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A New Unified Design Environment for Optimization of 
Electric Machines Based on Continuum Sensitivity and B-Spline 

Parametrization   
 
 

Min-Ho Kim*, Hyang-Beom Lee*, Hyeong-Seok Kim** and Jin-Kyu Byun†   
 

Abstract – In this paper, a unified design environment is developed for the optimization of electric 
machines based on continuum sensitivity. For electromagnetic (EM) system analysis, COMSOL 
scripting environment is used. Optimization module is developed by MATLAB programming, which 
can be combined with COMSOL script commands. The modules are combined into one MATLAB 
project, and iteration process necessary for the optimization of EM system can be performed 
efficiently. During the design process, visual feedback of the current design status is given to the 
designer. In addition, the B-Spline parametrization of the nodal points is implemented to obtain 
smooth boundary of the device. The developed software is applied to the problem of finding uniform 
flux density distribution at the air gap of an electromagnet to verify its feasibility and effectiveness.  
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1. Introduction 
 
The ongoing problems of climate change due to 

greenhouse effects are forcing more countries to reduce 
carbon emissions in the immediate future. Thus, there is a 
growing need for a new breed of energy-efficient electric 
machines for electric vehicles and wind turbine generators, 
among others. 

The optimal design method for electric machines has 
evolved with advances in computer technology and 
numerical analysis methods. Among the many design 
methods, those based on design sensitivity analysis (DSA) 
have gained popularity because of their accuracy in 
derivative calculation and efficiency in terms of computation 
time. DSA can be categorized into two groups according to 
how the differentiation of the objective function is performed: 
discrete DSA (DDSA) and continuum DSA (CDSA). 

DDSA gathers sensitivity information from the system 
discretized by finite element method (FEM) and performs 
the optimal design [1]. In order to implement DDSA, the 
finite-element system matrix assembly part of the source 
code must be directly modified, which is not supported by 
most commercial electromagnetic (EM) software. Thus, 
DDSA is usually implemented by building custom EM 
solvers, which cannot utilize powerful graphical user 
interface (GUI) or fast matrix solvers provided by 
commercial EM software. As a result, a lot of the 

development time is spent on the interface routines outside 
the actual optimization module, and it is difficult to apply 
DDSA to a wide range of practical problems. 

On the other hand, CDSA enables the calculation of 
sensitivity from the electric or magnetic field solution of the 
separate EM analysis module [2]. Hence, commercial EM 
software can be readily coupled with optimization module, 
including sensitivity calculation module. In this paper, a 
unified optimal design environment based on CDSA was 
developed utilizing scripting COMSOL [3] with MATLAB. 
The optimization module was programmed by MATLAB 
commands, and EM analysis module was built with 
COMSOL script. They are combined into one MATLAB 
project, and the automated design process was achieved. The 
program provided visual feedback of the shape of the device 
during the design process to help the designer understand the 
current status. The design parameters necessary for 
optimization was put in the MS Excel input file and accessed 
by the program for user convenience. Additionally, B-Spline 
parametrization of the nodal points was implemented to avoid 
the zigzag shape of the boundary and obtain smooth device 
boundary for increased accuracy and manufacturing 
convenience. To verify the effectiveness of the developed 
design environment, it was applied to the shape design of the 
electromagnet to obtain uniform magnetic field distribution in 
the air gap. 

 
 

2. Continuum DSA Theory 
 
In this section, the sensitivity equation of CDSA is 

derived and reviewed to provide theoretical basis for the 
developed unified design environment. An EM system is 
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shown in Fig. 1. 
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Fig. 1. Shape optimization problem in electromagnetic 
system 

 
Shape optimization involves the modification of the 

boundary interface γ  between two different materials. 
Thus, the sensitivity equation with respect to the interface 
variation is derived. The optimization problem for electric 
machines can be formulated as follows: 

 
Minimize 

 

