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Abstract Large engineering plants (LEP) such as power

plants, process plants, ship-borne machinery and aircraft

have certain unique features that a combination of both time

and condition based maintenance of the plants is considered

necessary. It has, however, been observed that applied

research leading to a systematic development of such a

maintenance strategy needs further study. Such a strategy

should not only harness the advantages of both time and

condition based maintenance but also adopt a wholesome

‘Systems’ approach so that the realisation of the overall

objectives of maintenance is maximised. e-Maintenance has

in the last decade emerged as a coherent and effective

amalgamation of information and communication technol-

ogies in the arena of maintenance playing a crucial role in

maintenance decision making. The focal area of applica-

tion of e-maintenance has been that of condition based

maintenance—e-monitoring, e-diagnosis and e-prognosis. It

may be observed that as far as LEPs are concerned, the

capability of e-maintenance can be enhanced to add value to

the entire maintenance strategy for the plant. In this paper a

maintenance strategy for LEPs involving an integration of

both time and condition based maintenance which also

harnesses e-maintenance features is suggested. Frameworks

are presented for maintenance decision making, integrated

TBPM and CBPM, e-maintenance of LEPs and a systems

approach to maintenance of LEPs.

Keywords e-Maintenance � Large engineering plants �
Preventive maintenance

1 Introduction

Maintenance has an essential role in ensuring that engi-

neering systems perform at desired levels of reliability,

availability and safety in a cost effective manner and in

keeping with the corporate demands. Appropriate mainte-

nance also contributes towards life extension of components

and systems. Maintenance of large engineering plants

(LEPs) such as, aircraft, shipboard machinery, power plants

and nuclear installations, have certain unique set of require-

ments, which have to be addressed to genuinely realize the

benefits of maintenance.

Over the last four decades, extensive research in the

field of maintenance has been reported, which have

very diligently presented different segments of research

involving modeling, optimization, planning and organiza-

tion of maintenance systems. The ever increasing drive for

presenting realistic maintenance decision models and

frameworks which are capable of providing decision sup-

port closer to practical maintenance scenarios is a note-

worthy trend in maintenance research. Some of the detailed

coverage of classical maintenance models and policies can

be found in works of Jorgenson et.al. (1967), Dekker

(1996), Bhadury and Basu (2003), Wu and Croome (2005)

and Wang and Pham (2006). Classical maintenance models

have been adopted or improved to accommodate imperfect

maintenance, opportunistic maintenance and maintenance

with economic dependence which were being recognized

as contemporary maintenance challenges to be addressed.

Maintenance frameworks and schemes were developed for
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the application of one or more maintenance models as

suited to maintenance management requirements. Struc-

tured and systematic designing of maintenance manage-

ment tools (Sherwin 2000; Kelly 2006a, b; Levitt 2009)

enabled establishment of maintenance as an important

element of asset management as well as development of a

range of computerised maintenance management systems.

Most early maintenance models were aimed at single

or fewer unit systems. However, with the realization of

the importance of maintenance in LEP, newer models or

adaptations of classical models and development of suit-

able frameworks were found necessary for company-wide

strategic maintenance (Jonsson 1999). One of the require-

ments in the planning of maintenance of LEPs is to inte-

grate time and condition based maintenance strategies for

concurrent implementation so that objectives of mainte-

nance can be effectively achieved. One of the early efforts

in this direction was an optimal replacement strategy

wherein a failed item is replaced instantaneously at failure

by a new one. Items with age b or less at instants kT

(k = 1,2,…) are allowed to remain in service. This strategy

is shown to be more efficient than the basic block

replacement strategy aiming to maximize steady state

availability (Jamali and Ait-Kadi 2005). Frangopol et.al.

(2009) have presented global cost optimization by means

of a cost-optimized condition-reliability profile (COCRP)

approach for assessment of structures in a probabilistic

framework. COCRP computations are carried out through

advanced Monte Carlo Methods. Niu et al. (2010) have

developed a condition based maintenance (CBM) system

that integrates data fusion strategy (to improve mainte-

nance accuracy) with traditional CBM (to enhance cost

effectiveness of maintenance) within the architecture of

RCM management.

