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Abstract

Wireless sensor actor networks are composed of sensor and actor nodes wherein sensor nodes outnumber
resource-rich actor nodes. Sensor nodes gather information and send them to a central node (sink) and/or to
actors for proper actions. The short lifetime of energy-constrained sensor nodes can endanger the proper op-
eration of the whole network when they run out of power and partition the network. Energy harvesting as
well as minimizing sensor energy consumption had already been studied. We propose a different approach
for recharging sensor nodes by mobile actor nodes that use only local information. Sensor nodes send their
energy status along with their sensed information to actors in their coverage. Based on this energy informa-
tion, actors coordinate implicitly to decide on the timings and the ordering of recharges of low energy sensor
nodes. Coordination between actors is achieved by swarm intelligence and the replenishment continues dur-
ing local learning of actor nodes. The number of actors required to keep up such networks is identified
through simulation using VisualSense. It is shown that defining the appropriate number of actor nodes is

critical to the success of recharging strategies in prolonging the network lifetime.
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1. Introduction

Wireless sensor and actor networks (WSANSs) are made
of two types of nodes called sensor nodes and actors.
Sensor nodes are tiny, low-cost, low-power devices with
limited sensing, computation, and wireless communica-
tion capabilities. Actors are usually resource-rich nodes
with higher processing capabilities, higher transmission
powers and longer life. In WSANs a large number of
sensor nodes are randomly deployed in a target area, may
be in the order of hundreds or thousands, to perform a
coordinated sensing task. Such a dense deployment is
usually not necessary for actor nodes because actors are
sophisticated devices with higher capabilities that can act
on wider areas. Actors collect and process sensor data
and perform actions on the environment based on their
gathered information.

Common applications of WSANs include all types of
surveillance, target tracking, attack detection, medical
sensing, and environment monitoring. Actors in many
applications should coordinate together to maximize
their overall task performance by sharing and processing
the sensors’ data, making decisions and taking appropri-
ate actions [1].
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One of the greatest concerns in WSANS is energy espe-
cially for sensor nodes. A sensor node without energy
cannot do its duties unless the source of energy is re-
charged or changed. Since such networks are usually de-
ployed in large scales and for a long period of time, human
intervention for replenishment of energy is not feasible.

The rest of paper is organized as follows. Section 2
presents notable related work. Section 3 describes our
energy harvesting approach in detail. Section 4 argues
the validity of the approach and presents simulation re-
sults. Section 5 concludes the paper.

2. Related Work

Many researches on extending the lifetime of WSANs
have focused on minimizing energy usage in different
layers of WSANs like in data aggregation to decrease
data traffic [2], in energy-efficient networking protocols
[3], in managing sleep cycles [4] and in using low power
MAC [5].

There are other variants to tackle energy problem that
consider different ways of recharging or changing the
energy sources (mostly, batteries) of sensor nodes. A
method to improve the battery lifetime of sensor nodes is
to supplement the battery supply with environmental
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energy. Environmental energy that is usually harvested
to generate electricity includes solar, wind, water and
thermal energies.

The main sources of energy for use by sensor net-
works are solar, mechanical and thermal energies. Solar
power is the current matured energy among other forms
of energy harvesting and is more attractive in outdoor
applications. A solar energy harvesting module for use
by Crossbow/Berkeley motes has been developed by Lin
et al. [6] in the Helimote project.

Vibration and mechanical energy are generated by
movements of objects. Traffic sensors [7] are powered
by the short duration vibration when a vehicle passes
over the sensor.

Thermal energy harvesting uses temperature differ-
ences to generate electricity. Thermo generators (TEGs)
[8] harvest energy from the human body and are used by
devices with direct contact to the human body.

Moreover, some other works have focused on energy
replenishment in sensor networks by robots [9]. Robots
based on solar cell are used to recharge sensor nodes and
to water plants. Another energy harvesting study [10]
with focus on mobile nodes has also researched the fea-
sibility of a system wherein mobile nodes have the abil-
ity to move in search of energy and delivery of energy to
static nodes.

