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Abstract—Design of voltage source converters (VSC) for high-
voltage direct current (HVdc) systems requires extensive simula-
tion tools that are accurate and reliable. Before the installation
of VSC-HVdc links, different simulation-based studies need to be
performed by different parties and using different electromag-
netic transient (EMT) simulation platforms. Previous work shows
that even with a pedantic re-implementation of the models from
the ground up, simulation results are still inconsistent between
different EMT tools.This paper demonstrates a methodology,
which provides a higher consistency between the simulation tools
Simulink and PSCAD. This methodology is complex and exposes
several limitations. Hence, the is a need for the adoption of a
standardized equation-based modeling language for EMT model
exchange.

I. INTRODUCTION AND MOTIVATION

Design and tuning of controls for voltage source converter

(VSC) high-voltage direct current (HVdc) installations need

to be assessed using simulation tools. Hence, research on

new control methods and techniques also requires the use

of simulation tools prior to prototype implementation and to

reduce development costs. Currently, there are several tools

available for electromagnetic transient (EMT) modeling and

simulation of power systems. PSCAD and MATLAB/Simulink

are two of such tools, which are used both in industry and

academic research.

An issue arises when the model of a VSC-HVdc system

is available only for a specific tool. This limits a systematic

assessment of the VSC-HVdc design and controller perfor-

mance by different parties. This is particularly critical when a

transmission system operator (TSO) needs to perform studies

in tool A and the VSC-HVdc models from the manufacturer

are only available in tool B. Given that today’s EMT tools do

not offer a facility for model exchange (specially at the equa-

tion level) [1], this leads to differences in simulation results

between tools. Previous work [2] demonstrates such simulation

differences. The consequences are either speculation on the

‘correctness’ of the model or the adequacy of a simulation

tool. A quantitative method for measuring discrepancies has

been presented in [2]. In this paper, the method will be used

to demonstrate how differences in simulation results between

Simulink and PSCAD can be minimized through a stricter

model exchange mechanism.

PSCAD has the possibility to interface with Simulink

through a special PSCAD-Simulink interface included in

PSCAD. The work in [3] demonstrates simulations of a

classical HVdc system using PSCAD alone, Simulink alone,

and using a PSCAD-Simulink interface. The conclusion from

this work is that PSCAD outperforms in speed. The work

in [3] demonstrates a simulation of 2 s, for which PSCAD

took 30.5 s and Simulink took 72.2 s. In comparison to these,

the PSCAD-Simulink interface took 12503.58 s using a 50μs

sampling period in both PSCAD and Simulink environments.

Even though differences in simulation results can be min-

imized using the PSCAD-Simulink interface, this approach

leads to lengthy design cycles due to a significant increase

in simulation time. As an alternative, this paper demonstrates

how controls designed in Simulink can be integrated with

PSCAD using C code generated from Simulink so to allow

for modeling and simulation of VSC-HVdc controls.

The remainder of the article is organized as follows. Mod-

eling of the VSC-HVdc system and its controls is briefly

introduced in Section II. In Section III, the proposed model ex-

change methodology is presented. In order to compare results

systematically, two implementations and eight test scenarios

were simulated and a quantitative assessment methodology

was applied in Section IV. Conclusions are drawn in Section

V.

II. MODELING OF THE VSC AND ITS CONTROL

This paper utilizes a vector current control strategy as pre-

sented in [2] to simulate a point-to-point VSC-HVdc system.

We omit the detailed introduction due to limited space and

refer the readers to [2]. The use of a detailed model of

the VSC increases simulation time compared to an average

value model (AVM). Therefore, an AVM which represents

the average response of the converter by using controlled

sources and averaged functions is used in this work. The AVM

implementations in PSCAD and Simulink are based on the

model proposed in [4].

III. CONTROL IMPLEMENTATION IN PSCAD USING

C-CODE GENERATION

This section explains how the controls in PSCAD can be tai-

lored to replicate the behavior of Simulink more constantly. To

implement the controls, C-code was generated for each com-

ponent in the controller, block-by-block. This approach was

preferable in order to facilitate debugging. Within the graphical

implementation, each component was replaced piece-by-piece

with C-code, which ensures a functioning model after each
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Fig. 1: Steps for Code Generation

component exchange. Therefore, only the components that

behave differently between simulation platforms have been

exchanged by C-code from the graphical implementation.

Figure 1 illustrates the order of how the controllers were

generated and implemented. In the first step everything within

the outer control loop was generated in C code from Simulink

and implemented in PSCAD. In the second step, everything

within the inner control loop was generated in C code and

implemented in PSCAD. In the final step, the PLL was

generated in C code and implemented in PSCAD. Also, four

low-pass filter blocks used in the Simulink implementation

were generated on each side of the point-to-point VSC-HVdc

model.

