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ABSTRACT 
This paper introduces a procedure for using genetic multi-
objective optimization in yacht design. The problem described 
consists on the optimization of a bulb shape to improve the 
performance of the yacht. The two objectives considered are the 
minimization of the drag in calm water together with the 
minimization of the Vertical Center of Gravity (VCG), all the 
configurations should satisfy length and volume constraints. Since 
there is no a single optimum to be found, the MOGA-II was used 
as multi-objective genetic algorithm. The optimization of the bulb 
was obtained employing a parametric model, performing flow 
analysis and using a multiobjective optimization software. The 
distributed optimization search exploited the parallelization 
capabilities of the MOGA-II algorithm which allowed the 
evaluation of several designs configurations by running 
concurrent threads of the flow analysis solver.  

Three bulb shapes of different length are selected between the 
non-dominated solutions. Using these three solutions, seakeeping 
tests of a fully appended scale model have been carried out at the 
towing tank of the University of Trieste. A single hull has been 
tested for each bulb configurations to check the influence of the 
bulb shape on the performance of the yacht in waves. 

The results obtained are very satisfactory, and the procedure 
described can be applied to even more complex yacht design 
problems. 

Categories and Subject Descriptors 
J.6 [COMPUTER-AIDED ENGINEERING]:  Computer-aided 
design (CAD).  

General Terms 
Algorithms,Design. 

Keywords 
Yacht Design, Multiobjective Optimization. 

 

1. INTRODUCTION 
Last Louis Vuitton Cup and XXXI America’s Cup revealed that 
while the hull shapes were strongly similar for all the top teams’ 
boats, the bulb shapes were quite different, even if boat 
performances were very close one to each other.  
XXXII America’s Cup will adopt Version 5 of AC Rule, which is 
more restrictive than Version 4 as far as the hull shape, leaving 
the same degree of freedom to the design of appendages, so the 
bulb shape optimization will become an even more significant 
task in the development of a winning yacht.  
Currently CFD gives the way to lower the number of real life trial 
and error experiments. It is used to study the flow field of 
different geometries, giving results on the best one. What if we 
want to get the optimized solutions? In some cases, this is straight 
to obtain, we only need a few (less than 10) iterations. However, 
when the system gets more complex, the use of optimization 
software is required. The use of modern Computational Fluid 
Dynamics (CFD) codes coupled with automatic process 
integration and optimization tools allow us to explore the design 
space by evaluating a large number of design variations in a fast 
and smart way.  
To improve the performance of an America’s Cup yacht is 
important to consider not only the drag forces, but also the 
motions in waves and the related total mean resistance, 
considering that the location has changed and the weather/sea 
conditions are different from the Hauraki Gulf.  
In this work seakeeping tests of an IACC fully appended scale 
model have been carried out at the towing tank of the University 
of Trieste. The model has been tested in head waves, with wave 
lengths that match the encounter frequencies at Valencia site in 
upwind sailing conditions, calculated with a heading angle of 150 
degrees.  
Three bulb shapes of different length have been designed using an 
automatic optimization procedure that, for each length chosen, 
minimizes the drag in calm water of the bulb and gives the lowest 
Vertical Center of Gravity (VCG). These bulbs have been used 
during the seakeeping tests to check the influence of their shape, 
mostly the length and related mass and added inertia, on the 
performance of the vertical motions of the yacht in waves.  
The paper is laid out as follows: we first give a brief description 
of the tools and algorithms used for the optimization in calm 
water conditions of underwater appendages of the yacht using 
CFD coupled with CAD systems and mesh generators. After that 
we briefly describe the wave condition at Valencia site and the 
procedure to scale them in the model basin. Finally, we focus the 
attention on the experimental tests of the IACC yacht in head 
waves, with a description of the model and measurement set-up 
and with comments on the results.  
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2. PROBLEM DESCRIPTION 
The design of an IACC yacht must comply with the class rules 
which fix certain relationships between principal dimensions of 
the yacht. There are no particular restrictions for the bulb shape 
according to these rules. In this work the weight of the bulb was 
kept fixed in order to maintain the boat’s total displacement (note 
that the bulb represents 80% of the vessel’s total displacement), 
and a length constraint has been was applied. 

The analysis and optimization of underwater appendages of a 
racing yacht using Computational Fluid Dynamics (CFD) is a 
complex task that requires the integration of CAD systems, mesh 
generators and CFD codes. In this work the geometry was 
constructed using the commercial Computer Aided Design (CAD) 
tool Catia v5, where 20 parameters were used to define the bulb 
shape. The commercial mesh generation program, ICEMCFD[1] 
was used to mesh the fluid domain and the commercial CFD 
software CFX10[2] to solve the flow field around the bulb. The 
processes were integrated in modeFRONTIER[3], a commercial 
optimization software, which was also used to improve the 
performance of the entire boat. 

