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ABSTRACT: The paper describes the development process of the 4D-ACT (Automated construction tracking) system.
The paper also discusses new potentials of the system regarding real-time information flow in a construction process.
The 4D-ACT automatically recognizes the building elements from the building site and searches for matches between
planed and performed activities. Building elements are recognized automatically from images, created with cameras
installed on the building site. The 4D model is needed as the knowledge base of relations between the designed geome-
try elements and activities in the process model, which ensures identification of activities on the basis of the recognized
building elements. During the recognition process, the algorithm uses the 4D model for additional information, to be
more successful. The concepts of the system and the algorithm have been tested in laboratory experiments and are pre-

sented in the paper.

1 INTRODUCTION

The project management in the traditional building proc-
ess is incapable of effective continuous detection of dif-
ferences between schedule plan and the real situation on
the building site. This is generally done by inspecting the
building process, which is time consuming and obstructs
the project information flow. Supervision of the construc-
tion process in such way increases the time needed to
identify critical events in the schedule plan and therefore
often leads to delays or budget overdraws.

The information technology enables combining of differ-
ent types of information into consistent structure called
4D model [7]. It contains the product and the process
model and thus integrates the information of geometry
and building activities into an integrated model. For pre-
viously mentioned problems regarding effective supervi-
sion or detection of differences between the planed and
the built respectively, we proposed a solution and devel-
oped a system 4D-ACT (Automated construction track-
ing) for automatic construction activity tracking
[8][13][14][15] by using logical, temporal and spatial
information [3] from a 4D model. The system 4D-ACT
enables generation of reports on differences between the
planed and performed activities [20]. 4D-ACT system
recognizes building elements [11] by using site images
and a 3D reference model, extracted from a 4D model. It
can also generate the animations of building process,
based on 4D model. The information flow of our solution
is depicted in figure 1 and will be describes in this paper.
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Figure 1. Scheme for 4D-ACT system.

2 4D MODELLING

Civil engineering has a long evolution and lots of experi-
ences with the building processes. Initially the human
beings built more or less by trying and learning on their
failures. Their first ideas were drawn on stones. Over time
the building process became more complex and required
methodical access to construction. Ideas drawn on stones
are transformed into drawings on paper and then to digital
representations of design plans. The next phase of the
digital evolution has been in developing complex models,
representing the building and the process. Two kinds of
models are the current result of this evolution:

- product model and

- process model.

Product and process models will be independently de-
scribed in the next sections as independent technologies
used in the building process. The 4D model represents
integration of product and process models [19].



2.1 Product model

With development of different geometry representations -
writing the internal geometry structure into computer - the
engineering branches quickly began to use more efficient
geometry structures for describing building properties like
acoustic, thermal, luminosity, material of building ele-
ments, color design, etc.

The integration of building properties and geometry allow
the construction of virtual buildings. From this kind of
model it is possible to make various building analysis,
which allow finding the optimal combination between
geometry, construction and materials for constructing a
contemporaneous building. A particular building property
has its own relationship to other properties, which defines
the set of dependencies between geometry and materials.

In this way the integrated structure of geometry and build-
ing element properties becomes complex. Writing this
structure into a file in a standard form is a difficult issue.
CAD tools enable the possibility to install additional soft-
ware components in order to write the integrated structure
into one of the standard forms. By using a common data
model companies could establish information flow and
could cooperate.

Engineers have seen the solution in the standard data
structure STEP — Standard for the Exchange of Product
data [9] and it was accepted as a standard in 1994. With
STEP it is possible to describe any product model, inde-
pendently of its complex geometry and property structure.
For practical use STEP has to be divided into many engi-
neering branches (civil, mechanical, engineering, ship
building, etc.), which are described with different applica-
tion protocols. Each protocol implements specific engi-
neering area and has its own code (AP203, AP209). We
already mentioned the complexity of product models.
STEP has the same problem and is impractical for high
abstract level usage. Proposed solution based on similar
concepts with predefined elements, which are ready to be
used, is IFC — Industry Foundation Classes [4], a collec-
tion of element definitions for the civil engineering area.

