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Abstract. Wireless sensor network are resource constrained. Clustering tech-
niques are used to conserve energy and to prolong the lifetime of the wireless 
sensor network. A number of clustering techniques have been presented based 
on single cluster head. In single cluster head mechanisms, the single cluster 
head is responsible for both data gathering and data forwarding so it consumes 
more energy compared to the other member nodes and dies earlier. In this paper 
we propose a Dual Head Clustering Mechanism (DHCM) for wireless sensor 
network. The DHCM is based on two cluster head, one cluster head selects the 
data and the other head is responsible for data forwarding set for a specified 
number of rounds. The simulation results show that the DHCM reduce the 
overhead over a single head and improves the life time of the network. 

1   Introduction 

The current development in micro-sensor networks has made it feasible to manufac-
ture very small sensor devices. Wireless sensor network can be made by connecting a 
large number of sensor nodes. The network formed by these sensor nodes depends 
upon the area or events to monitor and the proposed application domain for which the 
wireless sensor network is developed. Usually these sensors are unattended, immova-
ble and energy constrained. Once these nodes are deployed, they start sensing the 
environment, make computations and disseminate this information to the base station 
[1, 2, 3]. The base station is normally stationary (can be mobile as well) and energy 
sufficient. Each sensor node is specified with a specific task or mission and can gather 
context information using available computational power, energy and bandwidth. A 
typical wireless sensor network is shown in the figure 1. Wireless sensor networks 
have a large number of applications which includes military, weather monitoring, 
tactical surveillance, distributed computing, security, habitat monitoring, detecting 
events such as moments, temperature, sound, industrial manufacturing [4] etc.  

Cluster routing has been introduced to reduce the energy usage in routing. In clus-
ter routing all nodes in the network organize themselves in form of clusters (or 
groups). There are usually three steps involved in clustering algorithms. In the first 
phase the cluster head (CH) is selected in a cluster and this information is dissemi-
nated to all the nodes in the cluster. Member nodes also inform the cluster head (CH) 
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Fig. 1. Wireless Sensor Network 

about their presence in the cluster. In the second phase all the member nodes sense the 
environment, collect the data and communicate with their cluster heads alone. In the 
third and last phase the cluster heads aggregates all the collected information and 
sends it to the base station either directly or by using multi-hop routing as in figure 2. 
Whichever WSN mechanisms are in place, they must have desirable attributes that 
include to be power aware, capable of optimum routing, adaptive, reliable, scalable 
and fault tolerant. 

In this paper we propose a Dual Head Clustering Mechanism (DHCM). The  
communication between the cluster head and the sink is multi-hop. There are still 
challenges with the multi-hop routing as the cluster head close to the base station dies 
earlier, an issue that was attempted to be resolved by Energy Efficient Unequal Clus-
tering (EEUC); however there is still burden on the cluster head. Unlike other pre-
viously proposed algorithms, we have taken two cluster nodes as cluster heads with 
different responsibilities and have compared their performance which is further elabo-
rated in section 4 and section 5.  

 

Fig. 2. Cluster based wireless sensor network 
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The rest of this paper is organized as follows: section 2 presents related work;  
section 3 describes the network model; in section 4 our algorithm is presented;  
section 5 presents the simulation parameters and results, and section 6 gives the con-
clusions and future work. 

2   Related Work 

A number of clustering techniques have been introduced all focusing on saving ener-
gy and thus increasing the overall lifetime of wireless sensor networks. Brief descrip-
tions of some of the proposed clustering mechanisms are presented here. 

