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ABSTRACT 
Wireless sensor network (WSN) refers to a group of 
spatially dispersed and dedicated sensors for 
monitoring and recording the physical conditions of the 
environment and organizing the collected data at a 
central location. Sensor Localization is a fundamental 
challenge in WSN.  In this paper localization is modeled 
as a multi dimensional optimization problem. A 
comparison study of energy of processing and 
transmission in a wireless node is done, main inference 
made is that transmission process consumes more than 
processing. An energy efficient distributed localization 
technique is proposed. Distributive localization is
addressed using swarm techniques Particle Swarm 
Optimization (PSO) and Comprehensive Learning 
Particle Swarm Optimization (CLPSO) because of their 
quick convergence to quality solutions. The 
performances of both algorithms are studied. The 
accuracy of both algorithms is analyzed using 
parameters such as number of nodes localized, 
computational time and localization error. A simulation 
was conducted for 100 target nodes and 20 beacon 
nodes, the results show that the PSO based localization 
is faster and CLPSO is more accurate. 

Categories and Subject Descriptors 
C.2.1 [Computer-Communication Networks]: Network 

Architecture and Design—Wireless communication; G.1.6 
[Numerical Analysis]: Optimization —Global 
Optimization; G.1.3 [Numerical Analysis]: Numerical
Linear Algebra—Error Analysis; I.6.6 [Simulation and 
Modeling]: Simulation Output Analysis. C.4 [Performance 
of Systems]  

General Terms 
Algorithm, Performance, Experimentation 

Keywords 
Wireless Sensor Networks (WSN), Particle Swarm 
Optimization (PSO) , Comprehensive Learning Particle 
Swarm Optimization (CLPSO), Localization 

1. INTRODUCTION

A wireless sensor network (WSN) consists of distributed 
autonomous devices which senses the environmental or 
physical conditions cooperatively and passes the 
information through the network to the base station. Each 
sensor node has a CPU, battery supply, limited number of 
sensors and a radio transceiver for communication [1]. 
Each sensor node has onboard radio which is used to send 
the collected data to the base station either directly or via 
multiple hops. The main Problems in WSN are scale and 
density of deployment, environmental uncertainties and 
constraints in energy, memory, bandwidth and computing 
resource. 

Sensor localization is a fundamental challenge in WSN. It 
is process of determining the physical coordinates of 
individual the sensor node in WSN. Localization is 
straightforward when the network size is small, the area to 
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be monitored is human-accessible, each node can easily be 
deployed manually, and the locations of each node can be 
registered during deployment. However, localization is 
more complex when manual deployment is infeasible or 
impossible to achieve i.e. the area of deployment is not 
human-accessible and/or there are many nodes in the
network. In such a situation, then nodes are usually 
deployed by a vehicle, which is generally assumed to be an 
airplane or helicopter. A Localization system are divided in 
to three phases [1] 

• Distance/angle estimation: This is used to estimate the 
distance or angle between two nodes and this 
information is used by other components in the 
localization system for further use. Fig 1 as [7] shows 
the distance/angle estimation in WSN. 

• Position computation: This component is used for 
computing a node’s position based on available 
information distances/ angles computed by other 
component and positions of beacon nodes. 

• Localization algorithm: This is the main component of 
a localization system. It determines how the available 
information will be manipulated in order to make most 
or all of the nodes of a WSN to estimate their physical 
coordinate. 

 Figure 1: Distance estimation in WSN 
In this paper the energy required for transmission and 
processing is calculated for wireless node, main inference 
made is than transmission takes more energy when 
compared to processing. An energy efficient localization 
approach is proposed where more node level processing is 
done than transmission. In this paper localization is 
addressed as a multi dimensional optimization problem. 
The swarm intelligence techniques: Particle Swarm 
Optimization (PSO) and Comprehensive Learning Particle 
Swarm Optimization (CLPSO) are compared to determine 
which algorithm is better for solving the localization 
problem. A performance study of PSO and CLPSO based
localization was undergone, using the parameters such as 
number of nodes localized, computational time and 
computational accuracy. It was observed that PSO was 
found to converge into a result faster compared to CLPSO, 
however CLPSO gives more accurate result. Considering 
the fact that, “Localization is a one-time optimization 
process in which solution quality is more important than 

fast convergence”[2]. We conclude that CLPSO is, 
currently, the optimal algorithm for the purpose of
localization in more complex WSN deployment 
circumstances. 