A. Graphical Implementation

Screen-shots of the overall model, pedantically implemented

in each tool, are not shown here due to space limitations.

However, screen-shots of the point-to-point model in PSCAD

and in Simulink are shown in [2].

B. Simulink C Code Generation

In computing, C is a general-purpose programming lan-

guage. The controls from the generic Simulink model can be

readily generated in C code. This can be achieved using the

Simulink Coder in MATLAB. The Simulink Coder generates

C code from Simulink block diagrams, Stateflow charts, and

MATLAB functions. After the C code has been generated, it

is possible to run and interact with the code outside MATLAB

and Simulink.

In this paper, PSCAD has been used to execute the C

code generated from Simulink. PSCAD executes the C code

on a fixed time-step interval. Therefore, it was necessary to

use the Embedded Coder, which extends the Simulink Coder.

When the Embedded Coder is used, the Simulink model is

configured so it maintains a constant (fixed) step size and also

it applies a fixed-step integration technique for computing the

state derivatives of the model. The fixed-step time used in

this work is 20ms. Some essential files generated from the

Embedded Coder are shown in Table I.

The controller behavior depends on the values of the control

parameters. It is possible to modify these values even after

the controller has been generated in C code. Modifying the

ModelName_data.c file changes the parameter values for

the controller.

TABLE I: Files generated from the Simulink Coder.

ert_main.c Main file to execute step function
ModelName.c C file that contains the controller

ModelName_data.c C file that assigns values to data structures
ModelName.h Header file that defines data structures

ModelName_private.h Header file that defines data structures
ModelName_types.h Header file that defines the model data structure

rtGetInf.c, rtGetNaN.c, Other C files and header files that are generated.
rtwtypes.c, rtGetInf.h These files serve a general purpose and can
rtGetNaN.h, rtwtypes.h be used by other models.

#include <stdio.h>
#include "ModelName.h"
#include "rtwtypes.h"
void rt_onestep(double* Ud, double* Uq,

double* d, double* q, double* Ivq,
double* Ivd, double* Id_ref,
double* Iq_ref)

{ModelName_U.I_ref_q=*Iq_ref;
ModelName_U.I_ref_d=*Id_ref;
ModelName_U.Iv_d=*Ivd;
ModelName_U.Iv_q=*Ivq;
ModelName_U.U_q=*Uq;
ModelName_U.U_d=*Ud;
ModelName_step();

*Id=ModelName_Y.d;

*Iq=ModelName_Y.q; }

Fig. 2: The main function, which is manually written in C. The code assign
values to the inputs and outputs along with the execution of the step function.

One of the most important files generated from Simulink is

the file that contains the step function (called ModelName.c
in Table I). The step function should be executed each fixed

time step during run-time in PSCAD.

The files generated from the Embedded Coder in Simulink

contains a set of global variables along with the model

step, initialize, and terminate functions. The global variables

ModelName_U and ModelName_Y correspond to the input

and output structure of the model, respectively. These can be

used to set the inputs prior to each execution of the step

function and to receive the outputs after each execution of

the step function. Therefore, by the use of a main execution

file (ert_main.c), the inputs are set, then the step function

is executed, and finally the outputs are set. The procedure

can be illustrated for the inner control in Figure 5b. This

corresponds to the code generation 2 from Figure 1. The inner

control loop has 6 inputs and 2 outputs. The inputs are here

called Ud, Uq , id, iq , irefd , and irefq . The outputs are called

d and q and represent the voltages that will be transformed

to three-phase quantities and converted into line voltages by

the VSC. As recently explained, the generated C code for

the controller needs to be executed every 20ms in PSCAD.

Figure 2 illustrates how the file, which is executed every 20ms,

can look like. Values are assigned for the inputs, the step

function is executed, and values are assigned for the outputs.

The code in Figure 2 needs to be manually written by the user.

