but could be energized directly or over 
the electric arc in the case of failure, should be grounded. In 
case of failure in the electrical system, any kind of error, i.e. 
earth-fault, the boundary values of touch voltage are defined, 
depending on the time duration that is not to be exceeded, so 

that the life and health of persons in contact with the given 
equipment and system would be safe.

In order to set dimensions and design the quality and 
effective grounding system, a whole set of input-data has to 
be taken into account, i.e. plant type, ground configuration, 
specific ground resistance, single line to ground fault current, 
SLG current exposure duration, dimensions, material 
and form of the grounding system.  The program package 
CYMGRD® [2] is a computer tool for the computation of 
grounding resistance, touch and step voltage distribution 
and potential contours. After the simulation is performed, 
visualization of potential distribution into two or three 
dimensions, with equipotential areas, touch and step voltage 
profiles and potential profile on the soil surface can be plotted. 
The grounding system of TE-TO power plant is modeled in 
CYMGRD®  program package, in order to simulate the single 
line to ground fault, grounding resistance computation and 
generate the display of potential distribution on grounding 
level of the plant, with touch voltage profiles, step voltage 
profiles and potential profiles on the soil surface. 

II. THERMAL POWER PLANT 
TE-TO OSIJEK
On the site of “TE- TO Osijek” three kinds of fuel are 

used: reduced crude / black oil (stock container capacity 1x 
10 000 m3 + 1x 20 000 m3), gasoline extra light oil (10 000 
m3

 ) and natural gas. Black oil and natural gas are used to 
operate the steam boilers whereas gasoline and natural gas 
aroused for the steam turbine. 

Plant name Producer capacity
/ unit

High pressure steam boiler “Wagner Büro”, Austria 125 t/h

Steam block boiler “Đ.Đaković”, Sl. Brod 18 t/h

Waste heat boiler “Steinmüller”, Germany 54 t/h

Steam turbine-generator “Jugoturbina”, Karlovac 45 MWe
139 MWt

Gas turbine unit “AEG-Kanis”, Germany 25 MWe

TABLE I.  
thermal power plant techical data

Srete Nikolovski
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Figure 1. present the bird perspective of TE-TO power plant Osijek

Figure 1. present the bird perspective of TE-TO power 
plant Osijek

III. POWER PLANT GROUNDING 
  PROJECT
When dimensioning all conduits and equipment 

necessary for performance of the main grounding system 
and the grounding of the main plant building, the following 
states have been taken into account: thermal and electrical 
inner stresses in normal operation, short circuit, atmospheric 
discharging, environmental impact (mechanical, thermal, 
chemical and electrical stresses) as well as the functionality 
of the usage i.e. bringing the touch voltage and the step 
voltage into permitted values. The same applies to the 
dimensioning, erection and connection of the lighting 
conductor installation thus fulfilling the basic requests of 
the work safety and efficient protection against electric 
shock and fire due to atmospheric unloading. The design 
solution foresees that all non-energized metal parts in 
the plant, which could be energized due to the failure on 
the electrical device insulation, must be connected to the 
grounding system, acting as one of the protection measures 
against too high touch voltage. Pipelines, duct bridges and 
outer metal cable screens that lead outside the power plant 
fence are electrically separated by the insulation in order to 
prevent potential transmitting outside the plant. 

Plant and protection grounding systems, as well as 
lighting conductor plant installation are connected to the 
joint plant grounding system, the so-called joint grounding. 
Regarding the technical connectivity of the lighting 
conductor, plant and protection grounding, there are special 
technical regulations that request periodic controls and 
measuring of the grounding resistance, touch voltage and 
step voltage in order to secure grounding system efficiency 
and quality.

The main grounding system of the power plant is 
made of a copper string, cross-section 90 mm2 in a form 
of a net. Grounding grids are used in the first place as 
grounding systems of high-voltage substations (110, 220, 
380 kV) [3] with direct grounding of a neutral point with 

huge currents of earth fault (value of several kA).  When 
designing grounding systems one has to bear in mind the 
arrangement of the existing plants, objects and roads. It 
is foreseen that the dimensions of the grounding system 
“eye” is approximately 40x40 m. Setting the grounding 
system inside the fence is foreseen for the depth between 
0,5 – 1 m, set on the depth of 0,8m. It is very important that 
the grounding system is in good contact with the ground 
around it, i.e. guidable earth, which has to be well soaked 
and packed hard, should be arranged around the grounding 
system. 

The grounding system should be set on the outer side 
about 1 m from the fence in depth 0,5, as it was previously 
done in TS 110/35 kV and PTE Osijek. All points where the 
grounding system is crossed or connected, a mechanically 
resistant and electrically well guidable juncture should be 
seen. The grounding conduits (conduits between metal 
parts and the grounding system) to the main grounding 
system should be connected in the same way. In case that 
junctures are not made of the same material (e.g. tin-coated 
steal strip), the juncture should be made using the adequate 
staple under the ground so that it could be controlled more 
easily. The main grounding system is so designed that the 
part of this system goes around every single object, as 
well as the main plant, enabling thus different options in 
choosing the binding grounding conduits of the object to 
the grounding system of the power plant.

IV. GROUNDING SYSTEM 
 COMPUTATION USING CYMGRD®

CYMGRD® is a software application that helps 
engineers to design and compute grounding systems of 
the plants and buildings. The program can be used for the 
interpretation of ground resistance measuring, grounding 
potential growth evaluation and evaluation of the critical 
points set in a given area. The program supports the 
analysis of the soil resistance by importing the measuring 
computation from the field, i.e. the analysis necessary for 
the final soil model that will be used in equipotential area 
analysis. The module supports both single and double-layer 
soil analysis. The user alone defines the amplitude of the 
failure current, thickness and layer material resistance on 
its surface, body weight and predicted time of exposure.   

CYMGRD® enables dimensioning of grounding 
electrodes and grounding potential computation. CYMGRD® 
can also compute the equivalent resistance of the grounding 
system grid combined from the grounded circuits, grounding 
systems and ducts using the matrix technique for the 
computation of current distribution in the soil. CYMGRD® 
computes the step voltage on the surface and the touch 
voltage, as well as the potential gradient in every point that 
is in the scope of interest. The program can also generate 
the equipotential areas for surface and touch potential, 
as well as potential display showing the step voltage and 
touch voltage in all directions. The display can be in two or 
three dimensions, enabling the easier safety estimation for 
employees and equipment in the grounding system area.
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The complete software activities can be done through 
several modules, such as: 

Soil Analysis module – defines two-layer, uniform or by 
user defined soil model, and  CYMGRD® draws based on 
the measures and computed resistance on the same diagram 
enabling the simple quality check of the chosen soil model. 
The maximum permitted step voltage and touch voltage 
are computed according to IEEE Standard 80-2000. The 
results are automatically communicated to other modules. 
Electrode Sizing module – defines and determines the 
minimum dimension requests for the grounding system in 
accordance with IEEE 80-2000 standard. In order to establish 
the electrode dimensions, CYMGRD® uses the parameters 
of electrode material and ambient temperature. Users can 
choose one or more materials from the CYMGRD® library. 
Number of parameters for material can be modified. 

Grid Analysis module – computes spreading current 
through each circuit element in the grounding grid. The 
potential of surface soil is determined from these results. 
The grid can be defined through one circuit or one can use 
the group of circuits arranged in sub grids. The grounding 
systems can be defined in the same or similar way. The 
neighboring grounding structures, as well as their possible 
influence on surface voltage can also be included. 

Plotting module – generates the visual result presentation 
of grid analysis and draws profiles and equipotential areas. 
Equipotential areas can be used as a display of touch 
voltage 

V. COMPUTATION RESULTS
The grounding resistance computation problem can be 

reduced to solving the integral equation:

( ) ( , ) ( )
A

r G r r r dAj s
′

′ ′ ′= ∫
   

(1)

Where: ( )rj
  is the potential, ( )rs ′  is the surface current 

density, and ( , )G r r′   is the Green’s function. Integration in 
(1) is performed over electrode surface. Relation (1) must 
hold even on electrode surface, where the potential has a 
constant value j  determined by boundary condition. The 
equation (1) can not be solved analytically because surface 
current density ( )rs ′  is unknown function. Mathematical 
procedure of solving equations like (1) by transforming 
them into matrix equation is known as Moment Method

Results obtained by implementation of approximate 
parameters of the main grounding system of the 45 MW 
unit, which represents a part of the joint grounding system 
of the whole power plant on the site of “TE-TO Osijek”, 
are comparative to values obtained by computations and 
measurements referring to the whole plant. The simulated 
computation is done for the highest single line to ground 

fault current on the 110 kV grid, I = 9200 A, taking into 
account the measured specific soil resistance of 24.22 
Ωm. The soil resistance is changeable and varies due to 
the different climatic conditions, so during measurements, 
dissipation of the measured values can occur. 

The equipotential areas are expectantly of the highest 
density on big surfaces of covered with grass towards the 
outer fence of the power plant, especially on its south-east 
part, but within the permitted values of touch voltage and 
step voltage. This refers mostly to the simulation with higher 
parameter speed of protection operation start, i.e. failure 
duration less than 1 second, which is a much more realistic 
situation regarding the speed of protection operation star 
on the 110 kV grid. Following parameters were used for 
computing the grounding resistance and potential spatial 
distribution:

Soil report, Safety assessment 
report – uniform model:
Body weight    : 70 kg

Surface layer thickness   : 0,20 m

Surface layer resistance  : 150 Ωm

Upper layer thickness     : 100 m

Upper layer resistance    : 24,22 Ωm

Lower layer resistance   : 24,22 Ωm

Reduction factor C (IEEE 80)  : 0.82

The highest permitted touch voltage : 185.99 V

The highest permitted step voltage : 272.95 V

Grid analysis report:
Upper layer thickness     : 100 m 

Upper layer resistance    : 24,22 Ωm

Lower layer resistance   : 24,22 Ωm

Total number of grounding elements : 133

Total circuit length   : 2314.00 m

Total rod length   : 53.00 m

Grounding system potential (GPR) : 649.96 V

Grounding system resistance  : 0.0706 Ω

Total installation impedance  : 0.0706 Ω

Grounding system current  : 9200 A

 Failure duration [s] 0.1 0.3  1.0

 Reduction factor C (IEEE 80) 0.82 0.82 0.82

 The highest permitted touch voltage [V] 588.15 339.57 185.99

 The highest permitted step voltage [V] 863.16 498.34 272.95

TABLE II.  
permitted  touc H and step voltage
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VI. GROUNDING GRID LAYOUT
The grounding grid of 45 M power pant consists of 

primary horizontal elements and vertical rods. The total 
length of primary conductors is 2314 m, the total length of 
primary rods is 53 m and the total number of elements is 
133. Two and three dimensional view of grounding system 
is present in Figure 2.

Figure 2. 2D and 3D layout of power plant grounding grid

Figure 3. 2D spatial distribution potential contour

VII. GROUNDING GRID 
   ANALYSIS REPORT
Figure 3. presents 2D spatial distribution of potential 

contour on the ground surface over the main grounding 
system of the 45 MW plant, which represents a part of the 
joint grounding system of the whole plant “TE-TO Osijek”.

The highest potential values are on the edges of the 
grounding grid due to a nature of electrical charge and 
dissipation currents distribution. The ground potential 
rise is 660,226 V while maximal permitted step voltage is 
276,54 V and maximal permitted touch voltage is 186,88 V. 
This can be seen in Fig. 5.

Figure 4. presents 3D spatial distribution of touch 
potential on the ground surface over the main grounding 
system of the 45 MW plant.

Figure 4. Touch potential contour on the ground surface

Figure 5. Potential profile along the diagonal of grounding grid
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Safety requirements are satisfied since curves for 
step and touch potentials are under the permissible levels 
(straight dot lines)

Figure 6. Surface  potential contour

VII. CONCLUSION
In case of failure, earth fault and disturbances in plants, 

the limit values of touch and step voltages dependant on 
the time of fault duration that must not be exceeded for the 
purpose of protecting life and health of personnel that could 
come into contact with equipment in the power plant, have 
been defined. Keeping the touch and step voltage in permitted 
levels is established by the adequate grounding system 
arrangement and potential forming. Height and potential 
distribution are very important factors that affect the plant and 

personnel safety. Dimensioning and designing of an efficient 
grounding system have to include a whole range of input 
data specific for every single plant including configuration, 
number of layers and specific soil resistance, as one of the 
most important parameters, earth short circuit current value, 
grounding system current, duration of the current exposure to 
the failure, dimensions, form and resistance of the grounding 
system. The existing application, i.e. CYMGRD program 
package is intended for making computations of grounding 
system resistance for different kinds, dimensions and forms 
of grounding systems. Apart from the computed results of 
maximum permitted touch voltage and step voltage, the 
simulation of different input parameters of the designed, i.e. 
derived grounding systems, enables us to make visualization 
of potential distribution in two or three dimensions, with 
equipotential areas, touch voltage profiles, step voltage, soil 
surface potential profile and spatial distribution in three-
dimensional coordinate system. 
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Abstract — Energy sources will play important role in the 
world future. In developed countries increasing use of modern 
technologies and efficiency bioenergy conversion from many 
kinds of biofuels, which are more acceptable in terms of costs 
than fossil fuels. Instantly, attention is on renewable energy 
sources in developing countries. Renewable energy can be 
more acceptable for developing countries. Renewable energy 
can facilitate economic and social development, only with ac-
curately planned projects with local inputs  and cooperation. 
Biomass and  biofuels can be used like a substitute for fossil 
fuels in heat, energy and/or chemicals production. General, 
biofuels give many advantages, including suistainable, reduc-
tion of gasses emission („green house” effect), regional devel-
opment, social and agricultural structure and supply safety.

Keywords — use of biomass, wood waste, municipal systems.

I. INTRODUCTION 
Biomass is organic material which has stored sunlight in 

the form of chemical energy. Biomass fuels include wood, 
wood waste, straw, manure, sugar cane, and many other 
byproducts from a variety of agricultural processes. 

The majority of biomass energy is produced from wood 
and wood wastes (64 %), followed by municipal solid 
waste (24%), agricultural waste (5%) and landfill gases 
(5%). World production of biomass is estimated at 146 
million metric tons a year, being mostly wild plant growth. 
Some farm crops and trees can produce up to 20 metric 
tons per acre of biomass a year.  Biomass is currently the 
fourth largest energy source in the world, accounting for 
around 14 % of world energy demand.  Biomass is the 
most important energy source in developing countries, 
accounting for nearly 35 % of the total energy supply.

Biomass energy sources include fast-growing trees such 
as poplar, willow and silver maple, in addition to annual 
crops such as maize, sweet sorghum, and perennial grasses 
such as brushwood. 

Biomass combustion (oxidation) provides the basic 
energy requirements for cooking and heating of rural 
households and for process heat in a variety of traditional 
industries in developing countries.

Biomass is becoming an ever more attractive raw 
material for several reasons. First, it is a renewable energy 

source. Second, it has positive environmental effects, 
resulting in the reduction of both carbon dioxide emissions 
and the sulphur content. Third, the use of biomass is 
expected to have substantial economic potential, as fossil 
fuel prices are expected to be higher in the future.

The importance of biomass is best reflected by the fact 
that 2. 5 kg of straw can save 1 l of heating oil, 1.06 cubic 
metres of gas or 9.72 kW of electricity, but also 2.2 kg of 
wood and 1.94 kg of coal. However, the obvious benefits 
and savings have not facilitated greater exploitation 
of natural resources. The economical exploitation of 
biomass is primarily hindered by relatively low energetic 
value, uneven distribution and inaccessibility of areas to 
mechanical harvesting equipment.  [1]

The conducted research suggests the substantial energy 
potential of biomass in the Municipality of Cacak: the 
potential of biomass and wood wastes being about 11250 
GJ and 7500 GJ, respectively [3]. Irrespective of the above 
advantages of biomass and wood waste utilisation, this 
energy source has not been sufficiently exploited in the 
Municipality of Cacak.

II. POSSIBILITIES OF USING MUNICIPAL 
BIOMASS AND WOOD WASTE AS 
ENERGY SOURCES 
Biomass is a photosynthetic material of biological 

origin. The majority of current biomass resources include 
wood forest material. The majority of terrestrial biomass 
has three primary components: cellulose, hemicellulose 
and lignin. Several types of biomass material are used as 
raw materials in energy conversion including agricultural 
and forest residues, municipal solid waste and industrial 
waste.

Direct oxidation is the oldest known way to use 
biomass. Thermochemical conversion technologies such 
as pyrolysis and gasification are less common today than 
oxidation which accounts for more than 97% of world 
bioenergy production.

Biomass can be directly used to fire household steam 
boilers. However, co-combustion of biomass and coal has a 
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range of technical, economic and environmental advantages 
over other options. Biomass-and-coal burning, as compared 
to coal combustion, helps limit (reduce) total emissions of 
hazardous gases per unit of energy produced.

Potential technologies used in municipal biomass and 
wood waste processing include:

destructive distillation of wood for charcoal,1. 
gasification of biomass to gaseous products,2. 
pyrolysis of biomass and solid waste to liquid, solid 3. 
and gaseous products,
biomass and coal cofiring,4. 
biological conversion of biomass and waste (biogas 5. 
production, waste water treatment),
biomass concentration (briquetting and the like),6. 
conversion of biomass into biomethanol and bioethanol 7. 
for internal combustion engines,
hydrogen, generated from biomass by pyrolysis and 8. 
gasification.
The above technologies will be used only when they 

prove to be energy efficient, depending on the amount, 
type and site of origin of biomass and wood wastes, which 
practically means that biomass and wood waste storage 
locations should be selected for minimum transportation 
costs. 

Perspectives for the utilisation of biomass energy are 
based on controlled and stimulated use of these natural 
resources at certain sites in order to avoid their irrational 
utilisation.

Irrespective of its high energy potential, municipal 
biomass is rarely, if ever, used as fuel in Serbia.

A. The use of municipal biomass and wood 
waste for biofuel production 
Biofuel refers to liquid or gaseous fuel mainly or 

exclusively produced from biomass. Biofuel is an energy 
source which has been used since ancient times. Biofuels 
are important because they replace petroleum fuels. They 
can be used as fossil fuel substitutes to generate heat, 
power and/or chemicals. Quality improvements of biofuel 
as a transportation fuel are technically feasible. Biofuels 
are generally considered as offering a range of benefits, 
including sustainability, limitation (reduction) of greenhouse 
gas emissions, regional development, changes in social 
structure and in agriculture and safe supplies. Biofuels were 
also considered in the past as potential substitutes for highly 
polluting fuels generated from traditional sources. Biofuels 
are increasingly used today to generate energy due to a 
number of advantages including reduction in greenhouse 
gas emissions, development of energetic independence and 
provision of new employment opportunities.

The possibilities for expanded biofuel production 
are large, considering the need for oil products in the 
industrialised and developed world. The important fact to 
remember is that the future resource material for biofuel 
production is abundantly available worldwide.

Liquid biofuels are presently available in two forms: as 
bioalcohols and biodiesel [7]. The former are mostly used in 
combination with benzine, and the latter is suitable for use in 
diesel engines. The fact that biomass can be converted into 
liquid biofuels practically suggests that it can provide enough 
fuel to meet the transportation needs of the entire transportation 
sector - cars, trucks, buses, airplanes and trains. This is of high 
importance, considering the fact that transportation accounts 
for around one third of total energy consumption, today.

Ethanol is the most commonly used biofuel, produced 
from sugar cane, maize and other cereals. The combination 
of benzine and ethanol is being used today in towns and 
cities of high air pollution. Today, researchers have found 
new ways to produce ethanol from grasses, trees, bark, 
sawdust, paper and farming wastes.

Diesel fuel can also be substituted by biodiesel 
generated from vegetable oils. This fuel is mostly produced 
from soybean oil today. However, any vegetable oil – maize 
oil, cotton oil, peanut oil, sunflower oil – can be used for 
biodiesel production. Researchers are developing algae that 
produce oils that are readily convertible to biodiesel.

Possible methods of producing biofuel from lignocel-
lulosic biomass are as follows: 

bioethanol production from cellulosic material • 
(bioethanol production by hydrolysis  of biomass 
acids and by enzymic hydrolysis from biomass),
biomethanol production from organic wastes • 
(by natural gas conversion in gas, coal  and oil 
refineries),
hydrogen generation from organic wastes,• 
biodiesel production from vegetable oils.• 

B. Use of municipal biomass and wood wastes 
for compost Production
Considering the site and time of biomass generation, 

composting is the best way for the efficient utilisation of 
biomass in urban environments where biomass is collected. 
Biomass collected by municipal utility enterprises in urban 
areas can be used in compost production.

 Compost is a mixture of residues and wastes 
which are not used at a farm but which, decomposed by 
microorganisms, are applied as organic humic fertilisers. 
Raw composting materials  are of animal, plant and mineral 
origin. Animal-derived material includes: blood, bone, 
intestines, spoiled meat, feather, hair, faeces, etc. Plant-
derived material includes: weed plants, leaves, branches, 
non-used livestock feed, silage, maize stalks, grape and 
other fruit residues. Mineral material includes: ash, soot, 
yard waste rubbish, sewage and fishpond sludge, etc.

Non-compostable material includes material containing 
diseases, viruses, etc., and non-degradable material such 
as seed-containing weeds, infested dead animals, etc. The 
chemical and physical composition of the above material is 
to be modified.. In other words, microbial degradation and 
humification are required.
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Compost is a 100% organic fertiliser, richer in phosphorus 
and calcium, but poorer in nitrogen and potassium than 
manure. All compost elements are readily available to 
plants. Good-quality compost is obtained by complete 
microbiological degradation, its organic component being 
similar to humus. Therefore, the processes of humification 
and dehumification of the said organic matter take place 
very rapidly and easily.

III. THE ECO-EFFICIENCY 
  PERFORMANCE OF MUNICIPAL 
  UTILITY SYSTEMS

An important aspect of biomass is its energy potential 
that can be used in a particular way for energy purposes.  

The implementation of environmental management in 
municipal utility systems should take place in accordance 
with the following fundamental principles:

definition of environmental policy guidelines and   • 
taking responsibility,• 
identification of environmental objectives and • 
measures,
implementation of the environmental management • 
system,
measurement and assessment of the effects of the • 
system on the environment and
reexamination and improvement of the • 
environmental management system operation.

Eco-efficiency refers to redesigning the process in  
accordance with the laws of nature. An eco-efficient product 
is designed in such a way that no waste is being generated 
(it can be either recycled or used as a fuel).

Many world companies have already realised the 
benefits of responsible behaviour,, i. e. of investments into 
initiatives aimed at reducing adverse environmental effects, 
increasing the transparency of their work and improving the 
welfare of their workers and surrounding communities.

Through biomass and wood waste utilisation, companies 
can reduce both harmful environmental effects and total 
costs and increase competitiveness. Responsible companies 
have better reputation, since they do not make damage to 
the environment but rather treat it humanely. Furthermore, 
responsible companies can reduce three other risks: to be 
hit by new regulations, to be forced by investors to change 
their policy and a risk of increased operating costs.

Therefore, the potential of municipal biomass and wood 
waste can provide a main source of the increase in company 
income. 

IV. CONCLUSION
Energy is a basis of economic development. 

Interdependent interactions can be established between 
energy consumption and a standard of living. Biomass 
and wood wastes have remained predominant energy 
sources in undeveloped countries. Great attention is 
currently being placed on renewable alternative energy 
sources in developing countries. Bioenergy is estimated to 
account for more than 90% of total energy supply in some 
developing countries. In this respect, biomass and wood 
wastes from municipal utility systems are highly important 
as future potential bioenergy sources abundantly available 
worldwide. Environmental potentials can, thus, become 
principal sources of income increase. Furthermore, the 
use of these energy sources can reduce pollution (increase 
“eco-efficiency”). Hence, generally speaking, business 
performance should become “eco-efficient”.
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Abstract — Our Autonomous micro air vehicles consist of 
on board electronic, video camera telemetry and the ground 
station equipment. The Hochschule Bremen started the devel-
opment of such vehicles as a student project in 2006. The first 
autonomous flight was done in June 2007. In parts the proj-
ect implements results of the  international Paparazzi project. 
The system inside the aircraft uses a GPS receiver for navi-
gation, thermal optical sensors to compute the roll and pitch 
angel, a RC- receiver for backup and uplink, a CMOS video 
camera, a 2.4GHz video and audio transmitter. The additional 
equipment to a RC model has the mass in the 100g range.  The 
ground station consists of a laptop, a RC-transmitter, a 2.4 
GHz receiver and antenna, an internal combustion driven 
power station, flash hardware, power supplies and batteries 
chargers. The construction plans and software-sources are 
licensed under the GPL and can be used for free by an anony-
mous download. The development tools run under Linux and 
are also free to use. 

Keywords — MAV, Paparazzi, autonomous , Linux 

I. INTRODUCTION 
Paparazzi is an open source autopilot system for 

autonomous aircrafts of different types developed since 
2004 by a team of the  ENAC  (Ecole Nationale de 
I´Aviation Civile, Toulouse, France) [1] and tested and 
partly developed  by others teams in Germany [2],[3] USA 
[4] and Canada [5]. The project  proposes the following 
objectives[6]: 

development of a robust inexpensive total system • 
consisting of hard- and software to fly  micro air 
vehicles autonomously for video observation and 
measuring of data for the meteorology science[8]
ability to fly all kinds of aircrafts (Fixed wing • 
obtained, a research project for VTOL (Vertical Take 
Off and Landing ) is going on at the Hochschule 
Bremen)
attendance at flight competitionss  (EMAV and • 
MAV conferences)
use of free software tools only: GCC,  LINUX • 
(Debian distribution), Ocaml etc.
free download of all software (source code), • 
documentation and hardware plans by anonymous 
download under the conditions  of the GNU GPL

Due to contact to the paparazzi team on the EMAV06 
competition and the impressive results of paparazzi teams 
(many of the winning  teams used the paparazzi system 
since 2004)  a topic was generated for the student  project  
in winter semester 06/07: “To construct, program and fly 
a micro air vehicles with the paparazzi autopilot system” 
. To achieve  this, with a student project only having five 
team  members,  was possible because 1. the ENAC offers 
the source code and the  PCB- and schematic files of the 
Paparazzi system for  download, 2. the operating system 
(LINUX), development tools like Compilers, debuggers,  
flash tools, servers etc. are free GPL-tools, 3. no expensive 
or special electronic devices are used; 4. the price of the 
autopilot devices are below 200 Euros in total and a web 
based  infrastructure is implemented  like a wiki, chat rooms 
and  a  developer mailing  list. Since developer groups  are 
working in different countries and continents a question 
asked to the developer community is answered in typical 2 
to 6 hours by mail.

II. LAYOUT AND OPERATION 
OF THE PAPARAZZI SYSTEM

A. Aircraft Segment 
The aircraft segment consist of an autopilot, a battery,  

a transmitter for video and telemetry (2.4GHz), a GPS 
receiver, a RC receiver a motor and motor controller.

Figure 1. The used aircraft segment 
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Figure 2. Aircaft segment block diagrm

Figure 3. Ground segement block diagram

The task of the aircraft segment are: 

After a manual start by a RC steered flight to a • 
safety height the autopilot is activated and follows 
waypoints given from a flight plan. It can consist of 
way points and flight manoeuvres  like circles, lines, 
meander  and other figures.  
Transmit  the video signal of the camera  and  to • 
downlink of telemetry data (position, heading, flight 
angles, position, speed, GPS and RC signal quality, 
battery voltage, positions of the rudders etc). in real-
time. 

To run the  feed back control for flight angles (roll, • 
yaw, pitch) rates, and speed, to do a model based 
calculation of the wind vector, to switch to fail 
save mode when RC connection is lost  to airdrop 
of sensors to a given point and  to do take of and 
landing automatically.

 There are given different flight modes  1. manual: RC 
steered form ground 2. auto1: automatic control of the 
flight height  and manual steering of  yaw and roll rudder 
with smaller amplitudes 3. auto2: fully autonomous flight 
4. auto3: safety modus, circles over the home waypoint. 
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The radio links are: 1,5GHz satellites to aircraft,  40 MHz 
RC Set ground segment to aircraft (up link), 2.4GHz video  
and audio to ground station (down link).

B. Ground Segment 
The ground segment consists of a laptop, a  power 

supply (from 12 V car battery ),  combustion generator, 
chargers, a 2.4 GHz receiver  for video and audio, a flash 
devices, a frame grabber (video to USB-link), a modem and 
a RC transmitter.

Figure 4. Ground segement block diagram

The tasks of the ground segment are:

to build the platform for the software development• 
programming (flashing) of the autopilot controllers • 
allowing to check the state of the flight plan and • 
modify it if necessary interactive creation and 
simulation  of the flight plans on the ground
running the servers for the visualization and storage • 
of the telemetry and video data 
generation of warn- and status  messages• 
delivering of maps and earth pictures  from the • 
internet, display of the video stream, flight plans and 
the actual flight positions and directions
storage and display of the online documentation• 
power supply for all devices• 

Figure 5. A hardcopy of the display of  the ground station software

III. DEVICES OF THE 
  AIRCRAFT SEGMENT 

A. Receivers for the Global 
Positioning System (GPS)
We use µBlox receivers because they have small 

position errors of 2 to 5  meters in short time periods, a 
fast and easy to parse communication protocol and an 
update rate for the position data of up to 4 Hz. For the AVR 
autopilot with two ATMEGA micro controllers the SAM-
LS module (weight  43g) with 20mm patch antenna is used.  
The tiny autopilot with the NXP LPC2148 micro controller 
(ARM7 32 bit) use a LEA4 receiver module and a 13mm 
patch antenna. The total weight of this autopilot with the 
total GPS receiver is 24g.

B. The Position Measure System
For an autonomous flight of  fixed wing aircrafts a 

system to measure the roll and pitch angles is necessary. 
Paparazzi uses  thermo electric temperature sensors (IR 
sensors like reference[7]) which sense the temperature 
radiation in a wavelength from 5-14µm.  Four sensors are 
used to measure the position angles. Two pairs are used 
and each pair is arranged to look to the opposite direction. 
They are so connected that the temperature difference is 
measured. The difference signal is amplified by a factor 
of 1000 before it is given to analogue inputs of the micro 
controller. This simple system work well under visual flight 
condition at day and night. In valleys,  towns with high 
buildings, fog, clouds and inversion weather conditions 
in the tropics it fails. To overcome this problem, other 
measurement systems (magnetic and gyro based) are 
under development by a team at the Hochschule Bremen. 
The dynamics of the IR sensors is too slow for fixed wing 
aircraft below 0.6m wingspan. In such cases a MEMS gyro 
like the ADXRS150 is added to measure the roll rate 

C. The Autopilot
We began the work with the AVR autopilot which 

uses  two 8 Bit ATmega micro controllers from ATMEL 
since this series was a subject of a lecture. The separation 
in two micro controllers serves the safety. One processor 
(fly by wire) analyses the signals of the RC receiver and 
sends  the signals  directly to the actuators (servos or motor 
controller) in manual mode. In the automatic mode the 
steering commands are given by the autopilot processor via 
a high speed SPI interconnection.

Figure 6. The AVR autopilot
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D. Camera and Telemetry equipment
A small camera (23g) with integrated 2.4GHz transmitter  

is used  The use of  beam antenna  results in a range of  
600m with  10mW output power and  more than 1.2km 
with 200mW output power.

IV. RESULTS AND FUTURE WORK
The realization of a autonomous MAV with 8 bit micro 

controllers was possible as a student project. After the 
calibration and tuning the controller parameters the flight of 
the aircraft was stable and according to the planned course. 
The team members gathered a lot of experiences in solving 
problems: to get into a complex soft- and hardware system, 
to communicate with an international developer team 
around the world, to analyze and solve hard- and software 
problems, to document the own work with internet tools 
(wiki), to solve EMC problems and to get a reliable RC 
connection.

Currently the following projects are under development  
at the Hochschule Bremen  1.The design and test of  fixed 
wing aircrafts with a wingspan of 40cm and a mass of 200g 
with the 32 bit tiny autopilot (24g).  2.The design and test of 
a MEMS based inertial measurement unit to overcome the 
problems of the IR sensor system and for VTOL aircrafts 
(helicopter and quadrocopters). 3. The development of 
waypoint navigation and stabilization of VTOL aircrafts.