 ( )1 1( ) ( ( ))g hF g m d h m d
γΩ

= Ω + Γ∫ ∫B A B A  (1) 

 
subject to 
 
 1 2) ) 0- ( (   in =  υ∇× − + = Ω Ω ΩB A M J ∪  (2) 
 0 1,=c    on     / n=0   on Γ ∂ ∂ ΓA A  (3) 
 1 2 2 1, ( ) 0    on γ⋅ = ⋅ × − =n B n B n H H  (4) 

 
where υ  is the magnetic reluctivity, M  is the permanent 
magnetization, J  is the current density, and the subscripts 1 
and 2 denote the corresponding regions 1Ω  and 2Ω , 
respectively. The objective function F  is written in a 
general form as the sum of the area and line integrals of (1), 
where g  and h  are arbitrary scalar functions differen- 
tiable with respect to the magnetic flux density )B(A . The 
characteristic functions gm  and hm  mark the parts of the 
region Ω  and boundary γ  on which the objective 
functions are defined. The magnetic vector potential A , 
which is the state variable, must satisfy the governing 
equation (2) and the boundary condition (3) and (4). Since 
the objective function F  is a nonlinear, implicit function of 
the design variable (interface variation), the augmented 
Lagrangian method is used to derive the sensitivity. 
Lagrange multiplier vector λ  is multiplied to the 
constraints (2)–(4) and added to F  in order to form the 
augmented version of the objective function F  as follows: 
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where the superscript T  and the subscript t  denote the 
transpose and the tangential component of a vector, 
respectively. The integral path Γ  on the right-hand side of 
(5) is composed of the interface boundary γ  and the outer 
boundaries 0Γ  and 1Γ . 

The general sensitivity equation is obtained using the 
variation of (5) and the concept of material derivative [2]. 
The final sensitivity equation is given as follows: 

 

1 2 1 2 2 2 1

2 2 1 1

[( ) ( ) ( ) ( )
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T
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F
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γ
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S

B A B λ λ J J

B λ M M J B A

�
 

  (6) 
 

where 1s = ∇×J h , 1 / ( ( ))h= ∂ ∂h B A , F�  denotes the 
material derivate of F , H  refers to the mean curvature, 
and nV  is the normal component of the design velocity field 
V . In (6), the Lagrange multiplier λ  is now interpreted as 
the adjoint variable vector, and it is defined by the state 
variable solution of the following adjoint system: 
 

1) ( ) 0g- ( m   in υ∇× + ∇× = ΩB λ g  (7) 

0 1,=0    on     / n=0   on Γ ∂ ∂ Γλ λ  (8) 

1 2( ) ( )⋅ = ⋅n B λ n B λ , and 

2 1( ( ) ( )) s hm   on γ× − =n H λ H λ J  (9) 
 

where 1 1/ ( ( ))g= ∂ ∂g B A  and sJ  represent the adjoint 
sources related to the first and second integral terms of (1), 
respectively. Table 1 lists the adjoint sources for the 
magnetic system according to the different objective 
function types. 

 
Table 1. Adjoint sources for the magnetic system [4] 

Type of objective function Adjoint sources and their units 
2( )xi xog B B= −  1 / [ ]a g T≡ = ∂ ∂rB g B  

2( )xi xog H H= −  1
1 / [ ]a g Am−≡ = ∂ ∂M g H  

 
Summarizing the abovementioned steps, the state 

variable vector A  and adjoint variable vector λ  can be 
obtained by solving primary system (2)–(4) and adjoint 
system (7)–(9), respectively. A  and λ  can then be 
substituted into (6) to calculate the sensitivity F� . 

 
 

3. Unified Design Environment 
 
As shown in section 2, the calculation of sensitivity 

using CDSA does not require the manipulation of the 
system matrix equation. Thus, commercial EM software 
can be used to obtain the state variable solutions of the 
primary and adjoint systems. The calculation of the 
objective function and sensitivity, as well as the 
modification of the interface boundary, can then be taken 
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care of in a compact optimization module. In this section, 
we use the COMSOL software as an EM analysis module 
and develop optimization module using MATLAB code. 
The two modules are then combined into one unified 
optimal design environment. The design variables are also 
parameterized using a B-Spline curve for the smoothness 
of the geometric contour. 

