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Abstract— Ultra wideband (UWB) technology with features of
low cost, low power and high time resolution has potentially
important applications in wireless ad hoc sensor networks. This
paper proposes a cluster-based protocol for a class of UWB
wireless ad hoc sensor networks. We consider a network of a
large number of virtually identical but stationary sensor nodes
that are energy-constrained with limited computing capabilities.
This protocol fully exploits the features of impulse-radio-based
UWB technology and orthogonal signaling to allow sensor nodes
self-organizing and becoming aware of their locations without the
need to use ID numbers. The entire network is divided into
clusters. Each cluster is uniquely identified by a gradient index
and a sector index. Any detected information is transmitted via a
multi-hop path characterized by steep descent in the gradient
index. The proposed protocol combines the advantages of both
flat-based and hierarchical-based routing protocols. In this
protocol, the key issues of the physical layer and the medium
access control tasks of the data link layer can be jointly handled
by the appropriate use of multiple access techniques. Computer
modeling demonstrates that the proposed protocol performs well
with different network scenarios.

Keywords— Clustering, Self-organization, UWB Wireless
Sensor Network, Cross-layer design

L

UWB technology has recently been given much
consideration in the application of wireless ad hoc sensor
networks because of low complexity, high reliability, good
time resolution, and efficient multiple access features [1], [2].
We consider a network of very large number of identical sensor
nodes with limited processing capability, memory, and power
supply. In addition to the usual sensor modules, actuator
modules, and a microcontroller, the key components of a
sensor node include an UWB transceiver, a random number
generator, and a bank of orthogonal pseudorandom (PR) codes.
Such a sensor network can be deployed in harsh environment
for the detection of chemical, biological, or nuclear agents.
Once detection is made, the information will be routed to a
data-collecting sink node. This paper proposes a gradient
cluster-based protocol to allow the sensor network perform
self-organization as well as information routing along a steep-
descent path to the sink node. The main idea of the protocol is
to combine the use of gradient information with multiple access
technique in an intricate manner such that the network
organizes itself into clusters. As a consequence, each cluster
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becomes identifiable with a pair of parameters taking the form
of a gradient index and a sector index.

The idea of encoding gradient information has been
proposed in the directed diffusion paradigm [3], which is a flat
routing protocol. However, each sensor node is required to
remember all the nodes in both the backward and forward paths
while propagating the interest message. Another requirement of
the paradigm is to evaluate and reinforce the best paths so as to
prevent extensive flooding [4]. These features increase the
energy consumption and hence decrease the network lifetime,
especially when the number of sensor nodes is very large. A
hierarchical or cluster-based routing method, such as LEACH
(an acronym for Low Energy Adaptive Clustering Hierarchy)
[5], is able to increase the network lifetime. However, LEACH
assumes that all sensor nodes can provide enough power to
reach the sink if needed [4]. Further, the well-known LEACH
and its extensions [11], [12] require to maintain the sensor node
ID numbers in data routing. This requirement may be
impractical in a network of a large number of sensor nodes.
The protocol proposed here combines the attractive features of
flat routing and cluster-based routing to determine the route of
steep descent without using the ID numbers. In addition, the
sink node can locate the cluster from which the information
originates. An address-free clustering protocol utilizing
orthogonal codes [6] is a first attempt on exploiting gradient
information to acquire self-organization ability. However, the
sink node is assumed to be powerful and well-equipped,
including the use of a directional antenna.

The paper is organized as follows. Section II describes a
typical UWB wireless ad hoc sensor network. In particular,
UWRB signal, multiple access techniques, and architecture of a
sensor node are discussed. Section III presents the self-
organization procedure for cluster formation. Section IV shows
a routing scheme according to the proposed protocol. Computer
simulation results are provided in Section V. Finally,
concluding remarks of this study are made in Section VL.

II.  ULTRA WIDEBAND WIRELESS SENSOR NETWORKS

A. Ultra Wideband Technology

The key feature of UWB is to use short duration pulses
instead of using carrier waves to transmit and receive
information. UWB systems may be divided into impulse radio
(IR) and multiband (MB) systems. While MB-UWB systems



have the advantage of efficient spectrum utilization, IR-UWB
systems have the significant advantages of simplicity and
spectrum randomization support. Transmission of pico second
to nano second pulses results in wide communication
bandwidth of more than 500 MHz as well as excellent
resolution in time domain. UWB pulse transmission not only
requires much lower power than narrowband signal
transmission but also reduces the complexity of the receiver.
Moreover, high time resolution provides high performance for
wireless communications over multipath fading channels [7].
Therefore, IR-UWB technology has potential applications in
wireless sensor networks. The data modulation schemes most
often used in IR-UWB systems are on-off keying (OOK), pulse
position modulation (PPM) and pulse amplitude modulation
(PAM).

