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Abstract Localization of nodes is a key technology for application of wireless sensor network. Having

a GPS receiver on every sensor node is costly. In the past, several approaches, including range-based and

range-free, have been proposed to calculate positions for randomly deployed sensor nodes. Most of them

use some special nodes, called anchor nodes, which are assumed to know their own locations. Other

sensors compute their locations based on the information provided by these anchor nodes. This paper uses

a single mobile anchor node to move in the sensing field and broadcast its current position periodically.

We provide a weighted centroid localization algorithm that uses coefficients, which are decided by the

influence of mobile anchor node to unknown nodes, to prompt localization accuracy. We also suggest a

criterion which is used to select mobile anchor node which involve in computing the position of nodes for

improving localization accuracy. Weighted centroid localization algorithm is simple, and no communication

is needed while locating. The localization accuracy of weighted centroid localization algorithm is better

than maximum likelihood estimation which is used very often. It can be applied to many applications.
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1. Introduction

A sensor network is composed of a large number of
sensor nodes that are densely deployed in a field. Each
sensor performs a sensing task for detecting specific
events. The sink, which is a particular node, is re—
sponsible for collecting sensing data reported from all
the sensors, and finally transmits the data to a task
manager. If the sensors can not directly communicate
with the sink, some intermediate sensors have to for—
ward the data [1].

There are several essential issues(e.g., localization,
deployment, and coverage) in wireless sensor net—
works. Localization is one of the most important sub—
jects for wireless sensor networks since many appli—
cations such as environment monitoring, vehicle
tracking and mapping depend on knowing the loca—

tions of the sensor nodes [2]. In addition, with loca—

tion-based routing protocols [3], both routing and data
forwarding are determined based on the geographic
location.

To solve the localization problem, it is natural to
consider placing sensors manually or equipping each
sensor with a GPS receiver. However, due to the large
scale nature of sensor networks, those two methods
become either inefficient or costly, so researchers pro—
pose to use a variety of localization approaches for
sensor network localization.

These approaches can be classified as range—based
and range-free. Firstly, the range-based approach
uses an absolute node-to-node distance or angle
between neighboring sensors to estimate locations.
Common techniques for distance or angle estimation
include received signal strength indicator(RSSI), time
of arrival(TOA), time difference of arrival(TDOA),
and angle of arrival(AOA). The approaches typically
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have higher location accuracy but require additional
hardware to measure distances or angles. Secondly,
the range-free approach does not need the distance or
angle information for localization, and depends only on
connectivity of the network and the contents of re-
ceived messages. For example, Centroid method[4],
APIT method[5], DV-HOP method[6], Convex hull[7],
Bounding box[8] , and Amorphous algorithm[9] have
been proposed. Although the range-free approach can-—
not accomplish as high precision as the range- based
[10], they provide an economic approach. Due to the
inherent characteristics(low power and cost) of wire—
less sensor networks, the range—free mechanism could
be a better choice to localize a sensor’s position, so we
pay more attention to range-free approach in this
paper.

This paper uses a single mobile anchor node as the
reference node, which is required to move in the sens—
ing field and broadcast its current position
periodically. Sensor nodes receive the position in—
formation of the mobile node and localize themselves
to the centroid of these positions by using the weight-
ed centroid algorithm. The algorithm based on the
Received Signal Strength Indication(RSSI). The re—
sults of simulations show that the method is a prac—
tical method that can be used in real-world system,
and is also a method whose principle is simple, less
computing and communication, is low cost, and pro—

vides flexible accuracy.

2. Related Work

In the past several years, extensive research has
been done on localization for wireless sensor
networks. A general survey is found in. Here we pro—
vide only a brief survey about range—free approaches
and localization method, which involve mobile refer—
ence nodes.