While time based maintenance and ‘run to failure’

maintenance are being practiced in LEP, Condition Based

Predictive Maintenance (CBPM) is gaining popularity due

to its proactive approach. However, CBPM tools and

techniques require elaborate instrumentation and modeling

efforts. To be able to render them effective a requirement

analysis is necessary (Kothamasu et al. 2006). Jardine et al.

(2006) have reviewed recent research and development in

machinery diagnostics and prognostics implementing

CBPM. It is observed that future CBPM systems would

focus on various aspects of continuous monitoring and

automatic diagnostics and prognostics. To be able to

achieve effective implementation of CBPM, there is a need

to optimize the characteristics of both the condition mon-

itoring system and the plant that is being maintained

starting at a macro level. The condition monitoring system

is required to be optimized with regard to its ability to

detect the onset of an impending failure and predict the

time of final failure. On the other hand, the plant that is

being maintained will need to be optimized for its ame-

nability for being effectively subjected to CBPM. This

optimization will enable decisions regarding the area and

extent of effective applicability of CBM for a large plant

consisting of several sub-systems arranged in a complex

way.

E-maintenance provides an excellent platform for the

above mentioned integrated maintenance, particularly for

LEPs operating over wide, geographically distributed

areas. Simply put, e-maintenance can be considered as a

maintenance management system where assets are moni-

tored and proactive maintenance decisions arrived at over

the internet and other remote communication tools. More

specifically, one of the main objectives of e-maintenance is

to enhance maintenance process based on information and

communication technology (ICT) that provides the right

information at the right time, of the right quality, to the

right actor (Karim et al. 2009). There are several e-main-

tenance platform software and schemes available, some of

them being commercially off the shelf (COTS) products.

However, the focus of this paper is to highlight the need for

a robust requirement analysis through models of relevant

maintenance strategies. This paper discuses modeling of

both time based maintenance and condition based main-

tenance for large engineering systems using discrete event

model and a continuous state space Markov process,

respectively. In order to be able to predict the effectiveness

of e-maintenance platforms there is a need to quantify

certain less tangible features of, say, the condition moni-

toring system such as detectability, predictability and

diagnostic ability. Although such details are not quantifi-

able in crisp terms, considerable amount of information is

available with experts in the field. The expertise will

therefore need to be gathered and quantified using fuzzy

inference tools and supply the details as inputs to mainte-

nance models.

2 Large engineering plants and their time based

preventive maintenance

LEPs are designed as ‘first of its kind’ systems without

much statistical information to plan time based preventive

maintenance. Therefore, there is a need to ab initio identify

decision variables such as preventive maintenance interval,

maintenance resources such as workforce and features of

condition monitoring system.

LEPs have multiple parts in the form of systems, sub-

systems and components. On the basis of functionality and

maintainability, the parts of a large engineering plant can

be organized into modules. A set of modules can further

be grouped into higher modular assemblies (HMA). The

HMAs are organised as series constituents of the plant, that
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is, it is necessary to have all the HMAs operational so that

the plant as a whole is operational. The HMAs may have

redundant modules within them as shown in Fig. 1. It is

assumed that it is imperative to have all the HMAs,

including the redundant modules within each HMA, fully

operational at the commencement of each mission (oper-

ational period). Operational periods will be interspersed

with maintenance periods.

As far as shut down maintenance is concerned, it will be

desirable to carry out maintenance of all the HMAs con-

currently so as to minimize the overall plant down time for

maintenance. However, practically, ‘concurrence of main-

tenance periods’ will be limited by the fact that the opti-

mum maintenance interval and duration of maintenance for

all HMAs will be different owing to the level of com-

plexity, inherent reliability, maintenance cost and resources

considerations. Further, recommendations regarding the

preventive maintenance intervals are provided by the

equipment manufacturers which are expected to be differ-

ent for different equipment. Operation and maintenance

periods for four HMAs and also the net availability of the

complete plant are shown in Fig. 2. It can be seen that due

to the differing operational and maintenance periods of the

HMAs, the uptime of the plant as a whole is low. In order

to increase the plant uptime it is necessary to conduct

maintenance of all HMAs as concurrently as possible. The

extent to which maintenance actions can be carried out

concurrently would vary from time to time. Therefore, the

concurrence of maintenance is also realtime variable to be

factored into e-maintenance decisions.

