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Abstract

In this paper, we examine the problems of the low energy adaptive clustering hierarchy (LEACH) protocol and present ideas
for improvement by selecting the cluster head node. The main problem with LEACH lies in the random selection of cluster
heads. There exists a probability that the formed cluster heads are unbalanced and may remain in one part of the network,
which makes some part of the network unreachable. In this paper, we present a new version of the LEACH protocol called the
improved LEACH (ILEACH) protocol, which a cluster head is selected based on its ratio between the current energy level and
an initial energy level, and multiplies by the root square of its number of neighbor nodes. The simulation results show that the
proposed ILEACH increases the energy efficiency and network lifetime.

Index Terms: ILEACH protocol, LEACH protocol

I. INTRODUCTION

Wireless sensor network (WSN) [1-3] consist of
hundreds and even thousands of tiny devices called sensor
nodes distributed autonomously to monitor physical or
environmental conditions, such as temperature, sound,
vibration, pressure, and motion at different locations.
Energy plays an important role in wireless sensor networks
because nodes are battery operated. Consequently, many
protocols have been proposed in order to minimize the
energy consumption of these nodes.

Each node in a sensor network is typically equipped with
one or more sensors, radio transceiver devices, a small
microcontroller, and an energy source. Since in most WSN
applications, the energy source is a battery, energy plays an
important role in wireless sensor networks, and conserving
the energy consumed by each node is an important goal that
should be considered when developing a routing protocol

for WSNs.

In general, routing in WSNs [4] can be classified into flat,
hierarchical, and location-based routing, depending on the
network structure. Hierarchical routing is a well-known
technique with special advantages related to scalability and
efficient communication. Low energy adaptive clustering
hierarchy (LEACH), power-efficient gathering in sensor
information systems (PEGASIS), threshold sensitive energy
efficient sensor network protocol (TEEN) [5], and APTEEN
use this technique for routing. In hierarchical architecture,
higher energy nodes can be used to process and send the
information, while low-energy nodes can be used to perform
the sensing in the proximity of the target.

In this paper, we propose the improved LEACH
(ILEACH) protocoal that selects cluster heads using different
thresholds. The new cluster head selection probability is
calculated from the initiadl energy and the number of
neighboring nodes. On a rotating basis, a head-set member

Received 09 September 2012, Revised 04 October 2012, Accepted 17 October 2012

*Corresponding Author E-mail: iskoo@ulsan.ac.kr

http://dx.doi.org/10.6109/jicce.2012.10.4.384

print ISSN: 2234-5973 online ISSN: 2234-8883

©Thisisan Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/li-censes/by-
nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright (© The Korea Institute of Information and Communication Engineering



Performance Analysis of ILEACH and LEACH Protocols for Wireless Sensor Networks

receives data from the neighboring nodes and transmits the
aggregated results to the base station. For a given number of
data collecting sensor nodes, the number of control and
management nodes can be systematically adjusted to reduce
the energy consumption, which increases the network life.

The remainder of this paper is as follows: Section Il
related work, Section 111 will introduce the network model,
Section IV will introduce the LEACH routing protocol in
detail, Section V will introduce the ILEACH protocol, and
Section VI describes the simulation analysis done by
varying the percentage of cluster heads in the network in
each simulation of the LEACH and ILEACH protocols.
Performance is analyzed in terms of lifetime, energy
dissipation, and throughput of the network, and Section VII
concludes this paper.

Il. RELATED WORK

LEACH is a distributed clustering protocol that utilizes
randomized rotation of local cluster heads (CHs) to evenly
distribute energy utilization among the nodes of WSNSs [6,
7]. It uses one-hop inter-cluster communication towards the
sink. The whole operation of the LEACH protocol is
divided into rounds. Each round consists of a setup phase
and a steady state phase.

The number of nodes that remain alive using LEACH is
significantly larger (four to eight times larger) than that
using static clustering or minimum transmission energy
(MTE) routing. However, the main problem with the
LEACH protocol liesin the random selection of CHs. There
exists a probability that the CH formation is unbalanced and
may remain in one part of the network, making some part of
the network unreachable. One-hop inter-cluster and intra-
cluster used in LEACH are aso not applicable for large
region networks.