 
3.1 Linking COMSOL and MATLAB Using Model 

M-file 
 
Fig. 2 shows a typical modeling procedure in COMSOL 

where design lines and nodes are being identified. Such a 
modeling session can be saved as a sequence of commands 
[3] called a model m-file. The user can run the commands 
directly from the MATLAB command line or modify the 
model m-file using MATLAB commands since COMSOL 
script is compatible with MATLAB. Thus, we can start 
modeling in the COMSOL user interface, then save it as a 
model m-file and add the optimization module in the 
MATLAB environments. This process makes the modeling 
and analysis of the EM system very simple, enabling the 
designer to focus on the objective function and design 
variables in the optimization module. Moreover, since the 
adjoint system defined in (7) has the same geometry and 
material property as the primary system (2), we can use the 
same model m-file as the primary system when solving the 
adjoint system. The adjoint source 1 1/ ( ( ))g= ∂ ∂g B A  
should be calculated in the optimization module and 
substituted into the model m-file using COMSOL script.  

 

 

Fig. 2. Modeling procedure in COMSOL 

 
Fig. 3 shows the flowchart of the design optimization 

process. The left side of the flowchart shows the analysis 
module utilizing COMSOL, whereas the right side represents 
the optimization module programmed by MATLAB codes. 
The data input/output between the two modules are handled 
by COMSOL scripting commands in the model m-file. 
During the design process, the shape of the device at the 
present iteration is displayed using simple COMSOL script 
commands. They provide the designer with valuable 
information and insight regarding the current design status. 

no
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Define design variables
and objective function

Initialize design variables

Calculate adjoint source
and analyze adjoint system

Analyze primary
EM system in COMSOL

Check convergence
of objective function

Complete
optimization process

Sensitivity analysis
using CDSA

Modify design variables

COMSOL Script

Analysis Module
(COMSOL)

Optimization Module
(MATLAB)

Data I/O  

Fig. 3. Flowchart of design optimization 
 

3.2 B-Spline Parametrization 
 
In the shape design based on design sensitivity, two 

important points must be considered: One is the accuracy 
problem. If design variables have one-to-one corres- 
pondence with node points of element, the design 
procedure may lead to a zigzag shape, which causes serious 
accuracy problems near the boundary interface. The other 
is the manufacturing problem. If the obtained shape is too 
complex, it cannot be realized into a commercial product. 
To overcome this problem, B-Spline parameterization of 
node points is imposed as a design constraint. 

 

: Control Points

: Nodal Points
 

Fig. 4. Typical B-Spline curve 
 
A typical B-Spline curve is shown in Fig. 4, where the 

nodal points determine the model shape to be designed. 
During the optimization process, only the control points are 
changed so that their corresponding nodal points lie on a 
smooth curve of B-Spline. The design variables and the 
control points are related by the parameterization using the 
B-Spline curve. This is expressed by the following: 

 
 =p Nc  (10) 

 
where p  is a design variable vector and c  is a control 
point vector. N  is a matrix of B-Spline parameterization 
and is defined as follows [5], [6]: 
 

 
1 1 1

1

( ) ... ( )

( ) ... ( )

k ik
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N t N t
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where k  is an order (one more than the degree), t  is a 
parameter varying typically from 0 to 1, and ( )ikN t  is the 
basis function that depends on the parametric value t  and 
the order k  of the curve. Using (10), the sensitivity with 
respect to the control points can be obtained by the 
following: 
 

 
dF dF d dF
d d d d

= =
p N

c p c p  (12) 

 
 

4. Numerical Examples 
 
To verify the developed unified design environment, an 

optimal shape design of electromagnet to obtain the 
uniform magnetic flux density in the objective region was 
tested. An MS Excel spreadsheet file was used as an input 
file of the design parameters for the optimization module. 
In order to determine the search direction and the step-size, 
the simple steepest descent method or the general 
optimizer DOT with modified feasible direction algorithm 
[7] can be used. 