C. Fortran Integration with C code

Fortran is a general-purpose programming language that is

especially suited for numerical computations and scientific

computing. Fortran can call existing code that is written in

another language. This is commonly referred to as mixed-



SUBROUTINE FUN(Ud,Uq,d,q,Ivq,Ivd,
Id_ref,Iq_ref)

REAL Ud,Uq,d,q,Ivq,Ivd,Id_ref,Iq_ref
INTERFACE

SUBROUTINE RT_ONESTEP (Ud,Uq,d,q,Ivq,
Ivd,Id_ref,Iq_ref)

!DEC$ ATTRIBUTES C :: RT_ONESTEP
!DEC$ ATTRIBUTES REFERENCE :: Ud
!DEC$ ATTRIBUTES REFERENCE :: Uq
!DEC$ ATTRIBUTES REFERENCE :: d
!DEC$ ATTRIBUTES REFERENCE :: q
!DEC$ ATTRIBUTES REFERENCE :: Ivq
!DEC$ ATTRIBUTES REFERENCE :: Ivd
!DEC$ ATTRIBUTES REFERENCE :: Id_ref
!DEC$ ATTRIBUTES REFERENCE :: Iq_ref
REAL Ud,Uq,d,q,Ivq,Ivd,Id_ref,Iq_ref

END SUBROUTINE
END INTERFACE
CALL RT_ONESTEP(Ud,Uq,d,q,Ivq,Ivd,

Id_ref,Iq_ref)
END

Fig. 3: Fortran code which calls the C function in Figure 2. Note the call of
the C procedure on line 17.

CALL FUN($Ud,$Uq,$d,$q,$Ivq,$Ivd,
$Id_ref,$Iq_ref)

Fig. 4: Single line Fortran code in the PSCAD module which calls the
subroutine in Figure 3.

language programming. In mixed-language programming, a

routine written in Fortran can call a function written in C

code. Mixed language programming between these languages

is relatively straightforward because of some key similarities

between the languages.

PSCAD is a graphical front-end to EMTDC (Electromag-

netic Transients including DC) for creating models and ana-

lyzing results. EMTDC solves the model’s DAEs in the time

domain and uses a fixed time-step algorithm. The blocks in

PSCAD are actually Fortran code, which call the EMTDC

code library to combine them into an executable file. When this

file is executed, the simulation performed and the results can

be picked up by PSCAD. In PSCAD, custom (i.e. user defined)

components can be implemented by using Fortran code. There-

fore, several of these components have been created using

Fortran code that interface with the C code generated from

Simulink. Such components will thus inherit the same behavior

of the Simulink model. Figure 3 illustrates the Fortran code

that can call the C procedure in Figure 2. A custom designed

component needs to be designed in PSCAD to call the code

in Figure 3. The code contained in the component for calling

the subroutine is listed in Figure 4.

Additionally, library (.lib) and object (.obj) files can be

linked in PSCAD. Therefore, all C and Fortran files are

compiled into one library file that is linked to PSCAD. The

procedure to compile all files is lengthy. Therefore, this is

preferably achieved with a script of some kind. The authors

of this paper merged together the files with a bash script.

Unfortunately, it is not possible to use multiple instances of

the Fortran components that can call a C function in PSCAD,

which is the greatest limitation of this approach. Therefore,

two inner controllers, and two outer controllers are generated

from Simulink. Also the PLL and low pass filters have been

implemented using C code. This was done in order to maintain

a stricter modeling consistency with the Simulink model.

D. Overall Integration for the Code Implementation

The previous sections described how to generate the C code

of the controllers from the Simulink model and implement

them in PSCAD. To illustrate the whole process, a flowchart

is shown in Figure 5. The upper left of the flowchart shows

how the code is automatically generated from Simulink. The

automatically generated files here are those from Simulink,

which includes header (.h) files and .c files. A main file

(ert_main.c) needs to be manually written or modified

by the user for the purpose of reading and assigning values

for variables in PSCAD. Therefore, the ert_main.c file

is shown in the upper right of the flowchart, along with the

manually written Fortran files.

The process to merge the automatically generated and man-

ually written files into a control.lib is lengthy. Therefore,

the files are merged together with a script. The bottom of

the flowchart illustrates how the control.lib file finally

is linked together with PSCAD during run-time.

The procedures within the grey box in Figure 5 need to

be manually written or modified by the user. This is the

most time consuming and complicated part regarding the C

code implementation. Particularly, the procedure needs to be

repeated for each component that calls any C code because

multiple instances are not supported. There exists a possibility

to write a script that automatically writes the Fortran and C

code needed for each module. However, this is considered to

be out of the scope for this paper.

The grey box can be considered as a customized interface

in order to get the C code implementation to work. This

interface is rather difficult to build and maintain. It also

lacks generality. There exists a standardized interface to be

used in computer simulations, called the functional mock-

up interface (FMI) [5]. FMI is an independent standard to

support both model exchange and co-simulation of dynamic

models using a combination of xml files and compiled C code.

With such interface there is no need for any manually or

automatically generated written script. Unfortunately, PSCAD

lacks support for this interface. This serves as evidence on

the importance of the adoption of standardized interfaces, in

particular those that are native to equation-based modeling

language (i.e. Modelica [6]), such as FMI, between a broader

set of simulation platforms.

