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Abstract— We briefly review fundamental concepts related to 
systems theory and systems engineering. We also review and 
structure a list of important properties for an electronic system 
and paradigms and techniques applicable to analysis and design. 
Then we present two specific case studies, in which the systems 
theory approach to electronics engineering teaching and research 
has been very influential. 
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I.  INTRODUCTION  
Systems theory is an interdisciplinary and holistic approach 

to the study of complex structures and behaviors [1].  This 
theory is the main foundation of systems engineering, which on 
the one hand, is evolving as a specialized professional and 
academic discipline and, on the other hand, permeates other 
disciplines as a process and methodology. We present here a 
perspective of electronics engineering education and research 
from the systems theory and systems engineering approach.   

We can identify two extreme approaches to systems 
engineering. The top-down approach followed by the 
professional who acts in the role of a pure systems engineer, 
without attachment to any specialized branch of engineering or 
technology;  and the bottom-up of the specialist moving to a 
more general and system-level perspective. Both have 
advantages and disadvantages. One can argue that pure systems 
engineering specialization lacks a knowledge of details and of 
real capabilities of technology and solutions, and that the devil 
is in the details. The danger of the second is not seeing the 
forest for the trees. Here we propose a zooming approach to 
electronics systems engineering, shifting from the micro to the 
macro view and vice versa, as appropriate, and pointing out 
relationships, general properties and how they depend on 
decisions taken at every level.  In reality, this process is applied 
in science when dealing with complex analysis or design 
issues, such as in medicine, where it is common to combine the 
microanalysis with the physiological, anatomical and 
environmental view in studies and diagnoses. 

After this introduction we first present a summary of the 
process typically applied in systems engineering, consisting of 
iteration between requirement analysis, functional design and 
synthesis, with verification between steps, iteration, top-down 
decomposition, and validation of results against the perceived 
need and objectives.   

Then we deal with enumeration and classification of the 
properties to be taken into account in an electronics system, as 
a basis for requirement analysis, and the applicable design and 
verification methods. The identification and structuring of 
requirements and properties is one of the open problems in 
systems engineering and, although theory and methodologies 
have been proposed, it relies mostly on the open-mindedness 
and creativity of the analyst. 

Then we continue with the presentation of two case studies 
in which the systems perspective has contributed to a 
differential approach to electronics engineering education and 
research. We end with conclusions and proposals for future 
work. 

Electronics systems are now prevalent in every field of 
human activity. They are often complex, with many interfaces 
and relationships.  Failure of one of those systems can result in 
economic damage and even loss of human life. We think, 
therefore, that it is relevant to propose an integral and system-
level approach to electronics systems engineering. That 
approach should also be incorporated in research and 
education, conveying ideas, perspectives and techniques to 
future professionals. 

II. SYSTEMS ENGINEERING 
Systems engineering can be considered as a methodology 

or discipline in itself. Globe-spanning professional 
organizations such as INCOSE (National Council on Systems 
Engineering) and the IEEE Systems Council (a council formed 
by several IEEE societies) are promoting research, practice 
improvement and education in systems engineering. 

A. Systems Engineering process 
An objective and differential characteristic of systems 

engineering is the exploration of alternatives and early 
adoption of critical design decisions. Several process schemas 
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for systems engineering have been proposed, such as the 
SIMILAR, by INCOSE [2] 

We include here a simplified three-phase process (Fig. 1). 
This schema has to be run in iterative phases, verifying 
functionality against requirements, on the one hand, and design 
against functionality on the other. It is also applied in a 
hierarchical fashion following a top-down spatial 
decomposition of requirements, functionality and structure and 
applying the same cycle to every subsystem, module or 
component. This process has been assimilated to fractal 
geometry, with repetition of the process at different scales and 
not totally deterministic growth [3]. The results of the 
application are validated against perceived needs and 
objectives.  

