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Abstract: Coverage problem is an important issue in wireless sensor networks, which has a great impact on the
performance of wireless sensor networks. Many researches in this area only focus on how to cover all the targets
in the network, which ignore considering the problem of how to transmit the sensing data to the sink. In this
paper, we propose an energy-effective connected target coverage algorithm named ECTCG to guarantee the
sensed data be effectively gathered in mobile wireless sensor networks. We theoretically analyze ECTCG
algorithm and conduct extensive simulations to evaluate its performance. Simulation results show that ECTCG

outperforms another existing algorithm CWGC by effectively prolonging the network lifetime.
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1. Introduction

Wireless sensor networks (WSNs) [1-3] have
many inexpensive wireless nodes, each capable of
collecting, computing, storing, and processing
environmental information, and communicating with
neighboring nodes [4, 5]. Sensors usually adopt ad
hoc networking technology to connect with each
other, and transmit the gathered information to one or
more than one sink [6, 7].

Target coverage problem 1is one of the
measurements of WSNs QoS (Quality of Service).
Given a sensor network, the coverage problem is to
determine how well the sensing field is monitored or
tracked by sensors, and how to maximize the network
lifetime when all the targets are monitored is the most
important problem in wireless sensor networks
[8-10]. In many practical applications of WSNs, such
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as forest fires, nuclear leak, etc, we can convert these
applications into target coverage problem, so the
research of target coverage problem in WSNs has a
very important significance.

Recently, the algorithms of target coverage issue in
WSNs mainly concern about how to cover all the
targets, without consider how to transmit the sensed
data to the sink, therefore, in this paper, we will focus
on how to effectively transmit the data to the sink
based on the connected target coverage problem.

2. Related Work

The target coverage issue is a fundamental
problem for wireless sensor networks. There are
extensive numbers of studies about the target
coverage problem. Reference [11] studied the

Article number 1289


http://www.sensorsportal.com

Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 74-79

connected target coverage problem in wireless sensor
networks, and designed a distributed algorithm that
did not need the global information of the whole
network. Only needed the 3-hops information within
neighbors, the algorithm could satisfy the
requirement of coverage and connectivity, which was
suitable for large-scale intensive sensor network.

Reference [12] proposed a connected target
coverage algorithm with multiple sensing ranges of
sensors in WSNs. The algorithm firstly constructed a
virtual skeleton, and ensured that all nodes either
existed in this virtual skeleton or could connect to a
node in the virtual skeleton, and then the algorithm
considered the goals of how to coverage all the
targets in the network. But, it was unnecessary to
build a global connected skeleton in many sensor
network applications.

The node energy model in [13] took the data
receiving energy and data sending energy into
consideration, but the algorithm did not pay enough
attention to consider the problem of how to transmit
the data to the sink node, while only based on other
routing mechanism to transmit the sensed data.

On the basis of reference [13], the algorithm in
[14] modeled the connected target coverage (CTC)
problem as a maximum cover tree (MCT) problem,
and also proved that MCT is a NP-complete problem,
and then gave an upper bound solution for MCT
problem. Then, it developed an approximate
algorithm named App MCT and a greedy algorithm
named CWGC. The basic idea of CWGC algorithm is
to give each node and edge in the network a weight
value, and then greedily choose proper nodes and
edges to build a cover tree to execute the work task in
each round. Finally, it used the extensive simulations
to demonstrate the effectiveness of the App MCT
algorithm and CWGC algorithm.

3. Problem Statement

Before diving into solving the connected target
coverage problem, firstly, we will give some
fundamental definitions and notations in this section,
which will be used throughout this paper, and then
model this connected target coverage problem.

3.1. Network Model

Assume that s1, s2, ... , sN are N sensors in a
WSN and R is the sink. All sensors are randomly
deployed to continuously cover M targets pl, p2, ...,
pM. S and P are two different sets of nodes, where
S={sl,s2,...,sN } (|S|=N) and P={ p1, p2,..., pM }
( [P=M ). We use a directed graph G=(V, E) to
represent the relationship among S(the set of sensor
nodes), P (the set of target nodes) and R (the sink
node), where V=SUPUR, E consists of transmission
edges and coverage edges. If |si—sj|<rc , then (si,
sj)€E; else if [si—pj|<rs, then (si, pj)€E.

