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ABSTRACT: The goal of improving the quality and the maintenance of building products, and the will to integrate the 
sustainable development objectives led us to propose an original method based on the use and adaptation of the Failure 
Modes Effects and Criticality Analysis (FMEA). This method relies among others on ontology use. It facilitates the 
FMEA proceeding.  
This paper aims to introduce innovative software specifically developed to perform more easily FMEA on building 
components. This software takes advantages of a structured knowledge base and an inference rule engine that allow a 
complete and formal description of the product to be analysed and an exhaustive analysis of all failures (degradations) 
that may occur. 
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1 INTRODUCTION  

In France, the deficiencies in building construction annu-
ally cost 7 billion euros. However, this context is not 
pushing to the use of innovative solutions. It is in the en-
ergy field that innovative products and systems are de-
signed as they allow to reach the objectives of reduced 
energy consumption in building. 
Moreover, the failure of a product is caused by a succes-
sion of degradations generated by different causes. This 
can explain the difficulty to forecast this pathology at the 
earliest stage of the design (AQC 2005). 
A more secured innovation is possible when an analysis 
such as the FMEA method is integrated in the early de-
sign stage. In fact, other scientific domains such as car 
industry and aeronautics are good proofs, but the critical-
ity is not the same in building. The FMEA is a method for 
improving quality. It should be conducted mostly in early 
phases of product development. It is a formalized, ana-
lytical method (Stockinger, 1989). Thus, it allows reduc-
ing the initial investment (in time and money) for build-
ing. 
In this paper, we introduce a tool aiming to improve the 
reliability and quality of innovative products by develop-
ing preventive actions of risk analysis and quality man-
agement at design and installation stages. 
The paper is organised as follows:  

- section 2 presents the adaptation of the FMEA method 
to a building product; 

- section 3 introduces the computer-assisted FMEA 
method in building product-based ontology; 

- section 4 presents software architecture to assist the 
FMEA method.  

2 THE FMEA METHOD FOR A BUILDING PROD-
UCT: EXAMPLE OF THE SOLAR PANEL 

The FMEA method is well-known and used in the indus-
try. It is a methodological tool which allows identifying 
and describing the failures scenarios for a given product 
or service. At the same time, this methodology identifies 
the causes of the failures and also allows evaluating their 
consequences. 
The FMEA method is applied to all phases of the consid-
ered product or service life cycle (e.g. from the design 
stage to the realisation, the exploitation or the use, the 
improvement or the validation).  
The implementation of the FMEA method is structured in 
three main phases: 

- A functional analysis phase formalising how the sys-
tem is running;  

- An analysis of the failure modes. This phase is subdi-
vided into three subtasks: 
• An analysis of the modes (Is the failure possible? 

Why has the failure appeared? What are the conse-
quences of this failure?); 

• An evaluation of the corresponding criticality;  
• A determination of the critical points for which cor-

rection actions must be performed;  
- An exploitation phase leading to develop preventive 

measures. 
The adaptation of the FMEA method to the characteristics 
of construction products requires some complements in 
the method, particularly by introducing one stage dedi-
cated to the implementation and one stage dedicated to 
the maintenance. Several studies have shown that it is 
possible to formalize a part of the expert knowledge (Lair 
& al 2002). This formalized knowledge can then be ex-



ploited thereafter by FMEA specialists. This formalisation 
has also shown that a greater exhaustiveness in the fore-
cast of the failures is possible and can be performed more 
easily and rapidly. 
Hence, in the specific case of construction products, 
FMEA is performed according to the main following 
stages: 
Stage 1: structural analysis  
In this stage, the structure of the considered product is 
described in its operating/production environment. It 
leads to the listing of the sub elements (components) that 
constitute the product, the interactions (interfaces) which 
can exist among these components, the materials that con-
stitute these components as well as the environmental 
elements which are in contact with the components. These 
elements, designated by Environmental Agents (AE), 
range from air and temperature to moisture or rodents… 
Some of these AE can be gathered into different sets 
which represent different typical environments. Each set 
is called “Environment”. 
The figure 1 wraps up this stage in the context of Solar 
Panel. The structural view of the solar panel (considered 
as the product) corresponds to the description of the as-
sembly of the different components it is made of. For in-
stance, the component n°1 is in liaison (interface) with the 
component n°7 and in contact with AE contained both in 
the external and internal environment. 
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Figure 1. From real product to semi structural view. 
 