3 Integrated maintenance

Generally operation of LEPs is carried out in areas remote

from where large scale or depot maintenance support is

available. Further downtime for repair or maintenance is

very expensive, primarily because of considerations of lost

opportunities (Verma and Ramesh 2007). The time

required for mobilization of maintenance resources could

be very large. Therefore, undertaking maintenance

preventively at certain scheduled intervals, although

sometimes not otherwise warranted is considered

necessary.

These periods of maintenance are scheduled with ade-

quate plan. However, failures could still occur despite

scheduled preventive maintenance (Amari et al. 2006).

Hence there is a need to closely monitor performance of

plants and also sense telltale signs of onset of failure, if

any, and undertake predictive maintenance before a cata-

strophic failure could occur. It may therefore be noticed

that there is a need to augment time based preventive

maintenance (TBPM) with and condition based predictive

maintenance (CBPM) for LEPs to ensure desired levels of

reliability and availability. Thus, while the machinery

modules of a plant are subjected to TBPM, the perfor-

mance parameters of the modules are also to be monitored,

time for failure predicted, logistic preparations initiated

and preventive repair actions undertaken if necessary just

in time thereby precluding a catastrophic failure.

Integration of TBPM and CBPM for a LEP is shown

schematically in Fig. 3. An optimal set of objective values

of reliability, availability of the plant and cost of mainte-

nance are obtained through CBPM and TBPM modeling.

The maintenance decision maker will choose that set of

Plant

HMA 1 HMA p HMA h

PLANT

Fig. 1 Schematic

representation of a plant

consisting of HMAs which in

turn consists of modules that

may or may not have

redundancies

HMA1 U U U U

D D

U U U U

80% 

HMA2 U U U

D D

U U U

D D 60% 

HMA3 U U U U
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U U U U

D 80% 

HMA4 U U

D

U U

D

U U

D

U

70% 

PLANT U U

D D D D
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D D 40%

% Uptime 

  U =  Up state (operational) 
D =  Down state (under maintenance)

Fig. 2 Operational-maintenance cycle of four HMAs of a plant and

that of the complete plant (Verma and Ramesh 2007)
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objective values in the light of business requirements. The

flow of activities in an integrated TBPM and CBPM sce-

nario is shown in Fig. 4. As it may be seen from the figure,

an integrated maintenance problem for a LEP is a not only

one with multiple and competing objectives but also a

modeling problem that requires inputs from statistical data

as well as fuzzy information and expert opinion.

4 E-Maintenance of LEPs

Recently e-maintenance has effectively harnessed ICT, the

prowess of ICT such as wireless, telephony and internet in

the arena of maintenance playing a crucial role in main-

tenance decision making. It can efficiently integrate

geographically distributed sources of data, information

and knowledge for optimal maintenance decisions and

also enable use of technologically advanced sensors, sig-

nal processing tools and decision making techniques.

e-maintenance has been defined as an asset information

management network that integrates and synchronizes the

various maintenance and reliability applications together

and deliver asset information where it is needed and when

it is needed (Moorer and Starr 2006). A comprehensive

research by Karim (2008) has led to the characterisation of

e-maintenance, development of e-maintenance solution for

complex systems from a service oriented perspective and

identification of related maintenance support information

services. In the author’s research e-Maintenance is defined

as ‘the part of maintenance support that ensures that the

maintenance process is aligned with the operation and

modification processes to obtain business objectives,

through proper information logistics by information &

communication technology (ICT) utilization and provision

of information services’. Collaboration of local mainte-

nance personnel at site with remotely located experts is the

central theme of e-maintenance frameworks (Han and

Yang 2006; Garcia et al. 2004). Real time diagnosis,

prognosis and intelligent maintenance decision support

systems are critical in the implantation of e-maintenance.

Since e-maintenance platform is intended to support

maintenance process, the components of the platform need

to be considered from a service oriented perspective

(Candell et al. 2009) so that information can be seamlessly

shared between various elements of the e-maintenance

platform, that is provide an effective ICT support to the

maintenance process.