The main phases of the process can be summarized as 
follows:  

• Identification, classification and contrast of 
requirements. A coherent, non-ambiguous and feasible 
set of requirements must be generated. Requirement 
definition is always a balance between capabilities and 
needs.  This is a crucial step, as requirements provide 
the basis for performing all other key development 
activities such as system and component design, 
implementation, and testing.   

• Functional design and behavior modeling.  In this step 
it is important to think more about abstract functions 
that the system should perform, than about specific 
implementations. Functionality should be verified 
against requirements.  

• Structural design, alternative selection, synthesis. Here, 
components, technologies and architectures are chosen 
to implement the functionality.  The design has to be 
verified against functionality and behavior.   

Model based systems engineering (MBSE) uses formal 
methods for modeling and analysis during the requirements, 
design, analysis and verification phases. A language oriented 
towards the modeling of complex systems and born as a subset 
of UML (Unified Modeling Language), with extensions, is 
SysML [5].  SysML includes diagrams for requirement, 
structure and behavior modeling, some of them common to 
UML.  

B. Properties and requirements 
A “well-formed” requirement is a constraint imposed on a 

property of the system. In order to establish requirements, it is 
necessary to first consider all relevant properties of the system.   
It is usual in electronics engineering to take into account 
properties close to the technology, such as time and frequency 
response, maximum ratings, etc. The systems engineering 
approach implies that more general properties or characteristics 
should be considered when analyzing requirements. We try to 
convey a structured list of those we have found important in 
electronics systems analysis and design:  

• Involving system dependability, that is, the 
confidence that the system will provide the intended 
service [6]: availability, safety, integrity, 
maintainability, confidentiality, etc. 

• Involving the ease with which the system can be used, 
reconfigured, tested or debugged: usability, 
manageability, adaptability, modularity [10][11], 
composability [7][8], testability, traceability, etc. 

• Involving predictability in the execution of the 
intended functionality: input-output response (value 
and time), determinism, operating modes, graceful 
degradation, etc. 

• Involving energy, power, and compatibility with the 
environment: power feeding, power efficiency, power 
and thermal management, power density, 
electromagnetic compatibility (EMC), etc. 

• Economics: overall life cycle cost, cost of ownership,  
return on investment (ROI) , etc.  

• … 

In the design, which can include hardware, software, 
communications, sensors, actuators, and so on, the application 
of some paradigms and techniques can be considered, such as: 

• Partitioning and distribution of functions, redundancy, 
replica determinism [9][42], etc.  

• Distributed control and management, fault tolerance, 
real time scheduling, concurrency, etc. 

• Computational models, hard-soft decomposition, 
programming paradigms, etc. 

• … 

Rigorous specification, verification and validation could 
demand the application of formal methods, modeling and 
simulation languages [4], RMA (reliability, maintainability, 
availability) analysis, etc.  

 
 

 
   Figure 1. Systems engineering process 
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Modeling and simulation is the preferred verification 
method before physical design. Electronics engineers have 
traditionally made use of simulation and modeling tools, based 
on hardware description languages (SPICE, VHDL, VHDL-
AMS or Verilog) and even, more recently, hardware-software 
codesign-oriented languages (such as SystemC). Tools capable 
of multi-domain continuous, discrete and hybrid system 
simulation and modeling are very valuable for systems in 
which electronics is combined with other technologies.  
Modeling and simulation based on other computation models, 
such as the discrete event or finite state machines, are also 
often necessary.   

III. CASE STUDY I.  A POSTGRADUATE COURSE IN 
MODELLING AND CONTROL OF INVERTERS 

Inverters or DC-AC power converters are widely used in 
uninterrupted power systems [19], renewable energy 
integration and distributed generation [41]. The expansion of 
renewable energy in the last few decades has heightened 
interest in inverter control techniques, both as autonomous 
generators (in a UPS, for example) and as a feeder connected to 
the electrical grid (in a PV solar farm, for example)  

We try to describe here how the systems approach has 
influenced our research and teaching in this specific area.  
More specifically, what the impact has been on a recent 
proposal for a short postgraduate course in inverter modeling 
and control. It is not an objective to describe the proposal itself, 
but only to explain how systems theory, and systems 
engineering, has influenced its approach and development.  
Most of the decisions and orientations were adopted as a result 
of the requirements analysis phase.  