Within the operation time, we use 5.(0) to
represent the set of nodes participating in the activity
of monitoring objectives in the operation time t , we

use S, (@) to represent the set of nodes participating
in the activity of transmission data in the operation

time 1, and we use Sa(7) to represent the set of
active nodes in the operation time t. Obviously,

S, (1) =S8,(1) VS, (7),8,(1) =S

We have the following three assumptions: (1)
each node will not change its Active/Sleep status
within the operation time t; (2) the sampling
frequency for each node is the same; (3) the data
cannot be aggregated in the network, when a node
receives N*B(t) data from all of its neighbors
(N represents the number of neighbors), the data will
be transmitted by the node directly.

3.2. Definitions

Definition 1: Connected Target Coverage (CTC)
problem.

Given M targets with known location information
and a WSN with N sensors randomly deployed in the
area. Schedule the sensors’ Active/Sleep activities so
that all targets are continuously observed and the
network can achieve a maximum network lifetime.
The network must satisfy that: (1) each target must be
continuously covered by at least one node; (2) the
data of the targets can be transmitted to sink through
active nodes’ one-hop or multi-hops relay.

In order to solve the connected target coverage
(CTC) problem, reference [14] modeled this problem
as a maximum cover tree (MCT) problem.

Definition 2: Maximum Cover Tree (MCT)
problem [14].

Given a directed graph G= (V, E), the initial
energy of each node is Eo(s), where /=S YT VR E
consists of the communication edges and monitoring
edges. There are a serial trees denoted by

I(@) , I(r,) ey I, , and the operational time of

T
these trees are denoted by o s ) ..., 4 the network

can achieve a maximum lifetime denoted as L. We
can express this problem by the following
mathematical representation:
d
2T
Maximize L = =l
d
ZE(S,T(Ti)) <Ey(s),VseS
Subject to: =l R
where we use @) =(S()VS,(7),E()
represent the coverage trees constructed in
operational time 7 . The coverage tree has the
following characteristics:
Sink is the root of the tree.
Each leave of the tree is a sampling node.
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Each target can connect with at least one
sampling node.

Each node in the coverage tree () uses the
same energy consumption model which is used
in [14].

eSB(T) +etmnSP(T)’ se Ss (T) and s e Sr (T)

(etrmm' +er )P(T)D(S,T(T)), Sé& Ss (T) and s € Sr (Z')

E(s,T(2))= eBit(r)+e,,,B(r)+
(€ans +€)P(@)D(s,T(7)), 5 €S (2)NS,(7)
0, s&S.(7) and s&S,(7)
TI(z) -
where represents the trees constructed in

operational time 7, P(7) is the number of packets

collected in operational time 7, % and © represent
the energy dissipated by sensing and transmission of

one bit data, respectively. Crans

e.=e+b-d
sending energy of a node, 7

represents the
[24

7 (where s;

is the sender, s; is the receiver, "7 is the distance
between s; and s, & is the attenuation factor of path,

D(s, T (7))

e, and b are constant), so, represents the

number of offspring nodes of s in tree (@) .

3.3. Upper Bound for MCT Problem

We will further model MCT problem into a LP
problem in this section, and then prove that LP
problem is exactly an upper bound for MCT problem.

We will find the trees I'(z) , I(z,) ey I(z,) in
graph G. Then, we will model the MCT problem into
a linear programming problem as follows:

L respects the network lifetime, 5i spends the
duration time of Lim to monitor the target L , Uis
the total number of data from i flow to i flow, Fiy is

the total number of data flows from i to R.
Maximize L

N

2in k=0, ep W
F+F,-) F, — t, =0

; oy Z/: ! f;p,,,ZEP " Vs, €S 2

ZF;, e:/ +Fy 'eitR +ZF};' 6.+ Z bin 'fs-es < EO(Si)
J j PueP (3)
Vs, €S

Theorem 1: The optimal solution of the above

linear programming program is exactly the optimal
solution’s upper bound of MCT problem.

76

Proof: If we can prove that one optimal solution
of MCT is also one feasible solution of the above LP
problem, then, we can get the conclusion that the
optimal solution of LP problem must be the optimal
solution’s upper bound of MCT problem.

Assuming that there are many solutions of MCT
problem, such as

{T(Tl),T(TZ) ’W,T(Td) rand{ a.., fa )

Each target can be covered at least once in the

duration of the operating time a we can get that:

N
Z[ima :Ta \v/pm EP (4)

=1

t. . S. L.
where “im« represents the duration of °/ monitoring

the target Ln within time e . Equation (4) can also
success in other operating time, where a €[1,d], so,
we can get that:

a=1 i=1 a=1

d N d
zztima ZZTa D cP

That is to say, = , thus, Equation (1) is
right, and Equation (2) and Equation (3) are also
right, so, we can draw the conclusion that the optimal
solution of the above linear programming program is
exactly the optimal solution’s upper bound of MCT

problem, and we denote it as Ly .