E. Scalability of the Proposed Implementation

Scalability is the ability of a computer application or product

to function well as it is changed in volume or size [7].

In other words, scalability is the concept of a system to

accommodate an increasing number of elements or objects.

Therefore, scalability is often a desirable attribute for almost

any system.

In a multi-terminal VSC-HVdc system, scalability becomes

an important issue when the number of converters increases.

In PSCAD, it is normally possible to use multiple instances

of modules. Therefore, it is easy to extend a point-to-point

system to any number of terminals linked together to form a

dc grid. A multi-terminal VSC-HVdc system can be built by a
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Fig. 5: The flowchart describes how the control.lib file is generated
and linked as a library file in PSCAD during run-time. The grey box
contains all procedures (script writing and compilation), which are not handled
automatically. The other boxes are more or less automated.

copy and paste procedure. Normally, the limiting factors will

be the increase in simulation time when the system increases

in complexity and computer memory.

One of the most major drawbacks with the C code imple-

mentation in PSCAD is the lack of support to use multiple

instances of user defined modules. This constraint forces the

user to go through all the relevant steps in the previous sections

for each terminal. This is a rather lengthy procedure compared

to the simple copy and paste procedure. How lengthy this

procedure depends on the number of inputs and outputs of the

system, because each signal needs some lines of code when

the Fortran and C code scripts are made.

On the other hand, if the system in Simulink is complex,

only has a few set of inputs and outputs, and only a few

instances of the same module will be used, then, this approach

may be appealing. There will be a trade-off between the

number of modules, the total number of inputs and outputs,

and the complexity of the system within the module. See

Figure 6 for an illustration of this trade-off.

As previously discussed, there exist no script that auto-

matically writes the Fortran and C code for the customized

interface shown in figure 5. Therefore, with n modules, i
inputs, and j outputs, there will be n(i + j)/2 more steps

to consider in the Fortran and C code in comparison to one

module with one input and one output.

The example in section III-B illustrates how the inner

controller is extracted in C code. The inner controller has

in total 8 inputs and outputs while the complexity is rather

Complexity of the system 
within the module

Number of 
modules in the 

project

Good to implement 
C code in this case

Consider to construct 
the module 

graphically in this case

(a) Illustration of when to use C code from
Simulink to construct a module.

Complexity of the system 
within the module

Number of inputs 
and outputs of 

the module

Good to implement 
C code in this case

Consider to construct 
the module 

graphically in this case

(b) Illustration of when to use modules of
C code to build up a project.

Fig. 6: Illustration of good and bad scenarios of when to use C code from
Simulink to construct modules and when it is good or bad to use these modules
to build up a project. Note that the y axis denotes the total number of inputs
and outputs in Figure 10a and that the y axis denotes the number of modules
within the whole project in Figure 10b.
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(b) Reactive-power measurement.

Fig. 7: Illustration of the powers during a three-phase fault with 10% remain-
ing voltage. Figure 7a presents the active-power and Figure 7b the reactive-
power. Note that axes have different limits for Figure 7a and Figure 7b.
The curves represent the Simulink implementation, the PSCAD C code
implementation, and the PSCAD implementation when everything has been
implemented graphically.

simple. The inner controller consists of two PI-controllers and

an additional decoupling term. Therefore, it can be built graph-

ically rather quickly in PSCAD. The author has found that it is

easier to construct such module graphically. Particularly, it will

facilitate to construct modules graphically if several modules

are used in the project.

IV. COMPARISON AND ANALYSIS

In this section, the same power system configuration and

simulation scenarios as in [2] are applied. Figure 7 presents

the comparison of powers during a three-phase fault with

10% remaining voltage. It gives a hint that the C code

implementation provides the best match.

Paper [2] also proposes a quantitative method to determine

the discrepancy between different model implementations.

This methodology utilizes the root mean square (RMS) of

the difference between simulation outputs. The RMS value

is calculated according to

XRMS =

√
1

n
[(x1 − y1)2 + · · ·+ (xn − yn)2]), (1)

where xi is the discrete measurement point at time ti for

software (a), and yi is the discrete measurement point at time ti
for software (b). For more information see [2]. We applied this

quantitative assessment metric and methodology to measure

discrepancies between graphical implementation and C code

implementation.

Table II and III confirm that the C code implementation

provides the best match. The mean values (here denoted X)



of all active- and reactive power RMS measurements are

significantly lower for the C code implementation compared

to the graphical implementation. The mean values for the

graphical implementation are

P
gr

RMS = 0.0340, Q
gr

RMS = 0.0388.

