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A DC-DC Converter-Based
PEM Fuel Cell System Emulator

Daoud Rezzak, Farid Khoucha, Mohamed Benbouzid, Abdelaziz Kheloui and Abdeslam Mamoune

Abstract—The Proton Exchange Membrane Fuel Cell
(PEMFC) is being investigated as an alternate power source for
various applications as transportation and emergency power
supplies. Fuel cell systems are characterized by high costs and
complex auxiliary devices. For this reason, a fuel cell emulator can
be used as a suitable and economic alternative to a real one for
developing and testing a fuel cell power conditioning system. The
fuel cell emulator must be able to reproduce the FC nonlinear
output voltage-current characteristic.

This paper proposes then a possible solution to emulate a
PEMFC system by using a DC-DC converter. The fuel cell system,
including all its auxiliaries and related control systems, is emulated
by a full-bridge converter experimentally achieved and controlled
in the DSP2812 environment. The converter-based system allows
the behavior of any fuel cell to be easily emulated and can be used
in laboratory as a low-cost system for design and experimental
purposes since only a DC-DC control modification is necessary.

Index Terms—Fuel Cell System (FCS), Proton Exchange
Membrane Fuel Cell (PEMFC), Fuel Cell Emulator (FCE).

1. INTRODUCTION

A fuel cell is a generator that converts directly the internal
energy of a fuel into electrical energy using an
electrochemical process. In contrast to classical electricity
generation system, such as heat engines, the theoretical
electrical generation efficiency of a fuel cell is very high, and
by-products are few pollutants (usually only the water). If
hydrogen is produced from clean energy sources, this makes
fuel cells an attractive and clean alternative to fossil energy
mostly for reasons of pollution and efficiency, especially in
automotive applications. Nowadays, the fuel cell research is a
very active field. In the last ten years, researches for PEMFC
systems have made great improvements of its low working
temperature.

Indeed, the fuel cell is an open reactor where hydrogen (or
reformed gas) and oxygen (or air) are fed at the inlet of the
fuel cell stack depending on the electrical needs, and the by-
product is evacuated at the outlet of the stack. The heat
generated from the entropy variation during the electro-
chemical reaction and the associated irreversible heat sources
is also evacuated by a cooling system.

D. Rezzak and A. Kheloui are with the Electrical Engineering
Department, Polytechnic Military Academy, 16111 Algiers, Algeria.

F. Khoucha, M.E.H. Benbouzid and A. Mamoune are with the University
of Brest, EA 4325 LBMS, Rue de Kergoat, CS 93837, 29238 Brest Cedex 03,
France (e-mail: Mohamed.Benbouzid@univ-brest.fr). F. Khoucha is also with
the Electrical Engineering Department, Polytechnic Military Academy, 16111
Algiers, Algeria.

978-1-4244-9843-7/11/$26.00 ©2011 IEEE

In some conditions, the inlet gas should be heated and/or
humidified before entering the stack, which requires recovery
of water and heat from the outlet of the fuel cell stack.

All these requirements mentioned above are achieved by
means of the fuel cell auxiliaries. These auxiliaries are one of
the key factors for the efficiency and the durability of a fuel
cell system. The auxiliaries design, the control strategies,
should be adapted for the fuel cell stack operation
characteristics and, also validated by tests performed with the
fuel cell stack. Even though, there are important needs of a
real fuel cell stack for fuel cell system auxiliaries performance
tests and validations, the utilization of a fuel cell stack in such
a system validation process still impose some drawbacks: the
cost of fuel cell system tests are expensive (e.g., hydrogen
consumption), the lifetime of a fuel cell stack is still limited,
the fuel cell stack can be damaged during the tests if the
auxiliaries are not well designed, and so on [1].

A possible way to reproduce the behavior of a renewable
source, whose electrical characteristic lies on a V-I plane (as in
the case of a fuel cell), is to use the V-1 curve as a signal
reference to suitably control a switching DC/DC converter. All
these considerations suggest that any renewable source should
be replaced by a hardware system capable of copying its
behavior accurately. This hardware system is called emulator.

In contrast, the advantages of using a fuel cell stack
emulator to test auxiliaries are obvious: the emulated fuel cell
stack power can be configured to different value using the
same emulator, depending on the specify fuel cell stack to be
emulated; the limit operating scenario, such as stack short
circuits, stack overheats, can be emulated during the tests,
without damaging a real fuel cell stack [1-4].

In this paper a DC/DC full bridge converter circuit is
presented. The DC/DC converter, suitably driven, can
accurately describe the current voltage characteristic of a fuel
cell. In general its hardware structure, if the source modeling
is correctly known and implemented, can reproduce any
renewable source with rated data compatible with those of the
DC/DC converter.

