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Abstract—Robocup is an international competition for
multi-agent research and related subject like: Artificial
intelligence, Image processing, robot path planning, control,
obstacle avoidance and machine learning. In this paper we will
focus on the Middle size league (MSL). We explain a dynamic
role assign algorithm and formation control for robot soccer.
The robot soccer game presents an uncertain and dynamic
environment for cooperating agents. We believe that a
Dynamic role engine is necessary for a successful team.
Dynamic role engine and formation control during offensive or
defensive play, help us to prevent collision avoidance among
own players when attacking the ball and obstacle avoidance of
the opponents. The fuzzy logic Role engine and formation
control described. In this paper which has already been
successfully implemented in Adro Robocup team..

L

Robot soccer games had been popular with educational
institutions around the world since the inauguration of the
Robocup competition in 1997. This initiative provide a
good platform for multi-agent domain research, dealing
with issues such as cooperation by distributed control,
effective and Fault tolerant communication, real-time image
processing, real time robot path planning and obstacle
avoidance.

In this paper we present our work in Dynamic Role
allocation for a soccer robot team. Dynamic Role allocation
allows a team to divide its main objective in a couple of
sub-objectives more specialized and adapted to the location
of each of the teammates and the strategy of the team.
Strategic game play involves role switching for teams with
same robots and formation control during offensive or
defensive play, collision avoidance among own players
when attacking the ball and obstacle avoidance of the
opponents.

In Section 2 details our contribution to role allocation
problem and strategy decisions for roles in RoboCup.
Section 3 analyzes experiments and results we have got.
Finally, section 4 summarizes our conclusions using
coordination in robot teams.

INTRODUCTION

II. STRATEGY

In robot soccer systems, images of objects on the field
are processed by a vision system. Analysis of this primary
data will yield information such as identification of objects
including ball, line, player, and opponents. Other
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information such as object identity (identity of player),
opponent, position, orientation and velocity can also be
computed. Based on this information, each of the players
carries out assigned roles including attacker, defender,
supporter and goalkeeper. The simplest role selection
strategy is to have a fixed role that does not change
throughout the game. However, permanent role causes
undesirable behavior such as a defensive player not going
for the ball even though the ball is near but outside its
defense zone or a forward player giving up its possession of
ball when it incidentally enters a defense zone. The main
objective in competitive environment is to score goals; and
if a player is in a better position to secure a scoring chance,
it must be given the opportunity. A cost function evaluates
some parameters like the ball distance, localization, player's
orientation towards the ball, etc. and obtains a value for
each role. This parameters will be calculated periodically
and roles will be assigned to robots according to the values
obtained.

Fig. 1. Adro team formation control against MRL attacker robot

III. ROLES SPECIFICATION

The roles can be assigned to each robot in a statically or
in a dynamical way. Dynamic role allocation benefits for
example, from opportunistic situations like fast ball changes
along the field, or failures in some robot.

We have considered six main roles in the Robocup
domain: Goal-keeper, Attacker, Defender (Right Defense,
Center Defense, Left Defense), and Supporter. Goal-keeper
is the only role assigned statically. The main reason to have
a single player to the Goal-keeper role is that the rules do
not allow that players enter in its own goal area (like in the
hand ball). The rest of roles can be exchanged among robots
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according to game conditions. Next, we are going to
describe the objectives of each role and the advantages we
have obtained using dynamic role allocation:

a) Goal-keeper: Its goal is to protect its own goal from
shots by the other team players. Also, it should rest in its
own area.

b) Attacker: It tries to get the ball and to carry it, or to
kick it, towards the goal. When the other team has got the
ball, it tries to recover it actively (going after the ball).
None of the other roles are devoted to get the ball. This
approach has one implicit advantage: It avoids collision
among players of our team, which is explicitly penalized in
the rules.

¢) Defender: Its goal is to intercept the ball if an
opponent kicks it to its goal. Furthermore, it should stand in
the way of the opponent and should try to hide the goal
preventing the opponent to kick the ball. Another implicit
consequence of the Defender role is that one robot of the
team always remains in a position near its own net. This
fact is very useful taking into account that the ball quickly
moves from side to side. We have always one robot
covering its defending half of the field.

d) Supporter: The function of this role is to assist the
Attacker in its path, and to cover the maximum amount of
field in case the ball will be kicked in the wrong way. The
main contributions of this role are to recover the ball if the
kicks made by the striker do not go in the good direction,
and also to maintain a good position for future passing kicks.

