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Abstract

Thispaper describesan authoring systemfor modelling Greek virtual masksthat expressemotionsfor synchronis-
ing their facial movementswith pre-recorded speech files, and for creating theatrical performances. The systemis
related to parametric modelling and includes three interfaces: Editor, Recorder and Virtual Theatre. In the Editor
interfaceit is possible to create several different 3D masks from a unique mask basic model. In the Recorder it is
possibleto import the models created in the Editor and select eight expressions(neutral, anger, surprise, sadness,
fear, joy, disgust, attention), as well asto create and savelittle alterations in these expressions, and to synchronise
the facial movements with speech on the time-line of the system. In the irtual Theatre the animated Greek masks

can be imported and can perform.

Categories and Subject Descriptors (accordingto ACM CCS): 1.3.5 [Computer Graphics]: Curve, surface, solid and

object representation |1.3.7 [Computer Graphics]: Animation

1. Introduction

Theatrical masks were the most important features of actors
in Greek theatre; they covered the head and had a mouth
opening to amplify the voice. Because of the fragility of
the original masks, their features are known thanks to mo-
saic works, marble reproductions, pictures and small terra-
cottamodels. On Lipari (one of the Aeolian Islands), one of
the last Greek settlements in Sicily, much evidence of terra-
cotta production wasfound (little models of masksand little
sculptures) [RID04]. These findings represent the three liter-
ary genres of Greek theatrical performances (tragedy, com-
edy and satire) and the largest documentary evidenceof the-
atrical masksfrom the classical age [BBCO1].

While there are many "rea" reconstructions of Greek
masks, "virtual" modelling of them is not so common
and there is very little literature about their animation
[TGBO5]. Some experiments of modelling have been made
using little models of terracotta masks from the Lipari
collection held at the Kelvingrove Museum in Glasgow.
These have been digitised and outputted by using Apple
QuickTime VR object movies. Using a commercial non-
contact photogrammetric system (Eyetronics Shapesnatcher,
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http://www.eyetronics.com/), the artefacts (typically 6-8 cm
high) were captured and modelled by means of around
100,000 polygons, with a texture file of width up to 4,098
pixels. Rapid prototyping of replica objects had been un-
dertaken by using a Z-corporation 3-dimensional printer
[WILO04]. From these 3D models "real" masks were recon-
structed and used in theatrical performances.

Regarding the masks’ animation with facial expressions,
starting from Parke’'s work [PAR74] much research has
sought to realise a realistic modelling of facial movements
in anthropomorphic interfaces. The task was one of the most
difficult in Computer Graphics, as even the most minute
changes in facial expression can reveal complex moods
and emotions. Several authors explored a model-based ap-
proach for animating faces [PAR82], [CJHO3], [MCBCO0Q],
[MLCPO6], while other focused on an image-based ap-
proach, using either video of an actor [BV99], [BBPV03],
[CIHO3], or speech [BCS97], [BRAOL], [EGPOZ] to drive
the animation [ZSCS04]. 3D face tracking techniques ad-
dressed this problem by computing the deformation of ade-
formable 3D face model to a sequenceof images[EBDP96],
[PSS99], [BOP98], [DCM02], [BBPV03] or 3D marker po-
sitions [GGW™* 93].
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However, the problem of accurately modelling facial expres-
sions and other dynamic behaviour is still in its infancy:
current shape capture technology, and in particular laser-
scanners and most other high-resolution shape capture tech-
niques do not operate effectively on fast moving scenes (a
transition to a smile can occur in a fraction of a second)
[2SCS04]. In the case of the modelling of Greek masks,
complexity increases, since the objects present caricatured
grotesque shapesvery far from human facial anatomy.

In this paper, we present an authoring system which allows
fast transitions and that is related to parametric modelling
and to the "responsive face" realised by Perlin [PER97].
In fact the "expressive character with minimal geometry"
[PER97] was considered a good starting point to guarantee
both realism and responsive facial expressions without us-
ing repetitive pre-built animations. Moreover, Perlin’s sys-
tem uses:

1. the "noise" function, that is random movements of head
and eyes,

2. amask model with alow resolution;

3. asmall number of parameters to animate the facial ex-
pressions.

The next three Sections explain how real Greek maskswere
analysed, 3D modelled and animated in our authoring sys-
tem. The system architecture is summarised in Section 5.