2. RELATED WORK 

A survey on localization system is described in [1]. 
Computational Intelligence (CI) provides adaptive 
mechanism that exhibit intelligent behavior in complex and 
dynamic environment. In [7] issues in WSNs are 
formulated as multidimensional optimization problems, and 
are approached through bio-inspired techniques and a brief 
survey on PSO is also given. In the current research swarm 
intelligence technique is used to solve the sensor 
localization problem. 

WSN localization is treated as a multidimensional 
optimization problem and PSO is proposed for centralized 
localization of WSN nodes in [3]. PSO is proposed for 
centralized localization of WSN nodes in [12]. A position 
estimation approach in a sensor network using convex 
optimization is presented in [2]. In this paper a centralized 
approach is used to solve the problem, where each node 
relays its connection statistics to a centralized authority 
which then computes the global solution. A two-phase 
centralized localization scheme which uses approaches 
simulated annealing and GA is presented in [11]. A 
centralized localization method that uses a combination of 
GA and simulated annealing algorithm proposed in [14]. 
The centralized approach scales poorly with the size of the 
network. 

An efficient localization system that extends GPS 
capabilities to non-GPS nodes in an ad hoc network is 
proposed in [13]. An investigation on distributed 
localization using particle swarm optimization (PSO) and 
bacterial foraging algorithm (BFA) is presented in [8]. The 
distributed algorithm has much better scaling properties 
than a centralized solution and a lower communication 
cost, because the nodes are not required to relay 
information; therefore, distributed solutions are more 
attractive for large networks containing thousands of nodes. 
So in the proposed system iterative distributed localization 
approach is used for sensor localization. The real-time 
results comparison of PSO-beaconless algorithm with
Gauss-Newton algorithm is presented in [4]. It is observed 
that PSO has more localization accuracy than Gauss-
Newton algorithm. Here, we compared localization 
accuracy of PSO algorithms is compared with CLPSO. 

3. Comparison study on Energy 
consumption of  transmission and 
processing in wireless node 

 The Energy for processing and transmission in MICAZ 
mote is practically calculated.  To calculate the power 
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consumed by the mote for processing.  Using Nesc 
Programming processing is done in the mote for a 
particular time unit T.  Initial power Ei and power in the 
battery after processing Ep is calculated. Energy required 
for processing, Er is calculated by (1) 

Er= Ei- Ep                   (1) 
To calculate the power consumed for transmitting the 
packet by the radio CC2420. Using NesC programming the 
Micaz mote programmed for broadcasting packets using 
the repeat timer. In the Xsniffer the transmitted data is 
logged . From this data the power for one transmission is 
calculated.  Table 2 below gives the energy required for 
both transmission and processing. The Figure 2 is the graph 
which shows the comparison of both transmission and
processing power. From the study it became evident that if 
more nod level processing is done then less energy will be 
consumed. An energy efficient localization approach is 
proposed. 

Figure 2: Comparison of energy consumption of 
Transmission and processing 

4. Swarm Intelligence Techniques  
In this paper localization problem is solved using two 
swarm intelligence techniques Particle Swarm 
Optimization (PSO) and Comprehensive Learning Particle 
Swarm Optimization (CLPSO). The description of PSO an 
CLPSO is given below. 

4.1 Particle Swarm Optimization 
(PSO) 

Particle swarm optimization (PSO) is a population based 
stochastic optimization technique which shares many
similarities with evolutionary computation techniques such 
as Genetic Algorithms (GA) [9].  PSO consists of a swarm 
(population) of s particles, each one of them is a candidate 
solution. These particles search for a global solution in n  
dimensional  space,  n is  the  number of parameters to be 
optimized. Each particle has a position represented by Xid 
and with a velocity Vid where i ranges from 1≤ i ≤ s and d 
ranges from 1 ≤d ≤n. Each particle in the swarm is 
evaluated by an objective function f(x1, x2,...,xn). The fitness 
of a particle is determined from its position in the search 
space. The cost of a particle closer to the global solution is 

lower than that of a particle that is farther. Alternately, the 
fitness of a particle closer to the global solution is higher 
than that of a particle that is farther. PSO tries to minimize 
or maximize the fitness function. The fitness function is 
chosen based on the problem to be solved. In each iteration, 
the velocity and position of all the particles is updated to 
acquire a higher fitness. Each particle has its best value 
called Pbestid. The global best value is Gbest. At each 
iteration, k velocity Vid and position Xid of the particle is 
updated using the formula [2]. 

