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Abstract  

The aim of this paper is to define the optimal Level of Detail (LoD) of an urban 3D 
model for solar energy simulation at the neighbourhood scale. Procedural methods are 
used to build the geometry. They allow modifying easily the Level of Detail of the 
windows (first application) and of the roofs (second application). Simulations of direct 
solar irradiation and Sky View Factors are applied to the model, and the accuracy of 
the results is compared at different levels. The results show the good behaviour of 
intermediary LoDs, which should allow the handling of large urban models. Further 
steps of this research should conduce to establish dynamic LoD procedures, respecting 
the skyline and allowing an evaluation of the error. This method could be transposed 
to other fields of the urban physics. 

1. Introduction  

Buildings energy performance, active solar potential, and access to sunlight and 
daylight in urban areas are directly influenced by the urban geometry, mainly at the 
neighbourhood scale. For their assessment using numerical simulations, a well-defined 
geometrical model of the urban environment is mandatory. Recent improvements in 
the spatial data acquisition techniques have made available different urban data (2D 
vectorial data, 2.5D raster data, alphanumerical data, orthophotos, etc.) that can be 
employed to represent extended urban areas and to perform environmental and urban 
analysis.  

Several environmental analyses have been performed using different urban models. 
For instance, the analysis of Digital elevation models (DEM) using Image-processing 
techniques has been employed to derive urban parameters used in Urban 
morphological analysis [RATTI 2004, CARNEIRO 2010],the assessment of the 
influence of the urban texture into the building energy consumption [RATTI 2005] 
and the assessment of solar access [CARNEIRO 2008 a]. DEMs have been analyzed 
coupling GIS and Image-processing techniques to derive urban parameters, as the Sky 
View Factor (SVF), in order to study their influence on the Urban Heat Island 
[LINDBERG 2007, UNGER 2009]. 

The detection of optimal areas on buildings for installing solar active systems has been 
performed using different approaches, as the analysis and manipulation of different 
datasets (DEM, DSM, stereo pictures, etc.,) in a Geographical Information System 
(GIS) [KASSNER 2008, JOCHEM 2009]. Mardaljevic proposed the Irradiation 
mapping for Complex Urban Environment (ICUE) approach, which consists in 
coupling an image-based approach (RADIANCE software) and a GIS-based solar 
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energy planning system (SEP system). The target applications are the assessment of 
solar potential, the guidance to passive solar design and the quantification of the 
reduction of solar irradiation into existing buildings caused by a new construction. 
[MARDALJEVIC 2003].  

The results of these studies are very promising and confirm the possibility of using 
spatial information to perform environmental urban analysis. However, these 
numerical simulations are performed using models with a predefined level of detail 
and the user doesn’t have the control to adapt it to the needs. As a consequence, the 
results may not be as accurate as they should be, and the error due to drastic 
simplifications remains unknown. Indeed, we found that the influence of the results 
caused by the level of detail of models used in numerical simulations hasn’t been 
studied in the literature.  

2. Parametric and Procedural Modeling  

Providing robust 3D urban model representations for many purposes are a challenge 
since various Levels of Detail and different abstractions are required for each 
particular application. Although all applications may share the same urban structure, in 
general, requirements are very different for each one [CARNEIRO 2008 b]. Ideally, 
the same basis of the model should be shared consistently, so information could be 
exchanged in a coherent way. For example, the result of a solar radiance simulation 
provided with a rough model could be attached to a highly detailed model for 
visualization.  

Another difficulty dealing with city models is the amount of geometry data to deal 
with. A highly detail urban model may be huge (of the order of billions of polygons) 
and manually modeling them is a tedious and complicated task. One promising 
approach for the efficient low-cost creation of detailed building models is procedural 
modeling, where rules and parameters are used to generate new content 
algorithmically [MÜLLER 2006]. In this approach, large-scale city models as well as 
very detailed building models can be quickly created using procedural techniques, and 
time-consuming modeling tasks are avoided. The automatic control of model 
complexity and simplification to improve procedural tools is a current research topic 
[WATSON 2008]. 

One advantage of using a procedural approach for urban model generation is that it 
works parametrically. That is, a single building model could be taken as a sample and 
reused as among other comparable buildings by changing the corresponding 
parameters. This advantage could also improve simulation application where different 
elements should be explored in order to analyze the impact of changing their size or 
shape.  