2. Analysisof the Masks

We analysed the characteristics of the masks introduced in
Menander's New Comedy. Here we present six masks se-
lected from the terracotta models that were found on Lipari
(Figure 1), representing some charactersgot from the ancient
scholar Pollux’ categorization [BB98]: a coaxer (kdlax), a
young man with fluttering hair (ollos neaniskos), the main
slave (hegemon ther &pon), a second slave (kato trichias) and
agirl (kére). Because of the lack of old men’s masks (Eap-
posprates), amask from aprior age, that could represent the
character, was chosen.

These masks were selected in order to play a comedy: we
choose Plauto’s Miles Gloriosus, derived from one of the
most famousin Menander’s fragmented work. The script of
the comedy was simplified and adapted for better compre-
hension by the public at large and the facial expressions of
the masks were selected on the basis of the speech. After
that the speech of the comedy was performed by an actor
and recorded.

We used the Facial Action Coding System (FACS) [EFH0Z]
to analysethe basic facial expressionsof the selected masks.

In fact, FACS categorizes all possible movements of the fa-
cial musculature that produce a visible change in the face;
in particular, each discrete movement is called Action Unit
(AU) and the activation of different AU’s resultsin a com-
bination that makes up a facial expression [VAN98]. So we
identified the Action Units in the masks' expressions with
the FACS identification number (Figure 2).

Figure 1: Themasksof a coaxer, a young man with fluttering
hair, the main slave, a second slave, a girl and an old man
[BBCO1].

Using the AU identification, we detected the necessary ver-

Figure 2: Selected maskswith the FACSidentification num-
ber of the Action Units.

ticesin the parametrized model, for the modelling of:

1. the basic expression;
2. thefacial expressionsto be implemented (Table 1).

3. Modelling of Greek Masks

A generic basic model of a Greek mask (Figure 3), based
on the coaxer’s mask, was adopted as a starting point for the
generation of every mask.

Using a series of heuristic strategies, a low number of ver-
texes (131) to reconstruct each of Menander’'s masks was
set. The model was created in an external modelling sys-
tem (3D Studio Max) and imported in the Editor interface
(Face3DEditor) of the authoring system (Figure 4).

Some vertices of the basic model were changed and set up
to create all the other models of Greek masks (Figures 5, 6,
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Emotion | AUs

Joy 6+12+25
Sadness 1+4+15

Disgust 10+17+4

Anger A+5+7+24
Surprise 1+2+5+26

Fear 1+2+4+5+20+25
Attention | 4+25

Table 1: AUsrelative to the expressionsto implement in the
authoring system.

Figure 3: The basic model in the authoring systembased on
the coaxer’smask.

7, 8, 9 show the original mask, the model in Editor interface
and the corresponding virtual mask with a neutral expres-
sion). The colour in the Greek production of "real" masks
(not in the terracotta models) was studied and the nearest to
the original chosen.

All the virtual masks maintain one of the basic character-
istic of the "real" ones, that make a mask powerful and life-
like: the asymmetries and the different moodsthat it presents
from different anglesor in different lights (Figure 15), which
make it seem to change expression as it moves [WIL04].

4. Animation and Theatrical Performanceof Masks

In the Recorder interface (Face3DRecorder) of the au-
thoring system it is possible to select eight standard facial
expressions (neutral, anger, surprise, sadness, fear, joy,
disgust, attention) for every created mask (Figure 10),
as well as to create and save small aterations in these
expressions. Thelinear transition from afacial expressionto
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Face il Editor

Figure 4: The Editor interfacein the authoring system.

another is decided by the user and in the future other "soft"
transitions can be inserted. We tested the recognition of the
eight standard facial expressions created by Face3DEditor.
A mask with different facial expressions was imported in
SuperLab LT®software and 15 subjects had the task to
recognise the displayed emotions. The software recorded
the correct recognition in the following percentage: neutral
(87%), anger (80%), surprise (80%), sadness (93%), fear
(80%), joy (67.7%), disgust (33.3%) and attention (40%).
Moreover, reaction time showed the subjects’ difficulty in
the recognition of attention, while the shortest time was
recorded for the recognition of fear [BBG*06].

In the Recorder interface (Face3DRecorder) of the au-
thoring system it is also possible to synchronise facial
movements with speech on the time-line of the system.
Through this time-line the recording of the theatrical text
can be matched to the facial expressions chosen by the user
(Figure 11). The result is very different from the text to
speech technique.