Here, r1 and r2 are the random numbers with a uniform 
distribution in the range [0, 1]. Velocity update is 
dependent on three components of accelaration.w is the 
inertia of the particle which changes linearly in each 
iteration 0.2≤ w ≤ 0.9.  Pseudo code for PSO is given in [8]. 

4.2 Comprehensive Particle Swarm 
Optimization (CLPSO) 

A CLPSO Learning Strategy is explained in [10]. 

Here fi = [fi(1), fi(2), ...fi(D)] denotes a set of particle 
indices with respect to each dimension of the particle 
i.fi(d) represents a comprehensive exemplar with 
each dimension composed of the value from the 
corresponding dimension of the pbest of particle 
pbestfi. These indices take the value I itself with the 
probability Pci, referred to as the learning 
probability, which takes different values with respect 
to different particles. For each particle i a random 
number is generated. If this random number is greater 
than Pci, the corresponding dimension of particle i 
will learn from its own pbest, otherwise it will learn 
from the pbest of another randomly chosen particle. 
Tournament selection with size 2 is used to choose 
the index fi(d). To ensure that a particle learns from 
good exemplars and to minimize the time wasted on 
poor directions, we allow each particle to learn from 
the exemplars until [15] such particle stop to improve 
for a certain number of generations, called the 
refreshing gap m. After this refreshing graph fi = 
[fi(1), fi(2), ...fi(D)] is reassigned. The pseudo code 
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of CLPSO is presented in Algorithm 1 and Algorithm 
2 is procedure to select exembler in for a particle. 

5. Localization Algorithm

          The main aim of node localization is to estimate the 
position of as many N dumb nodes, as possible, when N 
dumb nodes and M beacon nodes are deployed in the field. 
Node localization is viewed as an optimization problem. In 

this algorithm, we are estimating the position by 
using bio-inspired algorithms CLPSO and PSO.
The following assumptions are made for this 
algorithm. This localization algorithm makes use of
beacon nodes. The node deployment is assumed to 
be achieved by means of an autonomous or human-

controlled vehicle. Lastly, the field over which the 
WSN is laid is assumed to be a forest and this 
assumption is made because a forest is one of the 
most challenging environments for a WSN. 

Approach for node localization is as follows: 

1)  There are N dumb nodes and M beacon nodes who 
know their own physical coordinates in the field and 
both nodes N and M have transmission range, r. 

2) Each node checks whether there are 3 or more 
non-collinear beacons in range. If there are 3 or 
more beacons in range, then that node will 
compute its distance from itself and those beacon 
nodes.

3)A  node  calculates  its  distance  from  a beacon  
node  i using dnew = di + ni where ni is the 
gaussian additive noise while determing the 
distance. The distance di is calculated by equation 
(6). 

Here (x,y) is the coordinate of the localizable 
node and (xi,yi) is the coordinate of the beacon 
node. The measurement noise ni has a random value 
uniformly distributed in the range di±di(Pn/100). It is 
clear that the result of localization depends on the 
value of Pn, the percentage noise that affects 
distance. 

4)  Two case studies are conducted to localize the 
nodes, in the first case, each node will run PSO, and 
in the second case, each node will run CLPSO. Both 
cases will calculate the position of the node (x, y).
Both PSO and CLPSO will try to minimize the 
optimization function as equation (7), where M ≥ 3 is 
the number of beacons in the transmission range of 
the node to be localized. 

5) PSO and CLPSO search for the best (x, y) value in 
the 2D space. 

6) After localizing, the maximum number of nodes and 
the localization error is computed as equation (8) 
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where (xi,yi) is the actual position of the node and 
(xnew, ynew) is the position estimated by PSO and 
CLPSO. L is the total number of nodes localized.  

7) Repeat the steps from 2 to 6 until all the 
nodes are localized or the maximum number of 
nodes are localized. The performance of this 
localization algorithm can be determined from three 
parameters the number of non-localizable, NL nodes 
where NL = N − L., localization error, Er and 
accuracy of the algorithm which is calculated later
in this paper. As the values of NL and Er decrease 
the performance of the algorithm increases. As 
number of iterations increase more and more nodes 
are localized. At the end of each iteration, these 
localized nodes become designated beacon nodes 
which help to localize even more nodes. In Figure   3. 
flow chart for Localization approach is presented. 