A new adaptive strategy known as LEACH-B has been
proposed; it chooses CHs and varies their election frequency
according to the dissipated energy [8]. Moreover, an
improved LEACH scheme was proposed, named LEACH-C
[9]. In LEACH-C, acentralized algorithm at the base station
performs cluster formation. However, the LEACH-C is not
feasible for larger networks because nodes far away from
the base station will have problems when sending their
states to the base station. Since the role of the CHs rotates
among nodes, the nodes far away from the base station will
also not connect to the base station quickly, which resultsin
increasing the latency and delay.

Further, the clustering protocol known as LEACH-E was
proposed by Beni Hssane et al. [10]. In this protocol, the
CHs are elected according to the energy left in each node.
The drawback of LEACH-E is that it requires the assistance
of a routing protocol by which the total energy of network
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should be distributed to each node.

Distributed efficient clustering (DEEC) is a dedicated
design for energy heterogeneous scenarios, where nodes are
initialized at various energy levels [11]. However the DEEC
scheme may not ensure the selection of energy-rich CHs and
the evenness of CH dispersion. The DEEC scheme aso
prevents cluster heads from being too close to each other,
but ignores a cluster head's energy qualifications.

Lindsey and Raghavendra [12] proposed PEGASIS.
PEGASIS makes a communication chain using a traveling
sales person heuristic. Each node only communicates with
two close neighbors aong the communication chain. Only a
single designated node gathers data from other nodes and
transmits the aggregated data to the sink node.

[ll. NETWORK MODEL

Let us assume a simple model for radio hardware energy
consumption where the transmitter dissipates energy to run
the radio electronics and the power amplifier, and the
receiver dissipates energy to run the radio electronics. For
our experiments, depending on the transmission range, we
have considered the free space and multipath fading model,
asshowninFig. 1.

If the distance d is less than or equal to a thresholdd,,
the free space model (d?power loss) is used; otherwise, the
multi path model (d*power loss) is used. Or, for short
distance transmission, such as intra-cluster communication,
the energy consumption by an amplified transmission is
proportional to d?and for long distance transmission, such
as inter-cluster communication, the energy consumption is
proportional tod*. The energy consumption models of the
transmitter and receiver separated by distance d for a |
bit message, respectively, are given by

[ 1By +IEd? if d<d, L
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where E__ is the energy consumed per bit to run the
circuitry of the transmitter and receiver, E _andE_ = are
the power loss of free space and multi-path models,
respectively, which depend on a chosen acceptable bit-error
rate. One suitable choice for the threshold transmission
distance d, may be,
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Fig. 1. Radio dissipation model.

IV. LEACH PROTOCOL

The LEACH protocol for sensor networks, proposed by
Heinzelman et a. [13], minimizes energy dissipation in
sensor networks. It partitions the nodes into clusters, and in
each cluster, a dedicated node with extra privileges called a
cluster head (CH) is responsible for creating and
manipulating a time division multiple access (TDMA)
schedule and sending aggregated data from the nodes to the
base station (BS) where these data are needed using code
division multiple access (CDMA). The remaining nodes are
cluster members. CHs change randomly over time to
balance the energy dissipation of nodes. The node chooses a
random number between 0 and 1. The node becomes a CH
for the current round if the number is less than the following
threshold:

P o if neG
T(n) = 1—P><(r modpj (4)
o, Otherwise

where P isthe desired percentage of CHs (e.g., 0.05), I is
the current round, and G is the set of nodes that have not
been CHsin the last round.

This protocol is divided into rounds, where each round
consists of setup phase and steady state phase.

A. Setup Phase

During this phase, each node decides whether or not to
become a CH for the current round. This decision is based
on choosing a random number between 0 and 1, and if the
number is less than a threshold T(n), the node becomes a
CH for the current round.