V. CONCLUSION
The Paparazzi autopilot system consists of the aircraft 

and ground segment. The Hardware documentation and 

Software is free to use. The system can fly fixed wing 
aircrafts at day and night under visual weather conditions. 
The development of the system is going on for VTOL 
aircrafts. 
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I. INTRODUCTION
The problem of bipedal motion of humanoid robots 

is a very complex task. Studies in the area of humanoid 
robotics have recently made remarkable progress. This 
paper will only deal with dynamic modeling for bipedal 
walking. The robot’s body consists of a number of rigid 
segments interconnected with spherical or cylindrical joints. 
During the bipedal walking, some kinematic chains in their 
interaction with the unknown environment transform from 
open to closed type of kinematic chain [1]. The paper is 
organized as follows: 

Section 1: Introduction.• 
The modeling of the bipedal walking is given in • 
Section 2.
In Section 3 the bipedal walking simulation is • 
illustrated.
Finally, conclusions are given in Section 4.• 

2. THE MODELING OF THE 
BIPEDAL WALKING

Biped locomotion is a very complex process 
to modeling. 

The bipedal walking of the robot consists of 
several phases that are periodically repeated: 
single-support phases and double-support phases 
[3]. We assume that the dynamics of the bipedal 
motion can be divided into the dynamics in 
the lateral and sagital plane and the two plane 
dynamics has no interaction with each other (T. 
Furuta et al. 2001). The dynamic model of the 
locomotion mechanism of the walking robot in a 
vector form is:

( ) ( , ) ( )T+ = +H q q h q q J q F  t

where:H(q) – is the inertia matrix of the mechanism,• 

h(q, • q ) – is the vector of centrifugal, Coriolis and 
gravitational moments,
J(q)•  – is the Jacobian matrix of the system,
q•  – is the vector of the internal coordinates, 
F•  – is the vector of extrenal forces and moments,

τ • – is the vector of the driving torques at 
the robot joints.

The dymanics of the locomotion mechanism can be 
expressed by the Lagrangian dynamics. 

The simplest method to generate a desired trajctory for a 
biped robot is the inverted pendulum method (S. Kajita, K. 
Tani 1995). The other method is the gravity-compensated 
inverted pendulum method (J. H. Park, K. D. Kim 1998). 
The simplest model of the bipedal motion for the students 
is the dynamic model with 2 DOF (Fig 1.).
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Figure 1. The simplest model of the bipedal motion with 2 DOF
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Then the dynamic model of the bipedal motion with 2 
DOF should be written in the form:

(b)

( ) ( ) ( ) ( )2 2
0 1 1 1 0 1 1cos sin sina m m m ab m ab ag m ma b a b b a b a+ + - + - - + =- 

 t

( ) ( ) ( ) ( )2 2
0 1 1 1 0 1 1cos sin sina m m m ab m ab ag m ma b a b b a b a+ + - + - - + =- 

 t

( ) ( )2 2
1 1 1 1 1cos sin sinabm m b abm bgma a b b a a b b- + - - - =

  t

( ) ( )2 2
1 1 1 1 1cos sin sinabm m b abm bgma a b b a a b b- + - - - =

  t

The dynamic model of the bipedal motion with 2 DOF 
in a vector form is:

The considered humanoid locomotion mechanism in this 
paper has 20 DOFs (18 powered and 2 unpowered DOFs).

The widely-known method to generate a stable 
trajectory for a biped robot is based on the Zero-
Moment-Point (ZMP) equation. The concept 
of Zero-Moment-Point was first introduced by 
Miomir Vukobratovic and has an essential role both 
in scientific research and practical applications of 
bipedal motion of humanoid robots. The Zero-
Moment-Point is the center of pressure at the feet 
on the ground, and the moment applied by the 
ground about the ZMP is zero (J. H. Park 2003). 

Suppose that the biped robot consists of several 
masses. Fig. 2 shows the basic coordinates of the 
biped robot. 

The dynamics of the biped robot, under other 
external forces and moments, in a vector form is:

O

Mj

Fk

ZMP

sk

ri

ri-p

X

Y

Z

mi

sk-p

p

yaw

pitch

roll

Figure 2. The basic coordinates of the biped robot with ZMP
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(4)

where:sk is the position where external force Fk is 
applied, Mj is an external moment applied to the biped 
robot, mi is the mass of the link i, ri is the position of the 
mass center of link i.

,
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Suppose that the biped robot walks on a flat 
horizontal plane. Then: gx=gy=0 gz=-g=9.81 m/s2.

Considering the dynamic in the sagital plane 
without extrenal moments: Mj=0, then equation 
(4) can be written as:

2 2
, ,1 1

,1

( ) ( )
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n n

i i i i i i k y k k z ki i k
nZMP

i i z ki k

m z g y m y z z F y F
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= =
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+ - + -
=

+ -
å å å
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(6)

Figure 3. Biped position after 0.1 s



- 89 -

CONTENT

Figure 4. Biped position after 0.6 s

The ZMP trajectory is generated as shown in Fig. 5. Fig 
6. shows the position error of the walking robot. 

Figure 5. The ZMP trajectory

Figure 6. The position error of the walking robot

4. CONCLUSIONS
This paper deals with dynamic modeling for bipedal 

walking of the robot. The robot’s body consists of a 
number of rigid segments interconnected with spherical or 
cylindrical joints. 

The simplest method to generate a desired trajectory for 
a biped robot is the inverted pendulum method. The other 
method is the gravity-compensated inverted pendulum 
method. The simplest model of the bipedal motion for the 
students is the dynamic model with 2 DOF.

The widely-known method to generate a stable 
trajectory for a biped robot is based on the Zero-Moment-
Point (ZMP) equation. 

First, the dynamic modeling of the bipedal walking 
is analyzed. Then the bipedal walking simulation is 
illustrated.

The simulation results show the effectiveness and the 
validity of the proposed bipedal motion strategy.
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Abstract — Distance learning does not only consist of 
transferring documents to web pages, but also of developing 
new concepts, methods, and implementation architectures. 
This paper presents the handling of real embedded systems on 
the Internet. Control variables could be analog and/or digital. 
A web-server communicates with experimental board. The 
experimental board communicates directly with the sensors 
to receive signals and to activate the actuators. The user in-
terface on the client side is designed using HTML software. 
A client-server application is set up for accessing through the 
Internet network in order to control process variables. On the 
client side, another application communicates with the server 
via a TCP/IP protocol. The user interface, animated and real 
objects can be viewed by (authorized) users on the Web. This 
paper describes the design process for our Embedded System 
Laboratory which first controls a physical device a stepper 
motor. The goal is to develop a course consisting of various 
modules developed rather independently by the other insti-
tutes.

Keywords: — remote laboratory ,remote  control, micro-
controller, web camera, video broadcast.

I. INTRODUCTION
The Uni-DS3 (Mikroelektronika) development system 

is one board microcomputer for universal applications. 
The MCU part is exchangeable, there are different type 
of microcontrollers to be used together with motherboard, 
without changing the hardware structure of  board. The 
following parts of hardware are integrated on the board: 

Ethernet communication interface,• 
RS-232 C communication interface,• 
RS-485 communication interface,• 
A/D converters,• 
D/A converters,• 
CAN bus communication,• 
Real time Clock (RTC),• 
2 x 16 LCD display (character and colour graphics • 
control),
Connector for memory expansion,• 
USB interface.• 

The programming and debugging of board is realised 

using USB interface. Connection between a PORT pins and 
hardware is on/off using switches. PORT pins are displayed 
using LED’s, so that the pin status is visible at all times. Push-
buttons are connected to all pins for input signals. Connectors 
from PORT pins are placed on the sides of the board in order 
to make easy connection other outboards hardware elements. 
The Uni-DS3 board is shown in Figure 1.

Figure 1. Uni-DS3 development board

II. REALIZATION OF WEB SERVER 
The whole laboratory hardware is on Figure 2.

On MCU board is implemented  PIC18F8520 
microcontroller. Some capital property of chip are:

80 pins,• 
9 PORT’s (68 I/O pins)• 
1024 Bytes of EEPROM memory,• 
SPI, I2C serial communication ports,• 
A/D converter,• 
Max. 40 MHz clock frequency.• 

The integrated software in the chip consists of a web faced 
visual communication and control for hardware initializing 
of peripheries  and programming of chip. The developer 
system also consists of the ethernet communication control 
for the compiling of data packets. Control electronics 
chip is UNC28j60 microcontroller. The connection to the 
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internet is solved via a UTP connector. The peripheries can 
be visually controlled over the website found on the central 
microcontroller (Figure 2).

Figure 2. Remote control Laboratory hardware

III. ETHERNET COMMUNICATION
The physical level of communication is realised 

with ENC28J60 chip which is a 10Base-T standard 
microcontroller. The chip has a MAC (Media Access 
Control) address, physical level (PHY), 8 kByte buffer RAM, 
communication channel with PIC 18F8520 microcontroller 
and SPI – Serial Periphery Interface. The main function 
of the chip is to collect the data packets received from the 
central controller and forward to internet.

Some switches must be turned on or off on the board, 
Figure 3.

Figure 3. Jumper configuration

The connection between the main processor (PIC 
18F8520) and Ethernet chip (UNC28j60) is shown in (1.)

TABLE I: The connection between the main processor and Ethernet chip
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(SPI Clock in)
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SO 

(SPI Data out)

RC5 MOSI 
SI 

(SPI Data  in)

The visual programming of peripheries are using 
the web browser. The website is built-in in the central 
microcontroller, we only need the IP address. Programming 
is visual, all peripheries have web sites for tuning up the 
parameters and all elements send the status to website. 

Supplementing the board with webcam, we receive 
real time picture from the hardware system. The website 
consists of the following main functions:

Control of stepper motor,• 
Moving the webcam,• 
Temperature measuring,• 
LCD control• 

The software part of project is realized using “micro C” 
programming language. The software package consists of 
built-in functions for the peripheries control. 

After the correct initialization of the ethernet chip, 
we will receive an answer from ARP, ICMP and HTTP 
requests. 

IV. WEB CAMERA – VIDEO BROADCAST
In normal applications it is necessary to have real time 

pictures from the real system (stepper motor). The first input 
level in the system is the movable web-cam. This web-cam is 
connected to a PC. The picture is observable through the PC, 
but the main microcontroller does not process these picture 
data. The software used for the webcam is Broad Cam 
software (see Figure 4.), it makes broadcast via internet, 
sends picture and voice. The Broad Cam software samples 
the picture, compacts the data, controls the bandwidth, and 
also controls the splitting of pictures in the internet.

Figure 4. 
Broad Cam software
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After the tuning up of TCP the picture is available. The 
default port number is 86, but all ports used are permitted. 
The video Broadcast system  can be seen in Figure 5.

Figure 5. Video Broadcast

The software Broad Cam first creates an server after 
the start, opens the TCP port, starts the web-cam and 
transmits through the port picture. Other PC computers can 
receive this picture. The public IP address enables the full 
availability for all users from all places. On Figure 6 are 
local settings.

The system is without special software to view the pictures, 
because pictures are in jpeg format, the renewing of pictures is 
made with  JavaScript, after a tuning up (Figure 7.)

Figure 6. Local settings

Figure 7. Tuning up the JavaScript

V. SOLUTION
The connection of whole system is shown in Figure 8.

Figure 8. The whole remote control  system

The website is stored in the microcontroller, its limited 
memory capacity causes the simple site picture (Figure 9.)

Figure 9. Web site of system

VI. CONCLUSION
This paper describes the first steps in building a combined 

microcontroller/robotics distance laboratory for several 
courses in the teaching process of informatics students via 
the Internet. Teaching microcontrollers for robotics and 
industry applications is feasible for compulsory courses as 
well as voluntary courses. This piece of laboratory equipment 
is also appropriate for other microcontroller applications. 
Applications of internet tools allow building very operative 
remote controlled laboratories for the teaching of mobile 
robots and industry control architecture.
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Optimization Method of Laser Cutting 
Parameters for High Precision 

Stainless Steel Tubes
Gy. Meszlényi, V. Izápy

Abstract — The parameters of laser cutting mainly de-
pend on material and thickness. In case of a given material 
and thickness many settings can be chosen: pulse frequency, 
pulse energy, cutting speed. In this article we examine the la-
ser cutting of 0,120 mm thickness stainless steel tubes with 
pulsed Nd:YAG laser. We examine the effect of cutting speed 
on cut quality in case of different combinations of pulse en-
ergy and pulse frequency.

Index Terms — cut quality, laser cutting, pulsed Nd:YAG 
laser

I. INTRODUCTION
The main production method for thin workpieces is 

laser cutting1. Nowadays the most commonly used laser 
for thin workpiece cutting is Nd:YAG laser with 1064 nm 
wavelength. It has got different configurations: either with 
conventional flash lamp excitation, (for example Lasag KLS 
246) or with lased diode excitation having better efficiency, 
or with Q-switch: capable for emitting high-energy pulses. 
Thawari made a full analysis on the higher power pulsed 
Nd:YAG laser cutting of Ni-base superalloys2. In the 
production of laser-cut workpieces a quality assurance 
system is necessary in order to produce constant quality 
parts3.

Beside a laser system a positioning system is necessary 
for thin wall workpiece fabrication. This positioning system 
clamps the workpiece and moves it relatively to the laser 
spot forming the structure of the workpiece. The positioning 
system for tube fabrication ensures a translation, a rotation 
and an adjustment of the mutual position of the work piece 
and the laser spot. The positioning system used for the 
experiments was developed by Aerotech in 2005.

1. The Hungarian Scientific Research Fund supported this re-
search; project number is K69122.
2. Gy. Meszlényi is with Budapest Tech 1085 Budapest, 
Tavaszmező utca 17 (phone: 361-666-5193 fax: 361-666-5199; 
e-mail: meszlenyi.gyorgy@kvk.bmf.hu).
3. V. Izápy  is with Budapest University of Technology and 
Economics, Department of Materials Science and Engineering; 
Minvasive Ltd. 1111 Budapest, Goldmann tér 3.

II. EXPERIMENTS
Objective: discovering relationships between pulse 

frequency, pulse energy and achievable cutting speed.  
Applied laser system: LASAG KLS 246 pulsed Nd:YAG 
with 20 W average power. Workpiece positioning system 
was produced by Aerotec Ltd. allowing two perpendicular 
translations in horizontal plane plus rotation around 
horizontal axis programmed with CNC code.

TABLE I. Chemical composition of AISI 304L    

austenitic stainless steel

C 0,07
Cr 18,31
Ni 10,06
Mn 1,76
Si 0,99

TABLE II. Laser processing parameters 

Laser 
setting “I”

Laser 
setting “II”

Laser 
setting “III”

Pulse frequency 1500 Hz 2500 Hz 4000 Hz
Average power 12W 10W 10W

Pulse width 0.02 ms 0,02 ms 0,015 ms
Pulse energy 8 mJ 4 mJ 2.5 mJ

Processing speed 1.5-45 mm/s 2.5-40 mm/s 4-40 mm/s
Focus position At the outer surface of the tube

The applied material was AISI 304L austenitic stainless 
steel tube with 1,800 mm diameter and 0.120 mm thickness, 
the composition of the material can be seen in Table I. 

The stainless steel tubes were cut at axial direction 4 mm 
long cuts with different laser settings. Table II shows the 
laser processing parameters used for this experiment. The 
laser cutting experiment was made with the aid of oxygen 
gas. The pressure of oxygen was 5×105 Pa. The exothermic 
reaction of oxygen and the material made the cutting faster. 

Laser setting „I” means low frequency, high-energy 
pulses with varying cutting speed. Laser setting „II” means 
medium frequency, medium energy pulses with varying 
cutting speed. 

Laser setting „III” means high frequency, low energy 
pulses with varying cutting speed.
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III. RESULTS AND DISCUSSION
Using high frequency laser setting „III” and medium 

frequency laser setting „II” the tubes can only be cut with 
low cutting speed: 4 and 5 mm/s. At higher cutting speed 
there is no cut at beginning of the tube. The higher the 
cutting speed the longer this no cut region (Figure 1. and 
2.).  Increasing the cutting speed the energy per unit length 
is decreased. 

The other problem is the dross adherence at the crop 
of the tube. The height of the dross can be the same as the 
wall thickness of the tube, and it is difficult to cut the wall 
and the dross together (Figure 3. and 6.). These high cutting 
speeds are not worth to use; this no cut regions make the 
cut unreliable.

Using low frequency laser setting „I” 15 mm/s cutting 
speed can be achieved (Figure 4. and 5.). The high energy 
pulses allow a small overlap between the laser spots 
allowing high cutting speed. Table III shows the achievable 
cutting speeds at different pulse frequencies  

TABLE III. The achievable cutting speed  
at different pulse frequencies  

Figure 1. 2500 Hz laser setting from top to bottom side increasing cut-
ting speed 2,5 – 40 mm/s; outer wall of the tube SEM  picture

Figure 2. 2500 Hz laser setting from top to bottom side increasing cut-
ting speed 2,5 – 40 mm/s; inner wall of the tube SEM picture

Figure 3. 4000 Hz laser setting; dross height equals the wall thickness.

Figure 4. 1500 Hz  laser setting from top to bottom side increasing cut-
ting speed 1,5 – 45 mm/s; outer wall of the tube SEM  picture

Figure 5. 1500 Hz  laser setting from top to bottom side increasing cut-
ting speed 1,5 – 45 mm/s; inner wall of the tube SEM  picture
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Figure 6. Dross adherence at the 
cropping of the tube

IV. CONCLUSION
The effects of the laser cutting parameters of precision 

stainless steel tube on cutting speed were analysed. The 
following consequences can be drawn: 

At higher and medium pulse frequencies lower cutting 
speeds can be achieved because the energy of pulses are 
low requiring higher spot overlap. 

Using low frequency laser setting „I” 15 mm/s cutting 
speed can be achieved. The high-energy pulses allow a small 
overlap between the laser spots allowing high cutting speed.  

Since dross adherence playing key role in beginning of 
the cut it would be necessary to elaborate laser settings with 
lower dross adherence [4]. This settings will allow to cut 
faster with high-energy laser settings too. 
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Abstract — Flat top distortion is a major EMC issue of 
today causing many electricity quality problems up to false 
billing of consumed electrical energy. In the present paper re-
sults of measurements conducted in a major electronic factory 
and of the subsequent modeling session are presented. Objec-
tive of modeling was to predict the effects of great loads near 
to smaller loads with supply units causing flat top distortion 
on harmonic content of the electric mains voltage. Results of 
measurements and of modeling are similar to each-other with 
further development potential.

Keywords — EMC, flat top distortion, modeling

I. INTRODUCTION
Harmonic content of electric supply networks increase 

continuously because the increasing number of non-linear 
loads. Commonly used supply units of electronic loads 
make these loads non-linear causing the so-called flat top 
distortion meaning a flattened top of the sinusoidal voltage 
wave (Fig. 1). This flat top distortion contributes to a higher 
harmonic content of the mains network [1].

Figure 1. Typical voltage waveform in case of flat top distortion

Consequences of high harmonic contents are not only 
simple EMC problems but can have serious financial effects. 
Large loads emitting harmonics to the supply network can 
cause false electric energy invoicing [2], [3]. Fig. 2 shows 
the measured voltage and current waveform of a soldering 

station taken into account as an example for calculating the 
energy invoicing anomalies. 

Energy calculated analytically with voltage and current 
harmonics

[ ] [ ]1 3 5 1 3 5

0

( ) ( ) ( ) ... ( ) ( ) ( ) ...
T

E u t u t u t i t i t i t dt= + + + × + + +ò
(1)

Figure 2. Voltage and current waveform of a welding station

Energy calculated analytically with voltage and current 
base harmonics taken into account by the instruments 
measuring the consumed electric energy

[ ]1 1 1 3 5 1 1

0 0

( ) ( ) ( ) ( ) ... ( ) ( )
T T

E u t i t i t i t dt u t i t dt= × + + + = ×ò ò
(2)

measured: E1 > E ! Thus energy being the basis of 
invoicing is higher than the actual consumed energy. 

Energy calculated at the direct current stage

2

0

T

e
e

U
E dt

R
= ò (3)

The above calculation is based on the assumptions, that 
the rectifier has no power losses and the impedance of the 
supply network equals to zero, thus Ee equals to the energy 
really consumed.
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Figure 3. Measured electric energy consumption

Fig. 3 shows energies and waveform distortions in case 
of stand alone consumer and in case of a high power non-
linear neighbouring consumer. i and iZ are the currents of 
the measured consumer NF1 in both cases and iS is the 
current of the non-linear neighbouring consumer NF2. Ee is 
the energy at the direct current stage. E calculated with (1) 
equals always with Ee however E1 is higher.

II. SIMULATION SESSION
If precise but simple simulation circuits would be 

available for no-linear loads – in this case for those causing 
flat top distortion – a prediction could be presented for 
invoicing anomalies as well. Fig. 4 shows a proposed 
simulation model for flat top distortion with stages switching 
on parallel resistances to each-other as voltage increases, 
thus increasing the current consumption of the non-linear 
load. In this case the simulation circuit contains the two 
loads as well however the high power load is linear and the 
other – low power – load is non-linear for examining the 
effect of linear loads on harmonic contents caused by the 
non-linear ones.

Figure 4. Circuit simulating the linear and non-linear loads

Voltage curves simulated with the above circuit at the 
generator supplying sinusoidal voltage (dashed line) and at 
the connections of the non-linear load with (thin solid line) 
and without neighbouring high power linear load (thick 
solid line).

Figure 5. Voltage curves of the sinusoidal generator and the load with 
and without neighbouring load

Observing the curves in Fig. 5 it can be noticed that, 
with the high power linear load switched on the voltage 
decreases slightly as a matter of course, however the 
voltage curve at the connections of the non-linear consumer 
becomes smoother, i.e. has less harmonic content.

III. SUMMARY
Flat top distortion is a major EMC issue of today causing 

many electricity quality problems up to false billing of 
consumed electrical energy. This paper proposes a model 
for the use with circuit simulation software to predict 
harmonic content of the utility line in case of non-linear 
consumers causing flat top distortion having large linear 
loads. Data measured in a factory with linear and non-
linear loads have been compared with simulated results. 
Results of measurements and of modeling are similar to 
each-other with further development potential. The model 
can be further refined to achieve the well-known flat top 
distortion voltage waveform.
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Abstract — The quality of the finite element mesh influ-
ences the result of the finite element analyses. This is the main 
reason why the different mesh generations algorithms have 
been developed. Each of the mesh generations algorithms try 
to generate the best quality mesh. Unfortunately this is not al-
ways possible therefore different mesh smoothing techniques 
have been invented. One of the goals of this paper is to investi-
gate the triangular based finite element mesh smoothing.

The triangular based finite element mesh smoothing de-
pends on the different quality measures. To study the qual-
ity measures an internal mesh point is considered with all 
attached triangles. Combining the quality measure of the tri-
angles around the internal mesh point a mathematical surface 
is derived. There are several ways to derive the surface with 
different mathematical “combinations”, for example: sum, 
quadratic-sum or multiplication.

The analysis of this combination process is one of the aims 
of this paper. According to the characteristics of the surface 
the interior mesh node can be replaced into the maximum or 
minimum of the surface. This extremum will provide the opti-
mum position of the internal mesh node. 

Another goal of the paper is to determine whether the re-
sults depend on the used quality measures or not. If yes, which 
method gives the best result? If not, which one is to be used 
for the different calculation cost? The above questions are an-
swered by a parametric study.

Keywords — finite element mesh, smoothing, gradient 
method 

I INTRODUCTION 
The aim of the paper is to investigate some of the 

smoothing algorithms of finite element meshes. Based on 
the results of the comparison of the selected algorithm 
with each other a recommendation can be made that which 
algorithms provide statistically the best result on improving 
the quality of the finite element mesh. 

The smoothing of the finite element can be accomplished 
by many algorithms. The application of different algorithm 
may have different results. These results are compared 
with the different quality measure tools. One type of the 
smoothing is the topological operation, when the numbers 
of the elements can change for example by node insertion 
or removal. Other topological operation can change of 

the edges of the elements for example by the edge flip 
algorithm. 

Other possibilities of the smoothing are the algorithms, 
which are not based on topological operations. In these 
cases the position of the interior node can be changed, but 
the number of nodes or edges are not changed. The subject 
of this paper is one of these non-topological methods. 
The triangles nearby any interior node construct a wheel. 
The wheel is the smallest part of the mesh wherein the 
location of the interior node can be optimized. The most 
ideal location of the interior node is determined by the aid 
of certain surfaces, which are generated by some quality 
measure tools. The position of the extermum of the surface 
corresponding to a quality measure is the ideal position of 
the interior node. The goal is to determine which surface 
gives the best result. Hereby a recommendation will be 
constructed on which surface is practical to use in the 
assignment of the position of the interior node in the wheel. 
In the paper only triangular based meshes are analyzed.  
The study is done in the MATLAB environment.

II. QUALITY MEASURES 
 IN THE LITERATURE
The fundamental part of the triangular based mesh 

is the triangle. The “goodness” of these elements can be 
determined by different quality measures. These quality 
measures compare the triangles to the ideal triangle. For 
the different engineering models the ideal element may 
vary with application area. In this paper the regular triangle 
is considered ideal. The deviation from the ideal shape is 
shown by the used quality measures. Seven kinds of quality 
measures are used in the paper:  

1.  
max
min  5.  

area
perimeter2

2.  
mean
min  6.  

Rinscribe
max

3.  
area

)cba(mean 222 ++  7.  
area

2
perimetermax ⋅

4.  
Routscribed

Rinscribed
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where: 

min: - the length of the shortest side• 
max - the length of the longest side• 
mean - the mean of the length of sides• 
area - the area of the triangle• 
perimeter - the perimeter of the triangle• 
a, b, c - lengths of sides• 
inscribed R - radius of inscribed circle• 
outscribed R - radius of out scribed circle• 

The quality measures applied in the paper can be found in 
several publications [1-4]. Besides these quality measures, 
new ones can also be constructed based on the previously 
mentioned properties of the triangles. The fifth dimensionless 
quality measure is introduced in this paper. Naturally some of 
these quality measures are found in the papers in a reciprocal 
form, but these are considered the same in this paper. 
For example the first quality measure is used frequently 

in the following format: 
min
max

The application of the above quality measures requires 
some considerations because the optimum can be the 
maximum or the minimum of the function. Another 
problems can occur if the different quality measures should 
be compared as it can be seen in Figure 1a. To solve  these 
problems the first step is to convert all functions so they have 
a maximum and then to normalize the maximum values. 
These normalized versions can be seen in Figure 1b.

(a)

(b)

Figure 1 shows the different quality measures applied to 
isosceles. In the figure the x axis is the ratio of the length of 
the equal sides to the length of the third side which is kept 
at constant length, unity. The values of the y axis are the 
quality measures. Using only isosceles only a small portion 
of the quality measure values can be generated. Different 
isosceles are visualized in Figure 2. In this case the quality 
measures are like single valued functions. 

Figure 1.: Original and normalized quality measures

Figure 2. The restrictions of triangles

The study is more complete if the restriction of isosceles 
is not applied. In this case the length of third side is still 
constant and the two other sides can have any length. This 
setup leads to  functions of two variables. These functions 
can generate some surfaces above the x-y plane. The 
values of the surface are calculated from the length of the 
two sides and the length of the unit-length third side. Two 
example surfaces can be seen in Figure 3. These surfaces 
are generated by different quality measures. In Figure 3a 
the surface generated by the 4th quality measure can be 
seen, and Figure 3b shows the surface generated by the 1st 
quality measure. The two surfaces are different kind, as it 
is visible from the figures. One type of quality measures 
is generated by measure tools number 1, 2, 6 and 7, and 
the functions corresponding to these surfaces cannot be 
differentiated in all of the interior points of the wheel. This 
property is important from the point of view of searching 
for maximum or minimum. The other group of the surfaces 
does not contain minimum or maximum expressions 
in the equations. These surfaces are smooth and can be 
differentiated. If the surface cannot be differentiated at 
certain locations, the gradient method can be still used, 
however in this case the search is started from 20 random 
points to avoid the local minimum or maximum locations. 
This increases the computational cost of the search.
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(a)

(b)

Figure 3. The different types of surface

The gradient of the function of the different quality 
measure tools are different at the same points. This is the 
reason, that the different quality measures are not directly 
comparable. The same 98% value means 0.02 units distance 
from the optimum point in the case of one measure, and it 
means 0.14 units distance from the optimum point in the 
case of another one. This can be seen in Figure 1.

Moving from the optimum point to different directions, 
the value of the function changes by different degree. It can 
be seen in Figure 3. This is the reason, why the distance of 
a point from the optimal point cannot be determined. This 
value may vary with the same quality measures!

In Figure 1 only 6 functions can be seen, because the 
6th and the 7th quality measures are equivalent, therefore in 
further examinations only the first 6 functions are used.

III. SEARCH OF THE POSITION OF 
  THE INTERIOR NODE CLOSER 
  TO THE OPTIMUM IN THE WHEEL

Determine the optimum position by the following steps:

1. Generate a surface for a given wheel. Assign to all 
interior nodes a value by the next term: Take the triangles 
composing the wheel around the interior node. Calculate 
the quality of triangles. The surfaces can be generated by 
the aid of these values. A wheel and the calculated quality 
measures by Equation 1 can be seen in Figure 4.

Figure 4. The value of the quality measure in a wheel

From the quality measures of the triangles in the wheel 
the surfaces can be generated by 3 methods:

a. Summing the quality values. The resulting surface 
is the same surface as if the mean values of the quality 
measures are calculated but the values are higher. Figure 5a 
shows the resulting surface for the wheel with 7 nodes. This 
wheel can be seen in Figure 4. The given interior node has 
a surface value z=4.33.

b. Assign the value of the worst element to the surface. 
In this case the value of z=0.41 is obtained. It is the 
minimum value but it can be the maximum value in other 
quality measure tools. It depends on the characteristics of 
the function. It can be seen in Figure 5b.

c. Assign the product of the quality measures to the 
surface. In this case z=0.0318 is obtained. It can be seen 
Figure 5c.

(a)

(b)
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(c)

Figure 5. The surfaces of the same  
wheel generated by different methods

Search the minimum point with the MATLAB’s 
fminsearch function. The search are started from 20 random 
points.  The reason behind the 20 different starting locations 
is that there can be several local minima in the search area 
where the algorithm stops. Eighteen different surfaces can 
be constructed, based on the six quality measures and the 
three different surface construction methods mentioned 
above. The locations of the possible 18 optima locations 
can be seen in Figure 6 for a test wheel. In Figure 6a the 
locations of the minima places can be seend, and in Figure 
6b the same locations can be seen inside the polygon. 

(a)

(b)

Figure 6. The locations of possible optima

In finite element meshes there are ideally six elements 
around an interior node. The hexagons constructed from 
them are investigated. The investigation has been extended 
to 5 and 7 node polygons, considering that the mesh is 
consisting not only ideal interior nodes. The nodes of the 
polygons are relocated randomly inside the circles around 
the nodes as Figure 7a shows. With this method one 
thousand wheels are formed as it can be seen in Figure 7b. 
The same method has been applied during the construction 
of the test data of polygons with 5 and 6 nodes. 

(a)

(b)

Figure 7. The test data

All of the extrema has been searched for the given test 
data with 1000-1000 elements. After that it has to be decided 
that which solution can be considered the best, which 
extremum gives the best interior point resulting in the best 
quality triangular elements. The set of eighteen solutions 
have been completed with the result of a well-known 
algorithm the Laplacian-smoothing. Now the goodness 
of a certain set of triangular elements forming the wheel 
is the quality of the worst triangle. The above evaluation 
has been carried out with each quality measure. It has been 
determined according to the above quality assumption that 
how many times a certain quality measure got at the first, 
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second, third, … , nth place. The prevalence of a certain rank 
for a certain algorithm is almost totally independent from 
the quality measure which has been applied to measure the 
quality of the worst triangle. The prevalence of the ranks 
of the algorithms in the case of a hexagonal wheel can 
be seen in Table 1. The rows correspond to the ranks, the 
columns correspond to the different algorithms. For these 
results the quality of the worst triangle in the wheel has 
been calculated by quality measure 1. The algorithms are 
constructed from various combinations of quality measures 
and surface construction methods. The first number of the 
notation of the algorithm corresponds to the quality measure 
the second number corresponds to the surface construction 
method described and listed above.