In the Virtual theatre interface (Figure 12), the user can
import the synchronizations obtained in Face3DRecorder,
deciding the position of the masks and the time in which
they start to talk to each other. In this way the user can edit
the performances of different masks and the result can be
transformed into moviefiles.

5. System Architecture

The software was implemented in Java2 Standard Edition
1.5.0for the GUI components, in Java3D 1.3.1 for the 3D en-
vironment and uses Apple’s QuickTimefor Java (QT4J) API
Library for theaudio/video engine. The system wastested on
several computerswith different hardware and software con-
figurations (PC Athlon64 with Windows XP and iBook G4
with MacOS X), giving in each configuration good perfor-
mances.

The JavalJava3D choice gives us many interesting advan-

tages:
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Figure 9: The mask of an old man.

o the software is ready for any platform implementing a
JVM, the Java3D and the QuickTime for Java extensions;

e the softwareis ableto run on any hardware configuration
(desktop monitor, ultra-wall, CAVE, virtual reality envi-
ronment, etc.) with few simple changes;

e the scene graph programming model provided by the
Java3D library alows us a simple and easy to manage
and maintain environment, ready for any kind of exten-

Figure 10: The facial expressionsto select in the Recorder
interface.

sion and application in several research and development
field (virtual theatre, multi-modal interfaces, etc.).

QuickTime for Java provides us with the power of the Ap-
ple’s QuickTime (QT) engine for the audio and video com-
ponentsof the software. Unfortunately the QT engineisonly
availablefor the Windows and MacOS X platforms. Another
choice for the audio/video engine can be the Java Media
Framework, but this APl is only available for the Windows
and Linux platforms. We plan in the future the development
of aplatform independent version of the audio/video engine
of our software.

The core of our system is the Face3D class; it provides all
base functionality for the creation, manipulation and anima-
tion of any kind of virtual mask. In particular it providesthe
methods for:

e manipulating any single vertex of the mask as well as a
set of vertices managed as arigid body;
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Figure 11: The synchronisation of facial movementswith the
speech on the time-line of the system.
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Figure 12: The Mirtual Theatre interface in the authoring
system.

e setting a colour, a texture image, a shading mode and the
wire-frame visualization;

e activating arandom noise [PER97], giving the mask more
natural behaviour for eye and head movements;

e selecting a particular facial expression (joy, fear, sadness,
and so on) by an array of floating values.

Starting from the Face3D base class, the user can easily ex-
tend it by implementing few abstract methods defining the
various movements of the mask (such as mouth width and
height, smile, sneer, etc.).

The second base class of our system is the Face3DUtils
class; it provides a set of utility methods to simplify the
Face3D creation and manipulation. For any extension of
the Face3D class, the user has to implement an extension
of the Face3DUlils class. The classes Face3DComponent,
Face3DEditor and Face3DRecorder perform the visual ma-
nipulation and animation of the mask. Face3DComponent
is the link between the logic component of the software
(Face3D and Face3DUTtils classes) and the GUI component.
It provides a visual environment in which the user can ma-
nipulate the mask by moving the vertices in order to create
his own kind of mask as well as a set of methods to inter-
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act with the user selection performed by the GUI (change
of view and projection, resizing, etc.). The Face3DEditor
and Face3DRecorder are the classesused to interact with the
user.

The Face3DEditor allows the user to create anew mask start-
ing from a predefined model. Technically it contains all the
needed references to the Face3D classto manipulateit in an
easy way. It allows one the vertices selection and movement
by an easy GUI and colour/texture choice.

The main window of Face3DEditor shows the environment
by which it is possible to perform the modelling. In the "Ge-
ometry” panel the user can modify the position of a vertex
or aset of vertices; it is possible to select the vertices of a
specific area of the face (eyes, mouth, etc.).

In the "Colour and Texture" panel it is possible to select the
colour of the model and to load the textures (Figure 13). Itis

Figure 13: Examples of different textures.

also possible to insert a background image (photo or draw-
ing) as a reference image to modify the base model (Fig-
ure 14). Finally, some options allow the user to visualize the

Figure 14: An example of a background image in
"Face3DEditor".

model in wire-frame mode and in "Flat" or "Gouraud" shad-
ing.

The Face3DRecorder is devoted to the setting or creation of
facial expressionsand to speech synchronization. The main
window is subdivided into two parts: on the left we find the
3D model, on the right we find the commands for facial ex-
pressions.
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Facial expressions are set by simple commands or created
by a set of sliders indicating several face components such
as eye, mouth, etc. It is possible to create a new expression
by simply accurately moving these sliders.