The CH node sets up a TDMA schedule and transmits this
schedule to all the nodes in its cluster, completing the setup
phase, which is then followed by a steady-state operation.
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Fig. 2. Time line of the operation of the LEACH protocol.

TS: Time Slot

B. Steady State Phase

The steady-state [14] operation is broken into frames,
where nodes send their data to the CH at most once per
frame during their allocated slot shown in Fig. 2. It assumes
that nodes always have data to send, and they send it during
their alocated transmission time to the CH. This
transmission uses a minimal amount of energy. The radio of
each non-CH node can be turned off until the node's
dlocated transmission time, thus minimizing energy
dissipation in these nodes. The CH node must keep its
receiver on to receive al the data from the nodes in the
cluster. When al the data has been received, the CH node
performs signal processing functions to compress the data
into a single signal. For example, if the data are audio or
seismic signals, the CH node can beam form the individual
signals to generate a composite signal. Since the BS is far
away, thisis a high energy transmission.

V. IMPROVED LEACH PROTOCOL

In this section, we propose the improved LEACH
(ILEACH) protocol, which is based on the initial energy and
number of neighbors of the nodes. This protocol is more
applicable than any type that assumes a protocol in which
each node knows the total energy of the network and then
adapts its election probability of becoming a cluster head
according to its remaining energy. In the ILEACH protocol,
we assign a weighting probability to each node. This
weighting probability must be equal to the initial energy of
each node divided by the initial energy of the normal node.
The weighting probabilities for normal and advanced nodes
can be given as

B P
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()

nrm



Performance Analysis of ILEACH and LEACH Protocols for Wireless Sensor Networks

P
- 6
v (1+axm)x(l+a) ©

In Eq. (4), wereplace P by the weighting probabilities
to obtain the threshold that is used to elect the CH in each
round. We define T(S,,) as the threshold for normal

nodes, and T(S,,,)as the threshold for advanced nodes.
Thus, for normal nodes, we have

R

= X Eralio’ If Snrm € G,
_ 1 O
T(Sym) =11-P, ¥ rmodp—
0, Otherwise
EC
Eratio = E X V Ni (8)
0

where, G’is the set of normal nodes that have not become

CHs within the last _1 rounds of the epoch, T(S,,)is
P

nrm

the threshold applied to a population of nx(1+ m) for
normal nodes, E, is the initial energy, E_ is the current

residual energy, and N, is the number of neighbors of the

i node. Therefore, each normal node will become a cluster

1
Px(1+axm)
and the average number of CHs for normal nodes per round
per epochisequal to nx (1+m)xP, .

Similarly, the threshold for advanced nodesis

head exactly once every rounds per epoch

Padv

XE 0 If Sy G
_ 1 9
T(S,,)=11- P, x| rmod—

adv

0, Otherwise

where, G” is the set of advanced nodes that have not
become CHs within the last P, rounds of the epoch,

T(S,,) isthethreshold applied to a population of NXxm
for advanced nodes, E; is the initia energy, E_ is the
current residual energy, and N, is the number of neighbors
of the i node. Therefore, each advanced node will become

a CH exactly once every [ L | [ 1 XM ) qinds. Here,
p I+

Mis the fraction of advanced nodes and the additional
energy factor between advanced and normal nodes.

VI. SIMULATION AND RESULTS

In this section, we evaluate the performance of the new
energy efficient protocol implement in the MATLAB
(MathWorks, Natick, MA, USA) environment. We assume
that al nodes always have data to send and sensor devices
do not have mobility. Further, the same initial energy and
the capability of transmission range adjustment are assumed
among nodes. The simulation parameters that we consider
are summarized in Table 1.

Fig. 3 shows the node deployments for simulation where
the random distribution of 100 nodes is used and the BS is
located in (50, 50) [13, 14].

Fig. 4 shows that the first dead node appears at round 800
in LEACH while the first dead node appears at round 1700
in ILEACH in the case that the networking size was 100 m x
100 m and each node has the energy of 0.25 J. Therefore,
the performance of ILEACH is better than that of LEACH.