3. Energy Harvesting Through Actor Nodes

In this paper we propose a new approach for recharging
sensor nodes by actor nodes to prolong the lifetime of the
network. We assume that sensor nodes are static and ac-
tors, which are charged by solar cells, are mobile nodes
that charge sensor nodes and do the actuating tasks too.

To replenish the network energy, actor nodes learn the
usage energy model of the network. They then coordi-
nate to select appropriate sensors to service and move
towards their selected sensor nodes to charge them.

Whenever actors request energy related information of
nearby sensor nodes, these sensor nodes send their power
capacity, their current power, their power usage ratio,
their location and their interest to the requesting actor.
This information helps actors to find their service area
for recharging sensors. Power capacity shows the maxi-
mum energy that a node can have, and the current power
shows the remaining energy. Interest is a parameter that
shows the tendency of sensor nodes to actor nodes.
Whenever a sensor node receives a message from an
actor node, the interest of the sensor node is increased to
that actor node. In addition, when an actor charges a
sensor node, the sensor node’s interest to that actor will
be highest. When power decreases in sensor nodes, the
interests to actor nodes also decrease. In fact, actor nodes
learn the usage energy model of the network by power
information that is gathered from sensor nodes. When an
actor learns the usage energy model of sensor nodes, it
figures out the sensor nodes to target for recharge. Ac-
cording to the achieved model and by considering the
sensors’ parameters, the actor selects an appropriate
sensor node for recharging and then moves towards that
sensor and charges it.

Figure 1 shows the pseudo code for recharging sensors
by actors. When an actor receives a message from a sen-
sor node, the actor selects the part of message that relates
to energy information of the sensor. EnergyList is a list
that holds energy information of sensor nodes. Then Se-
lectSensor method chooses the best sensor node that
needs to be charged. A sensor is selected for charge by

//Preposition: actor has gathered energy information of nearby sensor nodes, implying that the state of actor is getting energy info

DoRechare(ActorID)

1 EnergyList € GetEnergyInformationOfSensors();
//Tt returns a List of <SensorID, CurrentPower, PowerRatio, InterestToActor, Location>
SelectedSensor = SelectSensorForCharge(EnegyList);
MoveToSensor(SelectedSensor.Location);
//actor state: moving
ChargeSensor(SelectedSensor);
/lactor state: charging
SetFullSensorInterestToActor (SelectedSensor, ActorID);
Return;

0 //actor state: getting energy info

—-\0 W0 1A U A WN

SelectSensor(EnergyList)
11  For each node € EnergyList
12 If (node.InterestToActor == Actorld)

13 node.compareValue <

14 (node.currentpower / node.powerRatio +0.1))
15 end if

16 end for

17 return FindMinValue(EnergyList.compareValue)

Figure 1. A pseudo code for recharging sensor nodes by actor nodes.
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this method based on the energy information of sensor
nodes in the EnergyList. Afterwards, the location of the
selected sensor node is passed to MoveToSensor and the
actor moves towards the sensor and charges the selected
sensor node.

During the time actors are learning the energy usage
model of sensors, the network is divided into parts. This
division is formed by energy information that is sent by
Sensors.

If the network architecture is automated, there is no
central controller (sink) and actor nodes process all in-
coming data and initiate appropriate actions [11]. In such
a network, events might happen everywhere uniformly
and the usage of power for each sensor node is considered
approximately the same as for other nodes. In this sce-
nario, the sensor node deployment has a random uniform
distribution; the divided parts are about the same size.

However, if the network architecture is considered
semi-automated, the sink in a WSAN coordinates net-
work activities [11] and nodes that are closer to the sink
lose more power because they are involved more in
communication than nodes farther from the sink. So in
semi-automated networks, the usage of power in a sensor
differs from power usage in other sensor nodes, resulting
in different sizes of network partitions. Because sensor
nodes closer to the sink lose their power faster, actors
have to recharge them more frequently. Therefore, the
service area of actors near the sink is smaller in size.

4. Experimental Validation

The proposed approach was simulated by VisualSense
[12] with different number of actor nodes and 100 sensor
nodes. Actors and sensor nodes were randomly placed in
an area of 1000m % 1000m. The transmission ranges for
each actor node and for each sensor node were 100m and
50m, respectively. The model was used in different sce-
narios to evaluate the performance of the model. We
used a short range for actor nodes because our algorithm
is really localized.