In a sensor network, some nodes are equipped with
special positioning devices that are aware of their
locations. These nodes are called anchor nodes or ref-
erence nodes. Other nodes that do not initially know
their locations are called unknown nodes or sensor
nodes. Generally, an unknown node can estimate its
location by range-based or range-free methods if
three or more anchors are available in its coverage
field. Obviously, the number and position of anchor
nodes have a noticeable influence on the localization
precision. Researchers showed that the precision of
the localization increases with the increasing of the

anchors’ number. The main problem with an increased
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number of anchors is that they are far more expensive
than the rest of the sensors, even if only 10% of the
nodes are anchors; the price of the whole network will
increase about tenfold. Another observation is that af-
ter the(stationary) unknown nodes have been localized,
the anchors become useless. The reasoning mentioned
above leads us to consider using a single mobile an—
chor to localize the sensor network.

The main idea of localization with a mobile anchor
node is as follows: After sensor deployment, a mobile
anchor node traverses the sensor network while
broadcasting anchor packets, which contain the coor—
dinates of the anchor node. Sensor nodes receiving
anchor packets could infer their distance from a mo-—
bile anchor node and use these measurements as con-
straints to construct and maintain position estimates.
These methods have a common feature: they use
range-based approaches. Though they can reach fine
resolution, either the required hardware is ex-—
pensive(ultrasound devices for TDOA, antenna arrays
for AOA) [11] or the results depend on other un-
realistic assumptions about signal propagation(for ex-
ample, the actual received signal strengths of radio
signals can vary when the surrounding environment
changes).

Due to the hardware limitations of sensor devices,
range-free approaches are a cost effective alternative
to a more expensive range-based approach. A simple
algorithm proposed, computes location as the centroid
of its proximate anchor nodes. An alternate solution,
DV-Hop, extends the single hop broadcast to multi—
ple-hop flooding, so that sensors can find their dis—
tance from the anchors in terms of hop counts. An
amorphous positioning scheme adopts a similar strat—
egy as DV-Hop; the major difference is that
Amorphous improves location estimates using offline
hop-distance estimations through neighbor information
exchange. Another existing range-free scheme is an
APIT algorithm. APIT [12-13] resolves the local-
ization problem by isolating the environment into tri-
angular regions between anchor nodes. A node uses
the point-in-triangle test to determine its relative lo—
cation with triangles formed by anchors and thus nar—
rows down the area in which it probably resides.
APIT defines the center of gravity of the intersection
of all triangles that a node resides in as the estimated
node location. [14-17]Based on these analyses, local-
ization using a single mobile anchor node would be
more economical. In addition, considering the con-—
straints in computing and memory power of sensors,

we adopted the weighted centroid method with a sin—
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gle mobile anchor to locate sensors in wireless sensor

networks.

3. Method of Localization

This method can be used in large-scale field
environment. Figure 1 illustrates the system environ—
ment where a sensor network consists of a mobile an—
chor node and unknown nodes that could be scattered
from a plane or from a mortar shell. The mobile an—
chor is a human operator or an unmanned vehicle de-
ployed with the sensor network. If the network is de—
ployed by plane scattering, this anchor can be even
the plane itself. The unknown nodes are the nodes of
initially unknown positions. Once the nodes are de-
ployed, they will stay at their locations to conduct the
sensing task. The mobile anchor, which is a node
aware of its location(e.g. equipped with GPS), and is
able to traverse for assisting the sensors to determine
other node locations.[18-21] The mobile anchor node
needs to traverse over the entire region in order to
cover all sensor nodes. This can be done by driving
the mobile anchor node to move in a spiral trajectory.
Obviously there are many other options to moving
trajectory. Finding an optimal trajectory to cover all
sensor nodes can be a research topic for our future
work. No matter which trajectory is used, the location
of the mobile anchor node on the trajectory should be
known. At the same time, we assume that the mobile
anchor has sufficient energy for moving and broad-
casting its information during the localization process.
The speed of the mobile anchor is adjustable and un-
restricted, but uniform in the process of location.