Apart from the design and reliability challenges of

e-maintenance hardware and software, there are two

additional challenges that need to be addressed. Firstly,

time based maintenance will have to be integrated in the

e-maintenance decision making framework into an inte-

grated maintenance strategy for LEPs as discussed in the

TBPM Model CBPM Model 

Maintenance Decisions to 
meet Objectives of

Reliability, Availability, Cost…

Equipment 
level reliability

Maintenance 
resources

Condition mon. 
sys characteristics

Business 
Demands

Fig. 3 Activities in the integrated maintenance of LEPs
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Fig. 4 Integrated TBPM and

CBPM for LEPs
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previous section. Secondly, the integrated maintenance

strategy will need to be designed from a systems per-

spective which is essential for enhancement of effective-

ness of maintenance.

A framework for e-maintenance proposed for mainte-

nance management of LEPs is shown in Fig. 5. The local

platform consists of the machinery and systems to be

monitored and the condition monitoring system themselves.

Data pertaining to the performance and health of machinery

and systems are recorded by the condition monitoring sys-

tem. The same are processed to the extent feasible within

the local platform and classified into normal and abnormal

values (fault detection) as well as analyzed for visible and

significant causes and trends (diagnosis and prognosis).

However, the capacity of the local platform to undertake

fault detection, diagnosis and prognosis is limited. The

remote centres of expertise are therefore to be configured

into the system to extend the capacity of the local platforms.

Data, partly or fully processed, are transmitted to the remote

centres for creation of diagnostic, prognostic, logistic and

technical knowledge support are transmitted back to the

local platforms. An important module in the proposed

e-maintenance framework is the communication manage-

ment module. This module plays a central role in ensuring

the overall success of the e-management effort. It has the

decision optimisation models, prioritisation information,

capacity and constraint data and inputs pertaining to cor-

porate preferences. The framework also integrated e-logis-

tics for maintenance and operations support.

One of the major factors that would determine the

success of e-maintenance of LEPs is the result of require-

ment analysis: Provisioning of appropriate hardware, soft-

ware and human expertise at appropriate locations.

A systems approach to implementation of e-maintenance is

a response to this requirement. Such an approach with

integration of both time and condition based maintenance

strategies is discussed in the next section.

5 A systems approach to macro level maintenance

planning

It is a common observation at several large engineering

plants that the condition monitoring tools and techniques

have been applied to only a few of the equipments of the

plant as standalone arrangements. Therefore, some of the

equipment for which condition monitoring tools were

easily applied benefitted from the CBPM strategy. How-

ever, failures of the plant continued to occur due to the

failure of the balance subassemblies of the plant which

were not covered adequately by CBPM. Further, all those

equipment for which condition monitoring techniques were

applied did not benefit to the same degree since the

effectiveness of the monitoring system, the relevance of the

monitored parameter and the frequency of monitoring were

not entirely appropriate. Clearly, the solution to this

problem is implementation of a comprehensive plant-wide

CBPM coverage adopting a systems approach. As dis-

cussed in the earlier sections, in the case of LEPs, addi-

tionally TBPM is also required to be implemented through

a systems approach.

A systems approach to e-maintenance of LEPs looks at

the structure of the plant holistically. The approach rec-

ognises the interrelationships across the plant and scans the

complete plant to identify failure causes. This approach

enables maximisation of the objectives of maintenance.

A systems approach for e-maintenance of LEPs is sche-

matically shown in Fig. 6. In the systems approach shown

in the figure, the plant is first divided into systems and

subsystems and then into HMAs as discussed earlier. There

are two parallel maintenance processes in the framework—

one for CBPM and the other for TBPM.

In the TBPM strategy, as the next step necessary data is

collected, processed and TBPM model inputs such reli-

ability, cost of maintenance and other model parameters

are estimated. A multi-objective TBPM optimization is

Local Platform -
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Management

• Data 
Acquisition       & 
processing
• Classification
• Trending

Communication 
Management

• Systemic 
design

• Decision  
Optimization
• Management 
of :

• address
• priority
• weightage

Logistic 
Support 

noitamrofniatad

knowledgeDecision 

Remote 
Expertise 

Management

Decision 
Support :

• Diagnostic
• Prognostic
• Logistic
• Technical 

MachineryPlatforms

Remotecentersofexpertise

Fig. 5 Framework for

e-maintenance
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carried out which gives optimum sets of reliability of the

plant and cost of maintenance and corresponding values of

maintenance intervals.