4. ECTCG Algorithm

Since MCT is a NP-complete problem [14], we
present a fast heuristic algorithm named ECTCG
(energy-efficient connected target coverage greedy
algorithm) to solve the connected target coverage
problem.

4.1. Design of ECTCG

The input of ECTGC are S, T, R and 7 , the output
of ECTGC are a series of cover trees (7, ,...,T;). For
the sake of brevity in describing our algorithm in the
following, we introduce some symbols that will be
used in our algorithm here. Let s; be the alive nodes
set, w(s;) represents the path weight of s; in ECTCG.
B; is the contribution of s;. R(s; T) represents the path
of s;to sink R in tree T, where R(s;,7)=<s;s),...,.R>.
R(s,T) represents the set of node’s paths in tree,
except the source node s; and the destination node R.
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In a network with N sensors and M targets, the
steps of constructing cover trees 7, ,..., T, are as

follows:

1) At the beginning, the initial energy of each
sensor is E, the number of the rounds is 1, denoted
by d=1

2) Uncovered targets in the WSN, denoted by ¢,
sensors in d" cover, denoted C,, set ¢f= {all targets
in the network}, C~0

Then, follow the below three steps:

Step 1: firstly, algorithm gives each directed edge
a weight value, such as the weight value of directed
edge <s;,s> can be calculated by:

_ e; x Ey(s;)

I/VI.,
! Er(si)

For each node s; in the network, find one path
with the minimum weight value to the sink (such as
using the Dijkstra algorithm)

Step 2: we use a greedy strategy to select nodes to
cover all the targets.

(a) When all the targets cannot be completely
covered, go to the step (b); otherwise, go to the
step 3.

(b) Select a remote target x from all uncovered
targets, o(x) is the number of sensors that can cover
the target x, and the remote target x has a minimum
a(x).

(¢) Compute the weight value B; of each node s; as
follows:

Bi = 01 s
w(s;)

where @, is the set of the uncovered targets within s;

sensing range, and w(s;) is the path weight value of s,
which is exactly the sum of weight value of all edges
in R(s;, 7).

(d) Select a node s; with the maximum
contribution that can cover the remote target x, then
add s i into Cd-

(¢) For node s, which satisfy s; GR(Si,T D)
update:
W(Sj) = W(Sj) + (etrans + er)P(T)x W(Sj)/Er (S])
and B,, then go to step (a).

Step 3: Add the selected sampling node and
ﬁ(s,T ) into tree 7, then update the residual energy

of sensors according to their energy model.
In every round, the algorithm will be finished in
the following time:

)

o E(s)
7, =min(z, — 7
o =min(@ min(Z=2 7

Steps (2)-(3) are iteratively executed until all the
targets can no longer be continuously covered. A
specific description of ECTCG is shown in Fig. 1.

Algorithm ECTCG:

1. set sense range as » and energy of each sensor as e;
2. set the initial energy of each sensor s;as Ey E, (s;)=E,
3.d=1

4. while all the targets can be covered by active nodes,
do

5. step 1: for each edge (s;,5;) in the network, compute

w; =e;xEy(s,)/ E,(s,)

6. for each node s;, find out one path with the smallest
weight value to sink.

7. step 2:

8. ¢=UP,, (j=1..M) ,C=9D, T~ T, =7

i

9. for each node s; compute Bl. =

w(s;)

10. while ¢ = @do

11. select a remote target x from all the uncovered

targets, which satisfy that:

a(x)< a(y), where ye ¢~ {x} (if there exists more than

one target x, select the nodes x that has the
minimum ID number.)

12. construct a set §, any node s;in set S can cover
target x, then select s; from S’ such that s; can
cover x and satisfy max B;among all the sensors

13. C= Cpus;

14. ¢'=¢f"-p;

15. for each node s; that satisfy s, € 1?(si ,T.) do:

16. update
W(S,-) = W(Si) + (etmm'
and B;

17. end while

18. step 3:

19. for each node s; in C;do: Ty =T, U R(s;,T})
20. for each node

+e )B(z)xw(s,)/ E (s,)

Er(si)
E&'(Tdﬂjél)
21. for each node s; € T,

Er(si) :Er(si)_E(SpT;j(T))
22.d=d+1
23. end while

s, €T, .7y =min(z,, 7y)

Fig. 1. ECTCQG algorithm.