Heinzelman, et al. [5] introduced a clustering algorithm for sensor networks, called 
Low Energy Adaptive Clustering Hierarchy (LEACH). LEACH solves the problem of 
static clustering mechanisms in which the cluster heads, once selected, will remain 
assigned throughout the lifetime of network. LEACH selects a few sensor nodes as 
cluster heads and rotates the role of cluster heads depending upon the energy of the 
nodes. The operation of LEACH consists of two phases, the setup phase and the 
steady state phase. In the setup phase, the clusters are organized and cluster heads are 
selected. Only 5 % of nodes are selected as cluster heads. During the steady state 
phase, the sensor nodes begin sensing the environment and collect data and then 
transmit this data to the cluster heads. The cluster head aggregates the received data 
and sends it to the base station. In [6], an enhancement over the LEACH protocol was 
proposed. The protocol is called Power-Efficient Gathering in Sensor Information 
Systems (PEGASIS). In PEGASIS nodes do not communicate directly with the base 
station, instead they communicate with their closest neighbours which in turn com-
municate with the BS. Thus PEGASIS extends the lifetime of network. To locate the 
closest neighbor node in PEGASIS, each node uses the signal strength to measure the 
distance to all neighboring nodes and then adjusts the signal strength so that only one 
node can be heard. The aggregated data is sent to the sink by any node in the chain. 
The Simulation results show that PEGASIS is able to increase the lifetime of the 
network to twice that of the LEACH protocol. An extension to PEGASIS, called Hie-
rarchical PEGASIS, was introduced in [7]. The main objective of Hierarchical PE-
GASIS is to decrease the delay incurred for packets during transmission to the sink. 
Results shows that that Hierarchical PEGASIS perform better than the regular PE-
GASIS scheme by a factor of about 60.  In [8] Energy Efficient Clustering Scheme 
(EECS) a new approach has been introduced. EEUC is hierarchal clustering algorithm 
that partitions the nodes into clusters of unequal size, and clusters closer to the base 
station have smaller sizes than those further away from the base station. With this 
scheme cluster heads closer to the base station will save energy for the inter-cluster 
data forwarding. EEUC is a distributed competitive algorithm and with no iteration so 
EEUC is different from LEACH and HEED. The node’s competition range to become 
cluster head decreases as its distance to the base station decrease. In the proposed 
multi-hop routing protocol for inter-cluster communication, a cluster head chooses a 
relay node from its adjacent cluster heads according to the node’s residual energy and 
its distance to the base station. The simulation results presented shows that EEUC 
performs better than LEACH and HEED. To improve EEUC Energy-Efficient Level 
based and Time-based Clustering (EELTC) have been introduced in [9].  
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EELTC is hierarchical clustering algorithm and has the ability of creating unequal 
clusters with very low controlling overhead. In EELTC all sensors determine their 
level by receiving a message from the base station. The main idea is the optimal se-
lection of CHs based on their level and residual energy. The number of clusters 
formed near the base station is less in number than the number of clusters formed 
away from the base station. The proposed mechanism has then been compared with 
the previous existing LEACH and EEUC. The results show that EELTC saves more 
energy in setup phase since it has lower message overhead than LEACH AND EEUC. 

3   Network Model 

We consider N sensors in our network and make the following assumptions. 
 
o All sensors have equal significance. 
o The base station and all the sensor nodes are stationary after the network is 

deployed and the base station is located far from the sensor field. 
o All the sensors are location aware and not equipped with GPS and are capable 

to compute the distance by signal strength. 
o All the sensor nodes have a unique ID. 
o The Data cluster head is responsible to aggregate the data packets received 

from the members’ nodes and hand over to the routing cluster head. The 
routing cluster head receives data from other clusters. 

 
We have used a simplified energy model used in [8, 9], which has been used in most 
of the previous related work. The ݀ଶ power loss model is used if the distance d be-
tween transmitter and receiver is less than the threshold ݀଴otherwise ݀ସ power loss 
model is used, so in order to transmit k-bits massage over distance d the electrical 
energy is given by: 

, ௦ ሺ݇ܧ ݀ሻ ൌ ൝    ݇. ݈ܿ݁݁ܧ ൅ ݇. .ݏ݂ߝ ݀2 ݀ ൏ ݀଴     ݇. ݈ܿ݁݁ܧ ൅ ݇. .௠௣ߝ ݀4 ݀ ൒ ݀଴  (1)

Where ܧ௘௟௘௖  denotes the electrical energy; and the ߝ௙௦ and ߝ௠௣ are the     amplifier 
energy. 

