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Abstract—This paper presents a co-simulation model using
MATLAB® toolboxes to illustrate an interaction between the
communication system and the energy grid, coherent with the
concept of smart grid that employs IEC 61850 communication
standard. The MMS (Manufacturing Message Specification)
protocol supported by IEC 61850, based on TCP/IP, is used for the
vertical communication between the Supervisory and Data
Acquisition (SCADA) system and Intelligent Electronic Devices
(IEDs) embedding the local control of different parts of the smart
grid. In this paper an IED supporting the power control of a
photovoltaic (PV) plant connected to a low-voltage (LV) utility grid
is considered. Communication system consisting of the transport
layer and a router placed on the network layer is modeled as an
event-driven system using SimEvents® toolbox and energy grid is
modeled as a time-driven system using SimPowerSystems® toolbox.
Co-simulation results are obtained by combining different
communication scenarios and time-varying irradiance scenarios for
the PV plant when this one is required to provide a certain power
in response to a power reference received from SCADA over the
communication network. The analysis aims at illustrating the
impact that stochastic behavior and delays due to network
communication have on the global system behavior.

Keywords—Co-simulation; delay; IEC 61850; Manufacturing
Message Specification (MMS); TCP/IP; low-voltage (LV) grid

I. INTRODUCTION

The concept of smart grid at distribution level characterizes
the information flow using latest communication technologies. A
smart distribution grid is a modernized electrical grid (fully au-
tomated distribution system) that uses information and commu-
nication technology to improve reliability, security and efficien-
cy of energy delivery [1]. So smart grids use complex commu-
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nication networks in order to allow communication between the
DERs (Distribution Energy Resources) to implement functions
such as power monitoring, energy management and ADA func-
tions (Advanced Distribution Automation). Smart grids are
therefore highly automated cyber-physical systems. The concept
of smart distribution grid has led to the development and im-
plementation of new communication standards able to provide
interoperability [2,3]. This increasing role of communication
network in the operation and control of power system results in
strong dependence of the global performance on the performance
of communication [1]. As information flows through the com-
munication network, it exhibits variable delays that can cause
unstable behavior and some asynchronous events that can lead to
loss of data. This highly automated power system is prone to
vulnerabilities caused by interdependencies with communication
and information systems [4].

Recent work has been reported in the literature [4, 5] on
identifying and modeling these interdependencies. The imple-
mentation of widely used advanced protocols like IEC 61850 has
been investigated in [3] and [6]. The detailed simulation of energy
systems along with the communication architecture requires
hybrid models, i.e., models including both continuous time-based
and discrete-event-based simulation aspects. There are different
domain-specific simulation tools that have been developed and
described in the literature to simulate the dynamic system beha-
vior for power systems in different frameworks, e.g., electrical
systems, cyber-physical systems, control or stochastic environ-
mental behavior [7]. A commonly tool available for such kind of
analysis is Simulink® of MathWorks that can help in studying the
behavior of models with hybrid dynamics. Other than this, de-
veloping co-simulation framework is also possible that allows the
use of most appropriate expert tool for each domain. But in this
case it has a disadvantage of making the different tools to work
together efficiently [7]; e.g., time synchronization and data ex-
change of two fundamentally different simulators are major



challenges [8]. Concerning the co-simulation framework, there
are lot of approaches proposed in the literature that include using
free and open-source available tools such as GridLAB-D and
PSAT [7], or co-simulation tools, such as VPNET [8], combining
INSPIRE & HLA [9]. The work proposed in this paper is using a
more flexible approach for setting up a kind of co-simulation
scenario in MATLAB®, as compared to the one discussed in
[7-11]. Fig.l suggests the main idea of the implemented
co-simulation architecture.