 I 1 with 1
 II 1 with 2
 III 1 with 3
  …
 XVI 6 with 1
 XVII 6 with 2
 XVIII 6 with 3
 XIX The Laplacian smoothing

I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI XVII XVIII XIX
1 26 25 396 139 43 25 2 18 8 0 13 2 3 8 0 40 35 207 10
2 204 13 153 140 22 82 17 28 6 2 17 4 6 21 6 129 17 116 17
3 130 18 117 119 24 108 55 29 17 6 22 13 8 28 6 94 29 150 27
4 156 26 62 94 26 154 64 25 44 16 30 19 12 23 9 139 31 48 22
5 88 47 39 54 63 89 91 34 50 19 23 47 9 40 32 67 35 120 53
6 53 44 22 50 42 70 87 24 62 36 49 66 24 31 55 129 31 68 57
7 33 35 26 31 47 39 121 38 73 45 39 91 51 31 96 79 26 30 69
8 31 31 15 25 23 17 103 34 92 58 24 149 80 42 101 50 29 28 68
9 25 26 11 21 18 21 62 39 92 111 32 121 82 22 149 25 32 21 90

10 14 30 23 14 23 19 55 31 86 129 24 99 103 31 162 27 33 29 68
11 24 28 20 26 18 30 54 23 97 142 26 88 138 19 97 29 33 15 93
12 30 40 15 40 24 35 55 26 67 120 38 76 175 41 63 30 29 26 70
13 24 34 13 46 41 44 54 29 93 107 46 56 125 38 59 22 40 18 111
14 29 74 17 31 93 45 48 45 79 66 71 38 64 52 64 20 63 24 77
15 37 144 16 33 52 41 31 108 42 52 88 28 51 75 33 23 78 18 50
16 30 67 31 22 45 29 36 116 28 25 166 44 26 128 35 22 102 18 30
17 29 53 11 54 56 59 25 103 29 34 109 30 21 226 17 26 62 13 43
18 19 115 9 46 77 65 27 189 23 21 96 19 14 111 8 33 80 26 22
19 18 150 4 15 263 28 13 61 12 11 87 10 8 33 8 16 215 25 23

The Laplacian algorithm with number XIX is not 
ranked among the best algorithms quite a few times. The 
best results obtained by the algorithm using the min/max 
quality measure and the production surface construction 
method (1 with 3). The second best is the method using the 
max/inscribed with product surface method (6 with 3).

In Table 2. the efficiency of the algorithms is investigated 
based only on their highest rank results (1st, 2nd, 3rd ). For 
the sake of clarity the results are given in the percentage of 
the highest possible prevalence of the rankings. The rows 
correspond to the number of nodes of the wheel-polygon, 
the columns correspond to the index of the algorithm. In 
Table 3. the prevalence of the worst ranks can be seen.

TABLE I.. The prevalence of the ranks in the case of a hexagonal wheel

I II III IV V VI VII VIII IX X
35 6,1 64 39 9,5 23 7,3 7,7 3,2 1
33 9,7 60 40 12 31 4,5 6,5 3,5 3
36 9,2 62 39 9,3 35 3,7 7,6 3,8 2,4

XI XII XIII XIV XV XVI XVII XVIII XIX
5,6 2,3 1,8 6,4 1,2 26 8,4 46 5,5
6,8 2,5 2 7,3 1,2 25 7,9 37 7,9
7,7 2,5 2,2 7,1 1,4 23 8,5 35 4,9

TABLE II. The highest rank results

The efficiency of these algorithms will be investigated 
in whole finite element meshes. In that case the goodness 
of the mesh will be measured by the goodness of the quality 
measures or the standard deviation of the interior angles 
instead of the quality of the worst triangle. The highest 
ranked, recommended algorithms of this study will be 
compared with other smoothing algorithms published 
based on their efficiency. It is worth to investigate the few 
cases when the recommended algorithms was not among 
the highest ranked, and examine the deviation of their 
suggested optimum location.

I II III IV V VI VII VIII IX X
6,8 31 2,9 13 38 17 6,3 36 6,4 6,5
6,2 30 4,7 17 42 20 8,7 29 8,2 7,2
5,4 39 3,5 9,2 50 10 9,1 27 10 7,7

XI XII XIII XIV XV XVI XVII XVIII XIX
26 5,3 4,1 37 3 7,5 37 7,2 9,2
28 6,5 4,7 29 3,2 7 31 7,1 12
32 5,6 6,2 28 3,5 8,1 30 7,3 9,3

TABLE III. The highest rank results
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Abstract — This paper presents a nonstandard case of 
plastic deformation of inner edges of holes on metal plates 
that are fixed on four places. Opposite from the known cases 
that are widely analyzed in literature, the presented problem 
is solved using FEM analysis. The results from the simulation 
are compared with real measurements, and a qualitative simi-
larity is found. The quantitative difference between the results 
is approximately 20%. The results show that FEM analysis 
can be used to determine the proper values of the needed pa-
rameters during the process of plastic deformation. The re-
sults of the case study give a possibility to develop an empiri-
cal model of the presented technical problem in the future.

Keywords — Plastic deformation, FEM analysis, Feed value

I. INTRODUCTION
Metal drawing is a compression-tension metal forming 

process in which a sheet metal blank is radially drawn 
into a forming die by the mechanical action of a punch. 
The existing literature deals with the basic factors during 
drawing of hole edges on metal plates (the speed of the 
drawing, the forces and indirectly the stresses) considering 
only a few limited cases. Those cases are the fixing of a 
circular plate continuously on its outer edge, the fixing 
of a rectangular plate on its counter-sides or just on one 
pair of sides. The work presented in the paper deals with 
a nonstandard case, which can not be found in existing 
literature. That is the case of determining the speed of 
the drawing, and indirectly the feed (f), when the metal 
plate is fixed on four places considering the unique design 
conditions.

II. PROBLEM DESCRIPTION
The analyzed case deals with the problem of processing 

the inner edges of holes. The possible diameters of the 
processed holes are between 150 and 500 mm. The 
dimension of the processed metal plate is 1000 x 2000 x 
0.5 mm. The developed processing machine is presented 
on Fig. 1.

The processing is done by special pair of rotating heads 
for drawing (Fig. 2 – a, b). The value of specific deformation 
resistance (K) is approximately 300 MPa.

The plate fixing is done on four points (four-point 
support) that is showed on Fig. 2 – T and Fig. 3 – T. Between 
the fixing points there is an area on the metal plate that 
is relatively free. Due to discontinued fixing, periodically 
changing stress values occur as the drawing rotating heads 
deform the plate. During the processing, the material is in 
the state of complex stress.

Figure 1. The developed machine

Figure 2. Rotating heads
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Figure 3. Plate fixing

A. Technological requirements
The resulting main stress values (∂1)can reach the 

values of the specific deformation resistance (K) only in the 
processed area (the edges of the holes), while on the other 
parts of the metal plate the values should be in the area of 
elastic deformation. This results in a final product that has 
no undesirable deformations.

The investigated zone is the one that is directly behind 
the rotating heads, and is the critical zone (Fig. 4). The 
resulting stress in the material is in direct connection 
with the resulted deformations that are performed by the 
rotating heads during their rotation with an appropriate 
feed (vertical movement). This means that by controlling 
the values of the rotating heads’ feed the described problem 
can be successfully solved.

III. SOLUTION
During the deformation, the stress value is a function of 

two parameters. The first parameter is the angular position 
of the rotating heads (φ) that is showed on Fig. 3. The 
second parameter is the value of the rotating heads’ feed (f) 
that can be seen on Fig. 4.

Figure 4. The geometry of the deformation and the critical zone

Figure 5. The average value of the stress in the critical zone considering 
the position of the rotating heads

At first, the functional relation between the angular 
position and the resulting stress was determined using the 
finite element method (FEM) supported by COSMOSWorks 
software. The base model was a shell with dimensions that 
are showed on Fig. 4. The highest stress values (critical 
position for further analysis) occurred when the value of the 
angular position was φ=45o. That is the position between 
two fixing points (Fig. 3 and Fig. 5).

During the processing, the lower rotating head moves 
upwards and deforms the edge of the hole. By that, stress is 
registered, not just in the deformation zone, but also at the 
other parts of the metal plate (Error! Reference source not 
found.). If the feed is to intensive (more than 1.5 mm/rev.) a 
cleavage occurs. If the feed is too slow (under 0.1 mm/rev.), 
there is proper permanent deformation in the deformation 
zone, and no permanent deformation in the critical zone, 
but the processing time is too long. To determine the values 
of the stress that still satisfies the requirements, an elastic – 
plastic model of  analysis was used.

During the analysis, the deformation was modeled step 
by step by raising the feed value by 0.1 mm/rev. During 
each step, the maximum feed value was determined that 
still satisfies the requirements. Each of the following steps 
was performed by new modeling, considering the current 
shape of the deformed plate as the starting shape. The 
iterative procedure was repeated until the final shape of 
the edge was reached. Fig. 6 shows three characteristic 
positions.

The determined functional relations between the feed 
and the position of the rotating heads are showed on Fig. 
10. If the total deformation height (H) is increased, the 
allowed feed values can be also increased (there is no 
plastic deformation in the critical zone).

The simulation results are showed on Fig. 7, Fig. 8 and 
Fig. 9.
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Figure 6. Characteristic positions during the deformation

Figure 7. Optical representation of stress

Figure 8. Optical representation of stress if the value of specific defor-
mation resistance is overstepped in the critical zone

Figure 9. Optical representation of stress if the value of specific defor-
mation resistance is allowed in the critical zone
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The results of the FEM analysis are compared with the 
real results during the prototyping phase of the machine 
development. Both results are qualitatively the same. A 
quantitative analysis showed that the real usable values for 
feed are approximately 20% lower than the values obtained 
by FEM analysis. This result can be explained considering 
the impossibility of dealing with all the relevant factors 
during the process of drawing (e.g. friction, homogeneity 
and anisotropy of the used material, change in the material 
properties in the area of deformation, thermodynamic 
influences...).

During practical experiments on the prototype, several 
technological details considering the roughness of the 
surface are observed that influence the feed value (the 
roughness of the rotating heads and the roughness of the 
metal plate).

By lowering the roughness of the lower rotating head 
(better quality), higher feed values can be used. At the same 
time the roughness of the upper head has no significant 
influence on the feed value. Lubrication of the rotating 
heads lowers the wear of them, but there is no significant 
influence on the feed value.

Concerning the process reliability, the homogeneity of 
the metal plate has the highest influence on it.

IV. CONCLUSION
The performed FEM analysis and the comparison of 

the results with the results obtained during the prototyping 
phase of the machine development leads to the following 
conclusion:

The FEM analysis is useful and it can be used for 
qualitative analysis considering the presented problem;

The results obtained by the FEM analysis and the real 
measurements on the developed machine show a qualitative 
similarity;

Future research gives a possibility to develop an 
empirical model of the presented technical problem, 
which would be helpful in the research field of plastic 
deformation.
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Abstract — Important process variables which give in-
formation about the final product quality cannot often be 
measured by a sensor, but their value is determined based on 
laboratory analysis. In order to enable a continuous monitor-
ing of a process variable and an efficient process control, it 
is necessary to estimate this difficult-to-measure process vari-
able. This paper deals with the appropriate methodology for 
building a suitable process model based on plant data, taken 
from the process database. Regression methods based on the 
input space projection into a latent subspace are proposed 
to build a model. Some properties of neural networks which 
make them a good basis for data based model building as well 
as for realization of the difficult-to-measure process variable 
estimator are pointed out. The properties of some proposed 
methods for process model building are demonstrated by 
modeling the crude oil distillation process based on the mea-
suring data available.

Keywords — process modeling, plant data, difficult-to-
measure process variable estimation, projection into a latent 
space

I. INTRODUCTION 
Important process variables, which give information 

about the final product quality, cannot often be measured 
by a sensor or the measurements are too expensive and/or 
not reliable enough so that are not used. The value of these 
difficult-to-measure variables is determined by laboratory 
analysis based on the samples taken from the process. This 
kind of measurement is performed periodically, with a 
long time delay in obtaining information, and it does not 
provide continuous monitoring of the final product quality 
and introduction of automatic control. Therefore, we have 
to find out how, even in cases like these, continually obtain 
information about difficult-to-measure variable value.

If some process variable cannot be measured, its 
estimation is an alternative procedure. In the case when 
enough process variables, which correlate with difficult-to-
measure variable, are measured by sensors in the plant, the 
estimation of a difficult-to-measure process variable can be 
performed based on the information about those easy-to-
measure process variables [1][2]. For that it is necessary to 
have a mathematical model of the process which connects 
input variables of the model with the output variable, 
in the same way the selected easy-to-measure process 

variables are connected with a difficult-to-measure variable 
that is being estimated. In practice, the model is usually 
not available and it is not possible to obtain one through 
theoretical analysis. Thus, obtaining the process model is 
based on the available measured data.

In modern industrial plants many process variables are 
measured over a long period of time, and because of that 
the data stored in the process database contain significant 
information about the process. Obtaining a methodology 
which will provide building of the process model (with 
desired properties) based on these plant data is a big 
challenge because this type of modeling is, in principle, 
very cost-effective and applicable to all types of processes.

In order to achieve a satisfactory accuracy and robustness, 
the estimation of a difficult-to-measure variable is usually 
based on a great number of easy-to-measure process variables. 
Therefore, when using plant data, there is a problem to model 
a process based on high-dimensional, correlated and impure 
data. Commonly used regression methods of data based 
modeling, such as MLR (Multiple Linear Regression) and 
its generalization to nonlinear modeling, MLP (Multilayer 
Perceptron) neural network, under these conditions often fail 
and results in models with poor prediction properties. Thus, 
plant data based process modeling requires appropriate 
methodology of data based modeling.

The measured data stored in the process database are 
plant data, and they usually contain plenty of different 
disturbances and measurement errors. Since quality of 
the built model heavily depends on the modeling data 
informativity, a preparatory part of modeling in which 
analysis, selection and preprocessing of available measured 
data are performed is a very important step in a plant 
data process modeling. The preparatory part of modeling 
often requires more time and effort than immediate 
model building on the selected data set [3] and, due to its 
complexity, it is also necessary to involve experts in the 
field of the process.

This paper is based on the assumption that there is no 
prior knowledge about the process, what is usually the case 
in practice. Since methods of process model building are 
studied based on the measurement data taken from the plant 
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database, all the data are available in advance so an off-line 
procedure of the model building is used.

The paper is organized as follows. In section 2 a two-
level model structure and the meaning of the model building 
based on the input space projection into a latent subspace are 
given. Section 3 gives a short description of selected methods 
of process modeling based on the input space projection into 
a latent space. Section 4 describes the way in which data sets 
are formed for model building of a chosen process as well 
as the results of testing the built models, with accompanying 
discussion. The final section presents the obtained results 
and it also provides some guidelines for further research.

II. PROCESS MODEL STRUCTURING
Generally, data based process model building is in 

fact a search for an approximating function fm(·) which 
approximates the unknown natural functional dependence 
of the output process variable on the selected input variables. 
Some kind of function with a finite-dimension vector 
of parameters is commonly used for the approximating 
function, so that the model can be presented with

(1)

where:

x – input variables vector (N chosen easy-to-measure 
process variables),

Θ – vector of parameters of the approximating function 
fm(·), i.e. process model,

– model output (estimated value of the difficult-to-
measure process variable).

Since there is no prior knowledge about the process, 
which could be used in the model structuring, a general model 
structure is used. For the approximating function, a function 
which is the sum of several functions is usually used:

(2)

where:

ν –  basic function of the approximating function  fm(·),

K – total number of basic functions ν(·) in the 
approximating function  fm(·).

This general structure, presented by a system of 
parameter functions ν(·), is based on the so-called composite 
function which can approximate any continuous function 
with a superposition of a finite number of basic nonlinear 
continuous functions.

For the chosen model structure its parameters Θ have 
to be determined. When designing a difficult-to-measure 
process variable estimator, the process model must have 
good prediction properties. In prediction model building the 
parameters are usually determined by regression, in which 

all model parameters are estimated based on minimization 
of output error of approximation, as in MLR and MLP 
models. Since L2-norm is commonly used as a measure of 
approximation quality, the criterion function of regression 
model is:

( ) ( )
2 2

1 1

1 1
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2 2

I I

i m i i
i i

y e
= =

é ùÁ Q = - Q = Që ûå åxf (3)

where: 

I – total number of measurements in the data set for 
process model building,

y – process output (difficult-to-measure process 
variable),

e – process model output error (estimation error).

When model parameters are determined by regression 
and criterion (3) based on the relatively poor informative 
data, such as plant data, the reliability of parameter 
estimation is usually very low. That result in a large 
variance of prediction error and the model has poor 
prediction properties. The variance can be reduced with 
model dimension (K) reduction, because there are fewer 
parameters which have to be determined. However, with 
dimension reduction the model can be insufficiently flexible 
to approximate process input-output relationship, so bias is 
increasing, which leads to a bigger approximation error [4]. 
Therefore, the optimal bias-variance tradeoff, and at the 
same time minimal model prediction error, is searched for 
through optimal dimension of model (2).

When designing a difficult-to-measure variable 
estimator it is advisable to apply all available easy-to-
measure process variables which are in any correlation 
with the difficult-to-measure variable. This additionally 
complicates the parameter estimation because this results 
in process model with a large number of input variables 
and therefore with a large number of parameters. Due to 
that, even with a small number of basic functions, model 
(2) can achieve too big variance in prediction. The problem 
is getting more complicated if the process being modeled is 
highly nonlinear, since a good process description requires 
a lot of basic functions. Therefore, when building a process 
model based on plant data and a large number of mutually 
correlated input variables, it is not acceptable to estimate 
model parameters only through output error minimization. 

One way to improve regression modeling for this type 
of task is to use methods based on the input space projection 
into a latent subspace. Hereby, a high-dimensional, 
correlated input space is at first projected into an adequate 
low-dimensional subspace, and the regression is performed 
on these new (latent) variables which are obtained from the 
projection [5]. The related model is a composition of two 
functions and can be presented with:

(4)
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III. METHODS BASED ON THE 
  PROJECTION INTO A LATENT SPACE
Difficult-to-measure process variable estimation and 

the process modeling based on the plant data were at first 
studied in chemometrics. In this field various improvements 
of the MLR method were achieved by the end of the 80s, 
mostly by the input space projection into the latent space 
using methods of the multivariate statistical analysis [4], 
such as PCA (Principal Component Analysis) and PLS 
(Partial Least Squares). Both methods perform linear 
projection of the input space. This linear projection is an 
input space projection in the directions of vectors αj, thus 
the input projection function in the j-th direction is:

where:
– input space into the latent space projection function, 

( )
( ): N n Jaj +× Â ® Â ,

– latent space into the output projection function, ,

J – dimension of the input space projection (number of 
latent variables), J < N,

αj – parameter vector of the input space projection function 
(in j-th direction), 

β – parameter vector of the latent space projection 
function (regression parameter vector).

When choosing the type of the input space projection, it 
is important to choose the one which results in sufficiently 
informative latent variables on which the output variable 
can be estimated with satisfactory accuracy. Latent variables 
are transformed input variables and they are the outputs of 
the input space projection function, and can be presented:

( )j ×

( ) ( ): J nf b+× Â ® Âr

( )f ×r

( );j j jz j a= x (5)

The vector of model parameters Θ is in this case 
divided into input projection parameters α and regression 
parameters β, and for the j-th direction of the input space 
projection:

( ),j j ja bQ =
(6)

The model structure which is based on the input space 
projection into a latent subspace (4) is shown in Fig. 1.

Figure 1. Principle schema of the process model 
divided into two levels of projection.

Apart from the selection of the appropriate functions, 
this model structure requires definition of two separate 
criteria for parameter estimation, i.e. functions I(α) 
and I(β). Thus, the criterion I(β) is focused only on 
minimization of the model output error, i.e. only on the 
output space, and for I(α) different criteria can be used. 
Regarding the selection of φ(●) and I(α) there are many 
types of projection into a latent space. In terms of prediction 
model building, when defining I(α) it is important 
how to explicitly define redistribution of the emphasis 
on the relationships between the input variables and the 
minimization of the model prediction error. Since increase in 
emphasis on the input space increases the bias in a prediction, 
and increase in emphasis on minimization of model output 
error increases variance in prediction [6], this redistribution 
directly affects the model prediction properties, similarly to 

a model dimension change. In practice, model (4) is usually 
a weighted sum of functions like:

( ) ( )
1
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J

m j j j j
j

y f b j a
=
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and it is a special case of model (2), where basic function 
ν(•) is divided into two functions: the input space projection 
function φ(•) and the activation function ψ(•).

Since the quality of the input projection mostly 
determines the overall model performance, determination 
of the optimal type of the input projection (i.e. type of 
function φ(•) and criterion I(α)) is the main research task 
in (plant) data based modeling methods.
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N
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n

xj a a
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where αnj is the input model parameter, for the n-th input 
and j-th output from the input projection function. Thus, 
latent variables (z) are obtained as a linear weighted sum 
of the input variables. All J vectors α form matrix A (dim. 
NxJ) which is a vector base for the input space projection 
into the latent subspace. If linear regression is applied on 
these latent variables, model (7) is as follows:

( )
1 1

,
J N

m j nj n
j n

f xb a
= =

Q = å åx (9)

Depending on the criterion chosen for defining 
directions of the input projections, i.e. parameters α, PCR 
(Principal Component Regression) and PLSR (Partial 
Least Squares Regression) models are obtained. The PCR 
model can provide prediction model building even if the 
data are highly correlated and highly dimensional, and 
it can also achieve satisfactory results in model building 
when available data set has a small number of samples. 
However, this input projection can result in the model 
with poor prediction properties because the input-output 
relation is not taken into consideration when parameters α 
are determined. The PLS presents an important extension 
of the PCA technique when it is used in prediction model 
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building on highly dimensional and correlated data because 
PLS criterion for parameter estimation takes into account 
not only variation in the input space, but also correlation 
between input and output variables. Thus, the PLSR model 
has better prediction properties in general [4].

At the beginning of the 90s the CR (Continuum 
Regression) method, which is a generalization of the existing 
methods of the multivariate analysis, was developed, so 
that PCR, PLSR and MLR are just special cases of the 
CR method [5]. This generalization is achieved based on 
criterion I(α) which includes the so-called continuum 
parameter that allows continuous change of emphasis on 
the input space and minimization of the model output error. 
The CR method is very promising for building model with 
good prediction properties because, apart from the model 
dimension selection (in this case, dimension of input 
space projection J), it has also an additional mechanism 
that influences prediction bias-variance tradeoff. With this 
additional mechanism, estimation of the parameters α can 
be better adjusted to the properties of the available data set 
for model building, which is especially important when the 
process modeling is based on the plant data.

Estimation of parameters α according to the PCA and 
PLS criteria is well known in theory. However, model 
parameter estimation according to the CR criterion is, in 
general, a complex mathematical problem. Therefore, 
different ways for parameter estimation are suggested [7], 
which means that the CR method is not uniquely defined.

Since the processes are usually nonlinear, there is a 
tendency to extend the linear methods to the nonlinear 
modeling by using neural networks [8], which results in the 
NNPCA or the NNPLS models [9]. This is understandable 
because neural networks have properties of the universal 
approximator and the structure which is a good basis for 
building models that are based on the projection of the 
input space into the latent subspace. They are also open 
mathematical structures which, regarding parameter 
(weight) estimation, can be upgraded with different criteria 
and techniques [10]. That neural network upgrading is 
realized through the appropriate extension of the usual 
learning process, which results in different hybrid modeling 
methods based on data. These hybrid methods have been 
extensively explored. One of such hybrid methods resulted 
in the NNCR model in which the input weights of the MLP 
neural network are estimated according to the CR criterion 
[5]. This model has the form:

( )
1 1

,
J N

m j j nj n
j n

f xb a
= =
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Model (10) is a nonlinear generalization of linear 
regression model (9). At the same time it is a special case 
of model (7) and it retains its universal approximation 
properties. However, model (7) allows the application of 
a wider class of methods for input space projection and 
includes different types of neural networks.

It can be seen that model (10) is directly applicable 
to the MLP neural network with one hidden layer, but in 
this case the network input and output weights (model 
parameters α and β) are determined by separate criteria. 
However, when input weights are determined by criterion 
which does not include activation functions ψ(·), it requires 
special consideration. Since this case does not take into 
account optimal neural excitement, significant limitations 
can appear in describing process nonlinearity [5].

IV. ESTIMATION OF DIFFICULT-TO- 
 MEASURE PROCESS VARIABLE BY 
 SELECTED METHODS
Properties of the selected methods for building process 

model based on data are analyzed in an example of crude oil 
distillation. Viscosity of the products of the oil distillation 
column is estimated based on the available easy-to-measure 
process variables [5]. The viscosity is the most important 
quality indicator of the final product of the distillation 
column but it belongs to the difficult-to-measure process 
variable category and its value is determined by laboratory 
analysis.

The viscosity of products is mostly connected with 
temperatures and flows at certain heights of the distillation 
column, and to a lesser extent with some of the pressures in 
the plant, so that these easy-to-measure process variables 
are potential process model inputs for estimation of 
viscosity. For making the final choice between about 
fifty easy-to-measure process variables the opinion of the 
process engineers and operators was of a great help. The 
correlation between proposed easy-to-measure variables 
and the viscosity of the two products (marked as UD-1 and 
UD-3) was also checked. Finally, seven temperatures and 
five flows were selected for the input.

Measured data were taken from the plant database. Easy-
to-measure variables were measured every 5 minutes in the 
period of 100 days, whereas the viscosity of the products 
was measured by laboratory analysis approximately every 
3 hours. Easy-to-measure variables were preprocessed. 
First of all, measurement errors were removed and the 
data were filtered with a moving average filter. A data set 
of 804 samples was obtained containing complete data 
about input-output variables. The first 655 samples were 
used for building process model (training data) and the 
other 149 samples were used to test the models. Additional 
analysis of the selected data showed that 150 samples had 
a different correlation structure than the other samples. 
Therefore, set ‘655’ was broken into the ‘505’ set with 
clean data and the ‘150’ set, which is assumed to have 
(considerable) measurement errors. If such analysis does 
not give satisfactory results, other techniques for detecting 
samples with errors can be used instead [4][3].

The formed data sets were used to build process model 
with methods described in the previous section. From model 
purpose point of view, the most important feature of the 
built models is their prediction capability. Therefore, model 
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evaluation can be performed by output estimation on the 
new (test) data. For quality indicators of the process models 
mean squared error (MSE) and coefficient of determination 
(R2) on test data, and maximal percentage error (MPErr) as 
an additional indicator, are chosen. The mean squared error 
on the test data is:

( )2

1

1 1
ˆMSE ;

tI
T

t t t t t t t
it t

e e e i e y y
I I =

= = = -å (11)

where:

et – model error on the test data,

yt – output variable in the test data,

ŷt –  process model output for the test input data,

It –  number of test samples

Coefficient of determination represents a squared 
correlation between the true output variable and the 
estimated output. Therefore, it is calculated by the following 
expression
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where:

SSE - sum of squared errors, i.e. variation of output variable 
around its estimation,

SST - total sum of squares, i.e. variation of output variable 
around its mean value.

The R2 test provides a good insight in reliability of the 
built models because it measures how much of the total 
variance in the output variable data can be explained by the 
model. If the model includes small percentage of the total 
variation of the output variable (R2→0), i.e. if so called 
unexplained variation is very high, then model is either not 
good or there is weak correlation between input and output 
variables. Determination of the R2 for the test data (R2

t in 
Table 1) can give a good insight in the prediction capability 
of the model.

Matlab® was used for model building and model 
testing, the functions from the Neural Network Toolbox in 
particular. The PLS-Toolbox, with certain modification of 
function ‘cr’ [5], is used for estimation of parameters of the 
input space projection into the latent subspace according to 
CR criterion. In the ‘cr’ function, continuum regression is 
based on implementation of the CPR (Continuum Power 
Regression) method [7] and it is stable up to continuum 
parameter value γ=8. The data were preprocessed by 
removing mean values or by normalizing the mean and 
standard deviation. In most cases the CPR method achieved 
better results on standardized data.

Model quality indicators data set for 
modeling MSEt R2

t R2 MPErrt [%] 

dim. of 
project. 

J 

contin. 
param. 

γ 
PCR model 

INA-UD1 655 0.00417 0.6840 0.8816 7.28 8 (∞ ) 
INA-UD1 505 0.00486 0.6308 0.9448 12.2 8 (∞ ) 
INA-UD1 150 0.00856 0.3518 0.6601 12.8 6 (∞ ) 
INA-UD3 655 0.11484 0.3120 0.2958 8.95 8 (∞ ) 
INA-UD3 505 0.10995 0.3413 0.3944 9.14 6 (∞ ) 
INA-UD3 150 0.1517 0.0586 0.3199 10.3 8 (∞ ) 

PLSR(CR) model 
INA-UD1 655 0.004977 0.6232 0.8970 8.82 5 1 
INA-UD1 505 0.00544 0.5879 0.9430 12.5 7 1 
INA-UD1 150 0.02341 -0.7720 0.7315 16.1 6 1 
INA-UD3 655 0.08995 0.4611 0.3136 8.70 4 1 
INA-UD3 505 0.093343 0.4408 0.4063 9.03 5 1 
INA-UD3 150 0.3144 -0.8833 0.3805 12.8 4 1 

MLR(CR) model 
INA-UD1 655 0.00924 0.3005 0.9198 13.1 - 0 
INA-UD1 505 0.04609 -2.4888 0.9490 40.6 - 0 
INA-UD1 150 0.04666 -2.5328 0.8975 22.2 - 0 
INA-UD3 655 0.204 -0.2220 0.3568 10.8 - 0 
INA-UD3 505 0.2955 -0.7701 0.4239 23.4 - 0 
INA-UD3 150 0.604 -2.62 0.4518 15.9 - 0 

CR model 
INA-UD1 655 0.004167 0.6845 0.8816 7.28 8 7 
INA-UD1 505 0.00488 0.6307 0.9448 12.2 9 4 
INA-UD1 150 0.006997 0.4703 0.6970 11.1 6 4.7 
INA-UD3 655 0.078624 0.5290 0.3167 8.05 5 1.35 
INA-UD3 505 0.086436 0.4822 0.4086 8.52 7 2.33 
INA-UD3 150 0.10080 0.3961 0.2865 8.10 5 2.64 

 

TABLE I. the best results obtained by models which are included in  
 continuum regression.

From results of the linear models (9), which are 
presented in Table 1, it can be concluded that MLR 
parameter estimation in no case results in the model with 
good prediction properties. The ‘pca’ function was used 
to estimate parameters α of the PCR model. However, 
function ‘cr’ already gives the PCA input projection 
with choosing γ > 4. From the results presented in Table 
1 it can also be noticed that the CR model achieves the 
best prediction and that optimal directions of the input 
projection aim to PCA directions, especially in the case of 
the INA-UD1 process. This situation is always present if 
the model cannot describe input-output relationship of the 
process in a satisfactory way [4]. Possible reasons can be 
weak informativeness of the modeling data due to a small 
number of measured samples and low correlation between 
the input and the output process variables as well as the 
presence of very high disturbances and errors in the data. 
When parameter estimation strongly relies on the input 
space, it always requires a large number of latent variables 
(i.e. a larger model dimension) for a good prediction.