In Figure 2, there are 3 actor nodes and 80 sensor
nodes scattered randomly in the area. Also there is a sink
at the bottom right corner of the area. Actually, the net-
work is assumed semi-automated. As it is shown, the
area that actor #1 has created is smaller than the area of
actor #2 and actor #3. In this scenario, since energy of
sensor nodes near the sink decreases by higher ratio, ac-
tor #1 has to act in a smaller area to be able to supply
enough energy to sensor nodes. As in this scenario, there
are limited actor nodes with a lot of sensor nodes, so
some sensor nodes die out. But because there are a lot of
sensor nodes, sensing coverage does not decrease quickly.

The learning steps of actors for the above scenario are
shown in Figure 4. As it is depicted in the third part of
Figure 4, sensor nodes at the left top corner need not to
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Figure 2. Sensor nodes charged by actor nodes in a network
wherein the sink is placed at the right bottom corner (cir-
cles represent sensor nodes and triangles represent actor
nodes).

Figure 3. Charging sensors by actor nodes in a network
with the sink placed at the centre.

be charged because they are not involved in interface
communication to other nodes; this means that they only
use power when they need to send their information.

Figure 3 shows the same scenario as the previous sce-
nario except that the sink is placed in the middle of the
area. As it is shown in Figure 3, network service areas
are different from those shown in Figure 2. Furthermore,
Figure 5 shows the evolutionary progress of the service
area formation as a result of application of learning
process.

Figure 6 shows a scenario for an automated architec-
ture containing the same number of sensor and actor
nodes as in the last two scenarios. Figure 7 shows the
learning process in this scenario and illustrates how some
sensor nodes die out because of limited number of actor
nodes.

In our proposed approach, we have an important chal-
lenge for the number of actors. Some important parame-
ters that affect the number of actors needed for the net-
work are the number of sensor nodes, the area, average
recharge ratio, local recharge ratio, speed of actors,
charge time and the network architecture. If the number
of actors does not match the network requirements, the
network sensing coverage will decrease, leading to a
dead network.
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Figure 6. Charging sensors by actor nodes in a network
without sink.
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Figure 8. Sensing network coverage in an automated net-
work based on the number of actors (76 sensor nodes).

automated architecture. If we consider the sensing cov-
erage under 50% as a dead network, the network will die
with less than 2 actor nodes; otherwise the network will
stay alive although some sensor nodes might have died.

Figure 9 and Figure 10 show the impact of the number
of actors and semi-automated architecture of the network
on network coverage. Moreover, these figures show that
the placement of the sink in the centre changes the sens-
ing coverage. It is shown that in a network with
semi-automated architecture, wherein the sink is placed
in the centre of the network, even 2 actor nodes cannot
provide enough sensing coverage; the sensing coverage
decreases to less than 50% and the network is considered
as a dead network.

5. Conclusions and Future Work

In this paper we introduced a new approach for energy
replenishment of sensor nodes by mobile actor nodes in
wireless sensor and actor networks. The replenishment
starts when local learning of actor nodes is finished. To
show the significance of the number of actor nodes
withcharging duty on the lifetime of the network, some
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Figure 9. Sensing network coverage in a semi-automated
network with the sink placed at the bottom right corner (76
sensor nodes).
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Figure 10. Sensing network coverage in a semi-automated
network with the sink placed at the centre (76 sensor
nodes).

scenarios were simulated. Simulations showed that a
network with 76 sensor nodes scattered randomly in a
1000mx1000m area needs at least 3 actor nodes to stay
alive. Although some sensor nodes may die because ac-
tor nodes cannot charge them before they are completely
discharged, the network still stays alive with a more lim-
ited coverage.

We are currently studying the case where actor nodes
share their learned energy model in order to make more
optimized decisions for recharging sensor nodes that
prolong the network lifetime (i.e., explicit coordination).
When actor nodes learn the energy model of the whole
network in addition to their own local learning, they can
cooperate to service sensor nodes. This way, the number
of sensor nodes recharged can be optimized and the
number of dead sensor nodes will decrease especially in
networks with semi-automated architecture. We also
know that explicit coordination may need more energy
consumption in actor nodes, so our desire is a trade-off
between implicit and explicit coordination.