Fig. 5 shows the design variables and objective function 
region of the electromagnet model. 

 

Objective Function Region

Design Line

[m]

4000rμ =

[m]

Coil

6 22 10 [A/ m ]zJ = − ×

6 22 10 [A/ m ]zJ = ×

 

Fig. 5. Design line and objective function region of the 
electromagnet model 

 
The objective function to obtain the uniform flux density 

distribution in the objective region is given by the 
following equation: 

 

 2( )
g

yi yoF B B d
Ω

= − Ω∫  (13) 

 
where gΩ  is the objective function region, yiB  is the y 
component of the calculated magnetic flux density at i th 
iteration, and yoB  denotes the target value of yB . In this 
example, yoB  was set as –0.95 [T]. The optimization was 
performed in two separate cases to test the effectiveness of 

the B-Spline parametrization. First, 11 nodal points at the 
bottom side of the electromagnet were set as design 
variables without parametrization, as shown in Fig. 6 (case 
1). Next, B-Spline parametrization was applied and 11 
control points were defined at the same locations where 
nodal points were defined in Fig. 6 (case 2). These control 
points determine the B-Spline curve, and 23 nodal points 
were placed on that curve to achieve the smooth boundary 
of the magnet (the small numbers near the nodal points in 
Fig. 6 are the line number defined in the COMSOL). 

Fig. 7 compares the final shapes of the devices of the 
two cases. With no parametrization (case 1), it can be 
observed that the magnet boundary has a zigzag shape. 
Whereas when B-Spline parametrization was used (case 2), 
the interface boundary was very smooth and practical 
device can be manufactured from the design. Fig. 8 shows 
the magnetic flux density distribution in the objective 
region. The final yB  distribution was very close to the 
target value of –0.95 [T] for both cases. However, B-Spline 
parametrization result (case 2) shows a slightly more 
uniform distribution compared to case 1. Fig. 9 shows the 
convergence of the objective function for both cases. In the 

 

: Nodal or Control Points

Fig. 6. Nodal or control points as design variables 
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Initial Shape
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(b) B-Spline parametrization 

Fig. 7. Comparison of the initial and final electromagnet 
shapes: 
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early iterations, case 1 (nodal points) shows slightly faster 
convergence. However, after eight iterations, case 2 (B-
Spline with control points) shows faster and more stable 
convergence characteristics. This robustness of the B-
Spline parametrization was expected because it prevents 
the formation of the zigzag shape at the device boundary, 
which can lead to inaccuracy in the analysis. 
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(b) B-Spline parametrization 

Fig. 8. Comparison of the magnetic flux density 
distribution before and after optimization: 
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Fig. 9. Comparison of the objective function convergence 
 

5. Conclusion 
 
A new unified design environment for electric machines 

was developed based on CDSA and B-Spline 
parametrization. A commercial EM software (COMSOL) 
was used as a modeling tool and analysis module, and an 
optimization module was developed using MATLAB codes. 
Two modules were linked by COMSOL scripting 
commands to enable simplified and easy-to-use design 
procedure. Numerical examples show the validity of the 
developed design environment. Moreover, B-Spline 
parametrization of nodal points resulted in smoother 
interface boundary of the final device with better 
performance. 

 
 

Acknowledgment 
 
This work has been supported by KESRI 

(2009T100100596), which is funded by MKE (Ministry of 
Knowledge Economy). 

 
 

References 
 

[1] Jin-Kyu Byun, Hyun-Kyo Jung, Song-yop Hahn, 
Kyung Choi and Il-Han Park, “Optimal Temperature 
Control for Induction Heating Devices Using 
Physical and Geometrical Design Sensitivity,” IEEE 
Trans. Magn., vol.34, no.5, pp.3114-3117, Sept. 1998. 