II. FUEL CELL SYSTEM MODEL

The electrochemical reaction at the membranes is assumed
to occur instantaneously. The fuel cell stack (sf) model contains
four interacting sub-models: the stack voltage model, the anode
flow model, the cathode flow model, and the membrane
hydration model. It is assumed that the stack temperature is
constant at 80°C. The voltage model contains an equation to
calculate stack voltage based on fuel cell pressure, temperature,
reactant gas partial pressures and membrane humidity.



A. Fuel Cell Voltage

PEMFCs combine hydrogen and oxygen over a platinum
catalyst to produce electrochemical energy with water as the
byproduct. Figure 1 shows the (V-I) characteristic of a typical
single cell operating at room temperature and normal air
pressure [S5]. The variation of individual cell voltage is found
from the maximum cell voltage (or EMF) and the various
voltage losses. Multiple factors contribute to the irreversible
losses (voltage drop) in real fuel cell that cause the cell
voltage to be less than its ideal potential [6]. The losses,
which are also called polarization, irreversibility, or over
voltage, over potential, originate primarily from three sources:
a) activation polarization, b) ohmic polarization, and c)
concentration (mass transport) polarization. Each of these is
associated with a voltage drop and they are dominant in
different regions of current density. Fig. 1 shows the different
regions and the corresponding polarization effects. The ideal
voltage is the maximum voltage that each cell in the stack can
produce at a given temperature with the partial pressure of the
reactants and products known. The output voltage of a single
cell can be given by [6]

Vﬁ: = E - Vact - vahm - Vconc (1)

where E is the thermodynamic potential of the cell, which
represents the reversible voltage; v, is the activation
overpotential, caused by the activation of the anode and the
cathode (a measure of the voltage drop of the electrodes); Vo
is the ohmic overpotential which takes into account the
resistances during conduction of the protons through the solid
electrolyte and the electrons through their path and v, is the
concentration overpotential, which considers the voltage drop
caused by the reduction of concentration of reactants gases or,
alternatively, by the transport of masses of oxygen and
hydrogen. In synthesis, E represents the no-load voltage,
while the sum of all the other terms gives the reduction of the
useful voltage v, achievable at the cell terminals, when a
certain load current is required.

A higher output voltage is obtained by connecting n cells
in series.
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Fig. 1. Fuel cell polarization curve fitting results at 80°C.
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1) Cell reversible voltage. The reversible voltage or the
cell open circuit voltage £ is computed using the energy
balance between reactants and products, considering the
possible variations of temperature from the standard value of
T = -248°K (25°C) [1].

E=1229-0.85x10" (T, —298.15)

§ 1 3)
+4.3085x10 STﬁ‘ X{ln P +Eln poz}

Where T is the fuel cell temperature (°K), py, and po, are
respectively, the hydrogen and oxygen partial pressures (atm).

2) Activation overpotential. The activation overpotential
V4, can be expressed by [1-9]

Vet = Vo +va(1—e_cli) @)

where v, is the voltage drop at zero current density, v, and ¢,
are constants. The values of these last parameters and their
dependency on the oxygen partial pressure and temperature
can be determined from a nonlinear regression of
experimental data (4).

3) Ohmic voltage drop. The ohmic voltage drop v, is
caused by the electrons transfer through the collecting plates
and the carbon electrodes, and by the protons transfer through
the solid membrane. It is expressed by

v

ohm = iRahm (5)
where R, 1s the internal electrical resistance. This resistance
strongly depends on the membrane humidity and the cell
temperature [10-11]. It can be written as a function of the
membrane conductivity G,, as

R, = (6)
()

where ¢, is the thickness of the membrane. The membrane
conductivity is a function of the membrane water content A,
and fuel cell temperature. A value of A, between 0 and 14
corresponds to the relative humidity of 0% and 100%,
respectively [1]. Its variation with humidity and temperature
is in the form of [8-12]

11
o, = (b, bz )exp| by (E_T_] @)
fe

The coefficients by, b1, and b, are usually empirically
determined.

4) Concentration overpotential. The mass transport
modifies the concentration both of oxygen and hydrogen,



which causes the reduction of the partial pressures of the
gases. The reduction of the partial pressures of gases depends
on the load current and the characteristics of the cell. To
define this voltage drop term, a maximum current density i,,,,
is defined, with which the cell works at the same rate of the
maximum supply speed. On this basis, the concentration
overpotential v,,,. can be expressed by [12]

. &)
. 1
Vconc = 1(62 . J (8)
lmax

where ¢;, ¢; and i,, are constants that depend on the
temperature and the reactant partial pressure and can be
empirically determined. The parameter i,, is the current
density that causes precipitous voltage drop.