4.2. Complexity of ECTCG

It is easy to know that the duration time for each
round is 7 or when a node is dead, so we can define
the number of cover trees within the range
of N+L,;, /7. The maximum complexity of each
round is MN, therefore, the complexity of ECTCG is
O((N+L,p)MN/7), the same as that of CWGC.

5. Performance Evaluation

In this section, we will compare ECTCG with
another typical algorithm CWGC, ECTCG and
CWGC adopts the same methods to generate the
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skeleton of the tree to transmit the data, but they use
different greedy strategies to select the source nodes.
In the simulations, we will evaluate the metrics of
network lifetime among above two algorithms.

We simulate a network with sensors and targets
randomly deployed in a 100 m x 100 m area, the sink
is located in the center of the area, and its coordinate
is (50,50). We assume that each node has the same
initial energy of 20 Joule (J), the other parameters are

set as: e, =50n]/bit , b=100pJ /m* , a=4,
e, =150nJ/bit , e, ,=150nJ/bit , the data
sampling frequency is 10 kbps, all the nodes have a

same sensing radius of r; and a some transmission
radius of 7., where =20 m and ».=40 m.

5.1. The Relationship between ECTCG
and Parameter ¢

At first, we study the performance of ECTCG by
varying the value of parameter 7 . There are
60 sensors and 20 targets that are randomly scattered
in the area, we setras 7=0.1 %L,,, 02 %L,,,

04%L,,,06%L,,,08%L,,,1%L,,,2%L,,,

LP > LP > LP > LP >

4 % L,,6 %L,,8 %L, ad 10% L,

LP >
respectively. The simulation results are shown in
Table 1.

Table 1. The relationship between lifetime of ECTCG

and 7 .
r/LLP ECTCG dLLP ECTCG
0.1 % 2968.8 1 % 2892.4
0.2 % 2956.1 2% 2501.1
0.4 % 2940.9 4% 2404.4
0.6 % 2923.7 6 % 2304.7
0.8 % 2902.4 8 % 2301.5

From Table 1, we can see that the network lifetime
becomes larger when the parameter 7 becomes
smaller. The smaller the 7 , the more trees can be
generated by ECTCG algorithm; the cost of the
algorithm will become larger. So, we will set
7=1 % L,, in the following simulations to balance

the network lifetime and the cost of the algorithm.

5.2. The Performance Comparison between
ECTCG and CWGC

We assume there are 20 targets in the area, and we
vary the number of sensors from 50 to 130 with an
increment of 10, respectively. The network lifetime
of these two algorithms under different number of
sensors are shown in Fig. 2.

From Fig. 2, we can see that, when compared
with CWGC algorithm, ECTCG can enlarge the
network lifetime to a certain extent as well as ensure
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all the targets be covered and the network be
connected.

P
—8—CWGC
—A—ECTCG

40 60 80 100 120 140
Number of Sensors

Fig. 2. The comparison of network lifetime between
ECTCG and CWGC.

5.3. The Performance Comparison with
Different Size of the Network

We compare the performance of ECTCG and
CWGC under different size of network, and here we
set two scenes, scene 1 (network of small size): there
are 80 sensors and 10 targets in this scene; scene 2
(network of big size): there are 200 sensors and
25 targets in this scene. We set network delay as 20
and 10, respectively. The simulation results of
network lifetime of different algorithms are shown in
Table 2.

Table 2. The relationship between network lifetime and the
size of the network.

Lifetime (scene 1) Lifetime (scene 2)

ECTCG 2460.3 6312.2

CWGC 2190.8 5324.5

In Table 2, ECTCG achieves a larger network
lifetime than CWGC in the same complexity of
algorithm, no mater how does the network size vary.
Obviously, ECTCG gains a good performance than
that of CWGC.

6. Conclusions

In this paper, we study the connected target
coverage problem in wireless sensor network. We
model the connected target coverage problem as a
maximum cover tree (MCT) problem, and then we
give an upper bound value for MCT problem. Since
MCT is a NP-complete problem, we then develop a
fast heuristic algorithm, named ECTCG to solve the
MCT problem. Simulation results show that ECTCG
can achieve a better performance than other existing
algorithms.
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Dperating termperatre range -40 0C. . +83°C

infof@sensorsportal.com SWP, Inc., Canada

79


http://www.sensorsportal.com/HTML/E-SHOP/PRODUCTS_4/UFDC_1.htm


<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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