The reason why a linear model cannot properly describe 
input-output behavior is a high nonlinearity of the distillation 
process. A low value of the coefficient of determination 
(R2), and even a higher value of this coefficient for the test 
data, shows a high nonlinearity of the INA-UD3 process. 
The consequence is that the CR model results in a large 
error so it cannot provide a satisfactory prediction of the 
output variable of the INA-UD3 process. The models 
which have R2 on the test data above 2/3 are very promising 
concerning prediction, whereas models with the indicator 
lower than 1/3 are completely useless for the estimation. 
Thus, nonlinear models have to be used for modeling INA-
UD3 process.
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To compare with models which were built by selected 
methods, the MLP model (10) of the INA process was 
built. This model is based on the MLP neural network with 
one hidden layer and the neural network has been realized 
with the Neural Network Toolbox. The “tansig” activation 
functions and LM (Levenberg-Marquardt) training algorithm 
with initial values of the parameters chosen according to 
the NW (Nguyen-Widrow) recommendations were used. 
Variations of the results between separate trainings with 

frequently irrelevant prediction model properties (R2
1 «1/3) 

were noticed after 15 trainings, for dimensions from 4 to 
12 neurons in the hidden layer. This very high network 
sensitivity to parameter initial values is caused mainly by 
very complicated relationships in the training data, which 
are mostly caused by the presence of disturbances and 
errors in the data. Although the MLP model is potentially 
more capable of describing nonlinear processes, the 
results which were obtained by linear models are entirely 
comparable with the CR model results. It is known that in 
nonlinear modeling with many training repetitions, with 
different initial parameter values, the network parameters 
which result in a model with better prediction properties 
could be obtained. 

In order to make the MLP network more efficient in 
the process model building based on the plant data, this 
technique is combined with the CR method, in a way that 
the network learns from the latent variables which are 
obtained by the input projection with the CR method. Thus, 
the input of the MLP network is extended for one more 
linear hidden layer (Fig. 2) the parameters of which are 
determined according to the CR criterion, while the second 
hidden layer and output layer are learned in the same way 
as in the MLP model building. Therefore, in terms of two-
level model (4), the second hidden layer and the output 
layer represent the part of the model in which (nonlinear) 
regression on the latent variables (z) is performed, therefore 
the weights of the second hidden layer (w) and the output 
layer (β) are determined in a standard way by minimizing 
output model error:

(13)

Since the dimension of the second hidden layer (K) 
can arbitrarily be defined, because it does not depend on 
the dimension of input projection (J), this model structure 
is more flexible in process description with respect to the 
structure with one hidden layer. Optimal neuron excitation 
is achieved by adjusting the weights of the second hidden 
layer because criterion (13) includes activation functions. 
However, even when two hidden layers are used, where the 
first layer is linear, the problem can be easily transformed 
to the problem with one hidden nonlinear layer using 
simple linear algebra. That is possible because the model is 
linear all the way to the inputs of the activation functions, 
so variables v (Fig. 2) can be treated as the outputs from the 
model where (linear) transformation of the input variables 

is used. In that case special attention should be paid to the 
fact that input projection dimension is not equal to the 
number of neurons in the second hidden layer, and that 
space structure (vector basis) of variables v is not defined 
by any criterion.
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Figure 2. Block diagram of the MISO MLPpreCR model with two hid-
den layers, linear and nonlinear.

Model testing showed a relatively small variation of 
the results between separate trainings of the MLP neural 
network on the previously formed latent variables, so the 
best results of only 5 repeated trainings are showed (Fig. 3). 
In the observed examples of the model process building the 
MLPpreCR model always achieves better results than the 
MLP model. A possible reason why MLP neural network 
learns better from the latent variables than from the input 
variables lies in the fact that the formed latent variables 
do not correlate, but also in the fact that the influence of 
the outliers and noise from the input space is significantly 
weaker in the latent subspace.

From the results presented in Fig. 3 it can be seen that the 
MLPpreCR model achieves a much better estimation of the 
output variable on a small number of latent variables than 
the CR model. There are two possible reasons for that. The 
first one is a nonlinear structure of the MLPpreCR model 
due to which it can describe the nonlinear input-output 
relationships of the modeling process more successfully. 
The second reason can be found in the possibility that, 
through learning the MLP network, some other directions 
of the input projection were found, which were outside the 
CR criterion, i.e. some nonorthogonal directions, which 
resulted in more informative latent variables. From Fig. 2 
this is clearly visible. Although the latent variable subspace 
(z) has been formed based on orthonormal input projection 
directions, the space of variables v, which is the input of the 
activation functions, will not necessarily have this property 
after adjusting input weights of the MLP neural network.

( )2
,

ˆmin
w b

-y y
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Figure 3. CR and MLPpreCR models mean squared error.

The MLPpreCR model demonstrates the greatest 
advantage in modeling the INA-UD3 process with respect 
to all other built models. The fact that the R2 value on the 
test data almost reaches 0.6 (with 4 latent variables), and 
the maximal percentage error falls to 7%, is a significant 
improvement in quality of model prediction, which is built 
on the available data.

V. CONCLUSION
Problems of the model parameter estimation arise, above 

all, from the modeling data properties. To build a model 
with a large number of correlated input variables based on 
the plant data is a specific problem in data based process 
modeling. Model building methods based on the projection 
into the latent space are methods which even under 
these conditions can also result in satisfactory parameter 
estimation. In these methods the model is divided into 
two levels of projection, which basically allows a better 
model structuring for the specific task of modeling and it 
also allows a separate adjustment of the input projection 
parameters, which results in a more efficient parameter 
estimation and in a higher model quality.

Estimation of the input projection parameters according 
to the CR criteria gives good results even if the linear 
model describes the nonlinear process. The CR model with 
a large number of the latent variables could give an even 
more accurate output variable estimation, but such a large 
number of parameters is not possible to estimate reliably 
enough based on the available plant data. This is emphasized 
in particular when building the INA-UD3 process model. 
Since the linear models with the CR parameter estimation 
gave good results, the aim is to improve MLP neural 
network learning by merging with the CR method. In doing 
so the linear input projection, according to the CR criteria, 
is carried out, and the MLP network learns from the latent 
variables obtained by this projection. The new MLPpreCR 
model gives better results in the process model building 
even on the smaller data set and in the presence of the 
outliers in the data. Therefore, this kind of MLP network 
learning is suggested for the prediction process model 
building based on plant data.

Since the nonlinear regression on the latent variables 
gave better results than the linear regression it can be 
concluded that, even with the linear input projection into 
the latent space, the significant amount of information 
about the nonlinear input-output process relationships 
is transferred into the latent space. However, it is to 
expect that with application of the right type of nonlinear 
projection of the input space even more informative latent 
variables could be obtained as well as the model with better 
prediction properties.

Although a long-lasting and complex analysis was 
carried out in the ‘505’ data set forming with the aim to 
discover measured samples which contained errors, the test 
results of the built models showed that the new set was not 
more informative then the basic ‘655’ set. Linear models 
learned better from the ‘505’ set, which is justified by the 
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coefficient of determination (R2). However, the nonlinear 
models had “found” plenty of information about the process 
in the ‘150’ set as well. According to that, the method used 
resulted in the ‘505’ set which mainly contains measured 
samples with information about the linear input-output 
relationships in the process, and in the ‘150’ set which 
contains samples with measured errors, but it also contains 
samples which carry information about the nonlinear input-
output relationships. Since it is not easy to distinguish 
between measured samples with errors and the samples 
which carry information about the process nonlinearity, it is 
questionable if the other methods for detection of measured 
samples with errors would give better results.
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Abstract — This paper presents a solution of church bell 
control. The basic idea is to develop a universal and freely 
parameterized system which is applicable to a church bell of 
various sizes. Developed hardware and software were tested 
in real environment with three different bell sizes. A three-
phase asynchronous motor is powered by soft starter which 
results in very smooth control. The core of the system is made 
up of the PIC microcontroller that is responsible for the mo-
tion timing and synchronization.

Keywords — Church bell, control, microcontroller, asyn-
chronous motor, soft starter.

I. INTRODUCTION
Christians first used bells in abbeys for convening the 

monks, then later it became the common mode of signaling 
in the churches of these villages, as well. The regular tolling 
of the bell was first proscribed by Pope Sabinianus in 606 
(4 times during the day, 3 times during the night to call 
people to prayers). Bells were becoming wide-spread in the 
times of missionaries. The sound of the bell coordinated the 
rhythm of daily life. The bell was sounded in the morning 
and evening, for mass, at times of death, or arrivals of 
religious or lay dignitaries. Bells welcomed the victorious 
armies, and warned the people of the approaching enemy 
and fire. In our country, unlike what it widely believed, the 
clapper does not hit the wall of the bell, but the other way 
around: the body of the bell moves backwards and forwards 
to touch the clapper. The clapper may move freely, but in 
most churches it is fixed with a wire or a spring. Tolling 
the bell may be done by hand, by pulling, with a pulling 
magnet or a alternate current engine. 

In the case of the reformed church in Torontálvásárhely 
(Debeljača) this was done by an alternate current engine, as 
can be seen in Figure 1. When designing the microprocessor 
control it had to be kept in mind that each of the three bells 
was of a different size. As a solution, the universal control 
was opted for which enables the input of control parameters 
and in this way the control of the bells could be optimized 
according to their size. 

Figure 1. Control by alternating current engine

II.  CONTROL MODULE
The control module is based on PIC16F877 

microcontroller as it is shown in Figure 2. The 
microcontroller operates on a 20 MHz clock signal. The 
relay found on the board is driven by a ULN2803 integrated 
circuit. The display was created out of a 7-segment display. 
The input of parameters happens via six switches. The 
active and passive times are stored in the microprocessor’s 
EEPROM memory and in case of a power outage these 
values will remain. Reed-relays are used for monitoring the 
state of the bell which are connected to the specific point 
on the board. 

Figure 2. Board schematic view
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III. DEVELOPING ENVIRONMENT
MikroC is a powerful, feature rich development tool 

for PIC microcontrollers. It is designed to provide the 
customer with the easiest possible solution for developing 
application for embedded systems, without compromising 
performance or control. PIC and C fits together well. PIC 
is the most popular microcontroller in the world, used 
in a wide variety of applications, and C, prized for its 
efficiency, is the natural choice for developing embedded 
systems. MikroC provides a successful match featuring 
highly advanced IDE, ANSI compliant compiler, broad 
set of hardware libraries, comprehensive documentation 
and plenty of ready-to-run examples. The code editor 
is advanced text editor fashioned to satisfy the needs of 
professionals. Advanced editor features are:

Adjustable Syntax Highlighting• 
Code Assistant• 
Parameter Assistant• 
Code Templates• 

Figure 3. Developing environment

Figure 4. Electrical installation

The DC bus is then switched through an IGBT bridge to 
produce AC at a variable voltage and a variable frequency. 
This AC output is synthesized by a pattern of on-off 
switching applied to the gates of the IGBTs. This method of 
switching the IGBTs is known as Pulse Width Modulation 
(PWM).

Figure 5. Digidrive SK 1.5M and three-phase asynchronous motor

SEVER ZK100 L8 is a totally enclosed, three-phase 
asynchronous motor. The rotor is cage type, normally 
designed with one cylindrical shaft extension. The motor is 
designed for the rated supply voltage 3x400V ±10% at 50 
Hz. The nominal speed is 680 rpm and the nominal power 
is 0.67 KW. 

V. SOLUTION
The state and direction of the bells can be determined 

with the reed relays as seen in Figure 6. Two relays are in 
serial connection slightly slid from one another for better 
sensation. The minimum number of sensors for reliable 
sensation is six. Reading happens only in one direction, as 
can be seen in the figure below. A constant magnet is fixed 
to the wall of the bell which will pass the reed relay as 
the bell moves, and thus the direction of the bell can be 
determined. 
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Figure 6. Reed relays

Figure 7. Control module

Figure 7 shows the test board and the microcontrol 
programmer which is a PICSTART Plus. The output seen 
beside the microcontroller are only used for analyzing the 
board and for various measurements. The board needs a 
voltage of 12V which is provided by an adapter, one for 
each board. 

Figure 8. Drive method

By active time we mean the time during which the 
motors driving the bells are active. During passive time the 
bell is already in motion, but the motor is no longer driving 
it. Before the motor becomes active again, it is vital to 
determine the direction of the bell and to activate the motor in 
the appropriate moment, so as to keep the bell is continuous 
swing motion. Each state is shown on the board’s display. 

Figure 9. time settings (active, passive, sync)

The parameters presented in Figure 9 represent the 
parameters of the medium sized bell. Time can be given 
in seconds. All items of control electronics were placed in 
a well-insulated metal box in the belfry so as to keep safe 
from the weather conditions. This way neither wind nor 
precipitation can cause any damage. The bells can also be 
activated from the vicarage by feeding the electronics in the 
belfry with the help of a switch. 

Figure 10. Control module with soft starter and the medium sized bell

VI. CONCLUSION
Analogue control was not sufficiently reliable as 

the temperature had an immense effect on the system’s 
operation. Control parameters would change with the 
temperature, resulting in the fact that the bell could not 
come into full swing, or it would swing outside the safe 
limit. It must be mentioned that the weight of the largest 
bell is 2100kg. The activation of the executive instrument 
was done by a contactor and at the start the redactor chain 
would often break, as it was subjected to a huge load. By 
implementing a softstarter the start was silent and it relieves 
the chain. The new digital system enables the setting of the 
active and passive times, as well as monitoring the bell’s 
direction. In this sense the universal module is capable of 
controlling bells of different sizes. Some minor software 
deficiencies were perceived during the test phase, however, 
they were corrected on spot. Working on this project was 
also made more difficult by the fact that the bells were 
situated in the belfry at a height of 53 meters. 
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Abstract — In this paper are presented several possible 
applications in transport and industrial applications us-
ing complex-programmable logic device (CPLD)-based and 
field-programmable gate array (FPGA)-based technology. 
Problems dealing with overcoming gaps between existing lo-
cal industry technology and new embedded systems technolo-
gies are discussed from a stand point of short and long term 
economic aspects. Several features are compared such as high 
speed, cost reduction and low-power consumption, design 
security, etc. New compromise solutions to some existing in-
dustrial applications are proposed in order to increase system 
efficiency and reliability.

Keywords — embedded systems, digital design, 
optimization.

I. INTRODUCTION
There is a requirement for implementation of new 

technologies in existing old digital electronic industrial 
applications since old solutions are disused and too expensive 
to deal with. Implementation of complex programmable 
logic devices (CPLDs) and field programmable gate arrays 
(FPGAs) in industry and transportation are used in large-scale. 
The integration of glue logic and co-processing units into the 
low cost CPLDs is a very attractive proposition. Larger digital 
designs which have microprocessors and microcontrollers 
included, their corresponding interconnecting glue logic and 
co-processing units, may be replaced with a single FPGA 
chip. By the use of FPGA, digital design becomes simpler to 
test, implement, and reimplement. In this way, global system 
performance improves. At the same time board area, power 
operation and heat dissipation reduces.

This presentation deals with efficiency of digital design 
implemented into FPGA and CPLD devices using Very high 
speed integrated circuits Hardware Description Language 
(VHDL). Two different implementations are discussed. 
Expected performances of those designs are compared.

The rest of this article is organized as follows. Related 
works are proposed in section 2. Efficient digital design 
example is presented in section 3. Section 4 deals with 
possible future work, and conclusion is done in section 5.

II. RELATED WORKS
The integration of digital design into the FPGA, 

illustrated in Fig.1, has two basic approaches.

Figure 1. Advantages of FPGA in digital design.

It can be done either as a generic hardware/software co 
design or as a pure hardware design. Hardware/software 
co design approach allows digital system to act as generic 
reconfigurable device (RD). Real world hardware problems 
are solved with RDs via sequence of instructions, i.e. 
software, downloaded through interface between personal 
computer (PC) and FPGA. Pure hardware design represents 
single complex instruction predetermined to solve one real 
world hardware problem. Hardware/software co design is 
more generic and easier to implement and reimplement 
while pure hardware design is faster [2].

Digital systems with speed as its basic feature may 
be designed with SiGe FPGAs because they provide the 
highest operating frequency. Digital design which does 
not require GHz signal frequencies may be designed with 
standard low-cost CMOS based FPGAs. Hybrid digital 
design using both SiGe and CMOS based FPGA was done 
in [3] where data acquisition system (DAC) is proposed as 
high speed operation design with GHz signal bandwidth.

Heat emission reduces by replacing several chips 
with a single FPGA chip (see Fig.1.). Additional 33% of 
heat reduction is possible [7] when appropriate FPGA 
temperature-aware placement and routing algorithm is 
applied.



- 126 -

CONTENT

Implementation of FPGA technology is popular for 
multimedia applications where large amount of data are 
processed via parallel computation. Processing time in such 
systems is calculated by the sum t = tA + tP , where tA is data 
acquisition time, and tP is data processing time. References [1] 
and [5] are examples of multimedia applications using pictures 
taken from camera and processing unit on FPGA chip.

III. DIGITAL DESIGN EFFICIENCY
High operating frequency is main digital design feature. 

Digital design in general should be as much concurrent as 
possible, thus using CPLD and FPGA resources efficiently. 
Such digital design requires multiple processes, i.e. maximal 
parallelism possible. Besides high frequency, digital design 
may be optimized from standpoint of low-power dissipation, 
low-cost investment, board area [6], heat emission [7], and 
code simplicity so designer can easily understand it while 
doing redesign [2].

Figure2. Interface scheme of HD44780U LCD controller display driver 
in 4-bit mode operation.

Figure3. Flow chart of HD44780U  LCD controller display driver ini-
tialization in 4-bit mode operation.

Fig. 3 illustrates HD44780U LCD controller display 
driver input/output pins for 4-bit mode operation [8]. For 
purpose of this work, LCD display driver in 4-bit mode 
operation is considered, while 8-bit mode is also possible. 
Proposed device controls LCD display functions. With use 
of FPGA it displays characters on LCD display.

In order to compare digital designs efficiency finite 
state machine (FSM) illustrated in Fig. 3 is implemented in 
two different ways.

Fig. 2 illustrates flowchart for HD44780U LCD controller 
display driver initialization in 4-bit mode operation [8]. 
When power is on, FSM is in start state and 50ms controller 
function is set to manufacturers default 8-bit mode 
operation. If controller was not initialized before, default 
8-bit word length should be changed to 4-bit word length. 
Thus, in case when reset signal appears, initialization is not 
required. FSM states Function set, Display on/off, Entry 
mode set, Return home, Clear display, and Idle initializes 
proposed controller. States of FSM determines several 
input signal values, as it is illustrated in Fig. 3.

Figure 4. Example FSM1 with less optimization.

Parameter FSM1 FSM2 Improvement

Frequency [MHz] 300.300 321.854 6.70%

Power consumption [W] 0.368 0.343 7.29%

LUT resources used [%] 0.285 0.472 - 65.6%

TABLE 1. Expected performances.
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Part of VHDL code is illustrated in Fig. 4 and Fig. 5. 
FSM1 illustrated in Fig. 4 is less optimized than the FSM2 
shown in Fig. 5. Synthesis report proposed in table 1 shows 
that the FSM2 has better performances than the FSM1. 
Operating frequency and power consumption for FSM2 is 
approximately 7% better when compared with the FSM1. 
Thus, FSM1 is more optimized then the FSM2. When 
assigning signal values, FSM1 has sequential sequence 
in difference with FSM2 which assigns all output signal 
values at the same time.

Figure5. Example of FSM with more optimization.

However, number of slice LUTs is increased from 82 
to 136 out of 28800. More available FPGA resources were 
spent due to design parallelization. Thus more resources 
are needed when more processes are used. In case of FSM2 
there are processes for every input/output signal used. 
FSM2 has 9 processes, while FSM1 has two processes, one 
process for changing states, i.e. FSM, and one process for 
clock divider, i.e. prescaler.

IV. FUTURE WORK
An algorithm for ceramic tile surface inspection with 

machine vision [4] can be implemented by the use of 
FPGAs. Performances of machine vision ceramic tile 

visual quality inspection may be improved by replacing 
an existing sequential algorithm that runs on PC, with a 
systolic algorithm that runs on FPGA. An algorithm for 
classification of ceramic tiles can be decomposed into 
smaller tasks and pipelined. Basic idea is to apply low cost 
FPGA embedded system instead of a PC.

V. CONCLUSION
The use of CPLDs and FPGAs is more and more 

present in transport and industrial systems. In this paper 
optimization of applied digital design was proposed using 
VHDL. Synthesis reports show that speed and power-
consumption performances are improved by approximately 
7% (table 1) after appropriate optimization was done. Little 
down side of designs parallelization is that certain amount of 
LUT resources was increased by 65%. Experimental results 
confirm the importance of digital designs optimization.
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Abstract. — In today’s computer environments multiple 
sporadic servers as a mechanism for rescheduling aperiodic 
tasks are applicable. A tool that simulates the mechanism’s 
behavior was developed. It enables evaluation of scheduling 
performance for various periodic and aperiodic task sets and 
server parameters. Periodic tasks are scheduled using RMS 
or EDF algorithm. Sporadic servers are used to schedule ape-
riodic tasks. Number of servers can be manipulated as well 
as each server’s parameters (resources allocated). A number 
of scheduling parameters are given as a result of simulation 
for a given input. The simulator is applicable to developing 
rescheduling algorithms and their implementation into real 
environments.

Keywords. — Simulation Tool, Multiple Sporadic Serv-
ers, scheduling. 

I. INTRODUCTION
Heterogeneous computer environments are widely in 

use today. Resource management on such environments 
represents a challenge, especially for real time applications 
[6]. Proper use of this virtually inexhaustible source 
of resources can dramatically increase performance of 
application and reduce or eliminate problem of aperiodic 
task scheduling. Depending on the application, these 
performance mirrors in response times, utilization, quality 
of service and system autonomy [6]. 

In this paper a developed tool for simulation of resource 
management in such environments is presented. Simulated 
real time application is running on a single dedicated 
(main) machine and also has a certain amount of resources 
available on a number of machines. Dedicated machine 
executes periodic tasks and also runs an aperiodic server, 
like a single machine system. Other machines that offer 
resources to the application also run aperiodic servers. 

Servers are often used as a mechanism for resource 
allocation in real-time systems [2]. The schedule contains 
a sequence of executing tasks on resources [3]. The task 
whose timing properties are known in advance is said to 
be static. Periodic tasks are static. Task whose behavior 
concerning time is not known in advance is considered 
to be dynamic, i.e. aperiodic requests. Periodic tasks are 

scheduled using scheduling algorithms given in [4]. The 
aim of server tasks is to serve aperiodic tasks. Here they 
represent a mechanism of extending the existing resources 
by new resources [6].

If an aperiodic task arrives and aperiodic server 
budget is depleted on the dedicated machine, or another 
aperiodic task is already running, the task is forwarded to 
a machine that has resources available. That means that if 
an aperiodic task arrives and it cannot be executed on a 
dedicated machine it is executed on another machine in 
the environment. This can greatly increase aperiodic task 
response times, especially during high loads, since a task 
doesn’t need to wait for another to end its execution. 

Mechanism used for aperiodic task scheduling is called 
multiple sporadic servers [8]. Sporadic (aperiodic) tasks 
are executed by sporadic servers, one of most successful 
mechanisms [5], running on a number of machines. When 
resources dedicated to a server are depleted on aperiodic 
task execution, aperiodic task can be rescheduled to a 
different server. Also new aperiodic tasks can be scheduled 
to a server with resources available.

Purpose of the tool is to enable simulations of real time 
systems running periodic and aperiodic tasks, and testing 
their performance when scheduled by multiple sporadic 
servers mechanism and to determine optimal number 
of sporadic servers and their parameters for a particular 
system. The tool is also used to test the performance 
of the mechanism under different loads and for various 
conditions.

II. SIMULATION TOOL MSS

2.1. Usage and framework 
MSS is a user-friendly Windows application. Main 

window of the simulation tool is shown in Figure 1. All 
options can be accessed through the menu or the toolbar. 
Main options enable definition and management of input 
data, determination of scheduling algorithm parameters, 
drawing a (re)scheduling flowchart and displaying and 
printing simulation results on the printer.
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Figure 1. Main window of the simulation tool

The main window provides the following data: input 
data, (re)scheduling algorithm parameters, properties of 
flowchart display, task execution flowchart with sporadic 
server capacities, and resulting task scheduling parameters. 
Input data are given in form of task and server lists. For 
periodic tasks they contain parameters p and c. The list 
of aperiodic tasks contains tr , c and l, whereas the list of 
sporadic servers contains pssand css . Adjustable rescheduling 
algorithm parameters are sporadic server selection method 
and simulation execution time. Periodic tasks are scheduled 
by using a well known Rate Monotonic Scheduling (RMS) 
algorithm or Earliest Deadline First (EDF) algorithm, 
and aperiodic by the multiple sporadic server mechanism 
(MSS).

Flowchart consists of a time axis referring to the task 
execution flow on a dedicated machine, and a number of 
time axes equal to the number of servers, showing the 
value of sporadic server capacities. All tasks are mutually 
distinguished by the display column color and height. 
Arrows show instants of aperiodic task occurrence. 
Evaluation parameter values obtained by simulation are 
shown below the execution flowchart. They are explained 
in the sequel. 

2.2. Evaluation parameters 
The following parameters are used for evaluation of 

simulation results, i.e. scheduling by MSS: 

nss - number of aperiodic servers. For nss=0, aperiodic 
tasks are not executed, thus for that case value trespA is not 
given. 

u - system utilization. For a mixture of periodic and 
aperiodic tasks (τ), system utilization (u) is the ratio of the 
sum of all execution times (ci and cj) and the total time of the 
observed simulation interval (ttotal), as in (1). It is expressed 
in per cents, for the purpose of better visualization and 
graphical display of simulation results.
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trespP- average response time of periodic task set. 
Upon every completion of periodic task Tpi execution, 
according to (2), the difference between the time of 
task execution completion (te) and the time when the 
task was ready for execution (tr) is added, and that 
sum is divided by the number of executed periodic 
tasks (n). 
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trespA - average response time of aperiodic task set. 
Similarly to (2), expression (3) shows the way of its 
calculation.
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nnd - number of tasks with missed deadlines.

nres - number of reschedulings is a number of 
transfers of aperiodic task executions to other 
machines in the environment.

nnd - number of tasks with missed deadlines.

nreS - number of reschedulings is a number of transfers 
of aperiodic task executions to other machines in the 
environment.

npt - number of periodic tasks executed during simulation 
execution time.

nAt - number of aperiodic tasks executed during 
simulation execution time.

III. SIMULATION

3.1. Task sets
In this chapter simulation process of the tool is shown. 

Simulation is based on real time application consisting of 
periodic and aperiodic task sets. Table 1 shows parameters 
of the periodic task set. Aperiodic task set is shown in Table 
2. All parameters are given in time units.

TABLE 1. Periodic task set

Periodic task c p
P1 2 8
P2 3 14
P3 6 18

TABLE 2. Aperiodic task set

Aperiodic task tr c l
A1 20 4 1
A2 27 6 2
A3 35 9 3
A4 42 3 4
A5 49 6 5
A6 53 7 6
A7 68 4 7
A8 71 8 8
A9 82 5 9

A10 90 5 10
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Same data sets are used in four simulations with different 
parameters. Simulation execution time is set at 300 time 
units. Parameters changed are periodic scheduling algorithm 
and number of servers available, as shown in Table 3. 

TABLE 3. Simulation parameters

Simulation number Periodic sch.  
algorithm Number of servers

1 EDF 1
2 RMS 1
3 RMS 2
4 RMS 3

Periodic task execution requires 79.76% of processor 
time, which leaves a little over 20% available for aperiodic 
tasks. Therefore, parameters chosen for aperiodic server 
on main machine are pss=5  and css=1. Other servers also 
use same values for parameters pss and css. Aperiodic task 
parameters were chosen randomly, but in such a way 
they all arrive in the first third of the simulation so a high 
aperiodic load is created. That way differences in results 
should be clearly visible.

All servers are sporadic servers (SS). Server selection 
method for aperiodic tasks is highest budget method. 
Server with highest budget available at time of arrival of 
aperiodic task will serve the task. If no servers are available, 
aperiodic task will be assigned to the first one to become 
available. When a task is assigned to a server, it runs until 
its completion, and the server is unavailable for other 
aperiodic tasks. Tool also allows server selection by lowest 
replenishment period method. When selected, server with 
available budget and the lowest period at time of arrival of 
aperiodic task will serve the task.

It is expected that increasing number of servers will 
decrease utilization on main machine and will also decrease 
response time for aperiodic tasks, since more tasks are 
executed on other machines and there are more machines 
available for aperiodic task execution. Change between 
RMS and EDF scheduling should result mostly in more 
efficient periodic task scheduling with EDF algorithm. 

3.2. RESULTS AND ANALYSIS
Simulations are executed and results are given in 

Table 4. First two lines of data are results of scheduling 
with only one aperiodic server, the first using the 
EDF algorithm, and the second using the RMS. As 
expected they are very similar, with the exception of 
number of missed deadlines and average response 
time for periodic tasks being higher with RMS. 
System utilization is very high, average response 
time for aperiodic tasks is also very high and not all 
aperiodic tasks are executed during the simulation 
execution time.

Last two lines in Table 4 show results when number 
of aperiodic servers is increased. System utilization 
decreases because some of the aperiodic tasks are 

rescheduled to other machines in the environment. 
Lower utilization enables more efficient execution of 
periodic tasks so average response time for periodic 
tasks and number of missed deadline decreases. 
Aperiodic tasks are also scheduled more efficiently 
and average response time for aperiodic tasks greatly 
decreases. Another parameter is also considered, 
number of reschedulings. It is a number of times 
an aperiodic task is rescheduled to a remote server. 
With higher number of servers, more aperiodic tasks 
are rescheduled. However, rescheduling requires 
additional verification and procedure for renewing 
the schedule [7], since unexpected events can change 
system’s condition and performances [1].

TABLE 4. Simulation results

nss u (%) trespP trespA nnd nreS nPt nAt

1 99 6,34 108,55 0 0 76 9
1 99 6,52 108,55 8 0 76 9
2 90 5,68 50,00 6 6 76 10
3 88 5,02 30,50 2 6 76 10

Figure 2. Graphical representation of simulation results

IV. CONCLUSION
A developed software tool enables performance 

evaluation as well as observation of MSS behavior for 
arbitrary sets of input tasks and MSS parameters. Using 
the simulation tool it was possible to realize that multiple 
sporadic servers as a mechanism for scheduling aperiodic 
tasks greatly increases efficiency of a real time system and 
should be used when possible. By increasing the number of 
servers, system utilization decreases, as well as periodic task 
response time and number of tasks with missed deadlines. 
Number of executed aperiodic tasks increases. The most 
important fact is that by increasing the number of servers, 
aperiodic task response time shortens significantly.

Downside of the mechanism is the cost of rescheduling 
of aperiodic servers, but that parameter is not considered 
in this paper. It will be included in the future work. We 
also plan to improve the software tool by adding another 
mechanism for scheduling aperiodic tasks, a version of 
Total Bandwidth Server, for comparison with MSS.
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Abstract — In this paper the assessment of the software 
process using improved Software Process Measuring Model 
(SPMM) is presented. The SPMM is an assessment method 
for software producing organizations which focuses on the 
quality of software production. It has been developed partly 
based on renovation of the CMMI and Bootstrap method us-
ing reverse engineering. SPMM focuses on the software devel-
opment process in the SPOs and it is created in the form of the 
web aplication. The main references are standard ESA PSS 
05, ISO 90003, SPICE, CMM, CMMI and Bootstrap project. 

Keywords — software quality, software process, assess-
ment method, measuring model, web application.