B. Air Management

The stack air supply system is composed of a centrifugal
compressor, a supply manifold, cathode channels and a return
manifold as shown in Fig. 2. The compressor supplies the air
flow. The supply manifold, cathode channels and return
manifold all act as a gas storage volume. The end of the return
manifold connects to atmosphere through an actuator valve.
The compressor dynamics is governed by its inertia

Jo g = (%) ©)

where J, is the compressor inertia, ., is the compressor
speed, 1., and T, are compressor motor torque and
compressor load torque, respectively. The compressor speed
together with the downstream pressure, i.e. supply manifold
pressure py,, influence different air flow rates through the
compressor W,

The compressor motor torque is calculated using a static
motor equation

Fig. 2. Air management system.

where k&, R., and k, are the motor constants and 77, is the
motor mechanical efficiency.

(10)

N2k,

cm

The torque required to drive the compressor is calculated
using the thermodynamic equation

11
_ CP T;ztm p sm v
Tcp I B
(Dcp ncp patm

where 7 is the ratio of the air specific heats, C, is the constant
pressure specific heat capacity of air, 7., is the compressor
efficiency, p., and T,, are respectively the atmospheric
pressure and temperature.

The relation between the compressor speed, the
downstream pressure and the compressor air flow rate is
governed by the compressor flow map, as shown in Fig. 3.
The compressor air flow enters into the supply manifold and
influences the changes in the pressure inside the supply
manifold through mass and energy conservation laws.

-1|w, (11)

d

msm — W -W.

dt cp sm,out (12)
d R
ﬁzy_a(W.T. -w, T )

dt v cp”cp,ou sm,out” sm

sm

Where my, is the air mass in the supply manifold and Wy, ,,, is
the air flow out of the supply manifold into the stack cathode
volume which is a function of the supply manifold pressure.
Vin 18 the supply manifold volume, R, (Nm/K) is the air gas
constant and v is in air case 1.4.
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Fig. 3. Compressor flow map.



Topou and T, are the temperature of the air at compressor
outlet and that of the air inside the supply manifold,
respectively. They are calculated using thermodynamic
principles and the ideal gas law.

The change in supply manifold pressure affects the rate of
air entering the stack cathode through the linear nozzle
equation

o = Konou (Pon = Do) (13)
where £k, .., 1S the supply manifold nozzle constant. This air
flow rate into the cathode then affects the oxygen level in the
cathode, and therefore affects the stack voltage, and the stack
power output.

The dynamics of the oxygen level in the cathode is
governed by the mass conservation law. There are three states
in the cathode volume model, namely the oxygen mass ;¢
the nitrogen mass my; .., and the vapor mass m,, .. Their state
equations are

dmOZ,cu _ W
- 02,ca,in - 02,ca,out - 02,reacted
dt
dmNZ,ca _ _ W 14
dt — "W N2,ca,in N2,ca,out ( )
dmv‘ca _ _
dt — "v,ca,in v,ca,out v,ca,gen v,membr 1,ca,out

Where Wo;cqin 1S the oxygen gas mass flow rate entering the
cathode, Wo; cu.0u 18 the oxygen gas mass flow rate leaving the
cathode, Wy; .y 1s the nitrogen gas mass flow rate entering
the cathode, Wy oo 1S the nitrogen gas mass flow rate
leaving the cathode, W, ;, is the vapor mass flow rate
entering the cathode, W, ., is the vapor mass flow rate
leaving the cathode, W, g, is the rate of vapor generated in
the fuel cell reaction, W, ., ... is the rate of liquid water leaving
the cathode, and W, .0, is flow rate of water transfer across
the membrane.

The oxygen partial pressure which affects the stack
voltage can be calculated from these states using the ideal gas
law. The mass flow rates with subscript in are calculated from
Wmouw and the air thermodynamic properties. The amount of
oxygen reacted or used in the reaction Wo; ... is a function of
the stack current /., which is considered in this work as a
disturbance input.

nl

W, M
O 4F

02, react =

Where 7 is the stack cells number, My, is the oxygen molar
mass, and F is the Faraday number.

The mass flow rates with subscript out are functions of the
states (702.ca, Mn2.cas and m,,,) and the cathode outlet flow,
which is a function of the pressure downstream, i.e. return
manifold pressure p,,. The function in the linear nozzle
equation is in the same form as (13)

W vt = Kewous (Pea = P (16)
where k., o, 1s the return manifold nozzle constant and p,, is
the pressure of the cathode.