Speech synchronization is performed by a recorder/player;
the GUI showsthe user atimeline panel indicating the audio
file sequence. The user can insert at any point of the timeline
a "key-frame" indicating a facial expression and the transi-
tion time between the previous expression and the next one.
Speech simulation is performed by a pseudo-random move-
ment of the mouth mask driven by some simple heuristic pa-
rameters chosen by the user. Moreover it is possible to acti-
vate the "noise" function to perform small movements (such
as eye movement).

Finally, it is important to note that the software does not use
any complex data structures or algorithms.

The Virtual Theatre environment allows the creation of a
complete virtual comedy. In particular the user can select:

1. which masksto add to the virtual representation;

2. the audio files and the facial expressions for each added
mask;

3. thelights used to illuminate the scene;

4. arandom noise for the masks.

Technically the system uses the same metaphor already used
in the Face Recorder, the software provides the user with a
timeline panel indicating the sequencesof all audio filesin-
volved in the comedy and the related buttons to start, pause
and stop the representation. Moreover, the user can also eas-
ily provide a"key frame" in order to simulate the cameraand
mask moving inside the 3D scene.

6. Conclusionsand FutureWorks

In this paper we have presented an authoring system for the
modelling and animation of Greek masksto be used as"talk-
ing heads" in virtual theatrical plays for educational aims.
The system has three interactive windows, one to create the
Greek masks, one to animate them and the last to edit a per-
formance. In the Face3DEditor the user can model and save
a mask, in the Face3DRecorder it is possible to animate it
through a timeline, and in the Virtual Theatre interface the
masks can interact like in areal performance; in particular:

1. the module Face3DEditor allows an interactive manipu-
lation of the basic model with afixed number of vertices.
Infact, it is possibleto modify the position of the vertices
on the x, y and z axis, obtaining new faces;

2. the module Face3DRecorder does not generate automatic
animations based on texts, but it is possible to synchro-
nise facial expressions with pre-recorded speech files.
The user selects the audio file and a window shows a
timeline panel on which he can match facial expressions.
Speech simulation is performed by a pseudo-random
movement of the mouth mask, driven by some heuris-
tic parameters, determined on the basis of physiological

studies on human facial movements. In the time-line the
user selects the step in which transition between two fa-
cial expressionsbegins and he can decide the duration of
this transition. The selected facial expression is visual-
ized in the timeline by ared point;

3. the module Virtual Theatre allows the editing of the per-
formance and the creation of movies.

In conclusion, the presented authoring system represents:

1. the first system specifically developed for Greek mask
modelling and animation;
2. an alternative style of cultural promotion.

Moreover, its main advantages are:

1. the use of alow number of vertices in the parameteriza-
tion for the creation of Greek masks;
2. the ease of use of the environment.

During the development of the system we have found several
possible improvements to the software, in particular:

1. the creation of an interactive system by which it is possi-
ble to reconstruct any kind of face, like an identikit tool;

2. the development of labial modelling for a more realistic
facial animation;

3. the 3D virtual modelling of the body and the creation of
avatars using ancient characters;

4. the creation of avirtual theatre system for representing
Greek comedies and tragedies,

5. a"shapefrom shading" system for direct manipulation of
amask starting from a single photo;

6. the development of a speech synthesiser suitable for
Greek tragedies starting from an XML file (SpeechML,
for example), containing the information about the ex-
pressions;

7. ascripting system to allow the creation of batch anima-
tion sequencesby a simple text file.

Finally, we foresee the use of the application in several
fields (video games, multi-modal interfaces, didactics, and
SO on).
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Figure 15: The selected mask from different angles and in different lights.

(© The Eurographics Association 2007.




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DfW5Printer
    /DfW5PrinterBold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /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
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /Oc_020
    /Oc_021
    /Oc_030
    /Oc_200
    /Oc_210
    /Oc_211
    /Oc_220
    /Oc_221
    /Oc_251
    /Oc_260
    /Oc_270
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SureThingDVDSymbolsII
    /SureThingSymbols
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Ucs_020
    /Ucs_021
    /Ucs_030
    /Ucs_200
    /Ucs_210
    /Ucs_211
    /Ucs_220
    /Ucs_221
    /Ucs_251
    /Ucs_260
    /Ucs_270
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [2400 2400]
  /PageSize [595.001 842.000]
>> setpagedevice