2.2 Process model

A process model describes the sequences of building ac-
tivities and dependences between them. In process model
are also included the actors and definitions of relation-
ships between actors and activities. Schedule plan can be
constructs on different ways. CPM —Critical Path Method
is one of method and can represents different levels of
activity details, and relationships between activities from
the schedule plan, which can be performed with tools like
MS Project, Primavera [16], etc. The disadvantage of this
method is its inability to solve time-space conflicts [2][3],
which means that the method cannot represent activities
from the same place at the same time. Users need their
own interpretation and have to construct the geometry
situation, by considering the schedule. By its sufficient
simplification in general CPM has been mostly used as a
method in schedule tools.
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2.3 Construction 4D model

The first generation of 4D tools was able to create time-
space representation of a building as an animation. The
next generation of 4D tools contained geometry and
schedule, represented by semantics. 4D model is defined
as connections between elements from product model and
activities from process model and has ability to solve con-
flicts like time-space and constructability [3][6][7][18],
before starting process of building. With such tools, site
managers can quickly check compliance of geometry of
the product model with the real building situation, and
schedule tasks with activities from the building site. Fig-
ure 2 depicts 4D model, constructed with 3D geometry
model and schedule plan.
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Figure 2. 4D model.

3 4D-ACT

4D-ACT has three phases of development, which can be
identified as: testing pilots, base platform implementation
(4D tool) and development of elements building recogni-
tion (4D-ACT). At the end of this section benefits will be
discussed of such system and establishing of suitable en-
vironment between building site and office.

3.1 Testing pilots

Identification problems like obstructing project informa-
tion flow and time consumption during inspection an ac-
tual building process manually, suggested automatically
tracking activities on building site. Therefore our research
work was focused on the pilot projects in order to make
the definitions of requirements and features of specific
application libraries.

Previous section discus about 4D models with intercon-
nected relations between geometry and schedule plan,
created with 4D tool. Generally, accession into those 4D
model internal data structure is impossible. Therefore, we
decided to implement new 4D tool with accessible inter-
nal data structure. The application design was divided into
geometry application module and application module of
schedule plan.

3.1.1 Geometry application module

There is a wide range of application libraries, which has
already been implemented and tested. 3D ACIS Modeler
[1] is one of commercial 3D geometry engines and en-
ables developers to use complex geometry transforma-
tions and presentations on different ways. It is worldwide
used in companies with software development. The core



of 3D ACIS Modeler is written in C++ programming lan-
guage, but can be also used in the other programming
environment like: Java, Python, C and FORTRAN. Very
important part of geometry modelers presents the loaders
for different types of geometry. 3D ACIS Modeler can
loads geometry formats like: CATIA V5, CATIA V4,
IGES, STEP, VDA-FS, Pro/ENGINEER (Pro/E), Para-
solid (PS), Unigraphics (UG), SolidWorks and Inventor.
For advance solution with integrated geometry models is
necessary to load the data structures from standard forms.
For construction industry, most important is IFC standard,
which doesn’t support 3D ACIS Modeler.

Open CASCADE Technology [10] presents alternative
without fee request and support very similar features like
3D ACIS Modeler. The modeler core is written in C++
programming language and enables programming inter-
faces for different programming languages like Java, Py-
thon, etc. The set of geometry loaders is smaller and
modeler supports loading the geometry formats like:
IGES and STEP with application protocols AP203,
AP214 and AP209.

At the end of second pilot project it was concluded that
there is no need for such complex geometry modeler as
there are no requirements for geometry manipulations or
any other geometry transactions. For successful generat-
ing 3D reference model from 4D model, access into ge-
ometry data structure is needed.

3.1.2 Application model of schedule plan

Similarly as geometry application model, we made review
of applications for design schedule plans. Primavera and
MS Project 2003, which are using CPM method for de-
signing schedule plans, are the most wide used applica-
tion in industry. MS Project 2003 was chosen, because it
supports XML export and import functions, which en-
ables loading external schedule plans into application.

3.2 Base platform implementation

Conclusions from first phase lead to decision about using
appropriate programming libraries. Requirement about
geometry is ability of accession into geometry of VRML
geometry structure.

Openness and flexibility are very important application
properties and must be assured with suitable technology
and application architecture (figure 3), based on Java
technology. Figure 3 depicts the application architecture,
recognition process and both input data models like:

- 4D model and

- image model.

3.2.1 Geometry

The architects and civil engineers use accomplished CAD
tools to design buildings and construct independently 3D
design models, which have specific geometry structure
depending on geometry modeler and type of geometry
representation [21] (CSG, B-rep). 3D design models are
generated by different CAD tools and need different 3D
geometry Java loaders to further use the loaded geometry.
In general, each loader has specific geometry structure
and representation of geometry elements. Reusing the
same application module to manipulate with the loaded
geometry is generally impossible.
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The problem is solved by transforming the 3D import
model into an intermediate model, which establishes in-
dependent architecture and enables an undisturbed data
flow between 3D design model and 4D model. 3D import
model supports different types of geometry data formats
like: VRML, X3D, 3DS, OBJ, STL and DXF. CAD tools
can export the geometry model (3D design model) into at
least one of these formats.
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Figure 3. Architecture scheme for 4D-ACT application.