Use of IEC 61850 protocol over the energy grid results in
hybrid global dynamics. This paper deals with the implementa-
tion of Manufacturing Message Specification (MMS) protocol
supported by IEC 61850 communication protocol standard for
controlling a photovoltaic (PV) plant connected to a low-voltage
(LV) utility grid. Communication system consisting of the
transport layer and a router placed on the network layer is mod-
eled as an event-driven system using SimEvents® toolbox and
energy grid is modeled as a time-driven system using SimPo-
werSystems” toolbox. Mechanisms related to acknowledgments
and retransmissions specific to TCP/IP as well as management
of router’s queue length by means of Random Early Detection
(RED) algorithm and congestion avoidance are implemented.

Co-simulation is performed to illustrate interaction between
the communication system and the power system in terms of
latencies affecting the global behavior of PV system. Fig. 1 de-
picts the general scenario of the studied interaction.

SCADA/ supervisory level (sending
the power setpoint)

Setpoint is sent over MMS
protocol supported by IEC
61850 communication
standard

IED/ PV plant connected to LV
grid (receiving the power setpoint
as a reference input)

Fig 1. Overview of co-simulation approach implemented.

This paper is organized as follows. Section II discusses the
IEC 61850-based communication system modelling. It is fol-
lowed by Section III that describes LV utility grid modelling. In
Sections IV and V, the coupled model and co-simulation results
are presented, respectively, followed by conclusion of the work in
Section VI, the final one.

II. IEC 61850-BASED COMMUNICATION SYSTEM
MODELLING USING SIMEVENTS® / MATLAB®

A. IEC 61850-based Communication System

IEC 61850 standard characterizes a comprehensive structure
for designing power utility automation system. This standard
provides a data flow mechanism to exchange information among

the Intelligent Electronic Devices (IEDs) that embed the local
control of different parts of smart grid.

ENMCS

Supervision

Measure units

Vertical communication (MMS)

Process

«=* Horzontal communication (GOOSE)
""" »  Publishing of time-stamped measurss (SV)

Fig2. IEC 61850 communication architecture [12].

Fig. 2 shows the communication architecture of the standard,
including three protocols: GOOSE (Generic Object Oriented
Substation Event) messaging, MMS (Manufacturing Message
Specification) and SV (Sampled Values) with two interface buses
that support the data exchange.

B. Relation between IEC 61850 Standard and TCP/IP

IEC 61850 standard supports three protocols, namely GOOSE,
SV and MMS to allow the data flow.

-l ACSI Services D
Sampled Client-
GOOSE Values (SV) server com
i T T
‘ Mapping ‘
I
N MMS T

Real-time
reguirements

TCP

Ethernet Link Layer

Ethernet Physical Layer

Fig3. OSImapping of IEC 61850 protocol.

MMS protocol supports MMS traffic that allows SCADA
systems placed at supervisory level to access vertically all the
IED objects. Its functioning is based on TCP/IP (layer 3).
GOOSE traffic allows IEDs to access data horizontally. SV
traffic carries the current and voltage samples used in
discrete-time control. Out of the three mentioned protocols,
MMS is the one that is based on TCP/IP layers and allows
traditional supervision operations, i.e., read, write and report.



C. Transport Layer in TCP/IP

Transport layer is an end-to-end protocol that provides
communication between two processes (application programs)
running over different hosts. This layer sends data in segments.
Transport layer supports two protocols: UDP (User Datagram
Protocol) and TCP (Transmission Control Protocol). UDP is an
unreliable connectionless protocol, whereas TCP is a
connection-oriented protocol that provides reliable transport by
establishing the connection between client and server before data
transfer begins and releasing the connection after data transfer
ends up. Hence TCP ensures error and flow control, as well as
congestion control [13, 14].