Considerations related to high availability, a fundamental 
requirement for UPS, had an important influence. High 
availability means that redundancy has to be applied, which 
drove us to consider aspects related to modular decomposition. 

In fact, most modern UPS are modular, based on a set of easily 
replaceable modules working in parallel. A modular 
architecture brings additional advantages such as flexibility in 
expansion, adding power as needs evolve. 

Paralleling modules implies that they must work in tight 
synchronization and share load. Parallel inverter control has 
been and continues to be a subject of constant research 
[12][13][14][15][16].  We are dealing with this problem as part 
of a study in the distributed, fault-tolerant, real-time control of 
modular electronics systems.    

The combination of modular power converters can be 
approached from a more general point of view, with 
application of bond graph modeling techniques [18] (Fig. 2). 
This approach emphasizes analogies between different types of 
power converters, such as an inverter or a controlled motor. It 
is a typical example of the generalization process applied in 
systems theory.  

When an inverter works as an autonomous generator, the 
analysis cannot disregard one of the most important 
requirements:  disturbance rejection capability (Fig. 3) , or the 
ability to maintain wave quality under distorting or varying 
load.  That is, low total harmonic distortion (THD). UPS 
applicable standards impose limits and establish test 
procedures [20]. This requirement had a decisive influence in 
the selection of the modeling and control techniques applied.     

We propose a model for a controlled inverter that 
establishes a clear distinction between modulation and control 
(Fig. 4).  This is a typical decomposition result of the 
application of a functional analysis phase. Pulse width 
modulation, or space vector modulation for a three-phase 
inverter, is studied independently of control [21]. The 
modulator only affects control through the actuation delay, 
which it can add to the loop, especially when regular 
modulation is applied [22].   

 
Figure 2. Bond graph models: generic, inverter and controlled motor  

                 
Figure 3. Inverter output under distorting load          Figure 4.   Single phase inverter model                                    Figure 5.   Digital controller model 
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The control technique applied determines set point 
following and disturbance rejection capacity, that is, output 
impedance [23][29]. We propose continuous and discretized 
state space models of the controlled inverter, which are then 
used as a basis for controller design [25][26]. Even the design 
of the controlled plant itself (the LC output filter [24]) is based 
on control requirements. We signal the importance of current 
control, in an internal loop, to yield quick dynamics and good 
disturbance rejection capability.    

In a typical application of MBSE concepts, we decide to 
propose a reference controller, with the best possible 
performance:  of continuous type, based on feed forward of 
output current, natural modulation etc. Against this reference 
controller others are contrasted and evaluated, such as digital 
controllers (Fig. 5) that can be implemented over 
microcontrollers or digital signal processors [17], and based on 
predictive current control and output current observer 
[27][28][29][30][31][32][33][34][35].    

As a modeling, simulation and analysis tool we use the 
Matlab-Simulink suite, R2008b version, applying the Control 
System and Symbolic Math toolboxes, and the   
SimPowerSystems Blockset. 

An exhaustive analysis of control requirements drove us 
towards the need of taking into account control related aspects 
such as reference sine wave generation. Synchronization of this 
reference with other modules or with the grid should be taken 
into account, and the applicable techniques studied [36][37].   
The load sharing problem, with synchronization and without 
degradation of availability, motivated the research of classical 
techniques, such as the droop method, and other possibilities 
based on communication between modules and replica 
determinism. 