Stage 2: functional analysis 
This stage is an exhaustive description of the functions 
that must be provided by the product. It consists in assign-
ing to each component the main and secondary functions 
it ensures. For instance, the primary function of a window 
could be “to be tight with the air” and the secondary func-
tion could be “to rigidify the structure”. 
Stage 3: migration of the environmental agents  
This stage consists in "placing the product in its real envi-
ronment”. The AE are applied to the component which 
they are in contact with. According to the permeability of 
these components and their fitting, these AE will be more 
or less able to migrate. They will go through some com-
ponents and be in contact with others. This stage requires 
the knowledge of the behaviour of each component or 
material for each considered AE. When no more migra-

tion of AE is possible, this stage is considered as finished. 
The product is then in a stable state. It is possible to 
know, for each component the list of AE which are in 
contact with it. 
Stage 4: searching for degradations  
According to the potentialities (possible degradation of a 
component pursuant to the possibilities of degradation: 
presence of an AE degrading a component/a product, in-
compatible contact of two components, etc), a list of pos-
sible degradations is drawn up. This stage strongly relies 
on expert knowledge for the considered product. It is in-
deed, necessary to know, for each component/materials, 
what are their physicochemical behaviours according to 
the influences they can be confronted by. 
Also, degradations can be caused by the combination of 
sources coming from the Environment of the product, the 
errors of Process, or Incompatibilities. Degradations re-
lated to the Process are obtained after analysis of constitu-
tive materials and/or the type of the component. Those 
related to the Environment are obtained after the algo-
rithm of migration of AE. Finally degradations caused by 
the Incompatibilities are obtained after the analysis of 
materials in contact with AE.  
Stage 5: selection and application of degradations  
One degradation is selected among the list obtained at the 
previous stage and applied to the considered components. 
The system is not any more under its initial conditions. 
The selected degraded component behaves now according 
to permeability rules (for the AE) and is no more ensuring 
its initial functions. 
The application of the degradation consists in migrating 
the AE according to the new capacities of the degraded 
component. It returns to stage 4. 
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Figure 2. Steps for FMEA applied to the construction products. 
 
In these stages, the efficiency of the method strongly re-
lies on the degree of precision of the information given by 
the user. Precision is also the most tedious side of the 
method. Consequently, we propose to lighten this tire-
some work by automating it. 
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3 COMPUTER-AIDED, FMEA-BASED ONTOLOGY 

The FMEA automation will provide guidance for the user 
when describing the structure of the product description. 
Product description will be based on an ontology provid-
ing predefined objects. The objectives of a “computer-
aided FMEA” are:  

- to achieve a better formalization/re-use of the generic 
products and phenomena;  

- to build and maintain a knowledge base on the various 
notions previously mentioned (AE, components, func-
tions, degradations, materials…)…  

For this purpose, we propose a guided framework which 
major concepts (from components to degradation) are pre-
defined in a structured knowledge base. This leads to 
elaborate an ontology, as a model of our knowledge base. 
The knowledge base is therefore modelled as an ontology. 
 
3.1 Contribution of ontology  

An ontology is a formal model which allows to express 
assertions in a structured manner and then make them 
"computable". It is also a representation of a system from 
a certain point of view. This representation is details con-
cepts from this system and the interactions or relations 
that may exist between these concepts (Gruber 1993). 
The first “exercise” consists in “conceptualising” a con-
struction product. This process leads to the definition of 
the following abstract "concepts" that could be reused for 
all construction products: 

- Product: The Product is the considered Construction 
product which will be analysed. It is a mechanic-
physico-chemical and geometrical fitting of Compo-
nents linked between them via Interfaces. 

- Component: A Component is a sub-element of the 
Product.  

- Interface: An Interface is an abstraction of the existing 
physical liaison between two Components. The inter-
faces are defined by their connection mode (stuck, 
screwed, embedded…).  