D. TCP with RED (Random Early Detection) Router

It is difficult to build a router that does not drop packets even
when it is overloaded with the incoming flow of packets. In order
to allow the router to work properly, RED [15] algorithm is
implemented, so as to keep a check on the moment of time the
router should start discarding packets. Algorithm calculates the
average queue length and, if it exceeds a pre-specified threshold,
some packets are dropped on random basis. Main idea of the
generalized RED algorithm is given below:

for each packet arrival

calculate the average queue size (avg)
ifming, <avg< max,

calculate probability P,

with probability P,:

mark the arriving packet

else if maxy, < avg

mark the arriving packet

E. Error Control in TCP

TCP provides reliability using error control based on me-
chanism for detecting corrupted, lost, out-of-order and dupli-
cated segments using simple tools like acknowledgment, re-
transmission and segment reassembly.

e Acknowledgment: TCP uses ACK signals to confirm the
receipt of data segments.

e Retransmission: sender retransmits the data segment, in
case segment is lost or delayed. This occurs in two
conditions: when retransmission timer expires or when
sender receives three duplicate ACKs.

Retransmission RTO: one retransmission time-out timer is
maintained for all sent, but not acknowledged segments.
When timer matures, earliest outstanding segment is
retransmitted. The value of RTO is updated based on
round trip time (RTT) of segments.

RTT: time needed for a segment to reach the destination
and for an acknowledgement to be received.

e Segment reassembly: TCP guarantees data to be delivered
to process in ordered sequence.

F. TCP Congestion Control

Congestion control refers to a mechanism where the load is
kept below the capacity. Unlike UDP, TCP is able to control the
network congestion by using congestion control algorithm that
has four parts: Slow Start (SS), Congestion Avoidance (CA), Fast
Retransmit and Recovery (FR). The algorithm for slow start and
congestion avoidance is described below.

Initialize

cwnd =1

New ack received:
cwnd = cwnd+1
In each RTT cwnd = 2*cwnd

Slow start:

Starts

cwnd =ssthresh

New ack received:
cwnd = ewnd + 1/cwnd

In each RTT cwnd = cwnd+1

Congestion avoidance:

SS starts by setting congestion window (cwnd) to one MSS
(maximum segment size), size of cwnd increases by one MSS
each time an acknowledgment is received. This results in cwnd
increasing exponentially, because at each step it doubles. The
congestion window cwnd increases till it reaches ssthresh (slow
start threshold) tracked by the sender. When cwnd reaches the

Slow start

B
o
T
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T
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25—

20 -
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Transmission round (RTTs)

Fig4. Congestion control algorithm [13].

threshold, slow start stops and CA starts operating, which causes
the additive increase in cwnd. When congestion is detected, FR
starts working and sender retransmits the segment. Then
immediately fast recovery starts operating, which allows CA
algorithm to take over the operation instead of allowing slow start.
This operating mode is shown in Fig. 4.

G. TCP/IP-based Communication System Modelling in
MATLAB®/SimEvents®

SimEvents” is a model-based simulation MATLAB® toolbox
and is useful to model non-deterministic discrete-event systems,
whose states changes upon the occurrence of discrete events. The
toolbox is installed as a part of Simulink® library for MATLAB®
and appears as a block library [16]. Discrete-event systems can



be constructed as entity processor units. Various blocks such as
generators, queues and servers can be used to process the entities.
This part of work includes an efficient implementation of
TCP/IP-based communication system in SimEvents”. The
TCP/IP protocol has been analyzed and its above described
characteristic  strategies have been implemented using
SimEvents®. Basic simulation models reported in [17] have been
used here.

III. Low-VOLTAGE (LV) UTILITY GRID MODELLING USING
SIMPOWERSYSTEMS“/MATLAB"

A. Photovoltaic (PV) Generation System

In this paper an IED supporting the power control of a PV
plant connected to an LV utility grid is considered. A PV system
is a power source designed to supply usable solar power by
means of photovoltaic cells. Several single PV cells can be con-
nected in series and parallel to form PV modules, and PV mod-
ules (or panels) can themselves be connected in series and pa-

rallel in order to increase power.

A PV system includes then an arrangement of solar panels
that absorb and convert sunlight into electricity. The PV panels
produce DC current and are connected to the AC grid by means
of inverters; here, a so-called back-to-back structure consisting of
a DC/DC boost converter and DC/AC three-phase inverter is
used (Fig. 5).