In the CBPM strategy for the LEP, as the next step, the

physical hierarchy of each of the HMAs is established.

Also FTAs are generated for the HMAs. While the physical

hierarchy indicates the required location of the sensors for

condition monitoring, the FTA indicates the type of sensors

and processing devices required to be provided. Having

designed the condition monitoring system sensor network

for the plant, it is necessary as the next step to estimate the

ability of the condition monitoring system to detect the

onset of failure (detectability) and predict the time of final

failure (predictability). The estimated values of detect-

abilities and predictabilities of the condition monitoring

systems in respect of all the HMAs are used in the CBPM

(Markov) model as part of the state transition rates (Verma

et al. 2008). The plant availabilities, cost of CBPM and

other parameters are computed as a multi-objective opti-

mization problem. The computed values of availability and

cost are examined for their acceptability in the light of the

organizational requirements and if the values are found

unsatisfactory, the condition monitoring system sensor

network is redesigned.

6 Conclusion

Comprehensive maintenance strategies are required to be

planned, optimised and executed for LEP with both time

and condition based maintenance arrangements integrated

in order to maximize the achievement of the objectives of

maintenance. However, for such integrated maintenance to

be successful, it is necessary to undertake a requirements

analysis from a systems approach. Optimal provisioning of

hardware, software and support from remote expert cen-

tres as well as deployment of maintenance personnel play

crucial parts.

E-maintenance with all the computational and infor-

mation networking and transmission capabilities can

emerge as a force multiplier for the maintenance of LEPs.

An integrated e-maintenance will be able to acquire and

harness information such as the rates and modes of failure

of the equipment to be maintained, appropriateness of the

condition monitoring arrangement, expert opinion, domain

expertise, both local and remote, optimization and priori-

tization of maintenance objectives leading to optimal

decisions. Frameworks in keeping with these requirements

have been proposed in this paper.
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Karim R, Candell O, Soderholm P (2009) E-maintenance and

information logistics: aspects of content format. J Qual Maint

Eng 15(3):308–324

Kelly A (2006a) Managing maintenance resources. Butterworth-

Heinemann, Oxford, UK

Kelly A (2006b) Strategic maintenance planning. Butterworth-

Heinemann, Oxford, UK

Kothamasu R et al (2006) System health monitoring and prognostics—

a review of current paradigms and practices. Int JAdv Manu

Technol 28:1012–1024

Levitt J (2009) The handbook of maintenance management, 2nd edn.

Industrial Press, New York

Moorer WJ, Starr AG (2006) An intelligent maintenance system for

continuous cost based prioritization of E-maintenance activities.

Comput Ind 57(6):595–600

Niu G, Bo-Suk Yang, Pecht M (2010) Development of an optimised

condition-based maintenance system by data fusion and reliabil-

ity-centered maintenance. Reliab Eng Sys Safety 95:786–796

Sherwin D (2000) A review of overall models for maintenance

management. J Qual Maint Eng 6(3):138–164

Verma AK, Ramesh PG (2007) Multi-objective initial preventive

maintenance scheduling for large engineering plants. Int J Reliab

Qual Safety Eng 14(3):241–250

Verma AK, Srividya A, Ramesh PG (2008) Machinery Condition

monitoring system selection—a multi-objective decision approach

using GA, Proceedings First International Conference on Emerg-

ing Trends in Engineering and Technology, IEEE Computer

Society, pp. 787–792

Wang H, Pham H (2006) Reliability and optimal maintenance.

Springer, London

Wu S, Clements-Croome D (2005) Optimal maintenance policies

under different operational schedules. IEEE Trans Reliab

54(2):338–346

Int J Syst Assur Eng Manag (July-Sept 2010) 1(3):239–245 245

123


	A systems approach to integrated E-maintenance of large engineering plants
	Abstract
	Introduction
	Large engineering plants and their time based preventive maintenance
	Integrated maintenance
	E-Maintenance of LEPs
	A systems approach to macro level maintenance planning
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [595.276 841.890]
>> setpagedevice