We used an idealized radio model for wireless com-
munication because it was simple and easy to reason
mathematically. We assumed that our idealized model
is perfect spherical radio propagation and has identical
transmission range(power) for all radio positions as
shown in Figure 1. It is a sphere with the anchor as
its center and the broadcasting radius R as its radius.
Only the sensors within the range are assumed capa—
ble of receiving the information sent by the anchor.

In this paper, we proposed the location of mobile
anchor node influence: In the localization algorithm,
location of mobile anchor node has influence to the
unknown nodes, RSSI bigger location, and the greater
influence on the location of sensor nodes. When
Unknown node received multiple mobile anchor node
position signal Then unknown node by the impact of
these locations. Location of largest RSSI has the
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Fig. 1. System Environment with a
Mobile Anchor Node

greatest power to decide to the position of sensor
node.

Signal selection principle: An unknown node may
receive multiple signals of positions from the mobile
anchor node.

RSSI value should be the largest of several signals
position calculation. Location computed to ensure that
the signals involved in more than three. Will be dis—
tances of more than R the location of mobile anchor
node removed, so as to avoid the expansion of the po—
sitioning error. Behind the simulation proves this
point.

4. Weighted Centroid Localization Algorithm

Through the front of the Analysis, can find common
centroid algorithm, did not reflect the mobile anchor
node’s influence, affecting the localization accuracy.
To enhance the localization accuracy, in this paper we
used the weighted centroid localization algorithm. Its
main idea: In the algorithm, mobile anchor node con—
fronts the right to decide the location of the centroid
through weighted factor to reflect. The use of weight—
ed factor reflected the intrinsic relationship between

them.

We embody this relationship through the formula of
the weighted factor:

X=(X\/d,+ X,/dy+ X3/dy)/ (1/dy+ 1/dy+ 1/d3)

Y= (Y,/d+ Yy/dy+ Yy/dy)/ (1/dy+1/dy+1/ds)

Figure 2 illustrates Known 3 mobile anchor nodes
coordinate (X;, Y1), (Xs, Y2), (X3, Y3), unknown node
to anchor nodes distance di, ds, ds. According to the
formula can be calculated unknown node coor—
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dinates(X, Y). Compared to ordinary centroid algo—
rithm, 1/d;, 1/ds, 1/ds is weighted factor. The factor
1/di, 1/ds, 1/d3 indicates that mobile anchor node with
a shorter distance to unknown nodes has a larger in—
fect its coordinates. We can improve the localization

accuracy from these inner relations.

(x.1)

(%, 35) (x5, %)

Fig. 2. Weighted Centroid Localization Algorithm

Weighted centroid localization algorithm process :

(1) The mobile anchor node periodically sends its
own information.

(2) Unknown node received information, only re-
cords the same location of the mobile anchor
node average RSSI.

(3) Unknown node received over threshold m in the

position information then RSSI value in accord-

ance with the smallest sort of mobile anchor
node location .And to establish the mapping be—
tween RSSI value and the distance from un-

known node to the mobile anchor node. The es-

tablishment of three sets: mobile anchor
node_set={ai, a, -,am} ; Distance_set={di, dy,
o, dm} di<dy --*.<dwm ; Mobile anchor node

position_set={(Xy, Y1), (X2, Y2), -, X, Ym )}

(4) RSSI value with the first few large location of

=

mobile anchor node of the calculation:

Based on the preceding analysis, in the mobile an—
chor node_set Select RSSI value of large node lo—
cation then the composition of the triangle set.
This is very important. Triangle_set={(a; , a2, a3),
)&

n location of mobile anchor nodes can be com-—

(a1, az , as), (a1, a3, a), (a1, az , as) -

o

posed of C? triangles. The use formula(l) cal-
culates €2 coordinate.
Calculates the mean value(X,Y) of C?

dinate. The(X, Y) is Unknown node coordinate.
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5. Simulation