A broad consideration of inverter applications includes the 
consideration of its integration in different kinds of electrical 
grids, in grid-feeding, grid-creation or grid-support mode 
[38][40] (Fig. 6). The modeling, simulation and control 
techniques are completely different from those applied for the 
inverter itself. We model the inverter as a voltage or current 
source and apply time-varying phasor modeling techniques 
[39].  

The “zoom” view previously mentioned is applied in the 
lectures. The different control time scales, from the internal to 
that applied in grid integration, are contrasted.  In the 
requirement, functionality and architecture analysis of the 
internal inverter, characteristics are associated with integration 
of inverters in modular systems on in electrical grids or 
microgrids.   

IV. CASE STUDY  II. TEACHING ELECRONICS IN A SECOND 
CYCLE CURRICULUM IN INDUSTRIAL ORGANIZATION. 

In 2001 J.Q. started teaching Industrial Electronics as a 
subject in a second cycle curriculum in industrial organization, 
at the University of the Basque Country (UPV-EHU), Spain.  
The subject involves 30 lecture hours and an additional 15 
laboratory hours.  In a trimester, general, analog, digital and 
power electronics have to be taught to non-specialist graduate 
students, most of whom have no previous exposure to 
electronics.  The course is geared toward graduate students 
with a technical engineering degree in chemistry, computer 
science or mechanics, for example.  The most important 
concern was having a syllabus that was too scattered and 
blurred, difficult to understand and assimilate, in the short 
period allocated to the subject. 

The syllabus was gradually refined over each of the several 
courses taught, and is now divided as follows: 

• Introduction to industrial electronics: review of 
electrical circuits, basics of semiconductors, P-N 
junction, devices (BJT, MOSFET, Thyristor, IGBT).   
The different physical scales and ranges of application 
are reviewed, form micro-integration to power discrete 
devices (6 h. approx.). 

• Analog electronics. A general and abstract approach is 
used to review the most relevant properties, 
characteristics and requirements: gain, feedback, 
linearity, frequency response, differential amplification 
and common mode rejection.  At a more concrete level 
the operational amplifier and the most basic circuits are 
presented (4 h. approx.). 

• Digital electronics. We review the basics of digital 
electronics, and then schematize combinational and 
sequential digital systems, paying special attention to 
fundamentals and examples of specific circuits. The 
objective is to give the students the foundation to 
understand the basics of microprocessors. Then we use 
a simple microcontroller model to convey the 
principles of programmable digital systems, including 
input-output and digital to analog and analog to digital 
conversion (8 h).  

• Power electronics.  A generic and abstract model of a 
power converter, including control, is presented. 
Specific models, such as diode rectifiers, thyristor 
controlled rectifiers, and switching DC-DC and DC-
AC converters are briefly studied. We note differences 
and analogies in control and highlight basic concepts 
such as static and dynamic losses, efficiency etc. (8 h). 

 

Figure 6. Grid forming, grid feeding and grid supporting inverters 
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Laboratory classes are partly devoted to practice with 
circuits and instrumentation, and partly to exercises and 
discussions.  At the end of the trimester we study a relevant 
integral example. The few students with a previous background 
in electronics collaborate in the proposal and development of 
the example. The “zoom” technique is applied here to review 
characteristics, and the basics of the systems engineering 
approach are used to study requirements and associated 
functionality. Some examples of systems: a PV solar farm, a 
multiple lift system for an intelligent building, automotive 
electronics etc.  (4 h)  

We constantly strive to keep the system view in mind, 
using analogies to medicine and the human body: cells and 
tissues for devices, senses for analog electronics, the brain and 
nervous system for digital electronics and the locomotor 
system for power electronics. And we prioritize the 
requirement and functional analysis over implementation, 
although implementation limitations are taken into account to 
illustrate the need for a feasible requirement proposal for the 
systems.  

Grading is fundamentally based on a final exam, based on 
questions and very short exercises. The overall experience has 
been very positive; more than 300 students have attended the 
course since 2001 with high average results and positive 
feedback in student opinion polls.   