Fig. 2. Defense strategy with two robots

IV.WORLD MODEL

The World Model is responsible to build a world model
using sensorial data. From the sensory inputs and the static
information about the game, the Word Model builds the
game model, which consists of basic information, like ball
position and players postures, and advanced information
such as cooperation decisions. The variables used to define
the world model are stored in a Blackboard. The
Blackboard is a data pool accessible by several components,
used to share data and exchange messages among them.
Traditional blackboards are implemented by shared
memories and daemons that awake in response to events
such as the update of some particular data slot, so as to
inform the components requiring that data updated. In our
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implementation, the Blackboard consists, within each
individual robot, of a shared memory among the different
components, organized in data slots corresponding to
relevant information (e.g. ball position, goal position),
accessible through data-keys. Some variables of the
blackboard are local, meaning that the associated
information is only relevant for that robot, but others are
global, so their updates must be broadcasted to the other
teammates (e.g., the ball position) (Lima 2002). The
cooperation is divided in a high-level cooperation and a
low-level cooperation. The former one is stored in the
Black-board, and consists of Group-Level and Team-Level
Tactics, that can be viewed as analogues of the coach's
directives in real soccer. The Group Level Tactics defines
tactical parameters for the different player groups: defense,
mid-field and attack. For instance, a good defensive tactic is
to form a defensive line with the goalkeeper to block all
paths to our goal. The Team-Level Tactics set general
tactical conditions of the whole team. Parameters as basic
formation, e.g. 2 defenders - 1 attacker, if we are in a
defensive play, or 1 defender - 2 attackers, if we are in an
offensive play. The low-level cooperation is outside the
blackboard because it is a commitment between the robots
that are involved in a cooperative action, e.g. when a robot
tells another teammate to move to a certain position, in
order to be able to receive a pass. It's necessary to have a
communication method between all the robots, so they can
exchange messages among them. We pretend to use an
Agent Communication Language (ACL) (FIPA 2002),
allowing us to use a standard and highly flexible message
format.

] 1] ] []
| Ball Percept | IObstacIe Percept] ] Goal Percept | | Flag Percept | I Ball Percept |

Fig. 3. World model construction and artificial intelligent structure

V. MULTI-COST FUNCTION FOR ROLE ASSIGNMENT

Role assignment used by many teams is usually
computed in real time. Role assignment is necessary to
avoid collision of players going for the ball or no player
being assign such a role to attack the ball. In this section we
are going to introduce some concepts needed to explain
how the roles are dynamically assigned. Our role allocation
algorithm will be based in Fuzzy Logic. Those functions
evaluates some parameters like the ball distance,
localization, etc. and obtain a value for each role. A general
definition for Parameters that use in fuzzy arbiter is "value
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to estimate the cost of executing an action". The parameters
will be calculated periodically and roles will be assigned to
robots automatically according to the values obtained. In
our role assignment the Parameters will be individually
computed by each robot as inputs to the fuzzy arbiter
factors are Distances to ball, goal, path obstacle and etc.
These fuzzy variables are defined below and show in figure
1.

Distance to ball: is the distance of the robot to
the ball.

Distance to our goal: is the distance of the robot
to our goal.

Distance to opponent goal: is the distance of the
robot to the opponent goal.

Orientation: is the orientation of the robot with
respect to the straight line path to the ball.

Path obstacle: is the angle bounded between the
vector of the robot to the ball and the vector of
the robot to the obstacle.

To fuzzily the distance variable, the ratio of the minimum
distance To Ball to the distance To Ball value is used, see
equation 1. That is, the nearest robot to the ball will have a
membership of value 1.0 for this variable.

)
2)
3)
4)

5)

Dis tan cetoball min

1
Dis tan cetoball M
Describes the membership function for the Orientation
variable. A single cosine function is used. The robot that is
directly facing the ball will have an orientation angle of 0
degrees, and a membership value of 1.0 for Orientation.