For the modeling purpose of this paper, we propose the use of a procedural level-of-
detail technique in order to obtain a parametric urban model adequate to the level of 
analysis being used. The main goals of the modeling process can be summarized as:  

− Allows to obtain a simple procedural model of an approximated real building 
where parameters can easily be changed for simulation analysis.  
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− Allows to obtain automatically different Levels of Details of the model previously 
defined.  

 
3. Physical model  

The physical model must include simple and complementary parameters to perform 
fast calculations. The results have to allow an analysis of the interaction between 
geometry and solar paths, in order to achieve conclusions about the Level of Detail. 
Here, the physical model is reduced to the characterization of solar path, calculation of 
direct sunlight and Sky View Factor. Direct solar radiation is evaluated from the solar 
constant, taking into account the absorption of the atmosphere for a clear day, with the 
isotropic model of Liu and Jordan [LIU 1960].  

Sky View Factor can be applied to the assessment of daylight [BECKERS 2009]. It 
defines the amount of sky visible from a surface, taking into account the angle of 
inclination to the sky vault. Sky View Factor is a pure geometrical parameter, but it 
has a physical meaning, deduced from the properties of the radiative exchanges: it 
represents the proportion of the total power leaving the first element and received by 
the second one [SILLION 1994]. Indeed, the Sky View Factor has been introduced as 
a parameter to measure the opening to the sky of the urban fabric, which is associated, 
among other parameters, to the Urban Heat Island phenomenon [UNGER 2009].  

This physical model is applied to the geometry, whose Level of Detail is gradually 
increased to reach a compromise between accuracy of results, model size and 
computation time. The sensitivity study has been realized using Heliodon 2 software 
[BECKERS 2006]. At this stage, we consider these parameters sufficient to determine 
the Level of Detail of the geometry. 

4. Geometric model  

At the neighbourhood scale, the geometric model should represent only the envelope 
of buildings in the area of study and its immediate urban context, so it is important to 
distinguish the envelope in roofs, walls and windows.  

4.1. LoD Procedural Modeling  

The main concept of a shape Grammar-based procedural modeling for building, as 
introduced by Müller et al. [MÜLLER 2006], is based on a rulebase: starting from an 
initial axiom shape (e.g. a building outline), rules are iteratively applied, replacing 
shapes with other shapes. A rule has a labeled shape on the left hand side, called 
predecessor, and one or multiple shapes and commands on the right hand side, called 
successor.  

The whole production process can be seen as a graph where each node represents an 
operation applied to its incoming geometry stream and the leaf nodes are the geometry 
assets. This representation results in a Directed Acyclic Graph (DAG), where nodes 
represent rules and links the stream of geometry [HAEGLER 2010, PATOW 2010]. 
The main rules that are used in the production process are Subdivision, that performs a 
subdivision of the current shape into multiple shapes, Repeat that performs a repeated 
subdivision of one shape multiple times, Component split that creates new components 
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shapes (faces or edges) from initial volumes, and the Insert command that replaces a 
pre-made asset on a current predecessor.  

Figure 1 shows a procedural building model designed using a visual graph-based rule 
system. By describing a building structure through a ruleset we can obtain a compact 
representation with geometric details in a simple modeling task process. The main 
potential of shape grammars lies in the variations they can produce, as each created 
instance of a building could look different by changing parameters of the rules.  

 

Figure 1: An example of a procedural model of a building. From the envelope mass 
of the building, facades are selected and described with rules according to the 

common window and door patterns. 

The main goal of our LoD Procedural module is to provide a flexible model generation 
method that allows the use of Level of Detail to adequate the model to the required 
analysis needs. Given a set of specific interesting shape elements, we base our 
approach on a graph transformation process of the original representation, using an 
extension of the method described in [BESUIEVSKY 2011].  