Figure 3: Flow chart of localization approach 

Figure 4. PSO based Localization 

Figure 5: CLPSO based localization 

  

Figure 6: Distance between actual position and 
estimated position for CLPSO and PSO 

6.  Discussion and Result 

The energy comparison of transmission and 
processing in wireless probe is calculated practically. 
The main observation made is that transmission 
energy is high when compared to processing. So to  
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Figure 7: For increasing percentage of error the error 
rate is observed for PSO and CLPSO 

Figure 8: For each trial the error rate of PSO and 
CLPSO is determined. 

design an energy efficient localization number of 
transmissions must be reduced and more node level 
processing must be done. In the CLPSO and PSO 
based localization, it was observed that as the number 
of iteration increases, the number of nodes localized 
also increases. The Table I shows the average error 
and time required for both CLPSO and PSO. Each 
recorded trial is the average of 50 trials. The 
location estimated by PSO and CLPSO are shown 
in Figure 4 and Figure 5. The graph in Figure 6 
gives the distances between the actual and the 
estimated location. From the Table II CLPSO is 
more accurate than PSO since CLPSO’s average 
error is less for all cases when compared with 
PSO. The computational time required for 
localization is more for CLPSO than for PSO. 

 It is also observed that as the percentage noise 
increases the average error value also increases for 
both CLPSO and PSO.  In Table I, the maximum 
number of beacons which can be used for localizing a 

node is made as 6 in one case and 8 in another case. It 
was found that 8 beacon nodes can more accurately 
localize a node than 6 beacon nodes, but take a longer 
time to do so. From all these results it is evident that 
CLPSO is having more localization accuracy than 
PSO. 

7. CONCLUSION 

Localization is viewed as a multidimensional optimization 
problem which has been resolved by bio inspired 
algorithms PSO and CLPSO in this paper. This 
localization approach aims to be more energy efficient 
than centralized approaches, making it an optimum 
choice when putting together a WSN. From the Energy
study it became evident that transmission take high
energy In distributed localization, the number of 
transmissions to the base station is less so energy of the 
WSN can be conserved. The two bio-inspired algorithms 
are outlined and the results are compared by measuring 
the parameters computational time, computational 
accuracy and number of nodes localized. These results 
are statistically represented. It was observed that PSO 
converges in to a result more quickly since computational 
time required for PSO is less than CLPSO. However, 
CLPSO gives more accurate result since it localization 
error is much less compared to PSO. A choice between 
PSO and CLPSO is influenced by constraints such as 
the memory and computational resources of the node 
available, and how accurate and quick.

The research can be extended in several directions. If 
the beacons are mobile, then a higher number of nodes 
can be localized. With the help of one mobile beacon 
node we can localize all the nodes in the field.. A study on 
the error propagation in the proposed localization approach 
could be conducted. Thirdly, CLPSO and PSO could be used 
for a centralized localization and compared with the results 
of the distributive localization.  
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TABLE III: RESULT OBTAINED FOR PSO AND CLPSO LOCALIZATION EACH TRIAL IS DONE FOR 50 RUNS AND 
THE CORRESPOINDING VALUES ARE AVERAGED HERE Er IS THE AVERAGE ERROR, L IS THE NUMBER OF 
NODES LOCALIZED AND CT IS THE COMPUTATIONAL TIME REQUIRED 

PSO CLPSO 

Number of beacons=6 Number of beacons=8 Number of beacons=6 Number of beacons=8 

avg error(m) avg time(s) avg error(m) avg time(s) avg error(m) avg time(s) avg error(m) avg time(s) 

0.6472 36.0360 0.5486 73.8721 0.3173 574.5513 0.0551 975.0115 

  PSO CLPSO 
  Iteration 1 Iteration 2 Iteration 3 Iteration 4 Iteration 1 Iteration 2 Iteration 3 

Trial 
1 

L 
Er 
Ct 

73 
1.1843 
7.1794 

96 
1.4892 
16.5233 

99 
1.3164 
26.1706 

100 
0.5869 
9.3654 

73 
0.3269 
228.0498 

98 
0.4980 
458.7456 

100 
0.3031 
783.1441 

Trial 
2 

L 
Er 
Ct 

90 
0.1370 
8.7894 

99 
1.1326 
18.3703 

100 
0.1370 
3.7326 

 90 
0.4929 
352.6139 

99 
0.3334 
517.1685 

100 
0.0639 
294.5091 

Trial 
2 

L 
Er 
Ct 

73 
0.4314 
7.0384 

99 
0.6702 
16.5746 

100 
0.4314 
26.1756 

 74 
0.2928 
228.0498 

99 
0.4171 
358.7456 

100 
0.21881 
793.1441 

International Conference on Advances in Computing, Communications and Informatics (ICACCI-2012) 373



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /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
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 [
    /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