V. CONCLUSIONS AND FUTURE WORK 
Modern electronics engineering has to deal with complex 

and critical projects and ample diversity of techniques and 
technologies [42].  Complex requirements have to be met, time 
to market reduced, and it is necessary to deal with limited 
budgets and design to cost constraints. Electronic systems must 
often be assembled from COTS (Commercial Off The Shelf) 
electronic subsystems and components, which may be 
manufactured half way around the world, and for which the 
most important task is to prescribe and verify characteristics 
against requirements. The systemic approach is a powerful tool 
to tackle with these demanding challenges.  We think it should 
be included in academic curricula and applied in research and 
education.  

Future research will focus on analyzing the possibility of 
using Case Study I as the basis for developing an educational 
example of MBSE, with application of the SysML language 
and perhaps other modelling tools, following a detailed 
systems engineering  process.  

Case study II can be the basis for the proposal to include a 
systems engineering subject in curricula [43].  INCOSE 
maintains a directory of systems engineering academic 
programs[44].  There are no Spanish programs included in the 
directory as of the writing of this paper.  

ACKNOWLEDGMENT  
J. Q.  has maintained fruitful and interesting discussions in 

systems engineering related forums and wished to thank all of 
the professionals involved in those discussions.  

 

REFERENCES 
 

[1] Ludwig von Bertalanffy. General System Theory: Foundations, 
Development, Applications .  1968. 

[2] A. Terry Bahill, Frank F. Dean "What Is Systems Engineering? A 
Consensus of Senior Systems Engineers" mantained at 
http://www.sie.arizona.edu/sysengr/whatis/whatis.html  (30 Oct 2009) 

[3] Hall, A.D., III, "The fractal architecture of the systems engineering 
method," IEEE Transactions on Systems, Man, and Cybernetics, Part C: 
Applications and Reviews, , vol.28, no.4, pp.565-572, Nov 1998 

[4] Ören, T.I. and L. Yilmaz.   “Synergy of Systems Engineering and 
Modeling and Simulation”. Proceedings of the 2006 International 
Conference on Modeling and Simulation - Methodology, Tools, 
Software Applications (M&S MTSA), July 31 - August 2, 2006, 
Calgary, AL, Canada, pp. 10-17. 

[5] Object Manegement Group (OMG). “Systems Modeling Language 
(SysML) Specification. Version 1.1”, April 2006. 

[6] Avizienis, A.; Laprie, J.-C.; Randell, B.; Landwehr, C., "Basic concepts 
and taxonomy of dependable and secure computing," Dependable and 
Secure Computing, IEEE Transactions on , vol.1, no.1, pp. 11-33, Jan.-
March 2004 

[7] H. Kopetz,  G. Bauer "The time-triggered architecture", Proceedings of 
the IEEE, Volume 91,  Issue 1,  Jan. 2003 Page(s):112 – 126 

[8] Kopetz, H. and N. Suri. “Compositional Design of Real- Time System: 
A Conceptual Basis for the Specification of Linking Interfaces”. in 
ISORC 2003--The 6th International Symposium on Object Oriented 
Real-Time Computing. 2003. 

[9] Stefan Poledna, Fault-Tolerant Real-Time Systems: The Problem of 
Replica Determinism, Kluwer Academic Publishers, Norwell, MA, 1996 

[10] H. Chun-Che; A. Kusiak "Modularity in design of products and 
systems," IEEE Transactions on Systems, Man and Cybernetics, Part A: 
Systems and Humans, , vol.28, no.1, pp.66-77, Jan 1998 

[11] F. Salvador, "Toward a Product System Modularity Construct: Literature 
Review and Reconceptualization", IEEE Transactions on Engineering 
Management, Volume 54,  Issue 2,  Date: May 2007,  Pages: 219 – 240 

[12] Chandorkar, M.C.; Divan, D.M.; Adapa, R.;  "Control of parallel 
connected inverters in standalone AC supply systems"; 1993, IEEE 
Transactions on Industry Applications. 1993 