The PV plant consists of an n-by-m array of PV modules,
where 7 is the number of parallel-connected strings, each with m
number of series-connected cells. Here n=7 and m=5. The control
block diagram of the grid-connected PV plant in Fig. 5 shows the
two levels of control structure: an upper-level control containing
the active power control and a low-level control in charge with
DC/DC converter’s voltage control. Notations in Fig. 5 are: Ppy,
is the power reference, uy, is the boost converter duty cycle
reference, uj,, is inverter duty cycle reference, V. is DC-link
voltage, Ipc is DC-link current and if,, 44 is inverter current
references in dg frame.

imposed operating point, 7,

PPVa

UPPER-LEVEL CONTROL

‘ captured (active) power control ‘

Fig 5.

B. Maximum Power Point Tracking (MPPT)

Grid-connected PV systems are usually required to provide a
certain level of power whenever possible under the given irra-
diance conditions. When irradiance level is not sufficient to en-
sure the required power level, PV plant is controlled to provide
the maximum power available. It is thus important to have an
effective and appropriate MPPT algorithm for the PV system
irrespective of irradiance variation. Lot of MPPT algorithms
have been implemented in the literature [19-23], that include,
among others, Perturb & Observe (P&O), Incremental Conduc-
tance (IC), Hill Climbing (HC).

In this work Hill Climbing algorithm has been used, namely

n-by-m PV plant ____““““V: —————————————————————
Fra v LOW-LEVEL CONTROL
Vera DC
vo]tage +> DC-link N
control 5~ |voltage control
!
’ Voe
Ipya ‘ pe
| o .
Loy — Inc i
% Crr _ l Voa 1 Coc l Ve
— three-phase
DC-DC boost converter DC-link inverter utility grid

Grid-connected PV energy conversion system along with a two-level control structure [18].

by varying the DC/DC boost converter duty cycle (D) by
comparing the power at present and previous time. Thus, if
incremental power dP > 0, then D is increased in order to make
dD > 0; otherwise, if dP < 0, then D is reduced to make
dD < 0. The current operating point is moved towards the
maximum power one, characterized by dP/dD = 0.

C. Modified Maximum Power Point Tracking

The MPPT algorithm has been modified with the possibility
of power control in order to get a certain power level, denoted
by Ppy,. If the required power is larger than the maximum one
that PV plant can deliver, then MPPT operation must be ensured.
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Fig6. Power-voltage curve of a PV plant for a given irradiance level Zrr;.

In Fig. 6 the general power-voltage curve of a PV plant for a
given irradiance level is shown. Pp, is the power reference
coming from an upper level; here the upper level is denoted as a
dispatcher or supervisor, where the dispatcher is unaware of the
maximum power that PV plant can provide at a given time.
Modifications brought to the original MPPT algorithm are
explained next. P(n) and P(n—1) denote measured PV power at
current time and previous time steps, respectively.

CASEA  :When P(n) < Ppy,

CASE A.1: Voltage must increase as long as P(n — 1) <
P(n) AND P(n—1) < Pjy_.

CASE A.2: Voltage must decrease as long as P(n — 1) <
P(n) AND P(n—1) < Pjy_.

So in case A sign of voltage variation is same as in MPPT.
CASEB  :When P(n) > Ppy,

CASE B.1: Voltage must decrease as long as P(n — 1) >
P(n) AND P(n — 1) > Py, .

CASE B.2: Voltage must increase as long asP(n —1) >
P(n) AND P(n—1) > P}y .

So in case B sign of voltage variation must be reversed
compared to the one for MPPT.

In conclusion, wherever the current operating point P(n) is
placed, if voltage variation is the one used for MPPT multiplied

by sign (P;Va —P(n)), then power regulation at Ppy is

whenever irradiance level allows it. The modified MPPT
algorithm flowchart is given in Fig. 7.