The return manifold is an air storage volume similar to the
supply manifold, but the temperature changes can be
neglected. The return manifold pressure dynamic is given by

RT
= M(I/Vca,out - VVrm,OW )

sm

ap., (17)

dt
where 7, is the gas temperature in the return manifold and
V. 18 the return manifold volume. The return manifold outlet
flow W, .. 18 calculated by a nonlinear nozzle equations.

As shown in (14) and (15), the stack electrical current will
cause the oxygen partial pressure to drop inside the cathode
volume, which reduces the stack efficiency and also increases
the risk of oxygen starvation. To fill the oxygen, the
compressor has to increase the air flow to the supply
manifold. However, the cathode oxygen cannot be replenished
instantaneously since the dynamics of the compressor, the
supply manifold, and the cathode volume are affected. The
return manifold valve opening can be used to alter the cathode
oxygen transient response by closing it down or opening it up
during transients. Depending on the speed and the
coordination between the compressor control and the return
manifold valve opening, the recovery speed of the oxygen
partial pressure is modified.

For the air management control, the controlled variable is
the oxygen excess ratio

W,

02,in

7‘02 = (18)

02,react

where Wp;;, is the oxygen supplied to the cathode volume,
and Wo; eaer 18 the oxygen consumed in the reaction. A low
value Ap, means excessive oxygen depletion in the cathode
(oxygen starvation) which results in the decrease of the stack
voltage and the delivered power as well as shortening the fuel
cell stack life. For simplicity reasons A, = 2 is considered as
an optimal set-up value as shown in Fig. 4. This means that
the control problem is a regulation one, i.e. the main goal is to
keep the output of the whole closed loop system at the level
Ao, regardless of the current required by the load, which is
considered as an output disturbance.

The fuel cell system input variable is the compressor
motor voltage v,,,.

III. EMULATOR IMPLEMENTATION SCHEME

A fuel cell system air management has to comply with the
requirement that Ao, = 2. Since the underlying problem is a
regulation problem, meaning that a constant A"o, is given to
the system, a simple solution is the use of a PI controller of
the air flow rate, which would guarantee zero steady-state
error of the linearized system as well as its stability [1].
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Fig. 4. System net power at different stack current and oxygen excess ratios.

Figure 5 shows the implemented Ao, control scheme. The
output of the PI Ay, controller is the compressor motor
reference voltage v,,,. It should be noticed that the coefficient
Aoz is not a measured variable, but is inferred by the nonlinear
model of the fuel cell system, which would then act as an
observer of the real value. In the application, it is assumed
that the fed-back A, coincides with the real value [1].

The proposed fuel cell system emulator is then
experimentally implemented and is based on the following
main components:

1) The dynamic model block of the entire FC system with
its auxiliaries (Fig. 1). The model two inputs are the oxygen
excess ratio A o, and the electric current required by the load
Irc. The stack temperature 7 is considered constant. The
output is the reference value of the stack voltage v,

2) A DC-DC full bridge converter.

3) A state-space controller which processes the signals v,
and v¢ and gives the corrected value of the duty cycle a to the
DC-DC converter in order to have the voltage chopper v¢
tracking v,

IV. EXPERIMENTAL RESULTS

Figure 6 shows the proposed fuel cell system emulator that
has been built-up.

The DC-DC IBGT full bridge converter has a rated power
of 150 W with DC link voltage Vpc = 15 V and a rate current
Irce = 10 A. The system emulates therefore a PEMFC system
with 381 cells.

O

Ao,

\

/10Z

Fig. 5. Block diagram of the PI Lo, control scheme.
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Fig. 6. Experimental setup.

In order to make the experimental results consistent with
those of the model, the output current of the emulator has
been scaled up by the factor 130, so as to have a current
ranging from 0 to 700 A, while the output voltage of the
emulator has been scaled up by the factor 381/15 so as to have
a voltage ranging from 0 to 500 V.

Experimental results have been performed in a Matlab-
Simulink® environment adopting the FCS emulator. The
entire FCS system model, including the FC stack and its
auxiliaries, as well as the DC-DC converter control system,
has been implemented on a DSP320F2812 board.

The fuel cell operating characteristics are depicted in Fig.
7. It shows both simulation (continuous lines from the fuel
cell model) and experimental results (points from the DC-DC-
based converter built-up emulator).

These characteristics have been acquired averaging the FC
different voltages versus current (including all the auxiliaries)
for three different cathode pressures at a constant operating
temperature. It is then observed that simulation and
experimental results are quite superimposed. The stack
characteristics (various voltage losses in Figs. 7a to 7c) clearly
show that they increase with current and decrease with
cathode pressure for a given current.