The objectives of the optimization were to minimize the drag and 
to keep the center of gravity as low as possible, in order to 
decrease resistance and increase stability. Each design evaluation 
consists of three phases: modification of geometry, automatic grid 
generation and a CFD analysis.  

2.1 Parameterization Strategy  
The bulb shape was defined by a set of 20 parameters. The bulb 
parameterization was based on the modification of the three main 
curves of an ellipsoid:  the top, bottom and side profiles are 
modified by adding Bezier curves defined by a set of control 
points (see figure 1). The coordinates of these points are the free 
parameters of the optimization.  

The sections of the bulb were created starting from the 
intersections of the profiles with principal construction planes. 
Next a lofted surface of the bulb was created, and the geometry 
scaled to reach the target volume. The resulting length was 
constrained during the optimization process. 

 
Figure 1. Ellipsoid top profile modification using a Bezier 

curve 

2.2 Mesh Generation 
The batch creation of a mesh is a two-step process: first, ICEM 
CFD is run in interactive mode to manually generate an automatic 
mesh from a prototype design. During this phase all the 
operations performed are recorded and then saved into a file (the 
macro file).  

Subsequently, a generic bulb geometry model, saved over the 
prototype model (i.e., under the same directory, and with the same 

file name) can be meshed by having ICEM CFD run, in batch 
mode, the macro file previously recorded. 

The mesh is a 2 Million hexahedral cells mesh (see figure 2). 

 
Figure 2. Hexahedral mesh used for the flow simulations 

2.3 CFD Analysis 
The batch creation of a mesh is a two-step process: first, ICEM 
CFD was run manually to generate an automatic mesh from a 
prototype design. During this phase all the operations performed 
were recorded and saved to a file (the macro file). 

Then for every design iteration the parameters were modified by 
modeFRONTIER, which invoked Catia v5 to change the shape of 
the bulb, and ICEM CFD to mesh the modified design using the 
macro file created in the first phase. 

The mesh created consisted of 2 million hexahedral cells. 

3. OPTIMIZATION PHASE 
The optimization was carried out using modeFRONTIER. The 
different components in the workflow define each of the stages in 
the automated optimization process: the input variables, the 
objectives, the optimization loop settings, including the scripts 
and macro to run the applications involved, the initial points and 
the optimization algorithm. 

The actual Workflow is shown in figure 3.  It has seventeen input 
variables that represent the degree of freedom of the bulb 
geometry. The discretization of each variable range from 13 to 71 
steps. 

The input variables were directly inserted in the Catia v5 model, 
where the model parameters were defined, so that changing the 
values of these input variables change accordingly the model 
parameters and therefore the shape of the model. The model was 
automatically exported in IGES format to be passed to ICEMcfd 
for the mesh process. VCG and length of the current bulb were 
directly extracted from the updated parametric model and stored 
in the output variables (“Zg_bulb” and “length”). The objective 
“min_Zg” was created using the output variable “Zg_bulb” and 
the constraint on the bulb length “length_constr” was created 
using the output variable “length”. 

modeFRONTIER ran ICEMcfd in batch in order to create the 
mesh of the CFD model (External Script node “icem” in Figure 
5). The mesh file (transfer file node “mesh”) was passed to the 
CFD preprocessor (External Script node “cfx5pre”) and an 
automatic analysis and post-processing of the model was done 
running cfx5 solver (cfx5 solve) and cfx5 post processor 
(cfx5post) in batch mode. Analysis results were written into an 
ASCII output file (Output File node “bulb_001.out”, see Figure 
4). Results (viscous drag and pressure drag) were extracted from 
this output file and stored in the output variables (“drag_visc” and 
“drag_pres”). The objective “min_drag” was created using the 
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two output variables “drag_visc” and “drag_pres” output 
variables. 

In this study, we had two objectives: 

• Minimize the drag. 

• Minimize the VCG. 