Our module workflow is described in the Figure 2. First, a procedural building model 
is generated at full resolution using semantically enriched rules as in Figure 1. 
Semantic tags represent the architectural structure meaning of the model parts as walls, 
windows, roofs or balconies. Then, Levels of Detail are described through semantic 
combinations that are specified using a user-selection interface. The user can use 
previously defined and stored LoD combinations, as well as build any new specific 
valid combination. Then, the system automatically processes the model for the 
specification, transforming the graph and generating the geometric representations. 
The final model can be exported separately in a 3D geometric format (STL, OBJ or 
DXF), for being loaded in a simulation analysis package.  
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Figure 2: Workflow of the geometric modeling system. From a semantic ruleset 
model the user configures LoD descriptions using tag labels. An automatic process 

generates the new graph models representations 

4.2 Automatic LoD processing  

The base of our system essentially is an automatic transformation of the initial 
building model. The model is represented by a semantically enriched graph-based 
interpretation of the original ruleset. The main advantage of this representation is that 
it allows finding a specific product in the derived geometry, given that all tags 
produced by any rule can be recovered at any level in the hierarchy. Going forward 
with this idea, we can build semantic rules relating product names. This is performed 
by selecting the semantic criteria to apply, called a semantic combination.  

We create a new command, called Filter, which automatically selects all products in 
the graph that accomplish a given semantic combination. A valid combination can be 
described using any expression associating tag labels through boolean operations. For 
instance, we can locate "first floor and window» in the building meaning identifying 
all windows of the first floor, or we can also specify a predefined LoD level. We let 
the system find where these criteria are met. Once found, the Filter command is 
instantiated with the required products. In order to locate the semantic label 
combination, we design an algorithm that traverses the graph processing all required 
labels and returns the first rule that satisfies the requirements, if any. Figure 3 shows 
results of an urban bloc model generated for three Level of Detail specification. 
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Figure 3. Results for the geometric generation for three different Levels of Details 
given a specification of windows, roofs and walls at all levels. Our system generates 

all levels in a single automatic process. 

4. Sensitivity study 1: Level of detail of the windows  

The definition of the Level of Detail of the windows is could be critical. In previous 
works [BECKERS 2010], we observed that the direct irradiation and the Sky View 
Factor depend on several geometrical parameters: orientation, wall thickness, windows 
aspect ratio and glazing surface. The interactions between them are not predictable; 
however a realistic representation would provide a huge quantity of polygons. At this 
stage, we try to assess the Level of Detail of the window, constructing a realistic type 
and making progressive simplifications.  

4.1.  Windows LoDs  

Four LoDs were proposed. The LoD 0 is a simple plane located at 5 cm from the wall. 
It just represents the glazing surfaces. The LoD 1 is the same plane but with a wall 
thickness of 20cm. The LoD 2 includes a simplified frame, in order to represent the 
actual glazing surface. The LoD 3 includes a realistic representation of the frame and 
the actual glazing surface. Calculations of SVF and direct radiation were realized.  

4.2. Results 
4.2.1.  SVF  

Results of the mean Sky View Factor on the different LoDs confirm that only the wall 
thickness has an impact on the Level of Detail. The LoD 1, LoD 2 and LoD 3 give the 
same results. We can conclude that for this kind of window the estimation of mean 
SVF can be realized in a LoD 1.  

      LoD 0      LoD 1      LoD 2    LoD 3  

 
Figure 4. Mean SVF for the different LoDs. 
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4.2.2.  Direct solar irradiation  

The estimation of the direct component was computed for each orientation during the 
solstices and during the whole year. The results in kWh are very different on each 
orientation, excluding the LoD 2 and LoD 3 where the results are very similar. See 
Figure 5 where the lines are overlapped due to the similarity. The results on LoD 0 
present the most important variation, due to the lack of the wall thickness.  

 

Figure 5. Direct irradiation (kWh) for the different LoDs. LoD 0 in blue, LoD 1 in 
red, LoD 2 in green and LoD 2 in purple. 

An analysis of the results indicates that the difference observed between the Levels of 
Detail including the wall thickness (LoD 1, 2 and 3) is mainly related to the reduction 
of the glazing area. Table 1 shows the results of the irradiation (kWh) and the glazing 
area (m2) expressed in percentages. We can see that these values are related and it 
could be possible to evaluate the irradiation using LoD 1 and LoD 2 with a post-
treatment of the results. This is feasible only if the windows have the same 
characteristics (aspect ratio, wall thickness and window area). 

 

Table 1. Irradiation (kWh) and glazing area (m2)  
expressed in percentage for the different LoDs. 

 

Table 2. Irradiation for the different LoDs (kWh/m2). 
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Comparing the results expressed in kWh/m2 allows to illustrate the effect of the wall 
thickness. LoD 0 gives the most different results, especially in summer where the sun 
is higher in the sky. However, we can perform the simulations using LoD 1 or LoD 2, 
which give more similar results. There is no change between LoD 2 and LoD 3. So, we 
think we can use LoD 2 instead of LoD 3 with good accuracy.  

