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ABSTRACT 
This paper proposes a multi-objective memetic algorithm, namely 
Mem-NSGA-II, to optimize the relay node placement problem. 
The network lifetime and the number of relay nodes are two 
objectives to be optimized. In Mem-NSGA-II, three new local 
search (LS) operations are designed and incorporated into the fast 
non-dominated genetic algorithm II (NSGA-II). The first LS 
operation inserts relay nodes into solutions for extending the 
network lifetime.  The second LS operation aims to reduce the 
number of relay nodes to save cost.  The third LS operation fine-
tunes positions of the relay nodes for finding better solutions.  
The performance of Mem-NSGA-II is compared with a 
deterministic two-phased method and NSGA-II. Simulation 
results on five networks reveal that Mem-NSGA-II yields much 
better performance than the two algorithms. 

Categories and Subject Descriptors 
I.2.8 [Artificial Intelligence]:Problem Solving, Control Methods 
and search-Heuristic methods; G.1.6 [Numerical Analysis]: 
Optimization-Global optimization 

General Terms 
Algorithms, Design, Experimentation. 

Keywords 
Wireless sensor network, memetic algorithm, relay node 
placement, multi-objective optimization. 

1. INTRODUCTION 
A wireless sensor network (WSN) consists of a large number of 
sensors which monitor a physical environment and communicate 
in wireless fashion. In many applications of WSNs, sensors are 
battery-powered and difficult to be recharged. Therefore, 
designing energy-efficient methods to prolong the network 
lifetime is a critical issue in the research field of WSNs. 

As the energy consumption of communication in WSNs is very 
costly and it is in proportion to the transmission distance, relay 
nodes have been utilized in WSNs to reduce the overall 
transmission distances and prolong the network lifetime. Over the 
past decades, various methods have been proposed to optimize the 
relay node placement (RNP) problem, mainly focusing on 
minimizing the number of relay nodes [1] [2] [3].  

In this paper, we model the RNP problem as a multiple objective 
optimization (MOP) by considering two objectives: the network 
lifetime and the number of relay nodes. A novel multi-objective 
memetic algorithm, namely Mem-NSGA-II, is proposed to 
provide decision makers with enough representative alternative 
solutions. Three local search operators are designed and 
incorporated into the fast non-dominated genetic algorithm II 
(NSGA-II) [4] to search for high-quality alternative solutions. 
Five different networks are used to investigate the performance of 
Mem-NSGA-II. The simulation results reveal that the proposed 
Mem-NSGA-II outperforms the deterministic two-phased 
placement strategy [3] and the NSGA-II [4]. 

2. PROBLEM DEFINITION 
We consider a heterogeneous WSN with three types of devices, 
i.e., sensor nodes (SNs), relay nodes (RNs) and a base station 
(BS). The positions of SNs are known in advance. The 
transmission distances of all SNs are set to be Rs. Each SN sends 
packets to its neighboring RNs (or the BS) via one hop and it does 
not relay traffic for other nodes. The RNs are used to collect 
packets from sensors and to forward packets to the BS via one or 
multiple hops. The transmission range of a RN is Rc. The BS is 
located at the center of the monitoring region. The minimum 
transmission energy (MTE) routing strategy and the 
communication power consumption model used in [5] are utilized 
to compute the lifetime of the network. The multi-objective RNP 
problem is defined as follows: 

“Given a BS and a set of predetermined SNs, determine the 
number and the positions of RNs, so that the number of RNs can 
be minimized and the network lifetime can be maximized.” 

3. MEM-NSGA-II FOR RNP IN WSNS 
The Mem-NSGA-II uses a set of 2-D coordination to represent a 
solution. Each individual contains D vectors, with each vector 
representing the position of a relay node. Before evaluating the 
fitness of a solution, a repair operation adds relay nodes to ensure 
the connective constraint is satisfied. The general algorithm 
framework is described as follows. 

Step 1 – Initialization: This step generates an initial population. 

Step 2 – Genetic operations: This step utilizes the three genetic 
operators (i.e., selection, crossover and mutation) to generate N 
new individuals. 

Step 3 –Add node operation: This operation finds solutions with 
longer lifetime by adding RNs into some promising solutions. The 
main idea is to reduce the transmission distance of the critical 
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node which has the shortest lifetime by adding new relay nodes in 
the network. 

Step 4 –Delete node operation: The purpose of this operation is to 
find feasible solutions with fewer RNs. Candidate solutions are 
selected from an extra set B which stores the best N solutions 
having the least relay nodes. Then some relay nodes in the 
selected solution are randomly deleted. 

Step 5 – Local refinement operation: This operation is used to 
fine-tune positions of all RNs, so that the network lifetime can be 
further prolonged. When fine-tuning the position of an RN, its 
lifetime and that of its predecessor RN and successor RN are 
computed to determine the moving direction. 

Step 6 – Updating operation: First, the fast non-dominated sorting 
method and the crowding distance in NSGA-II are utilized to 
select the best N individuals to form the new population. Then the 
extra set B is formed by selecting the best N individuals in terms 
of the number of RNs. 