Another future work that can increase the performance
is to recharge sensor nodes based on their required en-
ergy and not fully. In our approach, actor nodes charge
sensor nodes completely while they can charge them just
according to their real needs that can be extracted from
their ratio power, power capacity, current power and
time. This way, the time actor nodes spend on each sen-
sor node decreases and they can charge more sensor
nodes. The number of movements of actor nodes in-
creases though because sensor nodes require more fre-
quent recharges.

5. References

[1] B. P. Gerkey and M. J. Mataric, “Sold!: auction methods
for multirobot coordination,” IEEE Transactions on
Robotics and Automation, Vol. 18, No. 5, pp. 758-768,
2002.

WSN



128

(2]

M. SHARIFI ET AL.

C. Q. Hua and T. S. P. Yum, “Optimal routing and data
aggregation for maximizing lifetime of wireless sensor

networks,” IEEE-ACM Transactions on Networking, Vol.

16, No. 4, pp. 892-903, 2008.

S. Zhou, R. P. Liu and Y. J. Guo, “Energy efficient
networking protocols for wireless sensor networks,”
Proceedings of IEEE International Conference on
Industrial Informatics, Singapore, pp. 1006-1011, 2006.

M. L. Shukur, L. S. Chyan, and V. V. Yap, “Wireless
sensor networks: delay guarantee and energy efficient
MAC protocols,” World Academy of Science, Engi-
neering and Technology, Vol. 50, 2009.

M. H. F. Ghazvini, M. Vahabi, M. F. A. Rasid, R. S. A. R.

Abdullah, and W. M. N. M. W. Musa, “Low energy
consumption MAC protocol for wireless sensor
networks,” Proceedings of Second International Confe-
rence on Sensor Technologies and Applications, France,
pp. 49-54, 2008.

K. Lin, J. Yu, J. Hsu, S. Zahedi, D. Lee, J. Friedman, A.
Kansal, V. Raghunathan and M. Srivastava, “Heliomote:
enabling long-lived sensor networks through solar energy
harvesting,” Proceedings of 3rd International Confe-
rence on Embedded Networked Sensor Systems,
California, USA, pp. 309, 2005.

K. Vijayaraghavan and R. Rajamani, “Active control
based energy harvesting for battery-less wireless traffic
sensors: theory and experiments,” Proceedings of

Copyright © 2010 SciRes.

American Control Conference, Washington, USA, pp.
45794584, 2008.

L. Mateu, C. Codrea, N. Lucas, M. Pollak, and P. Spies,
“Energy harvesting for wireless communication systems
using thermogenerators,” Proceeding of the XXI
Conference on Design of Circuits and Integrated Systems
(DCIS), Barcelona, Spain, 2006.

A. LaMarca, D. Koizumi, M. Lease, S. Sigurdsson, G.
Borriello, W. Brunette, K. Sikorski, and D. Fox,
“Plantcare: An investigation in practical ubiquitous sys-
tems,” Lecture Notes in Computer Science, Vol. 2498, pp.
316-332, 2002.

M. Rahimi, H. Shah, G. S. Sukhatme, J. Heideman, and D.
Estrin, “Studying the feasibility of energy harvesting in a
mobile sensor network,” Proceeding of IEEE Inter-
national Conference on Robotics and Automation,
Taiwan, pp. 19-24, 2003.

I. F. Akyildiz and 1. H. Kasimoglu, “Wireless sensor and
actor networks: research challenges,” Ad Hoc Networks,
Vol. 2, No. 4, pp. 351-367, 2004.

P. Baldwin, S. Kohli, E. A. Lee, X. Liu, Y. Zhao, C.
Brooks, N. V. Krishnan, S. Neuendorffer, C. Zhong, and
R. Zhou, “Visualsense: visual modeling for wireless and
sensor network systems,” Technical Memorandum UCB/
ERL MO04/08, Electronics Research Laboratory, College
of Engineering, University of California, 2004.

WSN




<<
  /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 <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