The key metric for evaluating a localization techni—
que is the accuracy of the location estimates versus
the communication and deployment cost. Increasing
the density of anchors or the frequency of location
broadcasting should improve accuracy, but a tradeoff
needs to be made to determine appropriate deployment
parameters. To evaluate this proposed method we use
UNIX, programs with the C language. We have car—
ried on the computer simulation to the above
algorithm. Simulation condition: The mobile anchor
node reference MICAZ mote; Uses outdoor launches
the radius 200 to 300m; Deployment area is 200%200m’
The unknown node arranges stochastically; the un-
known node is 220. The mobile anchor node has 6
kinds of situations: 9, 12, 16, 20, 25, and 30 positions.
The simulation uses weighted centroid localization al-
gorithm and maximum likelihood estimation method.
Localization accuracy mainly depends on the numbers
of the mobile anchor node broadcasting its positions or
the anchor density. It is very easy for our method to
change anchor density by adjusting the interval time
or the moving length of the mobile anchor node
broadcasting its positions or by changing the moving
interval of spiral line. In comparison with other meth-
ods, this is one of the advantages with our method,
and it does not require additional hardware. Figure 3
and Figure 4 show the simulation result. In the figure
3 error of weighted centroid localization algorithm is
16.2m and error of maximum likelihood estimation is
24.2m when mobile anchor node is 9. Error of weight—
ed centroid localization algorithm is 14.4m and error of
maximum likelihood estimation is 18.9m when mobile
anchor node is 12. In the figure 4 error of weighted
centroid localization algorithm is 48m and error of
maximum likelihood estimation is 73m when mobile
anchor node is 9. Error of weighted centroid local—-
ization algorithm is 38m and error of maximum like—
lihood estimation is 67m when mobile anchor node is
12. .As can be seen from the figure weighted centroid
localization algorithm has better localization accuracy.
Has the obvious superiority, if the anchor density is
low. Weighted centroid localization algorithm is sim-—
ple, and no communication is needed while locating. It
does not require additional hardware. The mobile an—
chor node can be used many times. So it is very

inexpensive.
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6. Conclusion and Future Works

Many wireless sensor network applications depend
on nodes being able to accurately determine their
locations. This is the first work to study range-free
localization in the presence of mobility. One of our
ideas is that a mobile anchor can improve the local—-
ization accuracy and coverage because it can move to
every point of wireless sensor networks. Another fac—
tor is that range-free requires no extra hardware or
data communication and reduces the costs of
localization. Our simulation experiments reveal that
our method can provide accurate localization even
when memory limits are severe, the seed density is
low, and network transmissions are highly irregular.

Many issues remain to be explored in future work
including how to select a moving path to improve the

locating performance, how to apply this to real-world
sensor networks and how to expend our method to

other applications.

References

[1] KF. Ssu, CH. Ou, and H. C. Jiau “Localization
with mobile anchor points in wireless sensor
networks.” IEEE Trans. on Vehicular Tech-
nology, Vol.54 No.3, 2005, pp. 1187-1197.

[2] L. Hu and D. Evans “Localization for mobile
sensor networks.” in Proc. of ACM MobiCom,
2004.

[3] Y. Ko and N. H. Vaidya “Location aided routing
in mobile ad hoc networks.” in Proc. ACM Int.
Conf. Mobile Computing and Networking
(MOBICOM), Dallas, TX, 1998, pp. 66-75.

[4] N. Bulusu, J. Heidemann, and D. Estrin
“GPS-less low cost outdoor localization for very
small devices.” IEEE Personal Commun, vol. 7,
2000, pp. 28-34.

[5] T. He, C. Huang, B. M. Blum, J. A. Stankovic,
and T. Abdelzaher
schemes for large scale sensor networks.” in
Proc. ACM Int. Conf. Mobile Computing
Networking(MOBICOM), San Diego, CA, 2003,
pp. 81-95.