Fig. 5 shows that the first dead node appears at round
1100 in LEACH while the first dead node appears after
round 2100 in ILEACH when each node has the energy of
0.5 J. Therefore, the performance of ILEACH is aso better
than that of LEACH in this case.

Table 1. parameter settings

Parameter Value
Energy consumption by the amplifier to 10 pJbit/m?
transmit at a shorter distance (E fS)
Energy consumption by the amplifier to 0.0013 pJbit/m*
transmit at alonger distance ( Emp)
Energy consumed in the electronics circuit 50 nJ/bit
to the transmitter or receiver of the
signal (E__)
Theinitial energy of each node (E) 2]
Network area () 100 X 100
Number of nodes (N) 100
Data message size 500 bytes
Packet header 25 bytes
The base station (BS) location (50,50)
Sensor node type Mica2
Transmitter/receiver antenna height 0.082m
System loss, L 1
Transmitter/receiver antenna height gain 1

The simulation results in Table 2 show that the
performance of ILEACH has an improvement of 31% and
40% over LEACH in the area of 100 x 100 m with an initial
energy of 0.25 and 0.50 J, respectively.
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Fig. 5. The number of alive nodes versus the number of rounds with 0.5 J.

Table 2. First node death of the LEACH and ILEACH protocols

Energy (J) LEACH (round) ILEACH (round)
0.25 800 1700
0.50 1100 2100

LEACH: low energy adaptive clustering hierarchy, ILEACH: improved
LEACH protocol.

http://dx.doi.org/10.6109/jicce.2012.10.4.384

VII. CONCLUSIONS

In this paper, we considered a well-known protocol for
WSNs called the LEACH protocol, which isthe first and the
most important protocol in WSNs to use a cluster-based
broadcasting technique. Followed by an overview of the
LEACH protocol implementation, we proposed a new
version of the LEACH protocol caled the improved
LEACH (ILEACH) protocol. From the simulation results,
we can draw a number of conclusions. In the first case that
each node has 0.25 J, the first dead node appearing at 1700
rounds with ILEACH is better than the first dead node
appearing at 800 rounds with the original LEACH protocol.
In the second case that each node has 0.25 J, the first dead
node appearing at 2100 rounds with ILEACH is better than
the first dead node appearing at 1100 rounds by the original
LEACH protocol. Therefore, it can be observed that thereis
a significant improvement in the network lifetime in the
case of the ILEACH protocol comparison to the LEACH
protocol.

ACKNOWLEDGMENTS

This research was supported by the Basic Science
Research  Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (Grant no.
2012R1A1A2038831).

REFERENCES

[1] X. Y. Li and |. Stojmenovic, Broadcasting and topology control in
wireless ad hoc networks [Internet], Available: http://202.114.89.42/
resource/pdf/4157.pdf.

[2] J M. Kahn, R. H. Katz, and K. S. J. Pister, “Next century
challenges: mobile networking for Smart Dust,” in Proceedings of
the 5th Annual ACM/IEEE International Conference on Mobile
Computing and Networking, Seattle: WA, pp. 271-278, 1999.

[3] M. J. Handy, M. Haase, and D. Timmermann, “Low energy adaptive
clustering hierarchy with deterministic cluster-head selection,” in
Proceedings of the 4th International Workshop on Mobile and
Wireless Communications Network, Stockholm, Sweden, pp. 368-
372, 2002.

[4] J. N. Al-Karaki and A. E. Kamal, “Routing techniques in wireless
sensor networks: asurvey,” |EEE Wreless Communications, vol. 11,
no. 6, pp. 6-28, 2004.

[5] A. Manjeshwar and D. P. Agrawal, “TEEN: a routing protocol for
enhanced efficiency in wireless sensor networks,” in Proceedings of
the 15th International Parallel and Distributed Processing
Symposium, San Francisco: CA, pp. 2009-2015, 2000.