- Material: This notion indicates the chemical composi-
tion of the component (e.g. What is it made of) 

- AE (Environmental Agent): The Environmental 
Agents represent the “aggressions” that may come 
from the environment of the product and which may 
influence its behaviour, by degrading one or more of 
its components during its life cycle. The contacts be-
tween components and AE can be direct (coming di-
rectly from the description of the contact component-
medium) or indirect (coming from the migration of the 
AE in the product). 

- Environment: The environment gathers a set of AE 
which may influence on its behaviour during the 
product life cycle.  

- Function: The primary functions represent the essen-
tial characteristics for which the product or component 
has been chosen. For each couple (primary compo-
nent-function) of the product, the component supports 
also secondary functions which help the component to 
perform primary functions.  

- Degradation: Degradations can be separated into two 
categories: degradations related to the process and 
those related to the exploitation. The second category 
can be broken down into two subcategories: degrada-
tions related to the environment and those related to 
the other components (incompatibilities). 
• (Degradation) Process: Degradations related to the 

process are all degradations that may occur since the 
design phase until the beginning of the exploitation 
of the considered product. 

• (Degradation) Environment: Degradations related to 
the environment are caused by the climatic (e.g. wa-
ter, radiation…), biologic (e.g. bacteria, mush-
rooms…) factors and are forced (forced action of 
the wind, seism…). 

• (Degradation) Incompatibility: Degradations related 
to the incompatibilities are caused by the contacts 
between components. They can be of mechanical 
(e.g. dilation, wrenching, thermal shock…), chemi-
cal (e.g. chemical attacks, efflorescence…) or 
physical (e.g. overheating…) types. The incompati-
bilities are defined by the conditions and materials 
of incompatibilities. 

For instance, we can study a low emissive double glazing 
unit in its environment, from the point of view of its 
thermal properties or its efficiency. As soon as a model is 
set up, it is then possible to capitalize knowledge as in-
stances of this model, and this knowledge is completely 
structured. 
The examples of these instances are as follows: 
My component Frame is composed of material Alumini-
um. My component Frame has for function to be water-
tight. My Environment External is containing the envi-
ronmental agent Humidity, Gas, UV, rain, … The Envi-
ronment External is in contact with the component 
Frame… 
A set of instances is allowing the description of a product 
on which we want to perform the FMEA. (In the example 
shown before, the words in bold are concepts of the on-
tology, the ones in italic are the relations between these 
concepts and the ones underlined are the instances of the 
ontology). Figure 3 also displays the structure of the on-
tology. 
The instances describing the product make up a static 
base on which we have to identify the degradations ac-
cording to the information to be extracted (see explana-
tion on AE migration for example…). The study of the 
consequences of those degradations comes after. 
A computer aided FMEA allows, starting from this 
knowledge base, to build a specific instance correspond-
ing to the studied product. Then, the degradations mecha-
nisms/algorithms can be automatically applied, followed 
by the automatic propagation of the degradations.  
This reveals the necessity to develop an engine coupled 
with the static representation of the product, to be able to 
apply degradations and to propagate their effects on the 
product. It could be considered by taking into account the 
rules of propagation, the structure, and the composition of 
the product. 



 
Figure 3. FMEA of building products ontology (Talon 2006). 

The following figure synthesizes our approach of com-
puter aided FMEA: 

Figure 4. Suggested principal architecture for computer-aided 
FMEA.

 
3.2 Management of the knowledge base and its enrich-

ment by an expert knowledge  

The ontology presented in the previous paragraph repre-
sents the formal model of an expert knowledge base con-
taining suitable elements to carry out FMEA on a con-
struction product. This knowledge base could be enriched 
by various experts.  

To this purpose a dedicated interface has been developed 
(figure 5). This form allows an expert to describe the deg-
radation phenomena, in a user-friendly way. Behind the 
form, the description is translated into a formal assertion. 
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Figure 5. Dedicated form to enrich the knowledge base. 
 