And one constraint: 

• Minimum and Maximum length of the bulb 

 
Figure 3. optimization Workflow 

 
The problem was run on a remote 8 CPU Linux cluster. Since the 
concurrent run of threads of CFD solvers had to meet the license 
availability, python script was implemented in modeFRONTIER 
to perform the license polling as well as the concurrent execution 
of the CFD analyses for each design evaluation, thus maximizing 
the exploitation of the computational resources. Grid computing 
promises to deliver benefits by making use of all the available 
hardware resources. Grid technology [5] already showed its value 
in scientific research. More precisely, this technology allows 
reduction of CFD running time, by means of simultaneous 
computations on parallel hardware resources. As a result, large 
numbers of design configurations are computed in appreciably 
shorter time if compared with analogous tasks performed in 
traditional serial architectures. 

Finally, given the multi-objective nature of the problem, a 
distributed and multi-objective genetic algorithm was selected in 
modeFRONTIER. Since several preliminary studies [6] showed 
no qualitative difference between the MOGA-II and other state-
of-the-art methods in the forefront of multi-objective optimization 
(such as NSGA-II [7]) here we limited the study to MOGA-II. An 
in-depth description of MOGA-II is provided in the next section. 

4. MOGA-II 
The algorithm used was MOGA-II (Multi-objective genetic 
algorithm). MOGA-II is an improved version of MOGA (Multi-
Objective Genetic Algorithm) of Poloni [8]. It uses a smart multi-
search elitism for robustness and directional crossover for fast 
convergence. The efficiency of MOGA-II is controlled by its 
operators (classical crossover, directional crossover, mutation and 
selection) and by the use of elitism. 

Elitism is very important in multi-objective optimization because 
it helps preserving the individuals that are closest to the Pareto 
front and the ones that have the best dispersion. 

4.1 MOGA-II Results 
MOGA-II was run with a population of 24 initial designs, 
evolving for 20 generations. The initial population was provided 
by the Sobol [10] method because of its capability of increasing 
the convergence of multi-objective genetic algorithms [11]. This 
type of sequence is called quasi-random sequence. That term is 
somewhat of a misnomer, since there is nothing random in this 
method. The points in this type of sequence are maximally 
avoiding of each other, so the initial population fills in a uniform 
manner the design space. 

The following parameters were used: directional cross-over 
probability 50%, classical cross-over probability 35%, selection 
probability 5%, mutation 10%, elitism and steady evolution. 
When steady evolution is enabled, MOGA-II uses all the values 
as soon as they are available in a first-in first-out way 
guaranteeing the complete parallelization of the optimization 
process. The total number of evaluated designs was 480 over a 
period of time of 72 hours. Each single complete evaluation took 
an average of 40 minutes, the process was parallelized on 2 CPUs, 
four concurrent designs were run simultaneously. 

Figure 4 shows the optimization results for the two objectives: 
drag and Vertical Center of Gravity. The chart clearly illustrates 
that the algorithm generates a well-spread set of non-dominated 
points. Unfortunately, due to the complexity of the problem, 
nothing can guarantee that this represents the true Pareto front. 
Anyhow, the robustness demonstrated by MOGA-II on several 
numerical tests gives us high hopes that, at least, these points 
represent a set of good solutions. 

 
Figure 4 Bubble Chart : bubble radius represents constraint 

value, green bubbles are Pareto designs 

Since there are more than one conflicting objective to be 
optimized simultaneously, there is no longer a single solution, but 
rather a whole set of possible solutions performing differently on 
the different objectives. Even though several solutions may exist 
only a limited set of them can be chosen and tested. 
 
Three designs were chosen from the set of non-dominated 
solutions: the two extremes with minimum drag and lowest 
Vertical Center of Gravity, and the best trade-off according to the 
design requirements (see figure 4). The “best” trade-off design for 
each optimization was tested in the towing tank.  
The final bulbs in model scale are shown in figure 5.  
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Figure 5: Bulb shapes tested 

 

5. Analysis of wave data in Valencia race 
area.  
The wave conditions reproduced in the towing tank for the 
experimental tests were defined using a database of statistical 
surveys of a buoy located near the Valencia race area. The 
Waverider buoy measures the free surface elevation and the data 
are analysed in order to give the significant wave height, peak 
period and mean direction. These data area available since 1985. 
All data are accessible from a web page (ref: [4]) and are 
presented in tables (Wave Scatter Diagrams) as given in Table 1: 

 
Table 1: Wave data at Valencia site 

Tp (s)  

≤ 1 2 3 4 5 6 7 8 9 10 >10 

Tot 

≤ 1.0 - - 3.784 14.037 20.091 18.577 14.642 9.459 2.876 1.665 0.606 85.736 

2.0 - - - 0.151 0.908 2.611 2.800 2.611 1.324 1.249 1.022 12.675 

3.0 - - - - - - 0.265 0.530 0.076 0.114 0.492 1.476 

4.0 - - - - - - - - - 0.076 0.038 0.113 

5.0 - - - - - - - - - - - 0.000 

6.0 - - - - - - - - - - - 0.000 

7.0 - - - - - - - - - - - 0.000 

8.0 - - - - - - - - - - - 0.000 

9.0 - - - - - - - - - - - 0.000 

10.0 - - - - - - - - - - - 0.000 

H
s (

m
) 