Measure
Viny*in)

I

Calculate
Pin)

!

dP = (P(n) - P(n—1)) *sign (P;'wn - P(H))

\—) Output Duty Cycle D —1

Return

Modified MPPT algorithm.

Fig 7.

IV. CoO-SIMULATION MODEL

It is considered that the PV plant included in the low-voltage
distribution grid receives power setpoint, Ppy, , from a dispatcher
which belongs to a more complex and remotely located SCADA
system. Therefore, reference signal Ppy, must be transmitted
over a communication network. The protocol used to this end is
the MMS from IEC 61850 operating over TCP/IP, used for
communication between SCADA and the considered low-voltage
distribution grid control system acting as an IED. Fig. 8 shows the
coupling between the two models as a single Simulink® diagram,
i.e., the event-driven communication model — detailed in Fig. 9 —
and the time-driven model of the low-voltage distribution grid
together with its control. An event-to-timed based signal
conversion block was necessary to couple these two models.

V. CO-SIMULATION RESULTS

Simulation results shown next have been obtained under
nominal conditions for the communication system. Thus, the
network layer in the communication model is equipped with
buffer space (queue) at the router that can store maximum 20
packets at a time. The router buffer has high capacity link at its
input (as it can receive large number of packets without delay),
but limited channel capacity output of 30000 bytes/second and
this can lead to congestion in the network. The communication
model has a constant line propagation delay of 0.1 seconds. This
part of work is not concerned with the router behavior of
distributing packets along the different paths, but instead with the
router behavior in case of congestion, as that affects the delay
times of the packets travelling through it. The delay experienced
on the end-to-end path in the network can be decomposed into a
deterministic (e.g., propagation) and a stochastic (e.g., queuing)



part. The deterministic delay is easy to estimate or evaluate, as it
depends on factors such as packetization delay, propagation delay
and service delay. The queuing delay is difficult to estimate as it
depends on the congestion in the network. In order to keep a
check on the queuing delay, the network load must be under
control. In the upcoming simulation results we examine the effect
of increasing load in the network on the delay experienced by the
packets travelling through the router. One more parameter
included in the communication model, i.c., the service time —
equal to packet length divided by the channel capacity — has been
calculated. In real world, power reference is a constant, at most it
could happen that it varies step-wise, so we have provided a
step-wise power reference signal to the system.

This input is first fed to the communication model, and the
received power reference is fed to the power system. Setting the
irradiance profile (ramp-up down) with peak value of 1000
W/m?, results in Fig. 10 show that power injected into the grid is
following the profile of input irradiance. The power reference is
set up as 8 kW. The first two figures show the effect of the mod-
ified MPPT algorithm: as long as the irradiance level is suffi-
cient for the PV plant to provide the required power, the power
at the utility grid is around the required one, i.e., 8 kW (except
for the losses in the converters and transformers). If the irra-
diance level decreases so that Ppy, has reduced below the ref-

erence Ppy,, this means that the PV plant is not able to provide

the required power any longer. At that moment MPPT algorithm
starts operating.

Queuing delay depends on the traffic load along the path and
hence varies stochastically over the time. So as to measure this
point-to-point delay experienced by the data traversing through
the whole system, start and read timer blocks have been intro-
duced as they jointly perform the timing computation. These
timers compute the time each entity takes between arriving at the
Emitter Transport level and departing from the Receiver Trans-
port level. Fig. 10 is reporting the comparison between the sent
power reference and the received power reference which feds
the control system of the grid-connected PV array under the no-
minal condition (router buffer: 20 packets, line delay: 0.1 s,
channel capacity: 30000 bytes/second). The delay experienced in
the received reference power sent further to the system shows a
linear increase due to the fact that queue has become full of
packets and as they are moving towards the head of the buffer
router, they are adding up the delay (queuing delay). Because of
this delay, power reference received by the PV plant control
system is delayed. The last non delayed sample value is fed as
reference — due to use of a zero-order hold element — as the two
superposed plots show. This event is a short-time perturbation in
the communication between the SCADA system and the PV
plant control.
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Average Model 10-kW Grid-Connected PV Array

(SimPowerSystems)
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One more scenario has been examined that shows the effect
of adding a perturbation in the system. A perturbation has been
introduced as an extra data flow. After adding this perturbation
the load on the network layer will increase and this will make
queue more burdened with the incoming data. Hence queue
will drop more packets as compared to the previous case. So,
as to manage the dropping of packets, if space in router buffer
will be increased, then this will cause delay to increase more.

|

Communication model coupled with the model of a 10-kW grid connected PV array.