[13] Jiann-Fuh Chen; Ching-Lung Chu;  "Combination voltage-controlled 
and current-controlled PWM inverters for UPS parallel operation"; 
1995, IEEE Transactions on Power Electronics,Volume: 10 , Issue: 5,pp 
547 – 558 

[14] Holtz, J.; Werner, K.-H.;  "Multi-inverter UPS system with redundant 
load sharing control"; 1990, IEEE Transactions on Industrial 
Electronics,Volume 37, Issue 6,pp 506 - 513 

[15] J. M. Guerrero, J. Matas, L. Garcia de Vicuna, M. Castilla, J. Miret. 
“Decentralized Control for Parallel Operation of Distributed Generation 
Inverters Using Resistive Output Impedance”.  2007, IEEE Transactions 
on Industrial Electronics,pp 994-100 

[16] J. M. Guerrero; L. GarciadeVicuna,; J. Matas, M. Castilla,  J. Miret. 
“Output Impedance Design of Parallel-Connected UPS Inverters With 
Wireless Load-Sharing Control”. IEEE Transactions on Industrial 
Electronics, , vol.52, no.4, pp. 1126-1135, Aug. 2005 

[17] Y. Ito, S. Kawauchi. “Microprocessor-Based Robust Digital Control for 
UPS with Three-Phase PWM Inverter”. IEEE Transactions on Power 
Electronics Vol. 10, No 2, March 1995.  

[18] P.J. Gawthrop, G.P. Bevan. Bond-graph modeling. Control Systems 
Magazine, IEEE Vol. 27, No 2, April 2007. 

[19] J.M.Guerrero, L. Garcia de Vicuna, J. Uceda. “Uninterruptible power 
supply systems provide protection”. IEEE Industrial Electronics 
Magazine, 2007. 

[20] Norma IEC 62040-3:1999  Uninterruptible power systems (UPS) –Part 
3: Method of specifying the performance and test requirements, 1999, 
CEI/IEC 

[21] D.  Grahame and T. A. Lipo.  “Pulse width modulation for power 
converters: principles and practice”. 2003, John Wiley. ISBN: 
0471208140. 

 
1833



 
 
 

[22] Van de Sype, D.M.; De Gusseme, K.; Van den Bossche, A.P.; 
Melkebeek, J.A.. “Small-signal Laplace-domain analysis of uniformly-
sampled pulse-width modulators”. ,IEEE 35th Annual Power Electronics 
Specialists Conference PESC 04. 

[23] G. C. Goodwin, S. F. Graebe, M. E. Salgado. Control System Design.  
2001, Prentice Hall 

[24] P.A. Dahono, A. Purwadi, Qamaruzzaman. “An LC filter design method 
for single-phase PWM inverters”., Proceedings of 1995 International 
Conference on Power Electronics and Drive Systems, pp.571-576 vol.2, 
21-24 Feb 1995. 

[25] J. Sun, D. M. Mitchell, F. Greuel, P. T. Krein, and R. M. Bass.  
“Averaged Modeling of PWM Converters Operating in Discontinuous 
Conduction Mode”.  IEEE Transactions on Power Electronics, Vol. 16, 
No. 4, 2001, pp. 482-492 

[26] J. Sun and H. Grotstollen.  “Averaged modeling of switching power 
converters: reformulation and theoretical basis”.  in Proc. IEEE 
PESC’92, 1992, pp. 1166–1172. 

[27] D.G.Holmes,D.A. Martin. “Implementation of a direct digital predictive 
current controller for single and three phase voltage source inverters”. 
Conference Record of the 1996 IEEE Industry Applications Conference, 
1996.  