[2]  Dong-Hun Kim, Se-Hee Lee, Il-Han Park and Joon-
Ho Lee, “Derivation of a General Sensitivity Formula 
for Shape Optimization of 2-D Magnetostatic 
Systems by Continuum Approach,” IEEE Trans. 
Magn., vol.38, no.2, pp.1125-1128, Mar. 2002. 

[3] COMSOL Inc. (<www.comsol.com>). 
[4] Dong-Hun Kim, K. S. Ship and J. K. Sykulski, 

“Applying Continuum Design Sensitivity Analysis 
Combined With Standard EM Software to Shape 
Optimization in Magnetostatic Problems,” IEEE 
Trans. Magn., vol.40, no.2, pp.1156-1159, Mar. 2004. 

[5]  Chang-Hyun Kim, Hyang-Beom Lee and Il-Han Park, 
“B-Spline Parametrization of Finite Element Models 
for Optimal Design of Electromagnetic Devices,” 
IEEE Trans. Magn., vol.35, no.5, pp.3763-3765, Sept. 
1999. 

[6]  Dong-Hun Kim, Se-Hee Lee, Il-Han Park and Joon-
Ho Lee, “Minimization of Higher Back-EMF 
Harmonics in Permanent Magnet Motor Using Shape 
Design Sensitivity With B-Spline Parameterization,” 
IEEE Trans. Magn., vol.39, no.3, pp.1269-1272, May 
2003. 

[7] DOT User Manual, Vanderplaats Research & 
Development, Inc., 2001. 

 



A New Unified Design Environment for Optimization of Electric Machines Based on Continuum Sensitivity and B-Spline ~   

 

518 

Min-Ho Kim received his B.S. degree 
in Electrical Engineering from Soongsil 
University, Seoul, Korea in 2009. He is 
currently pursuing his M.S. degree in 
the same university. His research 
interests include optimal design of 
electrical machines and numerical 
analysis of electromagnetic systems. 

 
 

Hyang-Beom Lee received his B.S., 
M.S., and Ph.D. degrees in Electrical 
Engineering from Seoul National 
University, Seoul, Korea in 1989, 1991, 
and 1995, respectively. He is currently 
a Professor at the School of Electrical 
Engineering at Soongsil University. 
His research interests include 

nondestructive testing (NDT), heat transfer analysis of 
electric machines, and magnetic sensors. 
 
 

Hyeong-Seok Kim was born in Seoul, 
South Korea, on October 9, 1962. He 
received his B.S., M.S., and Ph.D. 
degrees from the Department of the 
Electrical Engineering of the Seoul 
National University, Seoul, South 
Korea, in 1985, 1987, and 1990, 
respectively. From 1990 to 2002, he 

was with the Division of Information Technology 
Engineering, Soonchunhyang University, Asan, South 
Korea. In 1997, he was a visiting professor at the Electrical 
Computer Science Engineering, Rensselaer Polytechnic 
Institute, Troy, New York USA. In 2002, he transferred to 
the School of Electrical and Electronics Engineering, 
Chung-Ang University, Seoul, South Korea as a professor. 
His current research interests include numerical analysis of 
electromagnetic fields and waves, analysis and optimal 
design of passive and active components for wireless 
communication, RFID applications, power information 
technology, and electromagnetic education. 
 

Jin-Kyu Byun received his B.S., M.S., 
and Ph.D. degrees in Electrical 
Engineering from Seoul National 
University, Seoul, Korea in 1995, 1997, 
and 2001, respectively. He worked as a 
Post-doc Research Associate at the 
Department of Electrical and Computer 
Engineering, University of Illinois at 

Urbana-Champaign from 2003 to 2005. He worked as a 
Senior Member of Research Staff at the Electronics and 
Telecommunications Research Institute (ETRI) from 2005 
to 2008. He is currently an Assistant Professor at the 
School of Electrical Engineering at Soongsil University. 
His research interests include optimal design of 
electromagnetic systems and assessment of induced current 
in the human body. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