[6] N. M. A. Latiff, C. C. Tsimenidis, and B. S. Sharif, “Performance



Performance Analysis of ILEACH and LEACH Protocols for Wireless Sensor Networks

comparison of optimization algorithms for clustering in wireless
sensor networks,” in Proceedings of the IEEE International
Conference on Mobile Adhoc and Sensor Systems, Pisa, Italy, pp. 1-
4, 2007.

[7] Z. Zhang and X. Zhang, “Research of improved clustering routing
algorithm based on load balance in wireless sensor networks,” in
Proceedings of the IET International Communication Conference
on Wreless Mobile and Computing, Shanghai, China, pp. 661-664,
20009.

[8] M. Tong, and M. Tang, “LEACH-B: an improved LEACH protocol
for wireless sensor network,” Proceedings of the 6th International
Conference on Wireless Communications Networking and Mobile
Computing, Chengdu, China, pp. 1-4, 2010.

[9] A. Rahmanian, H. Omranpour, M. Akbari, and K. Raahemifar, “A
novel genetic algorithm in LEACH-C routing protocol for sensor
networks,” in Proceedings of the 24th Canadian Conference on
Electrical and Computer Engineering, Niagara Falls: ON, pp. 1096-
1100, 2011.

[10] A. Beni Hssane, M. L. Hasnaoui, M. Saadi, S. Benkirane, and M.
Laghdir, “Equitable LEACH-E protocol for heterogeneous wireless
sensor networks,” in Intelligent Distributed Computing 1V, Sudies
in Computational Intelligence, vol. 315, pp 171-176, 2010.

Md. Sipon Miah

systems.

Insoo Koo

[11] L. Qing, Q. Zhu, and M. Wang, “Design of a distributed energy-
efficient clustering algorithm for heterogeneous wireless sensor
networks,” Computer Communications, vol. 29, no. 12, pp. 2230-
2237, 2006.

[12] S. Lindsey and C. S. Raghavendra, “PEGASIS. power-efficient
gathering in sensor information systems,” |IEEE Aerospace
Conference Proceedings, Big Sky: MT, pp. 1125-1130, 2002.

[13] W. R. Heinzelman, A. Chandrakasan, and H. Balakrishnan,
“Energy-efficient communication protocol for wireless microsensor
networks,” in Proceedings of the 33rd Annual Hawaii International
Conference on System Sciences, Maui: HI, p. 8020, 2000.

[24] V. Rodoplu and T. H. Meng, “Minimum energy mobile wireless
networks,” |EEE Journal on Selected Areas in Communications, vol.
17, no. 8, pp. 1333-1344, 1999.

[15] R. Hou, W. Ren, and Y. Zhang, “A wireless sensor network
clustering algorithm based on energy and distance,” in Proceedings
of the 2nd International Workshop on Computer Science and
Engineering, Qingdao, China, pp. 439-442, 2009.

received BSc. and MSc. degrees from Islamic University, Kushtia, Bangladesh, in 2006 and 2007, respectively. From
2009 to 2010, he was with the Bangladesh Computer Council (BCC) in Dhaka, Bangladesh, as an assistant
programmer. In 2010, he joined Islamic University, where he is now Lecturer. He is currently pursuing a Ph.D. degree
at the School of Electrical Engineering, University of Ulsan, Ulsan, South Korea. His research interests include
cluster-based cooperative spectrum sensing in cognitive radio networks and next generation wireless communication

received a B.E. degree from Konkuk University, Seoul, Korea, in 1996, and received M.S. and Ph.D. Degrees from
the Gwangju Institute of Science and Technology (GIST), Gwangju, Korea, in 1998 and 2002, respectively. From
2002 to 2004, he was with the Ultrafast Fiber-Optic Networks (UFON) research centre at GIST, as a research
professor. For one year beginning September 2003, he was a visiting scholar at the Royal Institute of Science and
Technology, Sweden. In 2005, he joined the University of Ulsan, where he is now a professor. His research interests
include next generation wireless communication systems and wireless sensor networks.

http://jicce.org




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /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 true
  /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 true
  /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 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

  /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 <>
    /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