To receive a massage k the energy spent is given by the following equation. ܧ௥ ሺ݇ ሻ ൌ ݇ . (2) ݈ܿ݁݁ܧ

For fusion: if we have n massages and each with k-bits, the energy is:                                  ܧ௙ ሺ݉ , ݇ሻ ൌ ݉ . ݇ . ௙௨௦௘ (3)ܧ

4   DHCM Approach 

The DHCM has three phases: cluster setup, multi-hop routing formation and data 
transmission. The DHCM is based on rounds, but unlike other algorithms the setup 
phase remains the same for some specified number of rounds. Let’s suppose x is the 



384 M. Alam and J. Rodriguez 

number of rounds for which the setup phase will restart. If the initial value of x is 10 
then it means that after 10 rounds the setup phase will restart and new heads will be 
selected. This x value will be decreased as time passes and will eventually reach 1. 
Thus with this method we can save the energy that is consumed in the setup phase in 
the early life time of network. Initially the value of x is high because all the nodes 
have high energy and this level decreases when they start their operations. We have 
used the dual cluster heads because with single cluster head a considerable amount of 
energy is consumed in each round and we may not be able to fix the same cluster head 
for a specified number of rounds. 

4.1   Cluster Setup 

When the network is deployed the base station sends a broadcast message to all the 
sensor nodes at a certain power level. Based on the received signal strength each node 
then computes its approximate distance d to the base station. This distance d calcula-
tion is used in the calculation of the radius for the cluster. Let ܴ௠௔௫ be the maximum 
value for the radius, ܴ௠௜௡ be the minimum value for the cluster and ௝݀ is the distance 
of node j from the base station: then we define the cluster size of node j as  

                           ௝ܴ ൌ  ௗೕ  .ሺோౣ౗౮ ష ோ೘೔೙ ሻௗ೘ೌೣ ൅  ܴ௠௜௡                                    (4) 

Once the cluster radius is specified and each node knows its cluster then each node 
broadcasts a HELLO massage which has the id and energy of the node. Each node 
receives a broadcast massage and saves this information. Then based on the informa-
tion on each node the node j is elected as Data Cluster Head (DCH). Once a node is 
selected as DCH it broadcast an information massage to all nodes. Each node in the 
radius then computes its distance to the DCH and if it is less than  ௝ܴ it considers node 
j as cluster head and saves the information. Once the DCH is selected the next step is 
to elects the Routing Cluster Head (RCH). The node with highest energy and mini-
mum distance to the DCH is selected as the RCH.  

4.2   Inter-Cluster Multi-hop Routing 

Hierarchal routing is one of the best routing techniques used for energy conservation 
in wireless sensor network and hence adopted in this network. After the setup phase 
the RCH, which is responsible for routing, broadcasts a message to the RCHs elec-
tives of other clusters. This broadcast massage contains the id, energy level and the 
distance from the base station. On receiving the broadcast massage, each RCH com-
putes the distance to the other RCH and selects the shortest route to the base station. 
This route selection is also restricted by the number of rounds value. 

4.3   Data Transmission 

In the data transmission phase each member node in the cluster starts sensing the data 
and sends it to the DCH. The DCH on receiving the data, aggregates it, and send it to 
the RCH. The RCH, on receiving the data from other clusters, forwards the data to the 
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base station. Due to short DCH-RCH distance, less energy is consumed by the DCH 
in the data transmission phase. Furthermore, each RCH has the option to select short 
but high energy paths to forward the data to the base station. 

5   Simulation Results 

This section presents the performance evaluation of DHCM via simulations. We as-
sume an ideal MAC layer and error free communication link for this simulation. We 
run extensive experiments and the results presented here are the average of all those 
simulation results. The parameters used in the simulation are listed in table1. We have 
compared DHCM with the previously proposed LEACH and EEUC algorithms. 