I. INTRODUCTION 
The Software Process Measuring Model (SPMM) [11] 

has been developed at the Faculty of Electrical Engineering 
in Osijek, Croatia, by the Software Engineering Institute 
partly based on renovation of the Bootstrap algorithm [2, 3, 
5, 6, 7, 8,] using reverse engineering. SPMM is an assessment 
method for software producing organizations (SPOs). An 
SPO can be software producing company or a department in 
a company in which software projects are performed. Beside 
a general overview of SPOs and its projects, SPMM focuses 
on the quality of software production. It identify individual 
attributes of a SPO or individual project and has separate 
questionnaires for the assessment of an organization’s 
quality system (SPO questionnaire) and the assessment of 
the project within this organization (Project questionnaire). 
The purpose of SPMM is to provide a sort of algorithm for 
evaluating a SPO. This evaluating also provides a method 
for measuring improvements motivated by the need to 
improve effectiveness, quality and competitive positions of 
SPO. The main goals are to identify the best practices of a 
SPO, to establish process models (work flows, data flows, 
managerial aspects and resources) to identify strengths, 
weaknesses and bottleneck, and to establish quality control 
function to check if the best practices are efficiently 
employed. However, earlier version of the SPMM had lack 
of questions in project questionnaire for some attributes, 
and it was hard to exactly determine the maturity level of the 
project in SPOs. In this paper improved SPMM with new 
questions in project questionnaire is presented. The new 
improved version of SPMM has following characteristics:

there are more questions for better determination of • 
projects maturity level,

it is oriented by practical use,• 

it is created in the form of the web application and • 
there is possibility of the online assessment,

it can be used primary for the first - party assessment • 
(self - assessment), where it performed internally 
inside the SPO by the SPO’s own personnel in 
order to identify the SPO’s own software process 
capability,

it can be used also for the  second - party assessment • 
for capability determination, where external 
assessors are used to perform the assessment in the 
SPO, in order to evaluate the  SPO’s capability to 
fulfill specific contract requirements,

it is easy to use and understand for the auditee • 
(SPOs).

II. REASON FOR DEVELOPMENT 
 OF SPMM 
Beside other methods like CMM/CMMI [8], 

Bootstrap [1, 2, 5, 6], and SPICE [10] that are based on 
the third parties for carrying out assessments, reason for 
development of SPMM is to provide a framework for self-
assessment of software engineering practice in SPOs. The 
idea is that organization can have own assessors that can 
make assessments of the projects when ewer they want 
and identify the core attributes to the characteristics of 
SPOs, and for the project or projects in SPOs. With web 
application assessors can make assessment on any place 
and any time.

A. References for SPMM
The main sources for the establishment of the SPMM 

questionnaire are:

STANDARD ISO 90003:2000 [4]1. 

This standard cancels and replaces old ISO 9000-3: 
1997, which has been updated for conformity with ISO 
9001:2000 [4]. This International Standard provides 
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guidance for organizations in the application of ISO 
9001:2000 to the acquisition, supply, development, 
operation and maintenance of computer software and related 
support services. In general, it specifies requirements for a 
quality system where an organization:

a) needs to demonstrate its ability to consistently provide 
product that meets customer and applicable regulatory 
requirements, and 

b) aims to enhance customer satisfaction through the 
effective application of the system including processes for 
continual improvement of the system and the assurance 
of conformity to customer and applicable regulatory 
requirements.

Standard European Space Agency-ESA PSS 05 [12]2. 

The standard ESA PSS 05 is concerned with all software 
aspects of a system. It does not make use of any particular 
software engineering method or tool mandatory. The 
standard describe the mandatory practices, recommended 
practices and guidelines for software engineering 
projects, and allow each project to decide the best way of 
implementing them.

Bootstrap 3. 

Bootstrap is the European project whose aim was to 
develop a method for software process assessment and 
improvement of Software Producing Units (SPUs). An SPU 
is small or middle sized software producing company or a 
software department of a large company in which projects 
are performed to develop software products Bootstrap 
methodology is built on the original concept of software 
Capability Model (CMM), and incorporates accepted 
standards ESA–PSS 05 and ISO 9000 (ISO 90003) The 
basis of the methodology is to provide a reliable and 
consistent benchmark on which to assess existing practices 
and processes and define a set of actions and initiatives 
which would improve quality, reliability, development 
costs and productivity. Bootstrap methodology covers two 
key areas:

the assessment which provides an in – depth critical • 
study detailing the capability of each major aspect 
of software development environment,
an action plan for step by step evolution to provide • 
both the organization and the process.

Bootstrap`s hypothesis was that before investments 
are made in technology (T) upgrade through products, 
the questions on how to build solutions i.e. methodology 
and methods (M), and how to organize (O) development 
and maintenance of software have to be solved. The 
formula of priorities in level and schedule is: O>M>T [6]. 
Bootstrap developed a method to determine the profile of 
SPU showing its strengths and weaknesses using software 
process measurement. It identify individual attributes of 
a organization or individual project and has a separate 
questionnaires for the assessment of an organization’s 
quality system (Global questionnaire) and the assessment of 
the project within this organization (Project questionnaire). 

The global questionnaire inquires if organization provides 
necessary resources for the software systems development 
and with project questionnaire how effectively the 
projects are using these resources. According to Bootstrap 
hypothesis it defined “attribute trees” which cover three 
major aspects of the organization and projects, namely 
organization (O), methodology (M) and technology (T) as 
shown on figure 1. Maturity level algorithm enables the 
calculation of a maturity level for each individual process 
quality attributes.

Figure 1. Process attributes

Capability Maturity Model 4. 

The Capability Maturity Model (CMM) is a framework 
that describes the key elements of an effective software 
process. It describes an evolutionary improvement path 
from an ad hoc, immature process to a mature, disciplined 
process. The CMM covers practices for planning, 
engineering, and managing software development and 
maintenance. When followed, these key practices improve 
the ability of organizations to meet goals for cost, schedule, 
functionality, and product quality.

Capability Maturity Model Integration5. 

The Capability Maturity Model Integration (CMMI) is a 
process improvement approach that provides organizations 
with the essential elements of effective process. 

CMMI best practices enable organizations to do the 
following [3, 7]: 

more explicitly link management and engineering • 
activities to their business objectives, 
expand the scope of and visibility into the product • 
lifecycle and engineering activities to ensure that the 
product or service meets customer expectations, 
incorporate lessons learned from additional areas of • 
best practice (e.g., measurement, risk management,  
and supplier management), 
implement more robust high-maturity practices • 
address additional organizational functions critical • 
to their products and services 
more fully comply with relevant ISO standards. • 
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III. THE DEVELOPMENT 
  PHASES OF SPMM
The outline of the processes which were performed to 

develop SPMM is:

Definition of metrics – metrics is defined as a • 
measure of extend or degree to which a product 
or process posses and exhibits a certain quality 
characteristics [9]. Metrics are instruments with the 
aims: to get more reliable software, support project 
management with process and product data, and 
achieve continual process improvement. SPMM 
focus on process metrics.
Design of method for information collection – • 
SPMM minimize the number of questions and 
minimize high complexity of questions.
Design of evaluation method including weighting • 
and scoring – the aim is to provide significant 
information (e.g. the process performed in the 
organization, the characteristics of the organization, 
etc.). 

The evaluation should deliver general information and 
detailed information for analysis.

A. Source for SPMM process questionnaire
The main source for establishment of SPMM process 

questionnaire is the Bootstrap questionnaire. There are 
some basic differences: 

(1) SPMM does not taking into account technology 
questions as it is focused on processes for SPOs and for 
the projects, 

(2) some questions are renovated according to the new 
standards ESA PSS 05 and ISO 90003.

(3) questions inspect all software processes in SPOs. 

Each question, when performing assessment, is 
answered on four point scale: absent represents 0%, basic 
33%, significant 66%, and extensive 100%. 

B. Influences from ESA PSS 05
The life cycle part of SPMM questionnaire follows 

the structure suggested by the ESA PSS 05 standard. It 
describes a comprehensive and phase oriented software 
development model. This standard is based on the IEEE 
software engineering standards.

C Influences from CMMI
CMMI describes the five maturity levels of software 

processes of which a number of key process areas are 
defined. Each key process area contains a number of 
key practices that have to be performed. SPMM method 
evaluates each process attribute separately on a five point 
maturity scale. On each scale should be enough number of 
questions.

D. Influences from ISO 90003
ISO 90003 describes a number of software process 

quality attributes. SPMM can evaluate of about 85% of this 
attributes. 

IV. SPMM MATURITY 
 LEVEL ALGORITHM
SPMM developed an algorithm that produces results 

taking in account the facts:

The algorithm fits the complexity of software • 
engineering,
The algorithm minimizes the dependence on • 
individual assessors,
The algorithm is based on steps instead of • 
percentages and a scale with variable distances 
between the  levels,
The algorithm has enhanced evaluation capabilities • 
as it has questionnaire for the organization and for 
the project, and is able to compare the organization 
profile with the profile of the projects.

SPMM Questionnaire is a subset of NxLxS, with L= 
{2, 3, 4, 5} representing the set of levels, S= {n/a, 0, 0.33, 
0.66, 1} representing the set of possible scores and N 
representing the set of question numbers. Each evaluated 
question q is an element of set q and Q. The maturity level 
is a function which maps Q or a subset V⊆Q in case of an 
individual attribute, onto a value between 1 and 5 on the 
maturity level scale.

[ ]: 1,5 , ,LM V Q NxLxS V Q⇒ ⊆ ⊆ (1)

The algorithm first calculates the number of steps and 
then the steps are mapped onto the dynamic scale obtaining 
a maturity level value.

Calculation of the total number of steps:• 
#steps[i] = number of steps fulfilled on maturity level 

i, I =2,..5
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Implementation of function G. G represents a • 
function which maps a number of steps onto the 
maturity level scale using the following algorithm:

If (#steps=<d [2] then

ML: = 1 + (#steps/d[2])

else if (#steps=<d[2]+d[3]) and (#steps> d[2])then

 ML: = 2 + (#steps- d [2]) / d [3]

else if(#steps=<d[2]+d[3]+d[4])and(#steps> d[2])
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 ML: = 3+ (#steps- d [2]-d [3]) / d[4]

else if (#steps=<d[2]+d[3]+d[4]+d[5])and(#steps> 
d[2]+ d[3]+d[4]) then

 ML: = 4 + (#steps-d [2]-d [3]-d [4]/d[5]

G: = ML rounded to a quarter; End.

Earlier version of the web application was to complex 
and it was hard to made changes. Also it couldn’t make 
more assessment in the same time. New web application 
brings much improvement:

it is easy to made changes in questions and • 
attributes,
it is possible make more assessment in the same • 
time,
save more assessment and later explore the results,• 
make assessment online and offline,• 
numerical and graphical presentation of assessment • 
result.

V. TECHNICAL REFERENCES 
OF SPMM
SPMM is a PHP/MySQL Web application, with 

MySQL database, SQL language, IIL (Internet Information 
Server), and PHP language for the communication between 
DB server and server and browser (Internet explorer). 
Registration (user name and password) is needed for 
performing of the assessment.

VI. EVALUATION OF SPOS
After the assessment with SPMM, data collected enables 

the evaluation of SPO. The results are organizational 
attributes and methodology attributes including life cycle 
attributes, life cycle independent attributes and process 
related attributes of an SPO and separately of the project. 
Interpretation of a process quality profile: a maturity 
level 2 means that effective method is in place, level 3 
means that the most effective methods are documented 
and standardized, level 4 means the efficiency of these 
methods, and level 5 means that the quantitative feedback 
is analyzed to improve the processes in SPO. After earlier 
assessment we comprehend that we have lack of questions 
and we couldn’t determine maturity level every attribute 
as we wanted. Over 100 new questions were added in 
SPMM using different software processes which should be 
followed. New and improved SPMM method make better 
assessment of SPOs and its projects, and help assessors to 
improve assessed SPOs. 

VII. CONCLUSION
SPMM is an assessment method for software producing 

organizations (SPOs). It focuses on the quality of software 
production identifying individual attributes of a SPO or 

individual project using separate questionnaires for the 
assessment. The purpose of SPMM is to provide a sort 
of algorithm for evaluating a SPOs and a method for 
measuring improvements motivated by the need to improve 
effectiveness, quality and competitive positions of SPOs. 
The main goals are to identify the best practices of a SPO, to 
establish process models to identify strengths, weaknesses 
and bottleneck, and to establish quality control function 
to check if the best practices are efficiently employed. 
The earlier version of the SPMM had lack of questions in 
project questionnaire for some attributes, and it was hard 
to exactly determine maturity level of the project in SPOs. 
The improved SPMM with new questions for the project 
questionnaire is presented.
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Semantic RIA (Rich Internet Application) 
Configuration Model

Abstract — The major goal of this paper is to introduce se-
mantic approach for building RIA focusing on the web appli-
cation semantic configuration model. Due to very large num-
ber of available ontologies for different knowledge domains, 
no suitable models were found for web application configura-
tion, which could be reused, therefore opening the space for 
defining one, using the minimalistic approach and enabling 
web application integration at configuration level. 

Keywords — Semantic Rich Internet Application (RIA), 
semantic configuration model

I. INTRODUCTION
Since the initial ideas of the semantic web approach 

different ontology modeled solutions were built. By the 
nature they cover very large domain knowledge from the 
perspective of human activity, medical issues, biological, 
technical and geospatial views, etc. What is new today is 
normally taken as granted and easily accepted tomorrow by 
users. Simply to say, users always want more. Today they want 
up to date information and they want to access it according 
to their point of view or particular preferences. To cope with 
these demands, websites must be dynamic and must be able 
to reconfigure automatically their structure, content and 
appearance. This scenery has favored the creation of tools 
for automatic generation and management websites. A lot 
of, today standardized vocabulary components from Dublin 
Core, Creative Commons, FOAF, GeoRSS, MediaRSS, 
and others are already supported by Yahoo semantic search 
engine thus allowing smart, fine grained, reusing project 
domain knowledge. Many services will support RDFa and 
eRDF markup to embed semantics into existing HTML 
pages as well. This paper deals with RIA (Rich Internet 
Application) presentation and configuration mechanism for 
seamless semantic project modeling. It was created with one 
thought in mind, to be an upper configuration ontology and 
inspiration for further development.

II. MODELING BACKGROUND

A. RIA - Configuration coverage
Taking into consideration the state of the art Web GUI 

(Graphical User Interfaces) that are in mass use today 
ontology concepts seems to be the perfect choice for RIA 

configuration challenge. In the area of Information Systems, 
ontology is defined as a set of concepts and terms, that can 
be used to describe some area of knowledge, or construct 
a representation of the knowledge [ST99]. According to 
Chandrasekaran [Cha99], ontologies are theories of content 
about the object types, object properties, and relationships 
between objects that are possible in a domain of specific 
knowledge. When we refer to the semantic web we are 
thinking about a network of concepts, respectively. Each 
concept has a group of related resources and can be related 
to other resources, thought we can use this concept network 
(also called ontology) to navigate among web resources or 
simply among information resources. The main idea behind 
is to integrate the specification of these concept network 
ontologies with the navigation and their storage. We intend 
to do this using XML (RDF/OWL) technology in every 
component of the system.

Figure 1. Application framework configuration ontology definitions [1]

The basic building brick is the core of the system for 
storage and retrieval of data and metadata. In our scenario 
it is JCR (Java Content Repository) as data manipulation 
layer, basically built on top of the tree representation for 
the data structures that corresponds with semantic way of 
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Figure 2. RIA Client-Server layering

B. RIA – Configuration Classes and instances
In the description of particular ontologies, authors often 

rely heavily on a presentation of the basic taxonomy of 
entities in the world to focus the discussion. The formation 
of this taxonomy may not be the most important dimension 
of ontology design; however, it provides a backbone from 
which domain specialists can then extend upper ontologies. 
For this reason we will first go into some detail concerning 
the formation of taxonomies and their practical correlation. 
Mathematically, taxonomies are lattice structures containing 
ontological classes as nodes. We shall use the term ‘class’ 
to refer to those entities in an ontology that represent the 
concepts or categories found in the specific domain that is 
being modeled. 

Modeling domain should cover the necessary RIA 
building blocks that consists of domain concept divided 
into four parts:

Presentation model which includes:1. 

Layout models (models for usage in RIA and • 
XHTML rendering pipeline) – specific layout 
models for dynamic GUI presentation generation 
which is consisted out of nested and simple layout 
elements. Simple layout elements define basic 
presentation models
Navigator model (includes custom Application • 
data views – smart navigation which is part of the 
published REST interface for default views)
Templating model (includes definition of the • 
Application data model view). Each Master / Detail 
view with multiple (synchronized) views for the 
Application Components (in our case Guestbook 
Application Model Classes)

Themes model (covers the Color and Styling • 
scheme for RIA) applicable to any Templating 
model or project specific nodes
Transition model (binds on stage layout and • 
template transitions)
Project description 2. 

Covers project specific configuration which is • 
binded to the Application data model for automatic 
rendering process
Logical mappings (used by the system and other 3. 

custom defined Logical mappings – or nested logical 
Navigator model)

Application user (Application configuration Person, 4. 
both registered and not registered)

Figure 3. RIA Project Configuration asserted hierarchy

For ontology sub domains that are Application and 
Configuration concept two distinct basic configuration 
parameters are defined, at this moment taking into consideration 
only framework default configurations (project Configuration).

C.  RIA – Application sub 
domain Classes and instances
For the purpose of presentation we have chosen the simple 

Guestbook Application domain model which consists of well 
known model for anonymous user Guestbook creation and 
retrieval. In this particular case domain definition is consisted 
of two classes (Guestbook and Messages – that can be either 
internal or external in nature).

analysis and modeling emphasizing the use of URIs for 
data creation/retrieval [1] based on the REST principles as 
explained in [3]. 
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Figure 4. RIA Application sub domain class hierarchy

Application domain supports adding guestbook as 
project specific nodes which consists either of native 
guestbook messages entries or external messages format 
(such as facebook message for example). Each message has 
it own set of properties and domain classes that corresponds 
with default template rendering mechanism.

III. PRACTICAL SOLUTIONS
As a practical approved solution in the software 

modeling and engineering tools standard MVC pattern 
for application is used, as shortly described in [4]. Where 
standard MVC architecture is applied for classic Web 
application models, in practical usage several issues arise 
with usage of pure MVC pattern Application approach. 
Issues with pure MVC:

MVC only applied to special GUI components (e.g. • 
tables)
Model represents business state - Presentation state • 
not modeled
Models and ACs get mixed up - E.g.: AC Messages • 
List must reference AC Guestbook Catalog in order 
to access the selected messages
Result: ACs are not decoupled - E.g.: AC Message • 
List cannot be developed / tested / used without AC 
Guestbook catalog

From the simplicity perspective GUI components are 
mapped with respective Application component templating 
(Guestbook, Message, and Person) which is mutually 
compatible which allows us to reuse template parameters 
outside of the appropriate sub domain (message -> message 
templates). This approach actually applies application MVC 
pattern to each one of Application component models.

In the proposed example an evaluation of the simple 
upper ontology for defining RIA configuration is presented 
allowing RIA applications interoperability at application 
configuration level. Further ontology mapping can be done 
with external upper ontologies developed for the specific 
Application domain.

IV. CONCLUSION
On the present Web application frameworks, the lack 

of semantics prevents computer systems from being able to 
interpret Web information automatically. For a task such as 
Web-based RIA generation and delivery we have introduced 
the overall configuration model blocks for building such an 
application.

Deployment features are built in application ontology, 
thus, providing us with the flexibility and code development. 
Integration techniques are built in the system as a native 
part from the modeling stage to the exploitation. Modular 
architecture provides separated computational artifacts 
(Application data and configuration model) that can be, 
in the future, deployed as standard generic Web services 
models which can be used with other semantic approaches 
to this problem.

The hypothesis that a Semantic Web based modeling 
might be particularly suitable for knowledge aggregation 
in a dynamic RIA environment is evaluated with a simple 
prototype migration implementation. All modeling 
ontologies and Full Paper can be found and downloaded at 
http://www.kmeria.com/ontologies/.
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Abstract — The qualitative and quantitative structure of 
zooplankton community was studied in Kopacki rit, Croatia 
(Nature park), freshwater environment. For the purposes of 
the biological analysis semantic model is developed and used 
for the dependency prediction and calculation of the popu-
lation densities linked with physical and chemical properties 
of the water. This approach will expose the data and make 
results more transparent and available for use with different 
inference engines for the proposed ontology. 
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I. INTRODUCTION
Hydrobiological investigations of reservoirs in the 

teritory of Kopacki Rit (Nature Park) was initiated 
several years ago as part of the EU project. The fauna of 
zooplankton was studied within the framework of that 
research. However, after initial preliminary results were 
obtained, no continuous effort was made to trace the state 
and eventual changes in composition and dynamics of 
zooplankton as a consequeance of euthrophication precess 
over past several decades. Several attemptions were made 
by the US Marine metadata community, but they are quite 
large domain knowlegde templates and can not be used 
within fresh water environment. Based ond the semantic 
RIA application model we are buliding semantic web 
application for the purpose of fresh water zooplankton 
analysis. 

II. MODELING BACKGROUND

A. RIA - Configuration coverage
Taking into consideration the state of the art Web GUI 

(Graphical User Interfaces) that are in mass use today 
ontology concepts seems to be the perfect choice for RIA 
configuration challenge. In the area of Information Systems, 
ontology is defined as a set of concepts and terms, that can 
be used to describe some area of knowledge, or construct 
a representation of the knowledge [ST99]. According to 
Chandrasekaran [Cha99], ontologies are theories of content 
about the object types, object properties, and relationships 
between objects that are possible in a domain of specific 

knowledge. When we refer to the semantic web we are 
thinking about a network of concepts, respectively. Each 
concept has a group of related resources and can be related 
to other resources, thought we can use this concept network 
(also called ontology) to navigate among web resources or 
simply among information resources. The main idea behind 
is to integrate the specification of these concept network 
ontologies with the navigation and their storage. We intend 
to do this using XML (RDF/OWL) technology in every 
component of the system.

Figure 1. Application framework configuration ontology definitions [1]

The basic building brick is the core of the system for 
storage and retrieval of data and metadata. In our scenario 
it is JCR (Java Content Repository) as data manipulation 
layer, basically built on top of the tree representation for 
the data structures that corresponds with semantic way of 
analysis and modeling emphasizing the use of URIs for 
data creation/retrieval [1] based on the REST principles as 
explained in [3]. 
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Figure 2. RIA Client-Server layering

B.  RIA – Configuration Classes and instances
In the description of particular ontologies, authors often 

rely heavily on a presentation of the basic taxonomy of 
entities in the world to focus the discussion. The formation 
of this taxonomy may not be the most important dimension 
of ontology design; however, it provides a backbone from 
which domain specialists can then extend upper ontologies. 
For this reason we will first go into some detail concerning 
the formation of taxonomies and their practical correlation. 
Mathematically, taxonomies are lattice structures containing 
ontological classes as nodes. We shall use the term ‘class’ 
to refer to those entities in an ontology that represent the 
concepts or categories found in the specific domain that is 
being modeled. 

Modeling domain should cover the necessary RIA 
building blocks that consists of domain concept divided 
into four parts:

Presentation model which includes:1. 

Layout models Navigator model • 
Templating model Themes model (covers the Color • 
and Styling scheme for RIA) applicable to any 
Templating model or project specific nodes
Transition model)• 
Project description 2. 

Covers project specific configuration which is • 
binded to the Application data model for automatic 
rendering process
Logical mappings (used by the system and other 3. 

custom defined Logical mappings – or nested logical 
Navigator model)

Application ontology (Biology Application 4. 
configuration Microalgae Zooplankton species)

For ontology sub domains that are Application and 
Configuration concept two distinct basic configuration 
parameters are defined, at this moment taking into 
consideration only framework default configurations 
(project Configuration).

C. RIA – Application sub domain 
Classes and instances
For the purpose of qualitative and quantitative analysis 

we have chosen the Zooplankton Application domain 
model which consists of tested model for Zooplankton 
group creation and retrieval.

Figure 3. RIA Project Configuration asserted hierarchy

Figure 4. RIA Zooplankton Application sub domain class hierarchy
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Application domain supports adding Zooplankton 
entries (figure 5.) or Each sub hierarchy has it own set of 
properties and domain classes that corresponds with default 
template rendering mechanism.

Figure 5. Protege Ontosphere Zooplankton Hierarchy View

III. PRACTICAL SOLUTIONS
From the simplicity perspective GUI components are 

mapped with respective Application component templating 
(Zooplankton and it’s sub spicies) which is mutually 
compatible which allows us to reuse template parameters 
outside of the appropriate sub This approach actually 
applies application MVC pattern to each one of Application 
component models.

In the proposed example an evaluation of the simple 
upper ontology for defining RIA configuration is presented 
allowing RIA applications interoperability at application 
configuration level. Further ontology mapping can be done 
with external upper ontologies developed for the specific 
Application domain.

IV. CONCLUSION
On the present Web application frameworks, the lack 

of semantics prevents computer systems from being able 

to interpret Web information automatically. For a task 
such as Web-based RIA generation and delivery we have 
introduced the overall configuration model blocks for 
building such an application as well as diverse Application 
domain knowledge for RIA web publishing.

Modular architecture provides separated computational 
artifacts (Application data and configuration model) that 
can be, in the future, deployed as standard generic Web 
services models which can be used with other semantic 
approaches to this problem.

The hypothesis that a Semantic Web based modeling 
might be particularly suitable for knowledge aggregation 
in a dynamic RIA environment is evaluated with a simple 
prototype migration implementation.

All modeling ontologies and Full Paper can be found 
and downloaded at http://www.kmeria.com/ontologies/ .
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Abstract — Information systems have to be protected not 
only against persons with wrongful intent, unwanted viruses and 
natural catastrophes (e.g. fires). Lack of an appropriate and well-
designed protection against electromagnetic interference results 
in a serious risk to data and information stored and processed. 
Measurements, statistics and experiences show causes of out-
ages of information and industrial technology, medical diagnos-
tics and laboratory analytical equipments and systems, and of 
different service networks (e.g. Internet) are transient and high 
frequency conducted and radiated disturbances propagating on 
data and/or mains networks to a high extent. Thus in the field 
of information technology protection against transient and high 
frequency disturbances of different nature is very important. Ne-
glecting this protection can result in huge losses of system opera-
tors from moral and financial point of view as well.

Keywords — EMC, protection of IT systems , radiated 
and conducted disturbances, practical experiences

I. INTRODUCTION
When considering companies of our days, significant 

changes can be observed in data communication solution. 
A trend – not a new one in our time as matter of course – is 
the general use of electronics and information technology 
assigning a more and more important role of different 
computer technology and communication solutions in 
companies’ life. Consequence of the need for efficient and 
economical company operation is the appearance of so-
called intelligent buildings and of up to date process control 
systems. As a result of this even more highly complicated 
information technology, electronics and communication 
solutions appear, where interventions into the processes 
are performed at high energy levels, while control and 
supervision takes place at low energy levels. 

Another remarkable trend is that, control, supervision 
and communication takes place nearly exclusively on bus 
systems trough communication networks. Bus systems, 
bus devices and elements of communication networks are 
sensible to transient and high frequency conducted and 
radiated disturbances propagating on data and/or mains 
supply networks. As an other problem in the practice the 
even higher need for mobile and wireless solutions can be 
mentioned, which solutions can become sources of radiated 
disturbances as well. In excess to these in the economical 

circumstances of today companies wish to apply their 
existing systems most possible efficiently and for most 
possible purposes to save money. [1]

An obvious result of these trends is the fact that, opera-
tion of companies and the control of manufacturing pro-
cesses become even more sensible to failures and data losses 
occurring in information technology systems and commu-
nication networks. Validity of these facts can be justified 
by the answers given by company managers in the frame of 
a questioning performed by Economist Intelligence Unit. 
This questioning asked from company managers how long 
will it, last until an IT outage could become a factor endan-
gering the existence of the company and which type of risk 
is, considered as most important effecting company opera-
tion. Evaluation of the answers showed that, 47% of the 
companies cannot withstand an outage of their IT systems 
for longer than 1 day. 

Answers to the other question highlighted that, 36% 
of company managers consider data loss (among others) 
as the most important risk type. As a result in information 
technology systems and communication networks of nowa-
days electromagnetic compatibility, i.e. the safe operation 
of communication networks even in disturbed environment 
is of extraordinary importance.

As a first step is being examined the factors contributing 
to these circumstances:

The first factor of this type is the increasing level of 
integrated functions of electronic parts and equipment and the 
increasing data transmission capabilities of communication 
systems. This effect has been formulated by Moore and 
Gilder most suggestively in their famous laws, which claim 
that the calculation power will be doubled and the price 
will be the halved in every 18 months and bandwidth will 
be tripled per annum in the following 25 years (1977). Fig. 
1 illustrates this trend having double consequence: On one 
hand parts and devices will be more sensible to electric, 
magnetic and electromagnetic disturbances; on the other 
hand complexity and high functionality of parts’ interference 
can result in more serious operational problems.

On the other hand in an up to date system tiny part 
tasks are worthy to be solved by microprocessors or 
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microcontrollers. These devices are integrated in a great 
number into e.g. industrial process control systems, 
measuring and data acquisition systems. Without protection 
a malfunction of a device of this kind can result in improper 
functioning of the system, failing of system functions and 
in more serious cases breakdown of the whole system.

And last but not least a significant change can be observed 
now in the composition of electric energy consumers. This 
change can found in case of industrial, communal and 
lighting devices as well. Core of this trend is the spread of 
so-called Information Technology (IT) and of the so-called 
energy saving devices. In up to date office buildings several 
hundreds of computers are operated. Supply units of these 
machines are nearly exception-less single-phase chopping 
supply units containing no mains transformer and having 
the common characteristic of a non-linear load. When 
connected to sinusoidal voltage these non-linear loads 
consume a periodical but non-sinusoidal current. This fact 
is illustrated in Fig. 2. These non-sinusoidal currents have 
significant back action onto the mains network. This back 
action can cause in general a voltage distortion affecting 
the quality of the electric energy on one hand and in many 
cases serious and hardly to locate mains disturbances on the 
other hand, [2], [3].

The fact that, now elevators having nearly exclusively 
electronically controlled drives are installed in buildings 
makes the situation more severe. In the field of elevator 
drive controls variable frequency drives are preferred to the 
so-called voltage controlled drives even in unjustified cases. 
These solutions are significantly more sensible to mains 
disturbances and are also sources of mains disturbances at 
the same time. The 3rd harmonic of these loads can even 
exceed the value of the basic harmonic causing serious 
problems in the neutral wire of the mains network. 

Further problems can occur if mains network is used 
not only for energy supply of the connected loads but also 
for transmission of different switching and control signals 
of power electronic devices. In excess to this several 
standardized communication solutions exist using the 
mains network for information interchange. One of these 
standardized solutions is EIB Power Line and the other the 
Power Line Telecommunication applying the existing low 
voltage network for data transmission between its devices. 
This solution can be used for indoors and for outdoor 
information transmission as well and is typically used for 
establishing Internet access. According to preliminary plans 
Power Line Telecommunication would use the frequency 
band 9 kHz – 30 MHz for data transmission purposes. Based 
mainly on European experiences this solution has a future in 
rural areas with low population density. Table 1 summarizes 
these solutions. It is obvious that, if mains network is used 
also for information interchange a lack of adequate filtering 
and protection the other equipment connected to the network 
can suffer functional problems. [4]

Last but not least many manufacturers build in a minimum 
protection (so called obligatory protection) prescribed by 
standards and legal rules in their products. This has been 

developed so because of two main viewpoints: On one 
hand no unnecessary things are built into the device. Main 
reason of this is that, the manufacturer has no preliminary 
knowledge about the operational environment of the 
device. On the other hand price of the product will thus be 
lower. As a consequence of the above the user has to assure 
a further protection of the device and of the whole system 
if the operational environment necessitates this. In lack of 
an appropriate supplementary protection the device and the 
system can suffer serious damages during operation.

II. IMPACTS AND CONSEQUENCES 
OF INTERFERENCES
When ensuring security and protection of an information 

technology system the unfortunate fact that, practically all 
the electric devices emit disturbances must not be forgotten. 
However, these disturbances cause interference only if they 
hinder the operation of other devices. Examining possible 
disturbance sources these disturbances can be of natural 
and of artificial origin. Disturbance with natural origin are 
e.g. lightning strokes and other atmospheric phenomena 
and rays coming from the space. Disturbances of artificial 
origin are signals emitted by electromagnetically operated 
devices into their environment during their normal and 
abnormal operation. Disturbances of this kind are e.g. 
radiations and disturbances emitted by high voltage energy 
distributing networks, radio and TV broadcasting stations, 
heavy current switches, motors, rectifiers, chopping 
supply units etc. According to their behaviour along time 
disturbances can be continuous (periodic or non-periodic) 
or pulse like. 