UD

is tan cetoball —

Uy ionion = Cos(Orientation)
for —90 < Orientation <90
U =0.0

Otherwise

2

Orientation

The 'or' operation used is the algebraic sum operation. All
the fuzzy memberships are added together and the resultant
is the membership value of the role Assigned. Next are the
equations to select the appropriate robot for each role. In
this paper we suppose that the order in roles assignment is
Striker, Defender and Supporter.

UStri ker — min(Ui,stri ker)’Vi € (1 f’l)
UDefender = min(Ui,defender)9Vi € (1 n) NI# RObOtSri ker
Supporter = min(Ui,sup porter )’ Vl € (1 ° n)

VAN i i RObOtS” ker? RObOtDe/éndEr

3)

The robot with the highest membership value is assigned
the highest priority order among the robots to the role of
"attack the ball".

The robot with the highest membership value is assigned
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the highest priority order among the robots to the role of
"attack the ball".

Every robot updates its utilities periodically, and
broadcasts this information to its teammates. We will refer
to this information as coordination information.

The information sent is its own location, and an
estimation of its distance to the ball. Coordination

information is sent at SHz. When one robot receives
coordination information it updates data associated to the
corresponding robot in its global model. This global model
stores position of the teammates and, combined with the
position of the ball is used to calculate utilities functions.

Fig. 4. Distance to ball certain robot attacker role

VI. CONCLUSIONS

We have developed a basic role engine and formation
control mechanism among members of a multi robot team.
Localization and local ball estimation are the elements
shared. Combining periodically the information received
with local information, each robot updates a global model
of the environment. Using coordination we have also got a
very good way to identify the rest of the team members. In
the development of robot soccer where players are
homogenous, role engine and formation control becomes a
necessity to formulate an efficient strategy to achieve the
goal of a successful game. Using a fuzzy rule based
approach allows the strategy for role selection to be
naturally developed using domain expertise rather than the
alternative of trying to find a suitable cost function that
would provide tzle same performance. -
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Fig. 5. ADRO middle size soccer robot team form Islamic Azad
University- Khorasgan branch, Isfahan, Iran

REFERENCES

[1] Gerkey, B., Mataric, M.: On role allocation in robocup. In: RoboCup
2003: Robot Soccer World Cup VII, 2004, Springer-Verlag (2004)
43-53 .

[2] Roth, M., Vail, D., Veloso, M.: A world model for multi-robot teams
with ommunication. In: IROS-2003. (2003)

[3] Stone, P., Veloso, M., Riley, P.: The CMUnited-98 champion
simulator team. Lecture Notes in Computer Science 1604 (1999) 61-
75

[4] Heung-Soo Kim, Hyun-Sik Shim, Myung-Jin Jung, and Jong-Hwan
Kim., "Ac-tion Selection Mechanism for Soccer Robot", Proceedings
of IEEE international Symposium on Computational Intelligence in
Robotics and Automation, 1997, pp390-395.

[5] Hyun-Sik Shim, Yoon-Gyeoung Sung, Seung-Ho Kim and Jong-
Hwan Kim, "Design of Action Level in a Hybrid Control Structure
for Vision Based Soccer Robo", Proceeding of the 1999 IEEE/RSJ
International Conference on Intelligent Robots and Systems, pp1406-
1411.

Biographical notes: Seyed Hamidreza Mohades Kasaei was born in
Isfahan, Iran in 1986. He received a BSc. degree in Computer engineering
from Khorasgan Islamic Azad University (Isfahan) in 2009, and now is a
MSec. student in Computer engineering field of Artificial Intelligent at
University of Isfahan, Isfahan, Iran. He is currently manager of three
Robocup teams in Robotic and Artificial Intelligence centre of Khorasgan
Islamic Azad University, Isfahan, Iran. Those teams’ middle size soccer
robot league, humanoid soccer robot (kid size) league and 3D soccer
simulation league have obtained different but always promising ranks in
various robotic competitions, so far. Again, He has published over 40
research papers in journals and proceedings (including one Best Paper and
one Innovation Awards from Emeralds Group Publication). His current
research focuses on Artificial Neural Network, Multi Agent Systems,
Agent Collaboration, Machine Vision and Intelligent Control Systems.

507

(Y

IARCSIT

International Association of
Computer Science and Information Technology
WWW.IACSIT.ORG




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /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 600
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