So a better solution is to increase the channel capacity (in this
case it has been increased to 60000 bytes/second), as this will
cause the service time for the packets to be less than the
previous case. Hence, channel would be able to output the data
more quickly and network congestion would be avoided. This
can be validated from the result in Fig. 11 that shows shorter
delay between the sent power reference and the received power
reference.
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VI. CONCLUSION

This paper investigates how the interaction between the
communication system and the energy grid affects the global
behavior of a smart grid, as the communication parameters
affect the data transmission in the power system. The
communication model based on TCP/IP protocol (MMS from
IEC 61850) has been incorporated for establishing the vertical
communication between the SCADA system and IEDs, where
the IED considered here is the local control system of a PV array
connected to an LV grid. The MATLAB® co-simulation results
have shown that changing the parameters such as input to the
communication system, router buffer, and channel capacity
changes the data flow in the power system. It can be concluded
that if the input data flow is increased, the router buffer can help
in reducing the data loss but on the other hand it will lead to
increase in delay. A better idea is to increase the channel
capacity wherever possible, so as to avoid the network
congestion.

Future work will aim at enriching the proposed
co-simulation model and using it to derive an as general as
possible formal model suitable for a large class of smart grids.

REFERENCES

[11 W. Li, M. Ferdowsi, M. Stevic, A. Monti, F. Ponci, "Cosimulation for
Smart Grid Communications," IEEE Trans. on Industrial Informatics, vol.
10, no. 4, pp. 2374-2384, November 2014.

[2] E. Padilla, K. A E. Padilla, K. Agbossou, A. Cardenas, "Towards Smart
Integration of Distributed Energy Resources Using Distributed Network
Protocol Over Ethernet," IEEE Trans. on Smart Grid, vol. 5, no. 4, pp.
1686 — 1695, July 2014.

[3] M. Manbachi, M. Nasri, B. Shahabi, H. Farhangi, A. Palizban, S.
Arzanpour, M. Moallem, D.C. Lee, "Real-Time Adaptive VVO/CVR
Topology Using Multi-Agent System and IEC 61850 — Based

Communication Protocol," IEEE Trans. on Sustainable Energy, vol. 5, no.

2, pp. 587 — 597, April 2014.

[4] B. Rozel, M. Viziteu, R. Caire, N. Hadjsaid, J.-P. Rognon, "Towards a
Common Model for Studying Critical Infrastructure Interdependencies,"
in Procs. IEEE Power and Energy Society General Meeting — Conversion
and Delivery of Electrical Energy in the 21st century, pp. 1-6, July 2008.

[5]1 R. Caire, J. Sanchez, N. Hadjsaid, "Vulnerability Analysis of Coupled
Heterogeneous Critical Infrastructures: a Co — simulation Approach with
a Testbed Validation," in Procs. 4th IEEE/PES, Innovative Smart Grid
Technologies Europe (ISGT EUROPE), pp. 1- 5, October 2013.

[6] P. Ferrari, A. Flammini, S. Rinaldi, E. Sisinni, G. Prytz, "Co-simulation
of Network Infrastructure for Substation Automation Systems," in Procs.
ETFE, pp. 1-4, September 2013.

[71 M. Stifter, E. Widl, F. Andren, A. Elsheikh, T. Strasser, P. Palensky,
"Co-simulation of Components, Controls and Power Systems based on

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

Open Source Software," in Procs. IEEE/ PES, pp. 1-5, July 2013.