Disturbances can penetrate into a device on several 
ways: Through wires establishing contact with the 
environment or directly as electromagnetic near or far field. 
In the first case conducted disturbances are present and in 
the second radiated ones. Thus conducted disturbances 
can penetrate a device typically through the energy supply 
network, through communication networks and through 
the grounding system, while radiated disturbances get in 
thank to the propagation of electromagnetic waves through 
different couplings.

Conducted interferences can arise in many cases 
from electromagnetic pulses, from switching/short 
circuit phenomena and from non-linear loads. Radiated 
disturbances can originate from information interchange 
by RF communication not familiar to the disturbed 
system, from atmospheric disturbances, like lightning or 
electrostatic discharge not intended as a side-effect of the 
operation of electric/electronic devices, e.g. when a not 
perfectly shielded wire acts as an emitting antenna. 

Radio Frequency Interference (RFI) standards help to 
avoid the electromagnetic spectrum, i.e. radio frequency 
range being polluted with interfering noises from different 
noise sources, like information technology devices, ignition 
devices in vehicles, household devices, etc. In case of 
disturbances on the electric supply network main goal is to 
decrease harmonic content and to avoid fast transients. 
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Why EMC is of high importance in enhancing security 
of information technology systems is clear when examining 
Fig. 3. Based on this measurement it is obvious that, 
outages of information technology systems are typically 
consequences of conducted disturbances originating from 
the energy supply network, communication network and 
from the grounding system. If taking into account that, 52% 
of these outages result in data losses, 18% of them lead to 
hardware malfunctions and 17% to control malfunctions, 
then based on those described in chapter Introduction it is 
clear that, we have somehow to have protection against this 
risk. This need is further supported by the fact experienced 
by nearly all of us that, computer hang-ups conclude surely 
in remaining damages the effects of which arise only later.

Table 2 shows direct and indirect consequences of 
system outages in case of manufacturing companies. In 
most cases these outages can cause serious direct financial 
losses to the companies (not to mention the resulted loss in 
prestige and in worth cases losses even in market share). 
In case of banks this loss can reach 50,000 and in case of 
Internet providers up to 500,000 Euro per hour.

III. PROTECTION METHODS
Consequences of system outages

Direct Indirect

Downtime Increasing manufacturing cost

Increase waste products Decreasing product quality

Increasing repair costs Deteriorating competitiveness

Higher restarts costs Market losses

Production drop-out

Now the operation of most economy undertakings 
cannot maintain without appropriate information 
technology infrastructure. As a result of this ensuring 
continuous operation of information technology systems is 
of strategic importance in case of even more organizations 
and companies. Thus it is no wonder that, more and more 
resources are applied for achieving this goal. Most frequent 
causes (hardware malfunctions, human mistakes, un-
careful handling) of inability for working of information 
technology systems, computer applications, process 
control systems and of communication problems and 
their consequences can be avoided by applying adequate 
technologies and by meeting the operating rules. However, 
against random events the system remains sensible. 
Therefore during planning business continuity the needs 
have to be thoroughly measured, these have to be compared 
with business related effects of inoperability of the certain 
applications and systems and the system of rules and 
information technology infrastructure have to be established 
on the basis if these, which rules and infrastructure ensure 
an expected applicability of business processes with costs 
proportional to the risk.

Recognizing the even more important role of information 
technology in process control European Community have 

prepared a standard prescribing the appropriate protection 
of information technology systems (standard No. MSZ EN 
62 305 the translation of it to Hungarian is in progress). 
Related protection several solutions can be applied: In the 
practice active or passive protection can be used depending 
the goal to be achieved. Passive protection methods 
include different shielding solutions (cable shielding, noise 
reducing transformers, Faraday-cages, parallel cables) and 
insulating methods and the protective grounding. Related 
to the latter it have to be mentioned that, installation of a 
low-noise so called technical grounding system allowed by 
the standard as well, which grounding system have to be 
connected to the equipotential network at an appropriate 
location as matter of course.

In general a shielding is used for reducing radiated 
interferences. When choosing the appropriate shielding 
solution circumstances of generation and propagation of the 
given radiated disturbance have to be known. In the practice the 
following design viewpoints are applied: In case of capacitive 
coupling very good shielding can be produced with metals 
of high conductivity. Dimensions and shape of the shielding 
plate have to be chosen so that the majority of the electric field 
lines end in this metal surface. In case of inductive coupling 
ferromagnetic materials of high permeability is preferred 
when installing the shielding. It has to be stressed that, in case 
of magnetic near field these are the only materials ensuring an 
acceptable effect. Problems can be caused by the dependence 
of the material’s ferromagnetic character on the direction, 
frequency and magnetic induction (therefore design of such 
shielding needs a high competence.)

In case of conducted electromagnetic waves a 
combination of both above methods have to be applied. In 
many cases enlarging the distance between the wires gives 
a more simple and better result. Related to electromagnetic 
waves in air ratio of electric and magnetic field strength 
are 377 ohms. Appropriate shielding can be built of metals 
with high conductivity, but one have to pay attention to 
its realization. Exclusively closed boxes mounted with 
adequate galvanic connections can assure an attenuation 
corresponding to the shielding characteristics of the 
material. Openings, cables led through them can deteriorate 
shielding efficiency by orders of magnitude, [5].

Related to the application of active protection solutions 
there are basic protections (arresters, varistors), medium 
protections (resistors, chokes, capacitors, low and high pass 
filters) and fine protections (Zener diodes, switching diodes, 
MO varistors). Task of these protections is avoiding the 
further propagation of disturbances and arresting possible 
over-voltages. The devices of the above protection groups 
differ from each other in their operating speed (triggering 
time) and in the magnitude of the arrested disturbances. 
In the practice there are combined, integrated protection 
solutions being able to give several kinds of protection at 
the same time (those applied in communication networks 
are typically combined protection of this kind), [6].

When applying either active, passive or combined 
protection solutions establishing a protection with zones 
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have to be preferred. Basis of this is the assignment of the 
protected devices into protective zones according to their 
location and sensibility to disturbances so that, each zone 
ensures an even higher protection against possible internal 
and external interferences. When establishing zones 
and the actual protection solution art of the application 
environment (industrial, laboratory, home, etc.) and of the 
disturbances, expected lightning frequency, etc. has to be 
taken into account (lightning frequency in a certain region 
can be found at responsible organizations or in standards).

Fig. 4 shows a typical example of the layout of a 
protection solution with zones. Let us examine now 
which steps are included by the design of an information 
technology system‘s EMC related security layout. (When 
performing theses steps one has to be aware of the fact 
that, there are no identical systems in the practice. Since 
if there are no other differences, the acceptable risk and 
consequences of a given interference differ from each 
other.) Thus every realized solution is unique. It is true as 
a matter of course that, experiences collected during the 
design and operation of a system can be utilized during the 
design of future protection solutions.

Risk analysis: During this step the types of equipment 
and systems to be protected have to be determined. 
Events, that could cause problems to the system operation 
(e.g. blackouts, communication errors, data losses in the 
invoicing system, control system malfunction, etc.) and 
therefore they are avoided, have to be determined now. At 
the same time consequences and effects of these events 
(profit loss, operation efficiency) have to be determined 
as well. The different disturbance sources and coupling 
directions have to be located during this step. Thus 
determination of the location of disturbance sources, of 
the types of and the protection against the disturbances 
belong to this phase like the calculation of its costs as well. 
Determination of disturbance coupling can be performed 
e.g. with a long lasting measurement and registration of 
the mains network and of the communication network. 
Characteristics of the coupled disturbance are typically 
determined by analyzing these registrates, which helps to 
determine the art and frequency of the disturbances. Fig. 5 
shows a mains network registrate like this.

Related to radio frequency disturbances an attenuation 
of 40 – 60 dB is prescribed in case of civil applications  
corresponding to 1/100–1/1000 times signal level decrease. 
There are three different methods for reducing the effects of 
network disturbances. First: There is a possibility to reduce 
the disturbance signal level emitted by the disturbance 
source. Second: Attenuation of the coupling path can 
be increased. Third: Immunity against disturbances of 
disturbed device can be enhanced. All these methods result 
in a reduction of interference. As a matter of course all 
these three methods can not be applied in every case, since 
e.g. reduction of signal level can not be realized in case of 
disturbances of natural origin neither the sensibility of a 
rasping radio set caused by a tramway can not be reduced at 
the operational frequency as well [5]. Priority queue to be 

adhered to during the installation of the different protection 
solutions have to be decided in the frame of this step. 
The protection system have to preferably be designed so 
that, the solution achieved is of modular type and can be 
continuously extended, i.e. possibility have to be ensured 
that, the protection system have not to be realized only in 
one phase, but priorising has an opportunity as well.

Weighing: Evaluation of the results achieved during 
the former step. During this step the designer have to be 
aware of the fact that, protection quality and costs are 
not independent from each other on one hand and that, a 
100% protection cannot be achieved in the practice on the 
other hand. Fig. 6 serves for presenting the link between 
protection efficiency and costs. Based on Fig. 6 it is obvious 
that, the more money is spent to the increase of information 
security the less will be the operation risk of the system. 
Accordingly if we accept a higher risk a protection solution 
of lower costs can be chosen. Responsibility of the designer 
of the system means enabling the client to choose one of 
several protection levels (and of different cost levels as 
matter of course) being most appropriate for him. Since the 
client knows how high risk he accepts during the operation 
of the system (From an other point of view: The client has 
to know which amount of financial resources is available 
for him when implementing the system.) [8]. 

Realization: Commissioning of the chosen protection 
solutions and documentation and check of the system take 
place during this step. One of the most important tasks of 
this step is preparation of an appropriate documentation, 
since in case of a possible future restructuring or extension 
of the system the necessary further protective devices can 
be foreseen and the existing methods can be modified based 
on this documentation.

Periodic audit: For the sake of a proper operation 
the different protection solutions have to be supervised 
periodically. This supervision includes testing the 
protective devices for proper operation (e.g. testing the 
triggering time of over-voltage arresters) and determining 
possible new disturbances arising from the modification of 
the system. These audits have to be as well documented 
as the realization of the system, i.e. a protocol has to be 
maintained of each audit.

IV. PRACTICAL EXAMPLES, 
 IMPLEMENTATIONS
The effect of EMC concept in enhancing information 

system security and safety is being presented on two 
practical examples. In the first example a public utility has 
been operating equipment of high value in its computer 
centre, the malfunction or outage of which can have a 
serious impact on the efficient operation of and on the 
service provided by the company. At the same time process 
control devices of different units located far away are 
operated in the dispatcher centre of the company. Control 
and supervision of theses remote company units take place 
here. Before installing the protection several malfunctions 
and data losses occurred in the system. During its operation 
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frequent lightning in the region caused serious problems. 
Because of the need for a continuous availability, for the 
protection of the valuable devices and for avoiding data 
losses the company decided for the installation of a lightning 
and over-voltage protection system in the computer centre 
and in the dispatcher centre as well in the frame of a big 
investment.

The protection system will be installed in several steps. 
Appropriate protection has been installed in the main 
switching cabinet, in the bus-cabinets and at certain devices 
to be protected. Later lightning and over-voltage protection 
has been extended to process control and communication 
networks as well for increasing service availability and 
avoiding data losses. The system installed works efficiently 
until now and as a result no losses occurred from lightning 
and over-voltages at the company since then.

In the other example at a manufacturing company 
strengthening the disturbance protection of the mains 
network has been decided with appropriate devices as a 
first step when establishing a structured computer network. 
Therefore protection of class B has been installed in the main 
switching cabinet on the first floor and protection of class 
C has been installed in the switching cabinets on the higher 
floors. Valuable active devices in the connection cabinets 
of the computer network have got class D protections. 
This company has been paying great attention to computer 
data protection all times. As a first step the existing non-
reliable solution with coaxial cables has been replaced 
with structured cable solution being much more reliable. 
At the same time the necessary disturbance and lightning 
protection units have been installed. With the involvement 
of the computers into the production the network became 
longer and longer (now the network has a length of about 
1200 m). Because of the location of the company lightning 
activity is rather high leading to frequent malfunctions of 
the long network. Therefore company management has 
decided for the installation of an appropriate disturbance 
protection of the whole communication system as well 
including typically lightning and over-voltage protection 
because of the characteristics of the system. The Fig. 7 and 
Fig. 8 shows parts of realized protection solutions.

V. CONCLUSIONS
Aim of this paper is to present how EMC as a protection 

method can be applied for increasing information security 
of data networks. Taking into account practical experiences 
it is clear that, in certain fields an appropriate protection of 
information technology systems is of high importance. This 
is true at a higher extent for companies where information 
is inevitable for an efficient operation of the basic activity 
of the company. In case of these companies data losses, 
hardware malfunctions and computer program hang-ups 
result in much more serious consequences then several 
years ago. Thus operation of these companies poses the 
elementary precondition that, valuable and from the point 
if view of the operation of information technology systems 

critical devices and applications have to be protected. This 
company group includes typically banks, public utilities 
and certain state (governmental) bureaus. In case of other 
companies installation of an appropriate protection of 
information technology systems is ‘only’ of elementary 
interest.

It is a common practical experience that, information 
technology systems of nowadays are threatened mainly by 
conducted disturbances originating from or conducting by 
the energy supply network and from the communication 
networks. A part of these disturbances is caused by non-
linear loads and an other part includes electromagnetic pulses 
and switching/short circuit and lightning phenomena. As a 
consequence of these lightning and over-voltage protection 
and an adequate disturbance filtering of the mains and 
communication networks realize enough protection in the 
majority of information technology networks. However 
I propose a long lasting measurement and registration of 
the supply network and the communication network to be 
performed prior to the design in all cases. With analyzing 
the registrates art and frequency of disturbances arising 
from normal operation and locations of the disturbances 
can easily be determined. In special cases other protection 
solutions may be necessary as well: These include e.g. 
installation of a special shielding for avoiding data traffic 
monitoring and data thieving and operating welding 
equipment in shielded environment for reducing radiated 
disturbances.
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Abstract — Digital video broadcasting terrestrial 
DVB-T is being introduced in Germany in the recent 
years. For terrestrial transmission, single frequency 
networks, using orthogonal frequency division multi-
plex modulation step by step replace the classical televi-
sion broadcast networks. In the Würzburg-Schweinfurt 
region the new network started in 2006. Meanwhile 
field trials approved, that quality of streaming in criti-
cal parts of landscape is less than expected. The paper 
gives an overview of the problems and introduces a pos-
sible solution by means of repeaters. 

I. INTRODUCTION
In the year 2005 the transition in terrestrial television 

broadcasting from analogue to digital was started in the 
Munich region. Other parts of Bavaria are following step 
by step, and till the end of 2008, the whole state of Bavaria 
shall be supplied with terrestrial digital television DVB-T. 

Though, the launch of DVB-T was based on computer 
prognosis for propagation and necessary transmitter power, the 
quality of service did not always meet the determined goal. 

In between, field trials and measurements proved 
unexpected differences. [1,3] Optimising the model 
parameters seems partly necessary and the introduction 
of signal repeaters (gap-fillers) could also improve the 
reception. Research and measurement, partly carried out 
by diploma theses, in cooperation of University of Applied 
Sciences FHWS and Rundfunkbetriebstechnik Nürnberg 
RBT shall helpfully accompany the progress. 

II. THE DVB-T SYSTEM 
DVB-T was introduced in Germany as the so called 

“ÜberallFernsehen”, meaning digital terrestrial television 
reception (nearly) everywhere. [2].

E. g.:

Portable outdoor and indoor, using rod antenna 1,5m 1. 
above ground

Fixed reception using roof antenna2. 

Mobile reception, e. g. in trains or cars3. 

The main technical features of the system are:

A. OFDM modulation
Orthogonal Frequency Division Multiplex modulation 

is applied instead of the single carrier of the former PAL-
system. An amount of 1705 carriers in 2k mode or of 6817 
carriers in 8k mode is spreading the information over the 
complete frequency interval used. See table 1. Replacing 
frequency by time results in long symbol time, thus 
avoiding the ghost images caused by multi path reception. 
High bit rate is achieved by applying QPSK, 16QAM, or 
64QAM modulating the multi carriers, see fig. 1. Taking 
into account the forward error correction and the higher 
sensitivity of the receiver, the merit is about 10dB. That 
means only a tenth of the transmitter power for the same 
service coverage is needed.

2k mode 8k mode
2048 8192 carriers
1705 6817 carriers used

176+17 701+68 pilots+transm-param
1512 6048 payload carriers

4.4643kHz 1.1161kHz Δf in 8MHz channel

13.3Mbit/s net data rate 16QAM, code 
rate 2/3, 1/4 guard

TABLE 1: System parameters in 2k an 8k mode

B. Single frequency networks
Single frequency networks (SFN) offer better frequency 

economy, easier network planning and increase the amount 
of transported TV programmes. In addition, multi path 
reception is no more disturbing,

Figure 1. Constellation Diagrams of  
QPSK, 16QAM, 64QAM
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III. TERRESTRIAL TRANSMITTING 
  CHANNEL
The terrestrial channel is by far more complex, compared 

to satellite or cable transmission. Multi path signals, time 
varying parameters, noise, man made noise and even 
Doppler shift from moving objects have to be taken into 
account. Thus, the transmission also has to be trickier. Fig. 
2 illustrates some typical influences. We have a real mix of 
Gauß-, Rice-, and Rayleigh-channel types. 

Figure 2. Influences on the terrestrial reception 

For the Nürnberg area, using 16QAM, carrier to noise 
ratios C/N, were estimated in Rayleigh-channel as follows 
[3]: 

A C/N of 19,9dB at code rate 2/3 and 22,1dB at code rate 
3/4 means ca. 55dBµV/m field strength indoor, affording 
about 70dBµV/m minimum outside the building (UHF 
Channel 59). See table 2.

TABLE 2. 
Transmission parameters Nürnberg

VHF UHF
Modulation 16 QAM 16 QAM
Code rate 3/4 2/3
Guard interval 1/4 1/4
Bandwidth 7 MHz 8 MHz

IV. CRITICAL DVB-T SITUATIONS

A. Being close to the cliff
The performance of DVB-T in critical situations is quite 

different to the behaviour of former analogue systems. No 
step by step declining, no graceful degradation announces 
the near failure of the system. In weak signal areas the 
headroom might be very small, thus the breakdown of 
transmission occurs due to only small disturbances, ending 
the transmission, unexpectedly. [3].

B. Influence of co-channel transmission
Partly the DVB-T channels are still used by analogue 

transmitters in remote areas. Because of far range 
propagation depending on typical weather conditions, e. 
g. inversion weather, the OFDM signal is jammed by the 

analogue carrier and no decoding is possible. The spectrum 
plot in fig. 3 shows this event on UHF channel 59. An 
American Forces Network transmitter used for broadcast 
in an US barracks facility near Schweinfurt overlaying the 
digital signal of channel 59. As can be seen, the flat digital 
spectrum is strongly suppressed by the analogue carrier at 
775 MHz.

Figure 3. Spectrum of channel 59

C. Man made noise
Sufficient electric field strength is not guaranteeing 

fail-safe operation. Indoor reception with sufficient signal 
from time to time fails due to distortions caused by man 
made noise. Cars, motor-cycles and electrical machinery 
harmfully decline the quality of performance. Often levels 
of more than 3dB higher as predicted are necessary for rod 
antenna indoor reception. 

D. Weak signal areas
In weak signal areas on slopes of hills in river valleys 

and other shaded locations, both, prognosis and reality, 
prove insufficient signal strength. Those areas, formerly 
often supplied by transponders, receiving the signal from 
the nearest transmitter and providing it for a small region, 
e. g. a village in the shade of a hill, have to be handled even 
more thoroughly in SFN. Fig. 4 sketches the signal flow in a 
gap filling repeater system. A reliable support in service by 
a basis station has to be provided, using a receiving antenna 
of high directivity and very low side lobes. This path HTR(s) 
can be referred to as Gauß-channel, having a strong direct 
path with a fixed delay and only low noise distortions. The 
transmitting antenna of the repeater, on the other hand, needs 
a broad main lobe covering the complete desired area and 
in connection to suppressed side lobes, avoiding unwanted 
feedback loops. Tests, made in Dublin (Éire) and Berlin 
reportedly proved up to 105dB isolation between receiving 
and transmitting antenna. [1]. But other tests in Germany 
have not been that encouraging. In the outlined project this 
coupling path HFB(s) shall be tested, a simulation model 
developed and the parameters be investigated. Obviously, 
the feedback loop equals a Rayleigh-channel, not having a 
direct path, but showing time varying scattered signals in 
multi path transmission. Influences of rain showers, snow or 
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hail will strongly alter the circumstances, thus endangering 
the stability of the system. It seems feasible, that because 
of the fairly well known parameters of the connecting 
path, echo compensation for suppressing the feedback 
can improve the performance. But further testing has to 
demonstrate the reliability and a margin of ca. 20dB has to 

Figure 4. Signal flow in a repeater system

be taken into account, also. The system in fig. 4 is described 
by transfer function HGES(s). Equation 1 is representing the 
whole feedback system and equ. 2 the limit of stability.
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IV. MEASURED RESULTS
Measurements, using a car supplied with receiver and 

data logger, were carried out by RBT in the frame of a 
diploma thesis. [3]. Results show good coverage according 
to the prognosis of the electrical field strength. See the 
grey area on map in fig. 5 marking the field of possible 
outdoor reception and compare to the covered way, (light 
grey street), where reception was possible. Outside the area 
of reception prognosis, the service broke down, marked 
by black outlined ways. In the vicinity of the foresaid 
border, short passages of service failure showed the limited 
certainty of the prognosis. The electrical field strength was 
also measured. See fig. 6. Cross comparing the results 
of tested reception and measured field strength shows 
differences in unexpected places. No reception, in spite of 
reasonable signal, probably occurs due to influences of man 
made noise. Industrial areas and electric smog polluted 
locations afford about 3dB of additional field strength.

Figure 5. Measured reception in the Nürnberg area

Figure 6. Electrical field strength in dBµV/m

V. CONCLUSION
Although the reception of DVB-T is mostly following 

the predetermined prognosis, some critical locations 
still afford optimisation. Man made noise influences the 
coverage in the vicinity of machinery and traffic by far 
more than expected. Indoor antenna locations have to be 
chosen near to windows, or active antennas have to be used 
instead of passive rod antennas. Classic weak signal areas, 
like river valleys or shaded urban sites, obviously need gap 
fillers to improve or even allow for service. Repeaters in 
single frequency networks have to be installed thoroughly 
to avoid instability caused by feedback. Measurements and 
field trials in the Nürnberg region prove the high ability 
of the DVB-T system and the chosen parameters. Long 
OFDM guard intervals, because of the far distances and the 
use of UHF channels to reduce man made noise distortions 
seem appropriate for the future, but more investigation is 
still to be done.
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Abstract — In modern communication systems with video 
transmission as their important part, objective video quality 
evaluation is necessary in the QoS (quality of service) assess-
ment. This article analyzes video content masking effects on 
the visibility of compression artifacts, and consequently its 
importance in the digital video quality evaluation process. 
An overview of the spatial masking usage in different video 
quality models is given. Some experimental results of quality 
evaluation for H.264/AVC coded video are also presented.

Keywords — H.264/AVC, spatial masking, video quality 
evaluation

I. INTRODUCTION 1

Development of efficient compression techniques has 
enabled a high growth of different applications which 
include digital video over wireless, cable and IP networks. 
Video compression is always lossy, so depending on the 
channel condition compression artifacts can be less or more 
visible.  For quality assessment a subjective test can be 
performed where a large number of human observers are 
used to gauge the quality of a video.  However, this process 
is time-consuming and consequently expensive; moreover, 
it is not always realizable. For an on-line evaluation during 
video compression and video streaming an automatic 
quality control is required.

Due to their simplicity, the mean-squared error (MSE) 
and the peak signal-to-noise ratio (PSNR) are widely used 
quality metrics. Nevertheless, usually they cannot give 
an objective quality measure corresponding well with the 
quality perceived by a human observer for a wide range of 
coding and transmission parameters. Because of the increase 
of necessity for an objective video quality evaluation which 
reflects well human observers perception a high number of 
objective metrics have been developed in the last decade, 
[1]. Most of them are developed for a standard definition 
television based on MPEG-2 compression. The metrics for 
multimedia applications and video services delivered over 
IP and wireless networks are currently under development. 
Our work is focused on multimedia applications where a 
lower resolution (QCIF and CIF), lower bit rates and frame 
1 This research is supported by the Croatian Ministry of 
Education, Science and Sports through the project No.165-
0361630-1636.

rates are common. For these applications the MPEG-4 Visual 
and the H.264/AVC are standards most frequently used for 
video compression. The latest one, H.264/AVC provides 
exceptionally efficient compression and high reliability 
in video transmission through different communication 
channels.

Calculation complexity can be a serious drawback of 
advanced quality metrics. Therefore, we have analyzed 
some variations of PSNR to find a simple metric in a 
better correlation with the subjective mean opinion score 
(MOS) than the common PSNR. Spatial masking is a 
single mechanism which has a high influence to the human 
perception of video degradation. We have analyzed different 
approaches to spatial masking utilization in objective video 
quality metrics.  

II. OBJECTIVE QUALITY METRICS
Basically, two different approaches are used in video 

quality models: pixel-based evaluation and multi-channel 
evaluation. MSE and PSNR are the most popular pixel-
based metrics. PSNR is defined as:

where 2M-1 is the maximum value that a pixel can take 
for an M-bit image. MSE is the mean squared error that is 
defined for a video with the frame of size X x Y pixels as:
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The original video frame is presented by p(x,y,t) 
and distorted one with p’(x,y,t). T is the total number of 
frames.

Multi-channel models regard the human visual system 
as a bank of spatial filters which filter input into frequency 
subbands. Models usually use the contrast sensitivity 
function (CSF) to determine the visibility threshold in each 
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frequency band. A scheme of the multi-channel perceptual 
model is given in Fig. 1. 

Input videos, original and distorted, are typically pre-
processed in the first stage of the model. That usually means 
color space conversion and lightness transformation. After 
pre-processing, decomposition into a number of visual 
channels is performed and the contrast sensitivity function 
is applied for the threshold calculation. For the channel 
decomposition models use discrete cosine transformation 
(DCT), such as in [2,3], wavelet transform, [4], or visually 
tuned filters, [5]. Because of its importance, a pattern 
masking model is often included in multi-channel metrics. 
A final stage involves spatial, frequency and temporal error 
pooling to obtain a single number that describes video quality. 
Multi-channel models show a great potential for quality 
prediction for different coding and transmission condition, 
but at the expense of high computationally intensity.

III. SPATIAL MASKING
Spatial masking occurs when an artifact that is visible 

by itself cannot be detected due to the image content in 
the same spatial position. Two most known masking effects 
are due to luminance and contrast masking. Luminance 
masking is given by Weber’s law which describes the fact 
that the perception of lightness is a nonlinear function of 
luminance. If on the background of uniform luminance L a 
part has different luminance, L+∆L, the visibility threshold, 
i.e. the minimum value of ∆L necessary for an observer 
to detect a change in intensity rises with the background 
luminance L:

 

Pre-processing Contrast 
Sensitivity 

Pattern 
Masking 

Error 
Pooling 

Channel 
Decomposition 

Original 
video 

Distorted 
video 

where k is roughly 0.33. For the darkest and the lightest 
picture area the visibility threshold is lower than given in (3).

Another important mechanism of spatial masking is 
contrast masking (also called texture masking). Contrast 
masking represents the effect of a strong image variation that 
masks distortion on the same spatial position. Contrast or 
texture masking can be valued in different ways in the quality 
evaluation process. In [6], four differently oriented gradient 
masks are used to capture the textural characteristic of the small 
local region around the given pixel. In a more complex multi-
channel quality metrics spatial masking has been introduced 
by inter- and intra-channel interactions, as in [4].

LkL ⋅=∆ (3)

Figure 1. Multi-channel perceptual model

II. EXPERIMENTAL RESULTS

A. Metrics used in the experiment
For video quality evaluation purposes we have 

compared twelve quality metrics. We have used PSNR, 
SSIM (Structural Similarity index) and DCT-based VQM 
(Video Quality Model) as reference metrics. 

The SSIM metrics use structural distortion in video 
as an estimate of perceived visual distortion, [7]. For the 
structural distortion measure, SSIM uses means (µ and µ’), 
variances (σ and σ’) and the covariance (cov) of original 
and distorted sequences. These values are calculated for 8 x 
8 pixels blocks bi(x,y,t) of the original video frame, and for 
blocks bi’(x,y,t) of the distorted video frame.

The SSIM index for a block bi(x,y,t) is calculated as 

( ) ( ) ( ) ( )i i i iSSIM t l t c t s t= × × (4)

where li(t), ci(t) and si(t) are defined as follows
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Parameter li(t) gives a luminance difference, ci(t) a 
contrast difference and si(t) a structure difference measure 
between blocks of the original and the disturbed video 
frame. C1 and C2 are constants introduced in equations in 
order to improve calculation stability.

Based on block SSIMi, a quality index is calculated 
for every frame by using weighting value wi. The authors 
selected wi between 0 and 1, depending on local luminance 
µi(t). The frame quality index Q(t) is given by

(8)1

1

( ) ( )
( )

( )

R

i i
i

R

i
i

w t SSIM t
Q t

w t

=

=

×
=
å

å



- 159 -

CONTENT

Finally, the overall quality of the entire sequence is 
obtained as the sum of frame quality indexes, weighted by 
W(t), being smaller for a higher level of motion, because 
spatial distortion is less visible in a fast moving video. The 
SSIM for the entire video sequence is given by

∑
∑ ⋅

=

t

t

tW

tQtW
SSIM

)(

)()(
(9)

For no perceived impairment the model gives the output 
value equal to one, and for a rising level of impairment the 
output value falls to zero.

VQM is a DCT-based video quality metric, developed 
by F. Xiao, [2], as a simplified version of Watson’s Digital 
Video Quality metric, [3]. The VQM is based on a simplified 
human spatial-temporal contrast sensitivity model. The 
model calculates distortion of a compressed video in four 
steps:

For every frame the model performs Discrete Cosine 1. 
Transform (DCT) for 8 x 8 pixels blocks bi(x,y,t) of the 
original video frame p(x,y,t), and for blocks bi’(x,y,t) of the 
distorted video frame p’(x,y,t).

The model converts the DCT coefficients into local 2. 
contrast values LCi(u,v,t) and LCi’(u,v,t) by using each 
block DC component. 

The model converts LC3. i(u,v,t) and LCi’(u,v,t) into just 
noticeable difference values, JNDi(u,v,t) and JNDi’(u,v,t), 
by using the static and dynamic spatial contrast sensitivity 
function (SCSF). 

JND coefficients of original and compressed 4. 
sequences are subtracted to produce difference values 
Diffi(t). Finally, the VQM score is calculated as the sum 
of mean of difference values, DistMean, and the weighted 
maximum difference value of all frames, DistMax:

1000 ( ( ( )))
1000 max(max( ( )))

0.005

Mean i

Max i

Mean Max

Dist mean mean Diff t
Dist Diff t
VQM Dist Dist

= ⋅
= ⋅

= + ⋅
(10)

The VQM score decreases as the quality of the 
compressed video rises and it equals zero for the lossless 
compressed video. 

Besides the PSNR, we have used a signal to noise 
ratio (SNR) where signal power Ps gives a measure of the 
average picture activity. The SNR is given as

1010log SPSNR
MSE

= (11)
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The fifth metric we have used is the PSNR with the 
locally weighted MSE named w1MSE. Weighting is 
obtained by a local variance in the 3x3 pixels surrounding 
of the given pixel p(x,y,t). 
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plocal is the local mean luminance in the 3x3 pixels 
neighborhood of p(x,y,t). 