>10.0 - - - - - - - - - - - 0.000 

Total - - 3.784 14.188 20.999 21.188 17.707 12.599 4.275 3.103 2.157 100% 

 

Yearly statistical data were grouped in a table containing all 
surveys from 1985 to 2003. Data were plotted into two 
histograms: percentage of occurrence of significant height and 
percentage of occurrence of peak period (see figure 6). 
Since next edition of Louis Vuitton Cup and America’s Cup will 
be held from April to June 2007, tables and histograms of 
seasonal data were also produced. 
The frequencies (and then the wave length) to be reproduced in 
the towing tank were defined from the analysis of survey data 
related to the period of interest. The histogram related to summer, 
America’s Cup final, is particularly narrow from 3.5 to 6 seconds 
of peak period and has a maximum occurrence of 36% in the 
interval from 4 to 5 seconds. Considering spring months, the 

diagram is wider and percentages of occurrence are distributed in 
a more homogeneous way, with a broader peak of occurrence 
from 4 to 6 seconds. 
Larger periods were excluded because, even if there are moderate 
percentages of occurrence in the first period of the event, they are 
unlikely during the final phase of Louis Vuitton Cup and 
America’s Cup Matches. 
The range of frequencies chosen is the range that corresponds to 
the peak periods from 3.5 to 6.5 seconds. 
 

 

 
Figure 6: Joint distribution of Peak Period and Significative 

Height (September 1985 – December 2002) 

 

6. Experimental tests and data analysis. 
The experimental tests were carried out at the towing tank of the 
University of Trieste. The basin is 50 m long, 3.1 m wide and 1.6 
m deep. The tank is equipped with two towing carriages (slow 
speed and high speed with motion measurement) and a wedge 
wave-maker that allows the generation of monochromatic waves. 
The basin dimensions are relatively small and large models can 
not be tested in this facility. Moreover the choice of model 
dimensions is constrained by the characteristics of the waves to be 
generated, specifically relative length and frequencies of 
encounter. 
The model scale used is 1:15. 
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The high speed towing carriage was used for seakeeping tests. A 
metal plate is fitted to the model and is connected to an arm 
containing the measurement equipment (see figure 7). The model 
is free to sink and trim and is not allowed to yaw by means of two 
slide guides at bow and at stern. 
Speed, Heave, Pitch and total mean Resistance have been 
measured simultaneously. 

 
Figure 7: Acquisition instruments linked to the model 

The position of center of gravity and longitudinal moment of 
inertia are those of the boat in sailing trim. We had no precise 
data about these two quantities, so we estimated them considering 
contributes of all the items in the boat, including crew and sails. 
Seakeeping test of the model with the three optimized bulbs were 
carried out. The complete analysis of each configuration required 
50 test runs, given by combination of 5 boat speeds and 10 wave 
frequencies. The experimental tests were carried out using 10 
different wave periods with a step of 0.3 seconds. These periods 
were calculated from the corresponding peak period (in the 3.5-
6.5 s range). 
Five boat speeds were chosen and the encounter frequencies were 
calculated, considering a heading of 150 degrees, according to the 
following standard equation: 

)150cos(
2

⋅
⋅

−=
g

U
e

ω
ωω  

The encounter frequencies obtained were scaled (ωeM) and wave 
frequencies to be generated in the towing tank were finally 
calculated to keep ωeM constant, considering that the model has a 
heading of 180 degrees (bow waves) and the speed is scaled to 
keep the same Froude number. 
A low pass filter has been applied to sampled records and a 
moving window Fourier analysis performed. Tests show that 
motion measurements are much more accurate than that of the 
resistance. Vertical motions are here measured by potentiometers 
whereas the resistance is derived by means of a load cell, the 
latter being typically characterized by large noise. 
Mean value (a0) and first harmonic amplitude (a1, frequency equal 
to encounter frequency) are exported to an ASCII file. 
These calculated values allowed us to compute the RAO 
(Response Amplitude Operator) of Heave and Pitch and the total 
mean Resistance in waves. 
The Response Amplitude Operator of Heave is computed using 
the following formula: 

a
RAO g

heave
ς

=  

where gς  is the amplitude of heave motion and a  is the incident 

wave amplitude. 
The RAO of pitch is computed as follows: 

α
ϑ0=pitchRAO  

where aak ⋅
⋅

=⋅=
λ
πα 2

 is the wave slope 

and 
λ
π⋅

=
2k  is the wave number. 