The fuel cell system operating characteristics (Fig. 7d)
show the different stack characteristics, respectively from
those at lower pressure to those at higher ones for increasing
values of current. These characteristics clearly illustrate the
fact that the fuel cell voltage can be maintained constant by
pressure variation for a variable load.
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V. CONCLUSION

This paper dealt with a DC-DC-based converter emulator of
a proton exchange membrane fuel cell system including all its
auxiliaries. Indeed, the PEMFC system is emulated by a full-
bridge converter experimentally built-up and controlled within
a DSP2812 environment.

The obtained experimental results and compared to the ones
from a fuel cell model clearly confirm the effectiveness of the
proposed emulator. Moreover, various fuel cell characteristics
can be easily customized by inputting the fuel cell data.

REFERENCES

[1] G. Marsala et al., “A prototype of a fuel cell PEM emulator based on a
buck converter,” Applied Energy, vol. 86, n°10, pp. 2192-2203, October
2009.

APPENDIX

FUEL CELL SYSTEM PARAMETERS

Pumary (0.002 kg/em®), M, 4, (1.1 kg/mol), ¢, (0.01275 cm), n (381 cells),
Ay (280 cm?), J,,, (5.107 kgm?), v, (0.005 m?), vy, (0.02 m?), v,,, (0.005 m’),
Cym (0.0124 m?), 4,y (0.002 m7), Ky (0.3629.10° kg/mol),

Keaou (0.2177.10° kg/mol), &, (0.0153 V/rad sec™), k (0.0153 Nm/A),
Ren (0.82 Q), 77en (98%)

0.4 T T T T T T T
pea=1bar | | | | |
— pca=2bar | | | | |
0357 pea=3bar I e e e A
+  peaexp=1bar ! ! !
|| *+ peaexp=2bar|_ ' __ | _ Y S
030 - pea exp=3bar T T : T
|
|
|

Concentration Overvoltage (V)

Current Density (A/cmz)

(c) Concentration overvoltage.

Cell Voltage (V)

+  pcaexp =1bar

0.1 +  peaexp=2bar|
*  pcaexp =3bar : : : : :
0 T T
0 0.2 0.4 0.6 0.8 1 12 14 1.6 1.8

Current Density (A/cmz)

(d) Fuel cell system working characteristic.

Fig. 7. Stack characteristics at different cathode pressures.

[2] M. Cirrincione et al., “Real time simulation of renewable sources by
model-based control of DC/DC converters,” in Proceedings of the
ISIE’08, Cambridge (UK), pp. 1548-1555, June -July 2008.

[3] F. Gao et al., “PEM fuel cell stack modeling for real-time emulation in
hardware-in-the-loop applications,” [EEE Trans. Energy Conversion,
vol. 26, n°1, pp. 184-194, March 2011.

[4] A. Gebregergis et al., “Implementation of fuel cell emulation on DSP
and dSPACE controllers in the design of power electronic converters,”
IEEE Trans. Industry Applications, vol. 46, n°1, pp. 285-294, January-
February 2010.

[5] J. Larminie et al., Fuel Cell Systems Explained, John Wiley & Sons,
West Sussex, England, 2000.

[6] J.C. Amphlett et al., “Performance modeling of the Ballard Mark IV
solid polymer electrolyte fuel cell: II. Empirical model development,”
Journal of Electrochemical Society, vol. 142, n°1, pp. 9-15, 1995.

[71 J.H. Lee et al., “Modeling electrochemical performance in large scale
proton exchange membrane fuel cell stacks,” Journal of Power Sources,
vol. 70, n° 2, pp. 258-268, February 1998.

[8] K. Kordesch et al,. Fuel Cells and Their Applications, VCH, Weinheim,
Germany, 1996.

[9] F. Laurencelle et al., “Characterization of a Ballard MKS5-E proton
exchange membrane fuel cell stack,” Fuel Cells, vol. 1, n°l, pp.66-71,
2001.

[10] J.C. Amphlett et al., “Parametric modelling of the performance of a 5-
kW proton-exchange membrane fuel cell stack,” Journal of Power
Sources, vol. 49, n°1-3, pp. 349-356, April 1994.

[11] T.E. Springer et al., “Polymer electrolyte fuel cell model,” Journal of
Electrochemical Society, vol. 138, n°8, pp.2334-2342, 1991.

[12] T.V. Nguyen et al., “A water and heat management model for proton-
exchange-membrane fuel cells,” Journal of Electrochemical Society,
vol. 140, n°8, pp.2178-2186, 1993.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