The next metric we have used is the w2PSNR, where 
w2MSE is the mean square error weighted with a local 
mean luminance
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In the seventh metric, w3PSNR, we have used the local 
luminance based threshold function for the calculation of 
the weighted MSE – w3MSE:
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Also, led by an observation that the worst part of 
sequences has a high influence on video quality gauged by 
a human observer we have used a PSNR value of the most 
degraded frame as another quality metric called min(PSNRi) 
(PSNRi is the PSNR of the frame i). Furthermore, we have 
applied the same idea to other metrics and in our experiment 
we have also included: min(SNRi), min(w1PSNRi), 
min(w2PSNRi) and min(w3PSNRi).
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B. Test sequences
We have made several objective and subjective 

tests for sequences coded by the JVT JM version 10.2 
implementation of the H.264/AVC standard. We have used 
Main profile and L2 level with CABAC coding and rate-
distortion optimization. Four progressive video sequences 
have been coded in our experiment. We have used the 
Container, Foreman, Hall and News sequences all in CIF 
(352x288) resolution with 25 fps (frames per second) with 
the total of 300 frames. These sequences have been coded 
at eight different coding rates from 64 up to 768 kb/s. The 
selection of sequences is based on their very distinct content. 
A sample frame from each video with a short description of 
sequence is given in Fig 2.

Figure 2. Test sequences

Foreman (talking head, shaking camera) 

News (speakers in newsroom, movement in background )

Container ship (slowly moving container ship, stationary camera )

Hall (video survaillance, stationary camera)

C. Subjective quality assessment
We have made an experimental subjective quality 

evaluation for 15 non-experienced observers by using the 
MSU Perceptual Video Quality tool, [8], and the Subjective 
Assessment Method for Video Quality evaluation 
(SAMVIQ). The SAMVIQ is an Absolute Category Rating 
method referring to the ITU-T P-910 Recommendation 
for subjective video quality assessment of a multimedia 
application, [9]. 

Every video sequence was presented to viewers only 
once. After watching a particular video, observers had to 
evaluate video quality by using the slider with the scale from 
0 to 100, with five quality terms: “excellent”, “good”, “fair”, 
“poor” and “bad”. Results of subjective measurements are 
expressed in Mean Opinion Scores (MOS) given as an 
average for all observers.

 Viewing conditions have complied as much as possible 
with those described in Rec. ITU-T P.910 for home 
environment. Background room illumination was less than 
18 lux. The monitors used in the subjective assessments 
are 19” LCD screens with the resolution 1280 x 1024, dot 
pitch 0.294, 270 cd/m2 luminance peak, 8 ms response 
time, contrast ratio 500:1, viewing angles 1600, and color 
temperature of 6400 K.

D. Metrics evaluation
As a measure of metric’s accuracy we calculated the 

Pearson linear correlation coefficient, most commonly used 
for video quality metric evaluation, [1]. For a set of K data 
pairs (xi, yi) it is defined as follows:
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MOS results are used as yi and scores from the given 
metric are used as xi. Coefficient rp lies between zero and 
one and a higher value of rp means a better correlation 
between the evaluated metric and subjective ratings.

Pearson coefficients calculated for metrics used in the 
experiment are given in Table 1. 

Metric rp Metric rp

VQM -0.9680 w1PSNR 0.9196

SSIM 0.935 min(w1PSNRi) 0.9306

PSNR 0.885 w2PSNR 0.7922

Min(PSNRi) 0.873 min(w2PSNRi) 0.7922

SNR 0.8758 w3PSNR 0.8239

min(SNRi) 0.9008 min(w3PSNRi) 0.8524

TABLE I. Pearson Correlation Coefficients
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Results for metrics obtained by the Pearson coefficient 
higher than 0.9 are highlighted.  The best correlation with 
subjective evaluation is shown by the VQM metric (rp=-
0.968) which uses a complex multi-channel model with 
several visual mechanisms included. Between metrics 
including spatial masking only, the highest Pearson 
coefficient is attained by the w1PSNR metric using 
local texture masking. For w1PSNR rp is 0.9196, what 
is higher than for simply PSNR where rp is 0.885. These 
results prove the importance of the local texture masking 
enrolment in the objective video quality evaluation.  Further 
improvement in the quality prediction capacity is achieved 
by min(w1PSNRi), i.e. the w1PSNR for the most degraded 
frame in a sequence. The Pearson correlation coefficient 
for min(w1PSNRi) is 0.9306 which is almost equal to the 
Pearson coefficient for a more complex SSIM metric. Low 
Pearson coefficients for w2PSNR and w3PSNR suggest 
that luminance masking is not a dominant mechanism for 
spatial masking and have to be carefully used in perceptual 
quality metrics.  

V. CONCLUSION
In the human visual system different mechanisms, 

mostly nonlinear in nature, are included in the estimation 
of video quality. Multi-channel perceptual models usually 
make use of several of them, such as frequency channel 
decomposition, contrast sensitivity function and pattern 
masking. A good correlation with subjective grades can be 
achieved with such models but computational complexity 
is usually high.  Although PSNR cannot give reliable results 
for an objective video quality assessment, its simplicity 
makes PSNR most often used quality metric. In this work 
we have showed that with two simple expansions of the 
common PSNR, i.e. by using the local texture masking and 
the metric score for the most degraded frame in a video 
sequence, a high level of correlation with a subjective video 
quality assessment can be accomplished. 

Spatial masking is a mechanism being referred to as 
having a great influence on the objective quality metrics 

fidelity. The predominant masking mechanism seems to be 
local texture masking. The weighted PSNR – w1PSNR, 
where weighting is obtained by a local variance in the 
3x3 pixels surrounding the given pixel, shows the best 
correlation with objective scores. Further improvement 
in metric accuracy is achieved by using the w1PSNR for 
the most degraded frame as quality metric min(w1PSNRi). 
For that metric the obtained rp is 0.9306, what presents a 
high level of correlation with the MOS values. This means 
that the worst part of a video sequence highly determines 
observer subjective experience of video quality.
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The Werdantenna: Design of Arbitrarily 
Shaped Planar Antennas

S.F. Peik
Bremen University of Applied Sciences, 

Bremen, Germany

Abstract — For the most part planar patch antennas usu-
ally incorporate regular shapes for easier design and analy-
sis. With the advent of powerful full electromagnetic solvers, 
however, the design of arbitrary shaped is feasible. This pa-
pers outlines the design process for such antennas using the 
logo of the soccer club Werder Bremen as resonator.

Index Terms — antennas, planar antennas, computer aid-
ed design, moment method

I. INTRODUCTION
Wireless LAN (WiFi) becomes more and more popular 

in households. Using a wall mounted WiFirouter the user 
can move freely in the apartment without restricting cables. 
The typical consumer WIFI-router is usually equipped with 
simple wire antennas. Numerous publications [1], [2], [3], 
[4] have shown, that the performance of such antennas can 
be improved when using sophisticated Antenna designs. 
One solution is to use planar antennas and antenna arrays. 
Planar antennas offer a small provide and are very easy to 
manufacture using standard circuit board processes.

Planar antennas, also called patch antennas, are usually 
of rectangular or circular shape. Simple geometries allow 
the approximate closed-form analysis of the resonance 
frequency as well as the return loss. Nevertheless, irregular 
shapes are feasible too, as long as they exhibit resonances. 
In this paper we are going to investigate the design process 
of irregular shaped patch antennas. Utilizing irregular 
shaped patches results in a large number of resonances, 
hence, allowing operation at several frequencies. The main 
reason for using irregular shapes, however, might be the 
creation of visually pleasing antennas that act as a small 
piece of art.

II. PLANAR ANTENNAS
Generally planar antennas are resonant structure in the 

top layer of the substrate with two radiating edges. Usually, 
the lower layer is a complete ground plane. Figure 1 shows 
the typical rectangular patch.

Figure 2 shows the E-field distribution inside the patch. 
We can clearly see the fringe fields at the edges which are 
the main sources of the radiation of the antenna. A complete 

field plot and the far field radiation pattern is shown in 
Figure 3. Details about planar antennas can be found in [5], 
[6], [7], [8].

Figure 1. Geometry of Rectangular Patch

Figure 2. Cross Section of a Patch Antenna with E-Field Distribution, 
The Fringe Fields (Radiation Sources ) are Marked with the Dashed 

Circles. , from mithras.itworld.com

Resonance effects with fringing E-Fields can also 
be observed in irregular shaped structures. In general, 
these structure cannot not be analyzed using analytical or 
heuristically formulas. With the advent of finite-element 
electromagnetic field solvers [9] the numerical analysis of 
irregular shapes became feasible and hence it is possible to 
design irregular shaped antennas.
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Figure 3. Near Field E-Field Pattern and Far Field Radiation Pattern of a 
Rectangular Patch, from www.rfprob.com

Figure 4. Regular and irregular Shapes Patches

III. MOTIVATION
The motivation of irregular shaped antennas originates 

from the idea,to build antennas in the shape of logos, icons 
or Texts. Figure 5 shows the logo of the Bremen premier 
league soccer club Werder Bremen, The club is a major trade 
mark and carrier of sympathy of Bremen. For generating 
more interest in the activities of the Faculty of Engineering 
among high-school students we demonstrate the design and 
operation of the Werder-logo shaped antenna, in short the 
Werdantenna.

IV. DESIGN PROCESS
The first step of the synthesis of a Werdantenna is the 

conversion of the logo in png format into the common CAD 
dxf format, which can be imported into the electromagnetic 
(EM) simulation software. Using the tool “convert” of the 
Linux operation system and the Open-Office import-export 
option we can convert the file accordingly.

In the first EM-simulation run we set the size of the 
W-letter shape logo to approximately λ/2. The simulation 
environment with the initial run is shown in Figure 6.

Figure 5. Logo of the Bremen Soccer Club Werder

Figure 6. Sonnet Simulation Environment with Return of First Iteration

It can be seen that the main resonance is around 2.2 GHz. 
For the WiFi application we need a resonance 2 at 2.45 GHz. 
Hence, we reduce the size of the logo accordingly to the 
ratio 2.2/2.45. After another iteration the design procedure 
is finalized with the desired first resonance at 2.45 GHz. 
The layout is shown in Figure 7.

Figure 7. Layout and Hardware of the Final Design Step
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V. HARDWARE VERIFICATION, 
MEASUREMENTS
The proposed design procedure is verified by hardware 

measurements. The hardware is manufactured on RO4003c 
substrate using a chemical wet etching process. The return 
loss is measured using an R&S ZVRE vector network 
analyzer (VNA). The comparison of the measurements with 
the simulation are sketched in Figure 8. The measurements 
are in good agreement with the simulation. Discrepancies 
are due to insufficient meshing detail in the simulation 
and due to typical under-etching of small structure using a 
simple in-house etching process.

Figure 8. Return Loss Simulation and Measurement

The circuit response exhibits many resonances. Using 
the current display feature of the Sonnet EM Software, we 
can identify the resonating structures within the logo for 
different frequencies. Figure 9 provides an overview over 
some of the resonances observed in the logo. There are the 
two resonance of the long and the short arm of the W-Letter. 
Moreover several resonances occur due to diamond shaped 
border of the logo. Clearly, we can identify different 
modes of resonance in the diamond. Displayed here are 
the R6 and R8 mode with six and eight half-wavelengths, 
respectively.

The antenna has a measured gain of 2 dB.

VI. CONCLUSIONS
With the advent of fast electromagnetic solvers such as 

Sonnet EM it is feasible to design arbitrarily shaped planar 
antennas. The design process can synthesize antennas in 
a few simulation steps. Due to the irregular shape, many 
resonances at different sections of the antenna may be 
observed. The design process has been verified with the 
design of the Werdantenna, using the soccer club Werder 
logo. Measurements verified the proper operation of the 
antenna. The antenna is now used on a WiFi-router within 
the Microwave Lab Bremen. The antennas are eye catchers 
and raise the interest in microwave engineering especially 
for non–engineers.
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Figure 9. Current Distribution for Different Modes, W= Modes inside W-Letter, R=Modes of Diamond Shaped Frame

Figure 10. Two Werdantennas in Operation on a Consumer WiFi-Router
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Abstract — Wound characterization is important task in 
chronic wounds treatment, because changes of the wound size 
and tissue types are indicators of the healing progress. Devel-
oped color image processing software analyze digital wound 
image and based on learned tissue samples performs tissue 
classification. Implemented statistical pattern recognition al-
gorithm classifies individual pixels of the wound image based 
on color information. Classification parameters were learned 
from examples presented to the application during the learn-
ing process. Results of the analysis contain the wound image 
represented in pseudo colors as well as percentage of tissue 
types within the wound area.

Keywords — wound, tissue, image analysis, segmentation

I. INTRODUCTION 
Chronic wounds heal very slowly and the healing process 

may be further prolonged if an ineffective treatment is used. 
Clinician needs an objective wound characterization method 
to decide if the current treatment is adequate or require 
adjustments. Accurate wound measurement is important task 
in chronic wounds treatment, because changes of the wound 
size and tissue types are indicators of the healing progress. 

Wound measurement methods currently in use are 
based on simple approaches for area measurement, using 
rulers and transparency tracing, or noncontact systems [1, 
2, 3]. Such methods give rough estimation of total wound 
area and no information about proportion of the different 
tissue types. Evaluation depends on human experience; it 
is nonobjective and not eligible for validation of wound 
healing process.

The most acceptable automatic method of wound analysis 
is color image processing [4, 5, 6]. The wound image could 
be quickly acquired using ordinary digital camera and store 
for further processing. Process of segmentation, analysis 
and comparison of color images required to analyze the 
wound, although difficult task for a human is suitable for 
processing using a digital computer [7]. Digital image 
processing has many advantages over human assessment 
of wounds analysis. Evaluation is objective, more accurate, 
reproducible and faster. Affordability of high-speed 
computers makes possible implementation of sophisticated 
classification algorithms.

The wound analysis should include detection of wound 
borders, calculation of the area, and, what is most impor-
tant, analysis of the color distribution within the wound. 
Wounds generally have a non-uniform mixture of yellow 
slough, black necrotic tissue and red granulation tissue. In-
formation about the percentage of each area is important 
determining factor for the healing state of the wound, al-
lowing evaluation of the treatment efficiency and further 
treatment decisions. Objective, reliable, reproducible, 
qualitative and quantitative wound analysis is essential in 
validation of therapy success. 

Figure 1. Application interface

Towards elimination of subjective wound parameters 
estimation, we developed color image processing software 
which analyze digital wound image, and based on learned 
tissue samples made tissue classification. The wound tissue 
types are divided into black necrotic eschar, yellow fibrin 
or slough, red granulation tissue and unclassified parts of 
the image, e.g.  undesired reflections from glossy parts of 
the wound.

II. APPLICATION
Application for Wound Image based Tissue Analysis 

(WITA) was built in C# programming language and 
therefore .NET Framework 2.0 is required for its operation. 
The application interface is composed of four parts: menu, 
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toolbar, wound/results panel and patient/analysis data, as it 
is seen in Fig. 1. The main part of the interface is the picture 
panel where the user can view wound image and the results 
of the analysis. Elementary patient information as well as 
analysis results (in percentages) is situated on the right side 
of the interface. User can zoom in and zoom out wound 
picture up to 500%. The application itself doesn’t have any 
resolution limitation but it is advised that input picture have 
at least 3Mpx because the bigger the resolution the more 
precise results will be. Processing time is proportional to 
the number of pixels, so larger images will need more time 
to analyze.

Before any analysis in application can take place, user 
must define the mask. The mask represents area of interest 
for which user wants to perform analysis. Mask is defined 
within the application as a semi-transparent white layer 
above our wound picture. Mask is saved in PNG format 
in the same folder where the original picture is located. 
Masks can be defined using rectangle, ellipse or freehand 
tool. When analysis take place, the application pass through 
every pixel in the wound image and check if the mask is 
defined “above” the pixel, and only if the mask exists the 
pixel goes trough classification algorithm to identify type 
of tissue. The application has also the ability to calculate 
surface and circumference of the wound, but for that the 
user must define the scale of pixel/centimeter or pixel/
inch.

III. WOUND ANALYSIS
Developed application implements advanced statistical 

pattern recognition algorithm to classify individual pixels of 
the wound image based on color information. Classification 
parameters were learned from examples presented to the 
application during the learning process. Wound analysis is 
semi-automatic, which means that the user should manually 
select wound boundaries using rectangle, elliptical or 
freehand selection mechanism, common to the general 
purpose image processing software.

Fig. 2 shows image of the sacral pressure sore. All three 
types of tissue are present without clinical sign of wound 
infection.

Figure 2. Wound Image

After importing the wound image into the wound analysis 
software, user should mark the wound perimeter and start 
analysis. Depending on the image resolution and computer 
speed, analysis takes between couple of seconds and a 
minute. Results of the analysis, shown in Fig. 3., contains 
the same image represented in pseudo colors (necrotic tissue 
is black, granulation red, fibrin yellow, and unclassified parts 
blue) as well as percentage of tissue types within the wound 
area, expressed numerically and graphically.

Figure 3. Results of the wound analysis

IV. THERAPY PROPOSAL
Developed application has also the capability to propose 

therapy for the analyzed wound. In addition to the calculated 
tissue percentage, user needs to specify the degree of the 
wound exudation, the depth of the wound and presence 
or absence of the infection. Therapy proposition module 
is implemented as the fuzzy expert system with 36 rules. 
Therapy proposal for the wound in Fig. 2 is shown in Fig. 4.

Figure 4. Therapy Proposal

V. TRANING
Implemented pattern recognition algorithm is based 

on the Bayes classifier, which is trained with parts of the 
wound images representing different tissue types. Parts 
of the wound images used for training are selected by the 
medical expert, so application during the training process 
acquires expert knowledge about the wound tissue color 
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features. Learning algorithm calculate parameters of 
statistical distributions for different tissue types in three 
dimensional color space. 

Figure 5. Traning samples in YUV space

To classify image dot (pixel) representing unknown tissue 
type application calculates value of the probability density 
function for each statistical distribution. Then the unknown 
pixel is classified to the class having largest value of the 
probability density function. That procedure is performed for 
each pixel within the selected area of the wound. 

Each pixel is represented with tree color components, 
representing intensity of red, green, and blue color 
component. Although the RGB representation of color 
images is well suited for color reproduction (it is used by 
monitors and cameras), due to dependences between R, G, 
and B component that color model is not suitable for machine 
vision applications. Therefore, image pixels are transformed 
to the “luminance-chrominance” (YUV) color space, which 
separates the achromatic (black and white) component 
(luminance, or intensity) from the chromatic components 
which are used to describe colors. This approach allows a 
more intuitive interpretation of colors and is very useful to 
segment colors while eliminating lighting effects. 

TABLE I. Case results
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Fig. 5 presents training samples for granulation, fibrin, 
and necrotic tissue in YUV color space.

It is clearly visible that classes representing granulation, 
fibrin, and necrotic tissues are well separated, which makes 
possible reliable classification of unknown images.

VI. CASE REPORT
A female 67 years old patient with venous ulcer was 

admitted to department of plastic surgery in GH Sveti Duh. 
She has a two years history of venous ulceration in the 
lower right leg, diagnosed chronic venous insufficiency and 
diabetes type 2. The evidence of clinical signs of infection 
was visible, and leukocytes and C reactive protein (CRP) 
were increased. After admission surgical debridement was 
performed, targeted samples were taken for microbiological 
examination, and wound was dressed with hypertonic natrii 
chloridi solution. Second postoperative day we started with 
application of hydrogel and antimicrobial dressing. One 
month after was visible appreciable diminishing amount of 
necrotic tissue, slough was almost unchanged, and amount 
of granulation tissue increased. In the latter case we change 
wound dressing and applied hydrogel and hydrocolloid 
dressing. Next month wound bed was almost entirely filled 
with granulations and we applied only soft silicon dressing.

Table I presents case results. First row contains original 
wound image, second row resultant image showing tissue 
distribution, third row percentage of different tissue types, 
and fourth row proposed therapy.

Fig 6. presents change of wound tissue percentage 
during two months period.

Figure 6. Change of Wound tissue percentage

Graph clearly shows improvements of the wound 
state during therapy.

CONCLUSION
Wound tissue analysis is required for the assessment of 

the healing of skin wounds. Percentage of the granulation 
tissue, fibrin and necrosis in the wound, and their change 
during treatment gives to the medical doctor important 
information required to decide how to proceed with the 
wound treatment.

Developed application for wound analysis gives 
objective, reliable and reproducible results, allowing 
unique and objective comparison of treatment results 
between different methods and different institutions. Expert 
knowledge is built into the application, which means that 
the quality of wound image analysis depends solely on 
training samples selected by a medical expert and image 
quality. To ensure the wound image quality it is necessary 
to keep the same lighting and camera settings when the 
photographs are taken.

Capability to propose therapy for the analyzed 
wound presents significant support to physicians not 
often involving in chronic wounds treatment and without 
sufficient experience in supportive dressing application.
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Abstract — The influence of model errors on radiation 
pattern of a hemispherical aperture antennas arrays is stud-
ied in the paper.  Analysis was made with a developed moment 
method program that analyzes a particular influence of  an 
azimuth and elevation position and local angle errors of the 
second waveguide as well as model dimension errors on radia-
tion pattern. The spectral-domain approach to the analysis of 
the spherical antenna arrays is presented in the paper. Theo-
retical  free-space normalized radiation patterns of two wave-
guide antennas on the spherical surface with more details are 
analyzed in this paper. Assumed values of the theoretical mod-
el errors are in the range of expected real model errors.

Keywords — differential radiation pattern, antenna ar-
ray, model errors 

I. INTRODUCTION
Spherical arrays have a possibility to direct single 

or multiple beams through complete hemisphere, thus 
spherical arrays are attractive solution for satellite tracking, 
telemetry and command applications. 

A theoretical approach to solutions for a radiation 
pattern, mutual coupling, input impedance etc. is very 
useful, but verification of theoretical results is a must.

In the process of verifying theoretical results the first 
step is to build an experimental model. If this model has 
any errors, we have a problem to proof the theoretical 
model, results and methods. This paper represent one step 
in improving detection solution of these problems. 

II. FAR FIELD CALCULATION USING 
SPECTRAL – DOMAIN METHOD
Conformal antennas and periodic surfaces are frequently 

analyzed by means of the electric field integral equation and 
the moment method. The kernel of the integral operator is 
Green’s function, which is different for different structures.

An electrical field radiated by the current shell on the 
spherical surface in homogeneous media is:

(1)

where   is a spectral domain dyadic Green’s 
function for grounded spherical surface and   is the 
kernel of the vector-Legendre transformation.   
is equivalent magnetic current placed at the open of each 
waveguide:
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The appropriate spectral-domain Green’s function 
of a multilayer spherical structure is calculated using the 
G1DMULT algorithm [1], [2]. 

The far field radiation pattern is obtained as follows. If 
we consider for example the φ-component of the electric 
field in the outermost region, we have only outward-
traveling waves described by  . Therefore, we can connect 
the φ-component of the electric field with different 
r-coordinates r1 and r2 as: 

(2a)

(2b)

(3)

Here r1 represents the r-component of the far field 
pattern. The final solution is obtained by superposing 
the spectral solutions, see eq. (1), (2a) and (2b). When 
calculating the far field of spherical array it is convenient to 
introduce local coordinate systems with the origin located 
at the center of each antenna element. The coordinates in the 
local coordinate system are determined using the following 
equations (see [4] ):
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(4a)

(4b)

where αn and βn are the θ and φ coordinates of each 
antenna element in the global coordinate system. The 
radiation pattern of the array is obtained as a superposition 
of fields excited by each waveguide aperture (placed on 
spherical surface at the point with coordinate (αn, βn)):

(5a)

(5b)

The complete pattern expression of the field produced 
by the array is given as:

(6)

The antenna elements are placed at equidistant position 
on the surface of the icosahedron [4].

III. MODEL ERRORS OF 
  APERTURE ARRAY ON 
  SPHERICAL STRUCTURE
The model chosen for theoretical and experimental 

investigation consists of 6 waveguide elements on spherical 
surface (Figures 2.). 

There are three groups of model errors  included in this 
analysis:

a) dimension errors – radius of the spherical surface and 
waveguide radius (rserr, rwerr);

b) errors of elevation and azimuthal position of each 
waveguide (α2err, β2err) (see Figures 1. and 2.);

c) errors of local angles (θ’err, φ’err) (see Figures 3. and 4.).

All three groups of model errors are included in the 
moment method program by adding errors to their default 
values:

where: θ´and φ´ are coordinates in the local coordinate 
system (Equations 4a. and 4b.) 

The influence of these errors of a spherical model  are 
analyzed only for two waveguides of the spherical arrays: 
first (central) with coordinate (α1, β1) and second with 
coordinate (α2, β2) .

Figure 1. Elevation position of the second waveguide α2=56o and 
elevation position error α2err.

Figure 2. Azimuthal position of the second waveguide β2=180o and 
azimuthal position error β2err.

Figure 3. Local angle error θ’err.

Figure 4. Local angle error φ´err.
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Array design specifications (default values - values 
without errors) of the analyzed parameter are: 

first waveguide position: • α1=0o, β1=0o;
second waveguide position:• α2=56o, β2=180o;
radii: r• s=30 cm and rw=6 cm.

Further, normalized differential radiation patterns were 
calculated and measured at the frequency  f = 1.75 GHz for 
E-plane (Figures 5.,  6.,  7.,  8.,  9. and 10.) and H-plane 
(Figures 11.,  12.,  13.,  14.,  15. and 16.).

As we can see in  Figures 1., 3., 5. and 7., it is clear 
that the influence of changing the elevation position of 
the second waveguide α2 and the local elevation angle θ´ 
has a very similar effect on a differential radiation pattern 
-  changing position of the main beam peak (θmbptnew

)on a 
half value of the new (α2new

) second waveguide elevation 
position angle:

(10)

Analogous influences are for the azimuthal position of 
the second waveguide β2 and the local azimuthal angle φ´ 
(see Figures 2., 4., 6. and 8.) – increasing of the main beam 
peak value.

Figure 5. Radiation pattern of two waveguides of 
spherical array with elevation position error α2err as a 
parameter (E-plane).

As we expected, main beam peak of the radiation pattern 
is on a half value of the second waveguide position angle:

Figure 6. Radiation pattern of two waveguides of the spherical array 
with azimuthal position error β2err as a parameter  (E-plane).

Figure 7. Radiation pattern of two waveguides of the spherical array  
with local angle error θ’err as a parameter (E-plane ). 

Figure 8. Radiation pattern of two waveguides of the spherical array 
with local angle error φ’err as a parameter (E-plane).
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Figure 9. Radiation pattern of two waveguides of the spherical array and 
the dimension errors with radius of the sphere as a parameter (E-plane).

Figure 10. Radiation pattern of two waveguides of the spherical array and 
the dimension errors with waveguide radius as a parameter (E-plane).

Moreover, by including model errors in the theoretical 
model we expect a very good agreement between the 
theoretical and the measured normalized radiation pattern 
regarding the side lobes. Future work will be in direction of 
including other possibile errors in the existing theoretical 
model and also in direction of verification the theoretical 
model against the experimental model.

Figure 11. Radiation pattern of two waveguides of spherical array with 
elevation position error α2err as a parameter (H-plane).

Figure 12. Radiation pattern of two waveguides of the spherical array 
with azimuthal position error β2err as a parameter (H-plane).

Figure 13. Radiation pattern of two waveguides of the spherical array  
with local angle error θ’err as a parameter (H-plane).
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Figure 14. Radiation pattern of two waveguides of the spherical array 
with local angle error φ’err as a parameter (H-plane).

Figure 15. Radiation pattern of two waveguides of the spherical array and 
the dimension errors with radius of the sphere as a parameter (H-plane).

Figure 16. Radiation pattern of two waveguides of the spherical array and 
the dimension errors with waveguide radius as a parameter (H-plane).

5. CONCLUSION 
In this paper, we have shown the influences of different 

model errors on the radiation pattern of spherical antenna 
arrays. Analysis of errors was made with the developed 
moment method program that analyzes influence of  an 
azimuth and elevation position and local angle errors of the 
second waveguide as well as model dimension errors on 
radiation pattern. Other possible model errors like: probe 
length, distance probe - last waveguide wall, non-ideal 
shape of spherical surface, etc. are not included in this 
study. Assumed values of the theoretical model errors are 
in the range of expected real model errors.
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Abstract — The use of broadband communication tech-
nologies has an important role in economic development of 
a country. Bringing high-speed Internet access in rural areas 
overcomes a digital divide between urban and rural areas. 
Broadband accelerates economic growth, expands productiv-
ity and enhances the quality of life in rural areas. This paper 
deals with the rural broadband in the Republic of Croatia. 
It examines all the geographic and demographic data impor-
tant for economic evaluation of broadband access in Croatian 
counties. Furthermore, it proposes the criteria for defining ru-
ral counties in the Republic of Croatia. Finally, it presents the 
quantitative analyses of bringing broadband in those counties 
and the qualitative analysis indicating factors that affect con-
sumer behaviour when choosing new services.

Keywords —broadband, broadband access, rural areas, 
quantitative analysis, qualitative analysis

I. INTRODUCTION
The development of every modern information society 

is based on the development of new information and 
communications technologies. Since the development of 
new technologies, such as broadband access technologies, 
stimulates economic growth, all countries aiming to become 
competitive on the world market encourage the development 
of broadband technologies through their programs. The 
Republic of Croatia is one of those countries, since the 
programs of the European Union which make broadband 
services available are being implemented in its rural areas 
as well. In this way efforts to bridge the existing digital gap 
between the Republic of Croatia and the EU countries are 
made.

Rural areas consist of villages, farming areas and 
woods, as well as all other areas with distinguishable 
natural features of relief. In the Republic of Croatia rural 
areas have developed as the result of relief, historical 
events, demographic and economic system. They occupy 
90% of the land and 47% of the population, which proves 
the high degree of rurality of the Republic of Croatia. At 
present there are significant differences between highly 
urbanized areas around big cities and distinctly rural areas 
of the country.

Measures of rurality of certain areas can be quantitative 
and qualitative. The quantitative measures are often the 

population density or the rate of the rural population 
with respect to the total population of a certain area. The 
qualitative measures are the style and the way of life of the 
population.

The main goal of the analyses of main factors 
in implementation of rural broadband is to point on 
significant benefits from implementation of broadband in 
Croatian rural areas. Since it is important for the analyses 
to encompass enough relevant data, this paper analyses 
the economic aspects of rural broadband implementation 
using qualitative and quantitative factors. Considered 
and analyzed quantitative factors are: average incomes 
per capita, the average population density, educational 
and age population structure and the rural broadband 
implementation costs. Analyzed qualitative factors are 
cultural, social, psychological and individual factors.

II. QUANTITATIVE ANALYSES
Quantitative analysis is primarily based on two criteria 

of rurality. The first criterion includes categorization of 
Croatian counties according to the EU criterion of rurality, 
and the second classifies counties according to the portion 
of the rural population in the total population of the county. 
Croatian counties are categorized according to these criteria 
of rurality, and the conditions of the broadband Internet 
implementation are analyzed.

A. Categorization of Croatian counties
OECD and the EU measure for rurality is the total 

population density on certain area. According to this 
criterion, OECD classifies the area as rural if the population 
density is below 150 inhabitants per km2. In accordance 
with the EU criterion rural areas have the population 
density below 100 inhabitants per km2. According to these 
criteria, the Republic of Croatia comprises 15.4% of urban 
areas and 84.6% of rural areas. 

The application of OECD criterion in Croatian counties 
is not suitable for further analysis because, according 
to this criterion, only two Croatian counties (the city of 
Zagreb and Medjimurska County) belong to the urban 
counties. Therefore, in the analysis of rurality of Croatian 
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counties the EU criteria have been used. According to the 
EU criterion, 15 out of 21 Croatian counties are categorized 
as predominantly rural counties. Hence, Croatian rural 
counties are: Licko-senjska, Sibensko-kninska, Karlovacka, 
Sisacko-moslavacka, Zadarska, Viroviticko-podravska, 
Pozesko-slavonska, Bjelovarsko-bilogorska, Dubrovacko-
neretvanska, Koprivnicko-krizevacka, Istarska, Osjecko-
baranjska, Vukovarsko-srijemska, Primorsko-goranska and 
Brodsko-posavska County. 