3.2.2 Application specification

Sun specification requires defined software structure and
consistent naming of classes and methods. The teams that
want to implement any peace of Sun specification have to
consider the recommendations. Users can chose between
different software, which have the same functionality and
are implemented on the same specification, but have dif-
ferent vendors. In evolution of an application users can
change their mind and choose an application module from
another vendor without any intervention into the source
code. In Java programming the application module calls
library, which is compressed file with the extension “jar”
(Java Archive).

The advantages of Sun specification bring us different
Java3D loaders [5] with the same internal programming
architecture. The choice of Java library to load 3D import
model depends on the library’s features. For loading 3D
import model we have chosen CyberX3D [17] library,
implemented by Satoshi Konno. It has the advantage to
support many standard geometry files like VRML, X3D,
3DS, OBJ, STL and DXF, and can load them. The second
preference of the library is based on VRML structure and
ability to translate other geometry types into common
structure, called SceneGraph, mapped from VRML
scheme. With Java3D developer can use such structure
and libraries to manipulate and render the scene with ele-
ments. The SceneGraph in original form is presented as
the geometry in our 4D model.



3.2.3 Time schedule

The process model is the second part of the 4D model and
represents the time dimension to the 3D design model. It
could be constructed in a different way by different
schedule tools. Engineers mainly use MS Project or Pri-
mavera for constructing the time schedule with CPM
method. Loaded time schedule needs prepared schedule
import model on accurate format, prepared by export
function from the schedule tool. Such model can be
loaded into our application.

3.2.4 Constructing 4D model

4D models cannot be written in the standard form. For
this reason we have develop a tool with ability of linking
the elements with activities from both models. Current
implementation supports construction of 4D model with
GUI. The connections between building elements and
activities are saved in the configuration file in the XML
form.

3.3 Development of building element recognition

The recognition algorithm has been divided into two
phases. Segmentation of the whole building object from
site images presents the first phase [12]. In second phase,
after segmentation, recognizes individual building ele-
ments of building object and identifies them, using
knowledge from 4D model.

3.3.1 Segmentation building object

The image model from figure 3 establishes repository of
images with required information like: camera position,
look at vector, up vector and timestamp. All these data are
needed for generating 3D reference model from 4D
model, which presents 3D geometry model for specific
timestamp.

Pixel presentation

Before segmentation each image has to be transformed
into HSV color space, where pixel component presents:

- H—-hue

- S — saturation and

- V —value.
For each pixel, recognition algorithm calculates values
for:

- texture,

- contrast and

- gradient.

Calculated pixel contains twelve values, written in vector:
p=I[col(H,S,V);u(H,8,V);e(H,S,V):g(H,8, V)], (1)

where col presents color in HSV color space, ¢ texture, ¢
contrast and g gradient of pixel.

Learning phase

For successful automation activity tracking the algorithm
has recognized the building elements from site images.
Recognized buildings elements are compared with the
elements from 3D reference model, which presents 3D
design model in time. First phase of recognition process is
segmentation, where algorithm separates the useful in-
formation from other on images. Before segmentation
process the algorithm have to contain criterions for seg-
mentation. The “teacher” has interactively marked the
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areas on site images, which present the building elements.
From these areas an algorithm teaches itself and generates
the base knowledge of element features. Average values
of elements features are compounded into universal crite-
ria function for segmentation process.

Algorithm region growing

Elementary principle based on region growing from one
or more starting pixels or region has to be members of
grown region. For these areas the algorithm checks, if a
neighbor pixels (down, up, left and right directions) cor-
responds of universal criteria function and includes only
the corresponding pixel into region. The process of grow-
ing is finished when is no neighbor pixels corresponding
of universal criteria function. The result is an area on site
image with similar properties as values from base knowl-
edge. Figure 4 depicts the results of segmentation process
on experimental images.

3.3.2 Building elements identification

The identification of particular building elements of
building object is necessarily for automatic findings ac-
cordance between planed and performed activities during
building process on building site. The algorithm from
segmented image tries to identify elements, by using 3D
reference model. Identified building element can be con-
nected with different messaging systems and thus im-
prove the project information flow.

Figure 4. input image (a) and result of segmentation (b).