[6] D. Niculescu and B. Nath “DV based positioning
in ad hoc networks.” Kluwer J. Telecommun.
Syst, vol. 22 No. 1, 2003, pp. 267-280.

[7] L. Doherty, L. E. Ghaoui and K. S. ]. Pister
“Convex position estimation in wireless sensor
networks.” In Proceedings of the IEEE
INFOCOM ‘01, Anchorage, AK, 2001.

[8] S. Simic and S. Sastry “Distributed localization
in wireless ad hoc networks.” Memorandum No.
UCB/ERL M02/26, University of Califormia,
Berkeley, 2002.

[9] R. Nagpal, H. Shrobe, and J. Bachrach “Orga-
nizing a global coordinate system from local

“Range-free localization

information on an ad hoc sensor network.” In
IPSN'03, 2003.

[10] Niculescu D, Nath B. “DV based positioning in
ad hoc networks.” Journal of Telecommunication
Systems, Vol.22 No4, 2003, pp. 267-280.

[11] Doherty L, Pister KSJ, Ghaoui LE. “Convex
position estimation in wireless sensor networks.”
Int Proc. of the IEEE INFOCOM  2001.
Anchorage: IEEE Computer and Communications
Societies, Vol. 1 No.3, 2001, pp. 1655-1663.

[12] Theodore S Rappaport, “Principles and Practice.



[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

FH TP HA LT 3=

Prentice Hall PTR” Wireless Communications,
1996.

Bahl P, Padmanabhan VN. RADAR, “An in-
building RF-based user location and tracking
system.” In: Proc. of the IEEE INFOCOM 2000,
Tel Aviv: IEEE Computer and Communications
Societies, Vol.2, 2000, pp. 775-784.

Youngchang Kim, Youngjin Kim, Jaewoo Chang,
“Distributed Grid Scheme using S-GRID for
Location Information Management of a Large
Number of Moving Objects.” Journal of Korea
Spatial Information System Society, Vol.10, No.4,
2008, pp. 143-813.

Yang Koo Lee, Keun Ho Ryu, “Historical Sensor
Data Management using Temporal Information,”
Journal of Korea Spatial Information System
Society, Vol.10, No.4, 2008.

Dong Bin Shin, Dong Bin Shin, “A Study on the
Application of As-Built Drawings for Updating
Digital Maps,” Journal of Spatial
Information System Society, Vol.10, No.4, 2008.
M. A. Hammad, W. G. Aref, A. K. Elmagarmid,
“Stream window join: Tracking moving objects
in sensornetwork databases,” In SSDBM, 2003.
Drago Niculescu and B. Nath,

Korea

“Position and
in ad hoc Ad  hoc
Networks, Vol.2 No.2, 2002, pp. 133-151.

M. Sullivan, A. Heybey, “Tribeca: A System for
Managing Large Databases of Network Traffic,”
In Proc. of USENIX Annual Technical, 1998.

G. R. Hjaltason, H. Samet,
loading

orientation networks.”

“Improved bulk-
quadtrees” In Pro-
ceedings of the 7th ACM International Sym-—

algorithms  for
posium on Advances in Geographic Information
Systems, pp. 110-115.

M.-L. LO, C. V. Ravishankar,
using seeded trees,” In Proceedings of the ACM
SIGMOD Conference, pp. 209-220.

“Spatial joins

A

D A1 A23.(2009. 06)

Jun-Ling Ma

2008 Dept. of Computer Engineering,
HanSeo University(B.S.)

2008 ~Present Master Student, Dept. of
Computer Information Engineering, Inha
University

Research Interests @ Wireless Sensor

Jung-Hyun Lee

1977 Dept. of Electronics Engineering,
Inha University(B.S.)

1980 Dept. of Computer Science, Inha

,,. £ University(M.S.)

/

/ ! ".’ . 1983 Dept. of Computer Science, Inha
i HES / University(Ph.D.)