5. Sensitivity study 2: Neighbourhood scale  

On previous works, we constructed a 3D urban model of Compiegne city centre 
manually. We performed several sensitivity studies of its geometry with promising 
results [RODRIGUEZ 2011]. However, it is evident that a manual simplification of 
the geometry is not operable, so we decided to continue the geometrical sensitivity 
study transforming the model into a parametric one. In the next section, we took one 
block of the model and we changed the LoDs of windows and roofs.  

5.1. Results  
5.1.1. Level of detail of windows at the neighbourhood scale  

We tested the LoD 0, LoD 1 and LoD 2 into the block, as we have seen that LoD 3 is 
not necessary. Simulation of direct solar irradiation was performed. We found a 
similar relationship between the irradiation and the glazing area, which proves that it 
could be possible to do a post-treatment of the results and the need of representing the 
wall thickness. 

 
Table 3. Irradiation (kWh) and glazing area  

expressed in percentage for the different LoDs. 

 

Table 4. Irradiation for the different LoDs (kWh). 

It is better to use a LoD 1 than a LoD 0, because the results are more accurate and the 
time of calculus is the same. LoD 2 gives the most accurate results, however the time 
of calculation is four times longer. If we are interested on kWh/m2 we can use LoD 1. 
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Table 5. Irradiation for the different LoDs (kWh/m2). 
 

5.1.2. Solar potential of roofs at the neighbourhood scale  

At this scale, a correct assessment of the solar potential of roofs requires a detailed 
representation of the geometry, particularly if the roofs are complex, as the tilted North 
European ones. Some simulations are performed using models with a LoD 0. 
However, these models are not adapted at this scale because it does not allow detecting 
the actual surfaces with a high incident irradiation. One possibility is the use of an 
intermediate Level of Detail, based on a typology. The results show that it is suitable 
to use LoD 1 instead of LoD 0. The difference in results is 8%, however LoD 0 does 
not provide enough graphical information about the localization of the most adapted 
surfaces for the installation of solar active systems. 

 
ROOFS LoD 0      ROOFS LoD 1  

 
2275657 kWh      2471456 kWh  
1234 kWh/m2

      987 kWh/m2
  

 
Figure 6. Solar potential in roofs 

 

6. Conclusions and perspectives  

The definition of a specific Level of Detail for solar simulations and urban 
environment analysis using parametrical models is very useful. Sensitivity studies are 
fast to elaborate and reflections about the simplification of the geometry are easily 
made. Next steps of this research should consist in generating bigger models, 
including the urban context, applying a more complete physical model, and studying 
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the relationship between the different Levels of Details. For example, what is the 
influence of the urban skyline on the irradiation on windows, and what should be the 
LoD of the urban context? Procedural methods allow realizing dynamic LoDs (for 
example, establishing a very high LoD on the studied area and a rough one for the 
context at each step of the simulation on a mesh). Indeed, such an operation, 
mandatory for reasonably quick simulations at urban scale, needs a precise 
methodology that depends on the sensitivity of the simulation to the different LoDs.  

 
Acknowledgements  

This work was partially funded with grant TIN2010-20590-C02-02 from Ministerio de 
Educación y Ciencia, Spain.  
 
References  

[BECKERS 2006] BECKERS B. & MASSET L., Heliodon software and user’s guide, 
www.heliodon.net, 2006-2012.  

[BECKERS 2009] BECKERS B.,“Geometrical interpretation of sky light in architecture 
projects”, Actes de la Conférence Internationale Scientifique pour le BATiment 
CISBAT 2009, September 2009, EPFL, Lausanne, Switzerland.  

[BECKERS 2010] BECKERS B., RODRÍGUEZ D., ANTALUCA E., & BATOZ J.L., “About 
solar energy simulation in the urban framework: The model of Compiègne”, 3rd 
International Congress Bauhaus SOLAR, November 10 & 11, 2010, Erfurt, Germany.  

[BESUIEVSKY 2011] BESUIEVSKY G., and PATOW G., “A Procedural Modelling 
Approach for Automatic Generation of LoD Building Models”, Proceedings of the 
CISBAT 2011, International Scientific Conference on Renewables in a Changing 
Climate, From Nano to Urban scale; 2011, pp. 993-998, Lausanne, Switzerland.  