Croatian counties can also be categorized according 
to the percent of the rural population. For the measure 
of rurality the portion of the rural population in the total 
population is taken. According to this criterion, rural 
Croatian counties are: Krapinsko-zagorska, Medjimurska, 
Brodsko-posavska, Viroviticko-podravska, Vukovarsko-
srijemska and Koprivnicko-krizevacka County. Counties 
Varazdinska, Licko-senjska, Bjelovarsko-bilogorska, 
Zadarska and Osjecko-baranjska have nearly 40% of the 
rural population.

Unified results of these two applied rurality criteria 
show that Brodsko-posavska, Viroviticko-podravska, 
Vukovarsko-srijemska and Koprivnicko-krizevacka 
counties satisfy the both. Nevertheless, this paper also 
analyzes Osjecko-baranjska county which has some specific 
rural characteristics – the largest suburban settlements with 
characteristics of rural settlements, which is important 

for quantitative analysis and the traditional economic 
development based on agriculture as the primary business 
area typical for rural areas.

B. Relevant data about the  
Croatian rural counties
Relevant data taken into consideration for further analysis 

of rural counties are: average incomes per capita, average 
population density, educational and age structure of the 
population. According to [5], these data are very important 
for the implementation of the broadband Internet because a 
higher income, a higher population density, a larger portion 
of the young population and a higher level of education 
imply a higher probability for its implementation.

Table II. shows that in 2002 GDP per capita in rural 
counties was lower than the average for the whole country. 
The population density in Osjecko-baranjska, Vukovarsko-
srijemska and Brodsko-posavska counties is larger than 
the Croatian average, but the other rural counties have 
the population density below the average value. The 
percentage of the population with a high school degree in 
the rural counties is extremely low. Considering the age 
structure, only Viroviticko-podravska, Osjecko-baranjska, 
Vukovarsko-srijemska and Brodsko-posavska counties 
have the portion of the young population (0-19 years) 
above the Croatian average.

No. County
Population den-

sity (residents per 
square kilometer)

EU rurality 
criterium

The rate of the 
rural population 
with respect to 

the total popula-
tion of a county

Rurality criterium according to the 
rate of the rural population with 

respect to the total population of a 
county

1. BJELOVARSKO-BILOGORSKA 50,4 RURAL 39,6 URBAN

2. BRODSKO-POSAVSKA 87,1 RURAL 57,5 RURAL

3. DUBROVACKO-NERETVANSKA 68,8 RURAL 36 URBAN

4. ZAGREB CITY 1214,9 URBAN 0 URBAN

5. ISTARSKA 73,4 RURAL 31,3 URBAN

6. KARLOVACKA 39,1 RURAL 32,6 URBAN

7. KOPRIVNICKO-KRIZEVACKA 71,2 RURAL 52,2 RURAL

8. KRAPINSKO-ZAGORSKA 115,9 URBAN 64,6 RURAL

9. LICKO-SENJSKA 10 RURAL 40,7 URBAN

10. MEDJIMURSKA 162,4 URBAN 62,7 RURAL

11. OSJECKO-BARANJSKA 79,5 RURAL 38,6 URBAN

12. POZESKO-SLAVONSKA 47,1 RURAL 30,7 URBAN

13. PRIMORSKO-GORANSKA 85,2 RURAL 20,5 URBAN

14. SISACKO-MOSLAVACKA 41,5 RURAL 33,7 URBAN

15. SPLITSKO-DALMATINSKA 102,1 URBAN 23,7 URBAN

16. SIBENSKO-KNINSKA 37,8 RURAL 27,6 URBAN

17. VARAZDINSKA 146,5 URBAN 45,6 URBAN

18. VIROVITICKO-PODRAVSKA 46,1 RURAL 57 RURAL

19. VUKOVARSKO-SRIJEMSKA 83,4 RURAL 52,7 RURAL

20. ZADARSKA 44,4 RURAL 38,9 URBAN

21. ZAGREBACKA 101,2 URBAN 35,4 URBAN

TABLE I. Croatian rural counties 



- 179 -

CONTENT

County GDP per resident 
in USD (%)

Population density                   
(residents per square 

kilometer)

The percentage of the 
population with a high 

school diploma (%)

The percentage of  the 
0-19 year old population 

(%)

BRODSKO-POSAVSKA 30,54 87,1 43,09 26,87

KOPRIVNICKO-KRIZEVACKA 74,9 71,2 34,48 23,65

OSJECKO-BARANJSKA 53,72 79,5 43,95 24,7

VIROVITICKO-PODRAVSKA 30,34 46,1 37,08 25,22

VUKOVARSKO-SRIJEMSKA 32,12 83,4 41,34 26,4

The Republic of Croatia 100 78,5 47,06 23,73

TABLE II. Data relevant for the analysis 

C. Analysis of prerequisites for the broadband 
Internet implementation
The analysis of Croatian rural counties, considering 

economical and demographic statistical data (and 
presuming that higher incomes, a larger population density, 
the younger and better educated population means a higher 
probability for broadband implementation), indicates that 
preconditions for the broadband Internet implementation in 
Croatian rural areas currently exist.

As shown in the table, per capita incomes in rural 
counties indicate that the average GDP is lower than the 
average GDP per capita for the whole country. It ranges 
from maximal 74.90% in Koprivnicko-krizevacka County 
to minimal 30.34% in Viroviticko-podravska County. It is 
important to mention that the implementation of broadband 
Internet access can positively affect the GDP by increasing 
the incomes of the economic subjects in rural areas. 
Broadband communications can expand the volume and 
increase the quality of their businesses, which results in 
increments of incomes and employment.

The population density in three rural counties (including 
Osjecko-baranjska County) overcomes the country average. 
In Brodsko-posavska County it is even 10.95% above the 
average. This fact is important for analysis because a larger 
number of potential end-users of the broadband Internet 
implies a potentially larger cost effectiveness and a faster 
return of the investment.

The portion of the population with a high school degree 
is also an important factor in the analysis, since the educated 
population will adopt and employ new technologies faster 
and more successfully. In the most rural counties portion 
of the population with a high school degree is close to the 
country average. 

The degree of education and the age of the population 
have a statistical contribution to the significance of the 
broadband Internet, since young and educated people make 
the largest portion of the Internet users. Therefore, a higher 
portion of the 0-19 year old population with a high school 
degree implies a larger probability of the Internet usage. 
The introduction of the obligatory secondary education in 
the Republic of Croatia will certainly increment the number 
of the Internet users. 

III. COST - BENEFIT ANALYSIS
Cost-benefit analysis is the economic evaluation used 

to quantify the extern costs and the extern benefits of 
providing broadband services in rural areas. In doing so, it 
is considered that the investment in a broadband service is 
a cost-effective if the total social benefits are greater than 
the total social costs. 

In this paper economic aspects of the implementation 
of the rural broadband are based on the analysis [6], 
which refers to the rural European areas less covered with 
broadband services. That analysis presents the backbone of 
further quantitative comparison of broadband technologies 
presented in this paper. Since the objects of this analysis are 
both residential and business users, in the further analysis 
all data concerning the population in Croatian rural counties 
given earlier in this paper are considered to be important. 
Since the results of the above mentioned analysis relate 
to the European rural areas, they are implemented in this 
analysis of rural areas in the Republic of Croatia. This 
analysis is made with an assumption that the relations of the 
prices of access technologies remained nearly unchanged. 
Based on this relations, comparison and the selection of 
appropriate beneficial access technologies was made.

Broadband technologies included in this analysis can 
be divided into two groups, depending on weather they use 
additional backhaul or not. 

Technologies appropriate for secondary backhaul 
analysed in this paper are point-to-point radio, optical fibre, 
satellite service at 2 Mbps symmetric and satellite service 
at 512 kbps down and 128 kbps up. 

Analysed access technologies are ADSL, WiMAX, 
PLC, WLL solution using unlicensed 2 - 10 GHz spectrum, 
cable (upgraded existing CATV system), FTTU optical 
fibre, 2G / 3G cellular radio, point-to-point radio, satellite 
service at 2 Mbps symmetric and satellite service at 512 
kbps down and 128 kbps up.

A. The scope of cost-benefit analysis
The availability of broadband services is affected by 

many factors, among which is the price of broadband 
access. The price of broadband access in rural areas is 
higher than the price in urban areas for several reasons, one 
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of which is a fact that the distance between users and the 
network access point (a central office or a base station) is 
lager in rural than in urban areas. Scattered communities 
are then forced to bear additional costs for secondary 
backhaul used in the middle mile. Additionally, the 
broadband technologies depend on the expensive platforms 
serving few hundred links. Since in rural areas there are 
less users per platform, often the economic rate of the cost 
effectiveness when implementing certain technology can’t 
be the same in rural and urban areas. Therefore the price of 
the broadband access increases.

The proper selection of an adequate access technology 
can increase the economic rate of the cost effectiveness 
when introducing a broadband access in rural areas. Then 
the applied technology becomes accessible to a wider range 
of users.

The aim of this analysis is to obtain a certain analogy 
when choosing appropriate broadband technologies in 
different rural areas of the Republic of Croatia, on the 
grounds of comparison of the broadband technologies 
prices.

B. Classification model for rural settlemants 
 and the cost analysis
Rural settlements in the Republic of Croatia can be 

categorized into transitional settlements (small towns, 
suburban villages with characteristics of rural areas) 
and rural settlements (scattered villages and isolated 
homesteads)

Transitional and rural settlements occupy 88% of the 
Croatian populated area, and 37% of the population live in 
such settlements. The Republic of Croatia has a larger number 
of rural settlements than the EU average, but the number of 
inhabitants in those settlements is below the EU average.

The selection of the most appropriate technologies 
considering the types of rural communities is made. This 
paper gives the analysis results according to different types 
of rural settlements applied to Croatian rural counties.

Isolated homestead: • Isolated homesteads in rural 
counties are mostly situated in the peripannonian 
hilly areas, as well as on hillsides of the pannonian 
mountains.

Scattered village: • Hillsides of the pannonian 
mountains and the hilly peripannonian areas of 
the rural counties are areas with the domination of 
scattered and dispersed villages.

Small town – suburban village: • Small towns and 
suburban villages in the rural counties are situated 
in the close proximity of larger towns and county 
centres. They can be found in Eastern Slavonia, 
Sirmium, Baranya and Podravina regions.

Isolated homestead: The analysis of capital expenditures, 
annual costs and the current value during a certain period 
(according to [6]) shows that the least expensive solution 
for the backhaul network in these areas is a wireless point-
to-point radio network. 

The cheapest technological solutions are WiMAX 
and PLC. The WiMAX solution is more competitive than 
satellite networks due to its wider bandwidth and lower 
costs.

Packet radio access through 2G/3G mobile networks 
currently seems expensive, but its costs permanently 
decrease, especially after a required infrastructure is built. 
Building a new physical infrastructure required for HFC 
and FTTU technologies is a quite expensive solution.

Since ADSL and B-WLL do not provide a satisfying 
range, and the use of HFC is impossible due to lack of 
infrastructure, these technologies are excluded from 
broadband solutions for isolated homesteads.

Scattered village: According to [50], the most 1. 
acceptable solution for the backhaul network is point-to-
point wireless network, the same as for isolated homesteads. 
In scattered villages this solution is less expensive than 
in isolated homesteads, since the costs of the backhaul 
platform are divided among a larger number of users.

Considering the cost effectiveness, the most acceptable 
solution is the ADSL technology.

Since the building of the new infrastructure is always 
the most expensive solution, in areas with existing cable 
network the upgrade of HFC has the priority in comparison 
to other access technologies.

Small town-suburban village: The cheapest backhaul 2. 
solution is point-to-point radio. This solution is less 
expensive than in scattered villages since the costs of the 
backhaul platform are divided among larger number of 
users [6].

The most acceptable solution is the ADSL technology.

The building of the new infrastructure is always the 
most expensive solution, so the upgrade of HFC has the 
priority in comparison to other access technologies.

C. Summary
According to the presented data, the least expensive 

backhaul solutions in all observed rural areas are point-to-
point radio links and WiMAX.

The cheapest access technologies for isolated 
homesteads are WiMAX and PLC, where WiMAX is also 
more competitive than the satellite broadband access. In 
scattered villages the most acceptable access solutions are 
PLC, WiMAX and ADSL, and in small towns – suburban 
villages it is the ADSL technology.

Building the new physical infrastructure required for 
HFC and FTTU technologies is the most expensive solution 
in all observed rural areas.
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D. Economic benefits from broadband 
access for rural users
The analysis of data on which depends the possibility and 

the cost effectiveness of the rural broadband implementation 
specifys some benefits of broadband Internet access.

Benefits from broadband Internet access for rural users 
can be categorized into three classes ([5]):

Benefits for residential users• : Residential users will 
benefit from the broadband Internet access because 
it provides more quality for services which require 
broadband capacity in data transfer.

Network externalities• : Rising number of new 
broadband users also brings indirect benefits to the 
existing users, because it provides a possibility for 
communication with a larger community with an 
increased quality and lower costs.

Increased firm productivity• : Companies situated in 
rural areas can improve their productivity by using 
the broadband communication technologies and 
services. Direct benefits for the different companies 
may significantly vary, strictly depending on the 
type of the business. Broadband Internet access 
can significantly contribute to saving time required 
for development of some products and services. 
Broadband Internet access provides possibilities 
for fast and effective communication with lower 
costs, and enables the development of the direct 
marketing, which is very important for the 
interaction between a company and its customer.

IV. THE QUALITATIVE ANALYSIS
The behaviour of the individuals and organizations in 

the market depend on a number of factors that form such a 
behaviour. It is the result of interests, needs and aspirations 
which greatly affect the selection of products and types and 
characteristics of services. The facility process is therefore 
focused towards the contentment of customers’ needs and 
aspirations. The qualitative analysis in this paper deals with 
the facts that affect two main categories of consumers:

private (residential) users, i.e. individuals,• 

business (commercial) users, i.e. organizations.• 

These categories can be distinguished according to the 
purpose of what consumers are buying and according to the 
way how they are buying. For example, when purchasing 
some information and communications equipment, the 
equipment chosen by some organization differs from the 
one chosen by an individual. That is conditioned by a 
different purpose of the equipment.

A. The main categories of the 
factors affecting consumers behaviour
In a modern market theory factors affecting consumers 

behaviour can be grouped into four main categories. These are: 

cultural – educational • 

social• 

psychological• 

individual category.• 

Cultural-educational category includes a level of 
education and social classes. Social category includes status 
and family. Psychological category includes secondary 
needs, motivation, study and attitude. Individual category 
includes style and the way of life, age and the economic 
capabilities of the individuals.

B. Cultural - educational category
Individuals obtain knowledge of the use of modern 

technologies by learning. The level of education affects the 
kind of technology that will be chosen in practice. In the 
Republic of Croatia there are four social classes:

a) very rich

b) relatively prosperous

c) medium- income

d) needy

In the rural counties the third and the fourth class are 
dominant. Every class acts differently when choosing 
products and applying different technologies as a result 
of their different needs, aspirations, habits and specially 
abilities. Those abilities result from  possession status, 
education and other impacts. 

C. Social category
Status symbols as material symbols or symbols of the 

individual’s social prestige define behavioural model when 
choosing and implementing products and services.

An influence of the family reflects on the consumer’s 
behaviour. Hence, a degree of social and economic believes, 
personal ambitions, a way of making decisions about 
purchasing products and a degree of  independence when 
choosing products and services associate with the family 
influence that is traditionally emphasized in rural areas.

D. Psychological category
Psychological factors affect attitude about purchasing 

by creating a feeling of necessity and motivation to satisfy 
that need. The way of satisfying that need is a result of 
learning which arises in interaction of motives, suggestion, 
stimulation and the choice of the best solution. Secondary 
customers’ needs are mostly in the focus of users’ interests. 
Obtained habits and needs are dominant in making decisions 
that can satisfy those needs. By penetration of modern 
information and communications technologies, habits and 
needs of residents in rural areas are gradually becoming 
more like the ones of the urban residents. Therefore, the 
differences in their needs are getting minor. 
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E. Individual category
Psychological characteristics of individuals reflect 

their private and business environment. According to 
their characteristics different types of personality can be 
defined that are the object of interest in performing market 
activities. The reasons for that are in the correlation of the 
type of personality and selection of products and services. 
Concrete activities of individuals and their interests 
make their lifestyle unique because the individuals think 
differently and have different affinities and habits. This 
style and the way of life define the ways in preferring some 
products and services. 

All qualitative attitudes are correlated. Thus, for 
instance, there is a tight connection within psychological 
factors – perception, motives and attitudes with the degree 
of education and cultural level of individuals.

V. CONCLUSIONS
The quantitative analyses of implementation of 

broadband Internet access in rural areas of the Republic 
of Croatia, as well as the qualitative analysis of the main 
factors affecting consumers behaviour when choosing new 
services, indicates that the investment in rural broadband 
access can be cost-effective. 

Broadband technologies have a positive impact on 
economic development of a country and may increment 
residents’ standard of living.
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Abstract — New Web technologies, like Semantic Web, are 
emerging with the potential to revolutionize the ability of scien-
tists to do collaborative work. Semantic Web is designed to im-
prove communication not only between people, but also between 
machines, using new Web languages like RDF and OWL.

Visualization, as a collaborative activity involving domain 
and system experts, and sometimes multiple visualization sys-
tems, is an important aspect of data representation. Its cohesion 
with Semantic Web and furthermore an outlook about future 
development work constitutes the main part of this paper.

Keywords — component, formatting, style, styling, insert 
(key words)

I INTRODUCTION 
The First-generation Web was based on HTML 

(Hypertext Markup Language). HTML was created as a 
means of presenting information of the Web. It is about the 
spatial layout of a presentation, styling fonts and paragraphs, 
integrating multimedia elements, enabling user interactivity 
and the like. Only humans are able to understand the content 
of such presentations and to deal with them. Computers 
have played a passive and an inadequate role in this process 
– just as the technical means of display, something similar 
to TV sets or data projectors. They had no real access to 
the content of a presentation because they were not able to 
understand the meaning of information on HTML pages.

On the other hand, the growth of e-commerce created 
a need for a language that could deal not only with the 
design but also with the content of a presentation. In other 
words, there was a need for a markup language that would 
go beyond HTML limits in the following aspects: first, it 
should describe not only the style but also the content of 
a Web document; second, it has to mark up this content 
in such a meaningful way that it would be understandable 
not only by human beings but also (to a certain extent) by 
computers; third, it should be sufficiently flexible to describe 
specific areas of interest of any of the millions of existing 
and future businesses, companies and organizations [1].

The emerging Second-generation Web utilizes XML 
(Extensible Markup Language) and related technologies. 
The concept of the Semantic Web is based on a vision of 
Tim Berners-Lee, the inventor of the World Wide Web 

and the Director of the World Wide Web Consortium. The 
Semantic Web is the extension of the World Wide Web that 
enables people to share content beyond the boundaries of 
applications and websites. It has been described in rather 
different ways: as a utopic vision, as a web of data, or merely 
as a natural paradigm shift in our daily use of the Web. 
Most of all, the Semantic Web has inspired and engaged 
many people to create innovative semantic technologies 
and applications [3].

Visualizers have long been concerned with meaning. 
They have to think about how people extract meaning from 
pictures (psychophysics), what people understand from a 
picture (cognition), how pictures are imbued with meaning 
(semiotics), and how in some cases that meaning arises 
within a social and/or cultural context. If we think of the 
communication acts carried out in the visualization process 
(see Figure 1), further levels of meaning are suggested. In 
the figure, visualization begins when someone has data 
they wish to explore and interpret; the data are encoded as 
the input to a visualization system, which may in its turn 
interact with other systems to produce a representation. This 
is communicated back to the user(s), who have to assess 
this against their goals and knowledge, possibly leading to 
further cycles of activity.

Each phase of this process involves a communication 
between two parties. For this to succeed, those parties must 
share a common language with an agreed meaning. For 
example, when someone passes a data set to a visualization 
tool, it is done with some understanding of how the tool will 
interpret content of the data set and how to interpret the output 
of algorithms that the tool might apply to the data [2].

Figure 1. Computer – Human communication
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II. ONTOLOGY AND X3D 
The multi-disciplinary information visualization is 

inherently complex and, to enable the efficient interaction 
with 3D/4D space-time domain, the graphics content of 
the created and displayed models will be enriched with 
a domain-specific knowledge in order that users can 
effectively query, interpret, personalize and manipulate 
the visualized information. The semantic enrichment 
of 3D models plays an important role in enabling the 
viewers to understand and interact with the complex and 
incomprehensive visualized representations, underpinning 
the user-friendly ergonomic graphical user interface (GUI). 
Intelligent searches, used to identify 3D objects or sets 
of them, are based on combined graphical and semantics 
properties and relationships existing between them.

The proposed solution of associating the semantic 
information to 3D models involves two web based software 
standards: X3D (eXtensible 3D – X3D Graphics) [4] and 
Semantic Web [5]. The main idea of the Semantic Web is to 
delegate many current human-specific activities to computers 
and therefore data need to be presented in a machine-
readable format. Since XML (eXtensible Markup Language) 
is intended for describing the meaning of Web data (or, in 
other words, their semantics), the emerging XML-based 
Web is also called the “Semantic Web”. Most of the current 
Semantic Web technologies belong to the XML family and 
it is almost certain that all future layers will also be XML 
based. XML is powered by the URI (Uniform Resource 
Identifier), Namespaces and Unicode technologies. 

XML documents form the most substantial layer of the 
Semantic Web because they embrace not only documents 
with the domain-specific content (such as product 
catalogues), but almost all “technological” documents 
written in XML, also (such as XSLT - Extensible Stylesheet 
Language Transformations [6], RDF - Resource Description 
Framework [7] or OWL - Web Ontology Language [8], see 
Figure  2).

Figure 2. Architecture of the Semantic Web

Ontologies represent a fundamental technology for the 
Semantic Web implementation as they offer appropriate 
mechanisms to describe relationships between objects 
and properties. The basic design principle for the 3D 

ontology modelling is to support only those features that 
are necessary. New features can be added by creating new 
ontologies which are then mapped with the existing ones.

Ontology describes the concepts and relationships 
that are important in a particular domain, providing 
a vocabulary for that domain, as well as, a machine 
readable specification for the meaning of terms used in 
the vocabulary. Ontologies range from taxonomies and 
classifications, database schemas, to fully axiomatic 
theories. In recent years, ontologies have been adopted in 
many business and scientific communities as a way to share, 
reuse and process domain knowledge. Ontologies are now 
central to many applications such as scientific knowledge 
portals, information management and integration systems, 
electronic commerce, and semantic web services.

The ontology models the domain concepts and 
the relationships, thus it defines the domain language 
(semantics) meaningful to humans and usable by machines 
in order to improve:

(semantic) search and browsing• 

integration of heterogeneous information sources • 

analytics and knowledge discovery capabilities• 

X3D, as a successor to VRML (Virtual Reality 
Modelling Language), provides Web developers with 
improved features in respect to VRML, including 
extensibility, modular architecture, improved APIs and 
additional data encodings. Since X3D is XML-based, it 
allows integration with other XML based technologies and 
thus directly supports the use of metadata and ontologies. 
With the creation of XSLT style sheets, we can transform 
instances defined in OWL to the X3D models, which can 
then be rendered with an appropriate 3D-viewer.

X3D is a royalty-free open source file format and runtime 
architecture used to represent and communicate between 
3D scenes and objects using XML. It is an ISO-ratified 
standard that enables a system to store, retrieve and play 
back real-time graphics content embedded in applications, 
all within an open architecture to support a wide array of 
domains and user scenarios.

X3D has a rich set of modular features that can be tailored 
for use in engineering and scientific visualization, CAD and 
architecture, medical visualization, training and simulation, 
multimedia, entertainment, education, and more.

The X3D Baseline Profiles are (see Figure 3):

Interchange is the basic profile for communicating • 
between applications. It supports geometry, 
texturing, basic lighting, and animation. There is no 
runtime model for rendering, making it very easy to 
use and integrate into any application.
Interactive enables basic interaction with a 3D • 
environment by adding various sensor nodes for 
user navigation and interaction (e.g., PlanseSensor, 
Touch-Sensor, etc.), enhanced timing, and additional 
lighting (Spotlight, PointLight).
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Immersive enables full 3D graphics and interaction, • 
including audio support, collision, fog, and 
scripting.
Full includes all defined nodes including NURBS, • 
HAnim and GeoSpatial components [9].

Conceptually, each X3D application is a 3D time-based 
space that contains graphical, video and audio objects that 
can be loaded over a network and, in addition, dynamically 
modified through a variety of mechanisms. The semantics 
of X3D describe an abstract functional behaviour of time-
based, interactive 3D multimedia information. Each X3D 
application (see Figure 3):

implicitly establishes a coordinated space for all 1. 
objects defined, as well as all objects included by the 
application

explicitly defines and composes a set of 2D, 3D and 2. 
multimedia objects

can specify hyperlinks to other files and applications3. 

can define object behaviours4. 

can connect to external modules or applications via 5. 
programming and scripting languages

Figure 3. X3D architecture and X3D baseline profiles

In the past years, there have been many attempts to add 
semantic enrichment to existing data. One approach has been 
given by Benjamin, Akella and Verma [10] where they used 
ontologies for simulation model integration and stressed out 
the importance of ontology management technology. An 
example military combat simulation application scenario 
is used to illustrate the practical benefits of the simulation 
model integration approach.

Pittarello [11] proposed an approach where the associating 
semantic information to 3D worlds is based on the integration 
of two web standards: the X3D language and the semantic 
web. This approach is based on the definition of scene-
independent ontologies and semantic zones that complement 

the role of the semantic objects, supporting a complete 
description of the environment. The semantic information 
can be extracted from an X3D model and further used to 
generate an associated ontology, which provides a high-level 
and multilevel textual description of 3D environments.

In [12] the authors explore a way of documenting 
3D cultural objects by keeping together the relevant 
information and combining the cultural values with 
graphical representations. They propose the ontology 
for defining cultural objects that depict a large number 
of properties on one side, making it sufficiently general 
to encompass a variety of different artefacts, and on the 
other side, enforce simplicity to be used and understood 
by the practitioners (with moderate computer skills) when 
producing human readable and understandable plain text 
notes. The documented items are instances of the proposed 
ontology, which can be efficiently processed for computer 
visualization, retrieval or storage in a database.

III. MOTIVATION AND SOLUTION IDEA
Visualization is a collaborative activity involving domain 

and system experts, and sometimes multiple visualization 
systems. A shared vocabulary might be sufficient for 
human-to-human collaboration, but if we want to support 
remote collaboration via software tools, a greater level of 
formalization is required.

The long term objective is to have the possibility 
to use ontologies within multidisciplinary engineering 
environment integrating a variety of specific domain oriented 
software tools. For example, the scientific domains like 
Computational Fluid Dynamics (CFD) and Finite Element 
Methods (FEM) can be taken, both related to an upper more 
abstract (mathematical) domain of Numerical Methods 
with special attention given to the way the simulated 
results from such tools are visualized and interpreted [13]. 
These are usually physical continuum properties which are 
considered in the fluid flow or solid structure analysis, but 
for their interpretation we involve human experts to define 
how these data can be further reused (exchanged) between 
these two example domains.

Our goal is to make the communication and interaction 
between such software tools more formal, which relates 
different, but overlapping, scientific domains, investigating 
the application of appropriate ontologies and, if necessary, 
including their creation, if such does not exist.

Once the application domain has been selected, for 
example FSI and X3D, its model has to clearly define what it 
is about. For a model to be applicable, modellers should not 
try to create a fully comprehensive model with all attributes 
and elements. The hiding of pointless and redundant data is a 
key of making the complexity treatable. In this perspective, 
we find Semantic Web an appropriate vehicle to obtain a 
richer knowledge about objects in presenting and using only 
the parts of that large knowledge, which are suitable to our 
demand. The driving force is the knowledge orientation, 
which is sustained by defining the application modules 



- 186 -

CONTENT

decoupling and interrelation through the shared semantics. 
The web technologies and, more precisely, the Semantic 
Web tools, have been chosen as the most appropriate ones 
fulfilling the considered requirements as follows for:  

Message transport: Simple Object Access Protocol • 
(SOAP) [14] for transport of RDF encoded 
messages
Message encoding: RDF [15] • 
Message semantics: ontology language OWL [16]• 
GUI: X3D enabled client library [17]• 

From the mentioned combination of requirements, 
design principles and technological choices, it is obvious 
that X3D proto objects are the essential part for describing 
3D graphical models with enriched engineering data and 
metadata. For example, if we look at a container that is 
dropped in still water, we can observe impact conditions. 
The container must withstand the impact with water and 
protect its contents from damage. Without semantically 
enriched data describing the material of the container, 
impact angle, water attributes, etc., this scenario would 
be shown as an interaction of two simple boxes. Thus, if 
we define the properties in our X3D ontology, every box 
could be created as an instance with its own material, 
position, etc. Also, other scene elements that are important 
to be visualized should be instanced from X3D ontology. 
Therefore, the two boxes, visualizing the process of falling, 
are instances of the same ontology which use different 
semantic properties that present one box as water and the 
other as a container. Further semantic enrichment could be 
made by adding, for example, FEM analysis to that same 
scene, see Figure 5.

Figure 4. Visualization of two X3D modeled boxes 
and their properties and CFD model

For ontology creation we use Protégé [18], a free, 
open-source platform that comes with a suite of tools for 
the construction of domain models and knowledge-based 
applications with ontologies. It has a growing users and 
developers community. At its core, Protégé implements 
a rich set of knowledge-modeling structures and actions 
that support the creation, visualization, and manipulation 
of ontologies in various representation formats. It can 
be customized to provide domain-friendly support for 
creating knowledge models and their population. Protégé 
has extendable plug-in architecture and a Java based 
Application Programming Interface (API) for building 
knowledge bases and related applications.

OWL ontologies may be categorized into three species 
or sub-languages: OWL-Lite, OWL-DL and OWL-Full. 
Since, OWL-DL is much more expressive than OWL-
Lite. OWL-DL and OWL-Lite are based on Description 
Logics (hence the suffix DL). Description Logics are a 
decidable fragment of the First Order Logic and therefore 
amenable to automated reasoning. It is therefore possible 
to automatically compute the classification hierarchy and 
check for inconsistencies in ontologies that conforms to 
OWL-DL.

Figure 5. Class and property hierarchy part of CFD ontology

For ontology development, first the classes are created. 
The OWL classes are interpreted as sets that contain 
individuals. They are described using formal (mathematical) 
descriptions that precisely state the requirements for the 
membership of the class. Classes may be organized into 
the super-sub class hierarchy, which are also known as 
taxonomies. Subclasses specialize (‘are subsumed by’) 
their super classes (Figure 5).
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The next step in developing our ontology is to describe 
the OWL Properties, which define relationships with two 
main types: Object properties and Datatype properties. 
In addition, properties may have sub properties, giving 
possibility to define hierarchies of properties. Sub-
properties represent specialization of their super-properties 
(as sub-classes are specialization of their super-classes). 
The Object properties are the relationships between two 
individuals. Each object property may have a corresponding 
inverse property. If the property links an individual ‘a’ to 
individual ‘b’, the inverse property will link individual ‘b’ 
to individual ‘a’.

Protégé allows using different OWL reasoners as plug-
ins; the reasoner shipped with Protégé is called Fact++. 
The ontology can be ‘sent to the reasoner’ to automatically 
compute the classification hierarchy, and also to check 
the logical consistency of the ontology. In Protégé 4 
the ‘manually constructed’ class hierarchy is called the 
asserted hierarchy. The class hierarchy that is automatically 
computed by the reasoner is called the inferred hierarchy, 
thus we can automatically classify the ontology (and check 
for inconsistencies).

Emphasis of this paper is that ontologies improve 
interoperability between domains oriented engineering 
applications and support standardization of 3D models 
within integrated engineering environment. In the future 
work, intelligent distributed application for query/search/
filtering of engineering data will be implemented with 
advanced visualization feature as well as semantically 
enabled application server. 

Semantic context becomes a shared responsibility and 
resource. Through the Semantic Web, there is both the 
means and motivation to develop this shared picture of 
what we see and how to improve communication within 
multidisciplinary engineering workflow.
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