Table 1. Simulation Parameters 

Parameters  Value 
Area 200 x 200 

Location of Base station 100, 350 m 

Algorithms used LEACH, EEUC,DHCM 

Number of Sensors 200 
Initial energy 4J ܧ௘௟௘௖  50nJ/bit ߝ௙௦ 10pJ/bit/݉ଶ ߝ௠௣ 0.0013pJ/bit/݉ସ ܧ௙௨௦௘ 5nJ/bit/signal 

Packet size 4000 bits ݀଴ 87 m ܴ௠௔௫ 70 m ܴ௠௜௡ 30 m 

5.1   Energy Consumpton of Cluster Heads 

The calculation of energy consumption by the cluster heads in 40 rounds are shown in 
the figure 3. In LEACH the data is directly sent to the base station by the cluster 
heads so the energy consumption is very high. In EEUC and DHCM, multi-hop 
communication is used to forward the data from the cluster heads to the base station, 
so due to the small distances between the cluster heads compared to the direct 
distance to the base station, a considerable amount of energy is saved. We have 
considered the combined energy consumption by both cluster heads. Furthermore, the 
energy consumption of DHCM is lower than EEUC beacuse the EEUC consumes 
energy during the setup phase of each round, while the DHCM uses the same set of 
clusters for a specified number of rounds. 
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Fig. 

5.2   Network Life Time 
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6   Conclusions  

In this paper we have presented a novel energy aware multi-hop cluster routing proto-
col for WSN called DHCM. DHCM has two cluster heads; one is responsible for the 
data gathering and the other for data forwarding. In the cluster setup phase, the cluster 
heads are set for a specified number of rounds and this value decreases with time. The 
simulations results have shown that the DHCM outperforms the LEACH and EEUC, 
and significantly increases the network lifetime. 

 
Acknowledgments. The work presented in this paper has been performed in the 
framework of the ICT-PEACE project (contract no. 225654) funded by the European 
Union. 

References 

1. Pottie, G.J., Kaiser, W.L.: Wireless integrated networks sensors. Communication of the 
ACM 43(5), 51–58 (2000) 

2. Li, Q., Aslam, L., Rus, D.: Hierarchical powr-aware routing in Sensor nehvorks. In: DI-
MACS Workhop on Pervasive Networking (May 2001) 

3. Intanagonwiwat, C., Govindan, R., Estrin, D.: Directed diffusion: a scalable and robust 
communication paradigm for sensor networks. In: Proceedings of the Sixth Annual 
ACM/IEEE International Conference on Mobile Computing and Networking (MobiCom 
2000) (August 2000) 

4. Shah, R.C., Rabaey, J.: Energy aware Routing for low Energy ad hoc sensor network. In: 
IEEE Wireless Communication and networking Conference (WCNC) (March 2002) 

5. Heinzelman, W., Chandrakasan, A., Balakrishnan, H.: Energy-Efficient Communication 
Protocol for Wireless Microsensor Networks. In: Proc. 33rd Hawaii Int’l. Conf. Sys. Sci. 
(January 2000) 

6. Lindsey, S., Raghavendra, C.: PEGASIS: Power-Efficient Gathering in Sensor Information 
Systems. In: IEEE Aerospace Conf. Proc., vol. 3, 9-16, 1125–1130 (2002) 

7. Savvides, A., Han, C.-C., Srivastava, M.: Dynamic Fine-Grained Localization in Ad-Hoc 
Networks of Sensors. In: Proc. 7th ACM MobiCom, pp. 166–79 (July 2001) 

8. Li, C.F., Ye, M., Chen, G.H., Wu, J.: An Energy-Efficient Unequal Clustering Mechanism 
for Wireless Sensor Networks. In: IEEE International Conference on Mobile Adhoc and 
Sensor Systems MASS 2005, November 7-10, 8 p. (2005) 

9. Tashtarian, F., Honary, M.T., Haghighat, A.T., Chitizadeh, J.: A new energy-efficient level-
based clustering algorithm for wireless sensor networks. In: 6th International Conference on 
Information, Communications & Signal Processing 2007 (2007) 


	A Dual Head Clustering Mechanism for Energy Efficient WSNs
	Introduction
	Related Work
	Network Model
	DHCM Approach
	Cluster Setup
	Inter-Cluster Multi-hop Routing
	Data Transmission

	Simulation Results
	Energy Consumpton of Cluster Heads
	Network Life Time

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