There is a repetition from Step2 to Step6 until reaching the 
maximum number of evaluations. 

4. SIMULATIONS AND COMPARISONS 
Table I Parameter Settings 

Algorithms Parameter values 
NSGA-II N = 100, px = 0.8, pm = 0.01, MAX-FES = 5.0×104 
Mem-
NSGA-II 

N = 100, px = 0.8, pm = 0.01, MAX-FES = 5.0×104 

fine-turn step size = 0.02, Maximum number of RNs 
to be deleted in Step4 = 2 

In this section, we perform simulations on five networks with 50 
SNs. All SNs are randomly deployed in a 100m×100m monitoring 
region. In each test case, the initial energy of each SN and each 
RN is respectively set to be 20J and 100J. The energy 
consumption for receiving and sensing one bit information is set 
to be 50nJ/bit, other network parameters are set to be Eelec = 
50nJ/bit and εamp = 100pJ/bit/m2 (referred to [5] for the meanings 
of parameters). The data rate generated by each sensor is 
1kb/round (round is the time unit of each sensor transmitting data 
to the BS). The communication range of each SN and that of each 
RN are respectively set to be 10m and 20m. The parameter 
settings are listed in Table I. Both NSGA-II and Mem-NSGA-II 
are run for 30 times on each test case. 

20 30 40 50 60 70 80
0

500

1000

1500

2000

2500
 Mem-NSGA-II
 NSGA-II

N
et

w
or

k 
lif

et
im

e 
(r

ou
nd

)

Number of relay nodes  
Figure 1. Alternative solutions found by NSGA-II and Mem-NSGA-II. 

Fig. 1 shows the alternative solutions found by NSGA-II and 
Mem-NSGA-II in a single run, on a 50-sensor network. It can be 

observed that, both algorithms provide multiple alternative 
solutions. However, with the same number of RNs, the networks 
found by Mem-NSGA-II have much longer lifetimes than those 
found by NSGA-II. Table II shows the comparison results of 
minimizing the number of RNs. It can be observed that Mem-
NSGA-II significantly outperforms the two-phased method and 
NSGA-II on all test cases, in the sense of minimizing the number 
of RNs. 

Table II Comparison results of minimizing the number of RNs 
Two-phased  NSGA-II Mem-NSGA-II 

ID N 
n t n t n t 

1 50 25 126 28.57 298.20 21.13 278.57 
2 50 25 272 26.03 263.23 19.83 272.80 
3 50 27 124 30.70 274.67 23.23 309.47 
4 50 24 267 30.33 270.83 22.53 259.03 
5 50 25 87 31.67 292.10 23.37 224.43 

 (ID, N, n, and t respectively represent the network index, the number of SNs, the 
number of RNs and the network lifetime) 

5. CONCLUSIONS 
In this paper, the RNP problem is formulated as a multi-objective 
optimization problem. A novel multi-objective memetic algorithm 
(Mem-NSGA-II) is proposed for finding multiple alternative 
solutions that provide different trade-offs between the cost and 
lifetime of a WSN. The proposed Mem-NSGA-II is a 
hybridization of the fast non-dominated genetic algorithm II 
(NSGA-II) and three problem-specific local search operations. 
Simulation results on five different networks demonstrate that the 
proposed Mem-NSGA-II yields much better performance than the 
deterministic two-phased method and the NSGA-II. 

6. ACKNOWLEDGMENTS 
This work was supported in part by the National Natural Science 
Foundation of China (NSFC) No. 61070004, and by NSFC Joint 
Fund with Guangdong under Key Project U0835002.  

7. REFERENCES 
[1] X. Cheng, D. Du, L. Wang, and B. Xu, “Relay sensor 

placement in wireless sensor networks,” Wireless Networks, 
Vol. 14, Number 3, 347-355, 2008. 

[2] Q. Wang, K. Xu, G. Takahara, and H. Hassanein, “Device 
Placement for Heterogeneous Wireless Sensor Networks: 
Minimum Cost with Lifetime Constraints,” IEEE 
Transactions on Wireless Communications, vol.6, no.7, 
pp.2444-2453, July 2007. 

[3] L. E. Lloyd. G. Xue, “Relay Node Placement in Wireless 
Sensor Networks,” IEEE Transactions on Computers, vol.56, 
no.1, pp.134-138, Jan. 2007. 

[4] K. Deb, A. pratap, S. Agarwal and T. Meyarivan, “A fast and 
elitist multiobjective genetic algorithm: NSGA-II,” IEEE 
Transactions on Evolutionary Computation, vol. 6, no. 2. Pp. 
183-197, April 2002. 

[5] W. Heinzelman, A. Chandrakasan, and H. Balakrishnan, “An 
application-specific protocol architecture for wireless 
microsensor networks,” IEEE Transactions on Wireless 
Communications, vol.1, no.4, pp. 660- 670, Oct 2002. 

 

160



<<
  /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 /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 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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Academy
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Fat
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Karat
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Square721BT-Roman
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages 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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /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

  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