[CARNEIRO 2008 a] CARNEIRO C., MORELLO E., RATTI C., GOLAY F., “Solar 
Radiation over the Urban Texture: LiDAR Data and Image Processing Techniques for 
Environmental Analysis at City Scale”, Lectures notes in geoinformation and 
cartography: 3d Geo-Information Sciences, Part II, Zlatanova, S., Lee,J. (Eds.), 
Springer, 2008, pp. 319-340, Berlin, Germany.  

[CARNEIRO 2008 b] CARNEIRO C., “Communication and visualization of 3-D urban 
spatial data according to user requirements: case study of Geneva”, Proceedings of the 
XXI ISPRS Congress, 3-11 July, 2008, Beijing, China.  

[CARNEIRO 2010] CARNEIRO C., MORELLO E., VOEGTLE T., GOLAY F., “Digital urban 
morphometrics: automatic extraction and assessment of morphological properties of 
buildings”, Transactions in GIS, 2010, 14 (4): 497-531.  

[HAEGLER 2010] HAEGLER S., WONKA P., MÜLLER S., VAN GOOL L., & MÜLLER P., 
“Grammar-based encoding of facades”, Computer Graphics Forum 29, 2010, 1479-
1487.  

[JOCHEM 2009] JOCHEM A., HÖFLE B., HOLLAUS M., RUTZINGER M., “Object 
detection in airborne lidar data for improved solar radiation modeling in urban areas”, 



. 

 

122 
 

Laser scanning 2009, IAPRS, Vol. XXXVIII, Part 3/W8 – September 1-2, 2009, Paris, 
France.  

[KASSNER 2008] KASSNER R., KOPPE W., SCHÜTTENBERG T., & BARETH G., 
“Analysis of the solar potential of roofs by using official lidar data”, In: IAPRS, Vol. 
XXXVII (B4), pp. 399– 403, 2008, Beijing, China.  

[LINDBERG 2007] LINDBERG F., “Modelling the urban climate using a local 
government geo-database”, Meteoro. Appl. 14: 263-273, 2007, Wiley Interscience.  

[LIU 1960] LIU B.Y.H., & JORDAN R.C., “The Interrelationship and Characteristic 
Distribution of Direct, Diffuse, and Total Solar Radiation”. Solar Energy 4, 1-19, 
1960.  

[MARDALJEVIC 2003] MARDALJEVIC J., RYLATT M., “Irradiation mapping of complex 
urban environments: an image-based approach”. Energy and buildings 35, 2003, 27-
35.  

[MÜLLER 2006] MÜLLER P., WONKA P., HAEGLER S., ULMER A.,VAN GOOL L., 
Procedural modeling of buildings. ACM Trans. Graph. 25, July 2006, 614-623.  

[PATOW 2010] PATOW G., “User-Friendly Graph Editing for Procedural Buildings”, 
IEEE Computer Graphics and Applications, 23, 2010.  

[RATTI 2004] RATTI C., RICHENS P., “Raster analysis of urban form”, Environment 
and Planning B: Planning and Design, Vol. 31(2), 2004, pp. 297-309.  

[RATTI 2005] RATTI C., BACKER N., Steemers K., “Energy consumption and urban 
texture”. Energy and buildings 37, 2005, 762-776.  

[RODRIGUEZ 2011] RODRIGUEZ D., PREVOST A., MOLINES N., BECKERS B., 
"Définition d'un modèle géométrique urbain pour la simulation du potentiel solaire", 
Colloque GIS Modélisation Urbaine « La modélisation de la ville : du modèle au 
projet urbain”, 23-24 février 2011. Marne la Vallée, France. 

[SILLION 1994] SILLION F. X. & PUECH C., “Radiosity & Global illumination”, 
Morgan Kaufmann Publishers, Inc, 1994.  

[UNGER 2009]  UNGER J., “Connection between urban heat island and sky view factor 
approximated by a software tool on a 3D urban database”, Int. J. Environment and 
Pollution, Vol. 36, No.1/2/3, 2009, pp. 59-80.  

[WATSON 2008] WATSON B., MÜLLER P., VERYOVKA O., FULLER A., WONKA P., & 
SEXTON C., “Procedural urban modeling in practice”, IEEE Computer Graphics and 
Applications 28, 2008,18-26. 

 
 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 0
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /FRA <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [481.890 708.661]
>> setpagedevice