3.4 4D-ACT benefits and challenges

In previous section were mentioned possible benefits of
4D-ACT system. The most important is improvement of
project information flow from designing phase to building
process and back into information system, as feedback
information. Feedback information contains reports like
material delivery services, successful finished activities,
failure situations, unexpected conflicts, etc. The collection
of reports could be as a repository of actions with several
advantages:

- easier recalculation of time period activities,

- reconstruction of situation on building site and

- clear presentations for critical events.

4 CONCLUSION

This paper presents the evolution process of 4D-ACT
system and separately describes different phases of devel-
opment. First phase covers inspecting different technolo-
gies to be used for implementation. Second phase presents
the architecture of systems platform and its development
for 4D model construction. The new 4D tool can gener-
ates animation of building process. Constructed 4D model



is needed as a base knowledge during recognition process.
Java3D was used for geometry structure and CyberX3D
as a geometry loader to establish independent architec-
ture. 3D reference model was described as generated from
4D model with additional calculated information to com-
plete missing information of image model in the recogni-
tion process.

After image segmentation algorithm has ability to identify
particular building elements. Advance messaging system
is logical continuation of system development as an inte-
grated application for total information support.

REFERENCES

[1] 3D ACIS Modeler (2007). (available at
http://www .spatial.com/products/acis.html).

[2] Akinci, B., Sherly S., Fisher, M. (1997). “Productivity and
cost analysis based on a 4D model”. CIB W78.

[3] Bonsang, K., Fisher, M. (2000). “Feasibility study of 4D
CAD in commercial construction”. Journal of construction
engineering and management.

[4] IAI (2006). “Industry foundation classes”. (available at
http://www.iai-na.org/technical).

[5] Java3D (2006). (available at
http://java.sun.com/products/java-media/3D).

[6] Kathleen McKinney Liston (1999). “Designing 4D contexts
for construction planners”. Doctoral consortium.

[7] Chau, K.W., Anson, M., Zhang, J.P. (2004). “Four-
dimensional visualization of construction scheduling and
site utilization”. Journal of construction engineering and
management.

[8] Leinonen, J., Kahkonen, K. (2003). “Virtual reality applica-

tions for building construction”. (available at

http://cic.vtt.fi/4D/4d.htm).
Nell, J. (2006). “STEP on a page”.
http://www.mel.nist.gov/sc5/soap).

(]

(available at

71

[10] Open CASCADE (2007). (available at
http://www.opencascade.org/).

[11] Pavesié, N. (1992). “Razpoznavanje vzorcev”. Fakulteta za
racunalnistvo in informatiko Ljubljana.

[12] Podbreznik, P., Poto¢nik, B. (2007), “Segmentacija grad-
benih objektov z uporabo algoritma rast regij”. Accepted on
ROSUS 2. strokovna konferenca, 22. marec 2007, Maribor,
Slovenija.

[13] Podbreznik, P., Rebolj, D. (2005), “Automatic comparison
of site images and the 4D model of the buiding”.
SCHERER, Raimar J., KATRANUSCHKOV, Peter,
SCHAPKE, Sven-Eric. CIB W78 22nd conference on in-
formation technology in construction, July 19-21,2005,
Dresden, Germany, (CIB Publication, No. 304). Dresden:
Institute for Construction Informatics, Technische Univer-
sitét, page. 235-239.

[14] Podbreznik, P., Rebolj, D. (2006/6), “Building elements
recognition using site images and 4D model”, ICCCBEXI,
International Conference on Computing and Decision Mak-
ing in Civil and Building Engineering, June 14-16,20006,
Montreal, Canada, page 87.

[15] Podbreznik, P., Rebolj, D. (2006/9), “Modeling conditions
required for recognition of building elements from site im-
ages ”, ECPPM, e-Business and e-work in architecture, en-
gineering and construction , September 13-15,2006, Valen-
cia, Spain, page 109-113.

[16] Primavera (2007). (available at
http://www.primavera.com).

[17] Satoshi, K. (2007), (available at
http://www.cybergarage.org/vrml/cx3d/cx3djava).

[18] Sherly, S., Fisher, M (1998). “Constructability reasoning
based in a 4D facility model”.

[19] Sriram, V. (1998). “4D CAD in construction”. Fall.

[20] Tong Lu, Chiew-Lan Tai, Feng Su, Shijie Cai (2004). “A
new recognition model for electronic architectural draw-
ings”.

[21] Zalik, B. (1999). “Geometrijsko modeliranje”. Fakulteta za
elektrotehniko, racunalnistvo in informatiko Maribor.



72




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /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 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 300
  /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 0.15
    /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 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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