[28] S. Buso, S. Fasolo, P. Mattavelli. “Uninterruptible power supply 
multiloop control employing digital predictive voltage and current 
regulators”.  2001, IEEE Transactions on Industry Applications 

[29] Ryan, M.J.; Brumsickle, W.E.; Lorenz, R.D. “Control topology options 
for single-phase UPS inverters”.  1997, IEEE Transactions on Industry 
Applications,vol 33. 

[30] N. M. Abdel-Rahim, J.E. Quaicoe. “Analysis and design of a multiple 
feedback loop control strategy for single-phase voltage-source UPS 
inverters”.  1996, IEEE Transactions on Power Electronics,Vol 11. 

[31] Heng Deng; R. Oruganti, D. Srinivasan. “Modeling and Control of 
Single-Phase UPS Inverters: A Survey”.  2005,International Conference 
on Power Electronics and Drives Systems, 2005. PEDS 2005 

[32] A. Kawamura, T. Yokoyama. “Comparison of five different approaches 
for real time digital feedback control of PWM inverters”. Conference 
Record of the 1990 IEEE Industry Applications Society Annual Meeting 

[33] Poh Chiang Loh; M.J. Newman, D.N. Zmood, D.G. Holmes. “A 
comparative analysis of multiloop voltage regulation strategies for single 

and three-phase UPS systems”.  2003, IEEE Transactions on Power 
Electronics,,Vo 18 

[34] C. Rech, H.A. Grundling, J.R. Pinheiro. “Comparison of discrete control 
techniques for UPS applications”.  2000, Conference Record of the 2000 
IEEE Industry Applications Society Annual Meeting 

[35] P. Mattavelli. “An improved deadbeat control for UPS using disturbance 
observers”. IEEE Transactions on Industrial Electronics, vol.52 

[36] B.P. McGrath, D.G. Holmes, J.J.H. Galloway. “Power converter line 
synchronization using a discrete Fourier transform (DFT) based on a 
variable sample rate”. IEEE Transactions on Power Electronics, vol.20, 
no.4, pp. 877-884, July 2005 

[37] A. Timbus, R. Teodorescu, F. Blaabjerg, M. Liserre. “Synchronization 
Methods for Three Phase Distributed Power Generation Systems. An 
Overview and Evaluation”.  Power Electronics Specialists Conference, 
2005. PESC '05. IEEE 36th. 

[38] K. De Brabandere. “Voltage and frequency droop control in low voltage 
grids by distributed generators with inverter frond-end”.  PhD. Thesis, 
Universidad Católica de Lovaina, ISBN 90-5682-745-6, October, 2006 

[39] V. Venkatasubramanian, H. Schattler, J. Zaborszky. Fast time-varying 
phasor analysis in the balanced three-phase large electric power system. 
IEEE Transactions on Automatic Control, vol.40, no.11, pp.1975-1982, 
Nov 1995 

[40] K. De Brabandere, B. Bolsens, J. Van den Keybus, A. Woyte, J. 
Driesen, and R. Belmans. “A voltage and frequency droop control 
method for parallel inverters”.  IEEE Transactions on Power Electronics, 
vol.22, no.4, pp.1107-1115, Julio 2007. 

[41] R. Sebastian, J. Quesada. “Distributed control system for frequency 
control in a isolated wind system”.  Renewable Energy, 2006, 31 (3), pp. 
285-305. 

[42] Kopetz, H., "The Complexity Challenge in Embedded System Design," 
2008 11th IEEE International Symposium on Object Oriented Real-Time 
Distributed Computing (ISORC), , vol., no., pp.3-12, 5-7 May 2008 

[43] Asbjornsen, O.A.; Hamann, R.J., "Toward a unified systems engineering 
education," IEEE Transactions on Systems, Man, and Cybernetics, Part 
C: Applications and Reviews, vol.30, no.2, pp.175-182, May 2000 

[44] INCOSE . Directory of systems engineering academic programs.  
http://www.incose.org/educationcareers/academicprogramdirectory.aspx 
(30 Oct 2009) 

 

 

 
1834



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