Selected results corresponding to full scale speed equal to 9.3 kn 
are shown in figure 8 to 10. Specifically Figure 8 and 9 show the 
RAO of heave and pitch respectively. Figure 10 shows the total 
mean resistance in waves in model scale. The calm water 
resistance is also reported for direct comparison. 
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Figure 8: Response Ampitude Operator of Heave 
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Figure 9: Response Ampitude Operator of Pitch 
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Figure 10: Total Mean Resistance in Waves (Model Scale) 

 

7. RESULTS AND CONCLUSIONS 
The aim of the work is a comparison between the performance in 
waves of a single hull shape fitted with different optimized bulbs. 
The results obtained allow us to derive some conclusions about 
the experiments: 
As far as the vertical motions are concerned, heave (Figure 8) is 
very similar for the three bulb configurations while pitch presents 
rather large differences. Such a behavior can be explained 
considering that heave is influenced by the added mass coefficient 
which is lead mostly by the displacement and the waterplane 
figure. More remarkable differences have been noticed for pitch 
(Figure 9) because of the different longitudinal moment of inertia 
of the three different bulb shapes. 
From this point of view the optimized short bulb performs better, 
with a maximum difference of 5% for the peak frequency, 
corresponding to the 4th wavelength tested. The optimized long 
bulb performs better with high frequency waves (short waves): as 
a matter of fact the optimized long bulb increments longitudinal 
moment of inertia and added inertia of the boat, and so the pitch 
period. The model with the optimized long bulb has also a 
reduced relative pitch with long waves because it follows better 
the wave profile. 
The total mean resistance (Figure 10) has a maximum for a 
specific frequency and it is interesting to notice that this 
frequency is different from that of maximum pitch. This probably 
happens because the relative motion between boat and wave is 

greater (the pitch motion is not in phase with the wave) generating 
an increment of the pressure component of the resistance. 
We are confident affirming that the optimized long bulb presents 
the highest resistance value, both in calm water and in waves, 
because of its greater wetted surface, even if the maximum 
sectional area is lower than the other bulbs. The resistance of the 
medium and short bulb are quite close each other. 
 

8. REFERENCES 
 
[1] CFX 10.0, ANSYS Inc., CFX User Manual  
[2] ICEMCFD 10.0, ANSYS Inc., ICEMCFD User Manual 
[3] modeFRONTIER 3.2.0, ESTECO srl, modeFRONTIER 

User Manual 
[4] www.puertos.es/externo/clima/Rayo/rvaledes.html. 
[5] X.Yang and M.Hayes “Application of Grid techniques in the 

CFD field.” Proceedings of Integrating CFD and 
Experiments in Aerodynamics, Glasgow, September 2003 

[6] S. Poles, “NBI and MOGA-II, two complementary algorithm 
for Molti-Objective optimization.” Dagstuhl Seminar 
Proceedings 04461, Practical Approaches to Multi-Objective 
Optimization, 
http://drops.dagstuhl.de/opus/volltexte/2005/272. 

[7] K. Deb, S. Agrawal, A. Pratab, and T. Meyarivan. “A Fast 
Elitist Non-Dominated Sorting Genetic Algorithm for Multi-
Objective Optimization: NSGA-II.” Proceedings of the 
Parallel Problem Solving from Nature VI Conference, 
Springer. Lecture Notes in Computer Science No. 1917, 
Paris, France, pp. 849--858, 2000 

[8] Poloni, C. and Pediroda, V. GA coupled with 
computationally expensive simulations: tools to improve 
efficiency. Genetic Algorithms and Evolution Strategies in 
Engineering and Computer Science, pages 267--288, John 
Wiley and Sons, England, 1997. 

[9] Goldberg, D.E.Genetic Algorithms in Search, Optimization 
and Machine Learning, Addison-Wesley, Reading Mass, 
USA 

[10] I.M. Sobol  “On the Systematic Search in a Hypercube'” 
SIAM Journal on Numerical Analysis, Vol. 16, No. 5 (Oct., 
1979) , pp. 790-793. 

[11] S. Poles, Y. Fu, E. Rigoni “The Effect of Initial Population 
Sampling on the Convergence of Multi-Objective Genetic 
Algorithms'”. MOPGP June 2006 – Loire Valley, France. 

 

2012



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