From a technical point of view, the ontology and the 
knowledge base have been initially written using the 
freeware Protégé editor (Genari et al 2002). The chosen 
language is OWL and the assertions concerning the de-
gradations are expressed in Description Logic (DL). 
On the other hand the ontology and the knowledge base 
are specifically designed to perform FMEA. With this 
intention we associate to the ontology an FMEA software 
in order to accumulate information on material and com-
ponents.
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4 MODEL DRIVEN APPROACH AS A WAY OF 
STRUCTURING FMEA SOFTWARE DEVELOP-
MENT 

The FMEA software allows the FMEA user to perform a 
structural and functional analysis and thus to describe the 
analysed product in its environment with a graphical in-
terface. Thus, we could, for instance, specify the type of a 
component (e.g. frame, beam, film, joint…), its functions, 
(e.g. water tightness, mechanical resistance…), constitu-
tive materials, relations and interfaces between compo-
nents (e.g. glued, screwed…), environmental agents con-
stitutive of the environment etc.  
Hence, we propose a FMEA software implementation 
according to three tiers architecture in order to distinguish 
presentation, business and data layers. This also provides 
a good flexibility for further enhancements and allows a 
maximum maintainability of the code (figure 6). 

 
Figure 6. Three Tier architecture. 

With this intention, we adopt a model driven approach 
(Blanc 2005). It allows centralizing maximum of informa-
tion in UML model (Figure 7) and generating a business 
and persistence layers. For this purpose, we use An-
droMDA framework, for back-end and Graphic User In-
terface generating from the model. This GUI is developed 
with Spring RCP framework (figure 8).  

Figure 7. GUI for FMEA software. 

 
On the other hand, and in order to assist the FMEA users 
in information impound, we link the FMEA software to 
FMEA ontology framework via the Application Pro-
gramme Interface JENA.  
Data access is achieved with the help of the Hibernate 
Framework. The data are stored in a MySQL database for 
further reuse (Figure 9). 
 

 
Figure 8. FMEA software model - UML formalism. 
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Figure 9. FMEA data access. 
 
 
5 CONCLUSION  

The results obtained with the FMEA software were prom-
ising enough to lead us to: 

- Start the development of a more elaborate software 
based on a UML model. 

- Start capitalizing degradations information compatible 
with the format proposed by the model, in order to be 
able to reuse the information for the study to come. It 
is the knowledge base of our software and it can be 

updated before every study according to the informa-
tion we have on the component or material. 

This means that from now on, every study allows the next 
study to gain efficiency and speed. It is a good reason to 
continue to use FMEA to design new building products; 
all the information collected during the analysis will be 
reused, and will contribute to the enrichment of a knowl-
edge base which is the heart of this tool. But there are still 
areas that need further research. For instance, we do be-
lieve that a bridge should be set up between our tool and 
the Industrial Foundation Classes (IFC). This will enable 
the direct reuse of complex product description. 
 
 
REFERENCES 

AQC Report, 2005, Qualité progressions ensemble 1995-2005. 
X. Blanc, « MDA en action » 2005, ed Eyrolles 
J. Gennari, M.A. Musen, R.W. Fergerson, W.E. Grosso, M. 

Crubezy, H. Eriksson, N.F. Noy, S.W. TU, 2002. The Evo-
lution of Protégé: An Environment for Knowledge-Based 
Systems Development. In Proceeding of Protégé conference. 

T. R. Gruber, 1993, A translation approach to portable ontolo-
gies. Knowledge Acquisition, 5(2):199-220. 

J. Lair, J.L. Chevalier. Failure Mode Effect and Criticality 
Analysis for risk analysis (design) and Maintenance plan-
ning (exploitation). In Proceeding of 9th Durability of build-
ing Materials and Components (9th DBMC) Brisbane, Aus-
tralia – 17/21 March 2002. 

Stockinger, K. (1989). FMEA – A Progress Report (in German). 
QZ – Qualität und Zuverlässigkeit, 34, 155-158. 

A. Talon, 2006, Evaluation of the construction products degra-
dations scenarios. PhD report. CSTB, University Blaise Pas-
cal, Clermont 2. 

 

 194



<<
  /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
  /CreateJDFFile false
  /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
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