M. Stevic, W. Li, M. Ferdowsi, A. Benigni, F. Ponci , A. Monti, "A
Two-Step Simulation Approach for Joint Analysis of Power Systems and
Communication Infrastructures," in Procs. 4th IEEE/PES Innovative
Smart Grid Technologies Europe (ISGT EUROPE), pp. 1-5, October
2013.

H. Georg, S. C. Muller, C. Rehtanz, C. Wietfeld, "Analyzing
Cyber-Physical Energy Systems: The INSPIRE Cosimulation of Power
and ICT Systems using HLA," IEEE Trans. on Industrial Informatics, vol.
10, no. 4, pp. 2364 — 2373, November 2014.

B. Jablkowski, O. Spinczyk, M. Kuech, C. Rehtanz, "A
Hardware-in-the-Loop Co-Simulation Architecture for Power System
Applications in Virtual Execution Environments," 2014 Workshop on
Modeling and Simulation of Cyber-Physical Energy Systems (MSCPES),
pp. 1-6, April 2014.

V, Kounev, D. Tipper, M. Levesque, B. M. Grainger, T. McDermott, G. F.
Reed, "A Microgrid Co-Simulation Framework," 2015 Workshop on
Modeling and Simulation of Cyber-Physical Energy Systems (MSCPES),
pp. 1-6, April 2015.

Euro-System, IEC 61850 training session.

A. S. Tanenbaum, D. J. Wetherall, Computer Networks, Sth ed.
Cambridge: Pearson, 2010.

B. A. Forouzan, Data Communications and Networking, 4th ed.
Columbus: McGraw-Hill Higher Education, 2006.

S. Floyd, V. Jacobson, "Random Early Detection Gateways for
Congestion Avoidance," IEEE/ACM Trans. on Networking, vol. 1, no. 4,
pp. 397- 413, August 1993.

X. Xu, Z. Wang, "Networked Modeling and Simulation Based on
SimEvents,” International Conference on Semantic Computing (ICSC)
on System Simulation and Scientific Computing, vol. 1, no. 4, pp.
1421-1424, October 2008.

C. Chiculita, Contributions on control structures for telepresence systems
(in Romanian: Contributii privind structurile de conducere pentru
sistemele de teleprezentd), Ph.D. Thesis, “Dunarea de Jos” University of
Galati, Romania, 2012.

A.IL Bratcu, I. Munteanu, S. Bacha, B. Raison, "Maximum Power Point
Tracking of Grid-connected Photovoltaic Arrays by Using Extremum
Seeking Control,” Control Engineering and Applied Informatics, vol. 10,
no. 4, pp. 3-12, 2008.

Ting-Chung Yu, Yu-Cheng Lin, "A Study on Maximum Power Point
Tracking Algorithms for Photovoltaic Systems,” IEEE Applied Power
Electronics Colloquium (IAPEC), April 2011.

K. Ishaque, Z. Salam, "A review of maximum power point tracking
techniques of PV system for uniform insolation and partial shading
condition,” Renewable and Sustainable Energy Reviews, vol. 19, pp.
475-488,2013.

P. Bhatnagar, R. K. Nem, "Maximum power point tracking control
techniques: State-of-the-art in photovoltaic applications,” Renewable and
Sustainable Energy Reviews, vol. 23, pp. 224-241, 2013.

V. Salas, E. Olias, A. Barrado, A. Lazaro, "Review of the maximum
power point tracking algorithms for stand-alone photovoltaic systems,”
Solar Energy Materials and Solar Cells, vol. 90, pp. 1555-1578, 2006.
M.A. Gomes de Brito, L. Galotto, Jr., L. Poltronieri Sampaio, G. de
Azevedo e Melo, C.A. Canesin, "Evaluation of the Main MPPT
Techniques for Photovoltaic Applications,” IEEE Trans. on Industrial
Electronics, vol. 60, no. 3, pp. 1156-1167, March 2013.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /SimSun-PUA
    /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