Further, the mean values for the C code implementation are

P
cc

RMS = 0.0081, Q
cc

RMS = 0.0012.

It follows that the active power match is

P
gr

RMS

P
cc

RMS

≈ 4

times better for the C code implementation. The reactive power

match is
Q

gr

RMS

Q
cc

RMS

≈ 33

times better. Note that these calculations are only repre-

sentative for the specific test scenarios, here tested on the

rectifier side. Other scenarios might yield different results.

In addition to the active- and reactive power measurements,

quantities iref
d , iref

q , and |idq| are almost identical for the C code

implementation compared to the Simulink implementation.

V. CONCLUSIONS

It does not take much effort to implement models graph-

ically in PSCAD. However, for unambiguous modeling and

simulation, one drawback with the standard PSCAD library

components is that it is difficult to know which mathematical

model is implemented within the graphical block. The phase-

locked loop (PLL) can be used to illustrate this issue. If a

replica of the PLL in Simulink is applied in PSCAD, it is

difficult to know what are the implementation differences.

Therefore, when a model is graphically built in PSCAD, its

behavior does not make a perfect match to the Simulink model.

This paper has suggested a methodology to minimize

discrepancies in simulation outputs between PSCAD and

Simulink. In particular, this approach achieves 4 times lower

value of the mean RMS value difference of active-power and

33 times lower value of the mean RMS value of reactive-power

TABLE II: RMS comparison of graphical implementation

Test scenario 1 2 3 4
PRMS 0.0030 0.0144 0.0435 0.0386
QRMS 0.0143 0.0026 0.0628 0.0573

Test scenario 5 6 7 8
PRMS 0.0421 0.0557 0.0542 0.0208
QRMS 0.0513 0.0587 0.0555 0.0081

TABLE III: RMS comparison of C code implementation

Test scenario 1 2 3 4
PRMS 0.0076 0.0003 0.0198 0.0125
QRMS 0.0003 0.0002 0.0031 0.0020

Test scenario 5 6 7 8
PRMS 0.0061 0.0061 0.0062 0.0063
QRMS 0.0003 0.0019 0.0011 0.0004

for the specific test scenarios used. In addition, this approach

does not significantly increase the simulation time.

Although this approach provides a higher consistency of

simulation results between different platforms, the implemen-

tation process with generated C code is complex and exposes

several limitations. Hence, the results presented in this paper

serve as evidence of the need for a standardized equation-

based modeling language for model exchange which strictly

separates the model from the numerical solver, and highlight

the value of standardized simulation interfaces. Standardized

equation-based modeling languages have been adopted by

other industries [5, 6], leading to a substantial decrease of

costs for model development, engineering design and software

maintenance; as well as helping users to avoid vendor lock-in

from specific tools.

REFERENCES

[1] E. Lambert, X. Yang, and X. Legrand, “Is CIM suitable for
deriving a portable data format for simulation tools?” in IEEE
PES General Meeting, July 2011, pp. 1–5.

[2] R. Rogersten, L. Vanfretti, W. Li, L. Zhang, and P. Mitra, “A
Quantitative Method for the Assessment of VSC-HVdc Con-
troller Simulations in EMT Tools,” in IEEE PES ISGT Europe,
2014.

[3] M. Faruque, Y. Zhang, and V. Dinavahi, “Detailed modeling
of CIGRE HVDC benchmark system using PSCAD/EMTDC
and PSB/SIMULINK,” IEEE Transactions on Power Delivery,
vol. 21, no. 1, pp. 378–387, Jan 2006.

[4] J. Peralta, H. Saad, S. Dennetiere, J. Mahseredjian, and S. Ngue-
feu, “Detailed and averaged models for a 401-level MMC-HVDC
system,” IEEE Transactions on Power Delivery, vol. 27, no. 3,
pp. 1501–1508, 2012.

[5] T. Blochwitz et al., “The Functional Mockup Interface for Tool
independent Exchange of Simulation Models,” in Proceedings of
the 8th International Modelica Conference, Mar. 2011.

[6] L. Vanfretti, W. Li, T. Bogodorova, and P. Panciatici, “Unam-
biguous power system dynamic modeling and simulation using
Modelica tools,” in IEEE PES General Meeting, July 2013, pp.
1–5.

[7] A. B. Bondi, “Characteristics of Scalability and Their Impact
on Performance,” in International Workshop on Software and
Performance, ser. WOSP ’00. New York, NY, USA: ACM,
2000, pp. 195–203. [Online]. Available: http://doi.acm.org/10.
1145/350391.350432



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