1979~1981 Researcher, ETRI

1984~1989 Professor, Division of Electronic Engineering,
Kyonggi University

1989~Present  Professor, Division of Computer Science and
Engineering, Inha University

Research Interests Natural Language, HCI, Speech
Recongnition, Data Mining, Advanced Computer Architecture

Kee-Wook Rim

1977 Dept. of Computer Science, Inha
University(B.S.)

1987 Dept. of Electronic Engineering,
Hanyang University(M.S.)

1994 Dept. of Computer Science, Inha
University(Ph.D.)

Senior Researcher at ETRI and TICOM

1977~1999
Development Manager

2000~Present Professor, Division of Computer Science and
Engineering, Sunmoon University

Research Interests : Real-time Database Systems, Operating
Systems and System

Seung-jin Han

1990  Dept. of Computer Science, Inha
University(B.S.)

1992 Dept. of Computer Science and
Engineering, Inha University(M.S.)

=
“‘ 2002 Dept. of Computer Science and
Engineering, Inha University(Ph. D.)

2004~Present Professor, School of Information and Media in
Kyungin Women's College
Research Interests : Wireless Sensor Networks, Security




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /2008SeoulHangangL
    /2008SeoulHangangM
    /2008SeoulNamsanB
    /2008SeoulNamsanEB
    /2008SeoulNamsanL
    /2008SeoulNamsanM
    /2008SeoulNamsanvert
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmiR-HM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /aritaM
    /aritaSB
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crayon
    /CurlzMT
    /Daum_Regular
    /Daum_SemiBold
    /Dotum
    /DotumChe
    /DungunB
    /DungunL
    /DungunM
    /DungunR
    /DungunSB
    /EasopB
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HMKBP
    /HMKBS
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYShortSamul-Light
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Love
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /Mforgem
    /MHunmin
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonotypeCorsiva
    /MS-Gothic
    /Msilnm
    /Msinham
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NanumGothic
    /NanumGothicBold
    /NanumMyeongjo
    /NanumMyeongjoBold
    /NemoB
    /NewBatang
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PostB
    /PrinceM
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /San02B
    /San02L
    /San02M
    /San60B
    /SanBgB
    /SanBgM
    /SanBiB
    /SanBiM
    /SanBkM
    /SanBoB
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCnM
    /SanCrB
    /SanCrK
    /SanCrL
    /SanDaL
    /SandArB
    /SandEgB
    /SanDfT
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SandSaB
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanDungunSB
    /SanEgL
    /SanEgM
    /SanGw
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgB
    /SanIgL
    /SanIgM
    /SanIgX
    /SanJhR
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanNsB
    /SanNsM
    /SanPiB
    /SanPiL
    /SanPiM
    /SanPkL
    /SanPkM
    /SanPuB
    /SanStL
    /SanYb
    /ScriptMTBold
    /SD_SungkyongL
    /SD_SungkyongM
    /seevaa9
    /Seoul
    /SeoulCrysanthemum
    /SeoulHangangL
    /SeoulHangangM
    /SeoulNamsanB
    /SeoulNamsanEB
    /SeoulNamsanL
    /SeoulNamsanM
    /SeoulNamsanvert
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SinBatangChe
    /SinGraphic
    /SinMun
    /SinMyungJoyakja
    /SnapITC-Regular
    /Stencil
    /SunM
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSTNamr
    /TSTPenC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Uri
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDI2002
    /YDIIrisL
    /YDIMokM
    /YDIPaintL
    /YDIPostB
    /YDIPostM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolL
    /YDISolM-KSCpc-EUC-H
    /YDISongL
    /YDISumM
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYGO160
    /YDIYGO310
    /YDIYGO320
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO310
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO360
    /YDIYSin
    /YDIYuroB
    /YDIYuroM
    /YDSAH
    /YDSSH
    /YetR-HM
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /Ymjo440
    /YonseiB
    /YonseiL
    /YonseiLight
    /ZWAdobeF
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