B.  Impulse Radio Ultra Wideband Signal

Since continuous pulse transmission results in strong lines
in the spectrum of the transmitted signal, a randomizing
technique is applied to make the spectrum of the IR-UWB
transmission more noise-like [2]. The interferences between
communication links of groups of sensor nodes can be
eliminated by introducing randomization to the transmitted
signal. Sensor nodes in each group use a unique PR code to
communicate to the others in the same group. There are two
typical modulation techniques used in UWB systems namely
time hoping (TH) and direct sequence (DS). A TH technique
randomizes the positions of transmitted UWB pulses in time
domain, while a DS technique employs spread spectrum
approach to produce a sequence of pulses with pseudorandom
inversions [7]. The TH-based technique can be employed in
PPM data modulation since the information is given by the
position of the pulse. On the other hand, the DS approach is
suitable for PAM and OOK data modulation schemes. Since
the TH technique is more sensitive to time synchronization that
increases the complexity of the receiver, the DS technique is
selected in the applications of wireless sensor networks. Here,
the pulse waveform takes the role of chips in a spread spectrum
system. The transmitted DS-UWB signal using PAM data
modulation of the uth group is given by [7]:

w N,
s (f) = Z Zw(t —KkT; = jT,)(c,) " d™
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where d is the kth data bit, (c,); is the jth chip of the PR

code, w(¢) is the pulse waveform, 7, is the chip length, and

O

J

N, is the number of pulses per data bit. The PR sequence has
value {—1,+1} and the bit length isT; = N, T, . At the receiver,

the PR code cg’) is correlated with the received signal to

demodulate the datad™ . Since the PR codes are orthogonal,
only sensor nodes in the group wth can demodulate the

transmitted signal s (7).

C. Ultra Wideband Sensor Node

The basic architecture of a UWB sensor node is shown in
Fig. 1. Each sensor node has the following modules: power
management, sensor and actuator, PR code bank, random
generator, microcontroller, UWB transceiver. Recent FPGA
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technology allows integrating all of these modules into a single
device [9]. The sensor module has a capability of sensing
different agents of chemical, biological, or nuclear origin. The
random generator module returns a uniform random variable by
the requirement from the microcontroller. The random variable
is important when an equilibrium situation happens. The PR
code bank contains orthogonal PR codes for direct sequence
UWB modulation.

| Random Generator | [ PR Code Bank |

Ing

Sensors | »
Actuators | controller Transceiver

‘ Power Management ‘

Micro- uwB

Figure 1. Architecture of a UWB sensor node

Each sensor node is characterized by the following
parameters:

Node(g,s,c,m,r)

where the gradient index g indicates roughly how far the sensor
node is from the sink; the sector index s shows the relative
position of a sensor node to the others in the same annulus; the
sensor nodes that belong to a cluster have the same particular
cluster index c; in additional, the cluster head has the member
index m equal to zero, while the other members have the m
indices of ones; finally, the random index r obtained from the
random generator is used to active the internal clock to set the
priority in a competition situation.

D. Orthogonal Pseudorandom Code
The PR code bank consists of a set of orthogonal codes
{Cp}t with 0<a<N; and 0<bh< Ny . Here, N, and Ny

are the maximum number of annuluses and the maximum
number of clusters in an annulus, respectively. The code bank
is organized as follows:

CI 0 Cl 1 Cl 2 CI Ng
C20 CZ 1 C22 C2 Ng .
. . . Codes for annuluses
CN G0 CN GNs
—
Codes for Codes for

intra—annulus clusters

At the beginning, the code C, is employed to explore the
network. The codes C,, in the first column are then used for
communications inside annulus a before the cluster formation,
while the other codes C,, are used for communications in
cluster b of annulus a after the cluster formation.

Walsh-Hadamard basis functions are used to generate the
orthogonal PR codes. The orthogonal Walsh-Hadamard basis
functions of dimension Npg , where Npp =2",n=1,2,3,...,



come from the row vector of an Np, X Npp matrix H, , which
can be generated using the recursive relation [8]:
1
- J 2

# al

It is important to recognize that the factor 1/,/Np, can be

ignored in the generation of the orthogonal codes. A set of PR
codes {C_,} now can be obtained from the row vectors of the

H
H

H 1

-1

n—1 n-1 1
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] with H, =

n—1 n—1

matrixH,, .

I1I.

We consider a situation of N UWB sensor nodes are
employed in a field R . In the self-organization, the sensor
nodes are grouped into clusters in which each is labeled by a
pair of gradient and sector indices. The self-organization
process will be started by the sink node. First, the interest
message is propagated through the sensor nodes to setup the
annuluses. All nodes in the same annulus have a particular
gradient index. In the second stage, each annulus forms clusters
in parallel. Finally, the sector index is assigned to individual
clusters in each annulus. Let 75, T, and T are the time
intervals for each inferest message propagation, cluster
formation, and sector index increment, respectively. The time
line for the self-organization has been shown in Fig. 2.

SELF-ORGANIZATION

Gradient Index Setup

A
Y

Clustering Formation

A

Sector Index Setup

A

Ng x T (second) Ng x T, (second) Ng x Ty (second)

Figure 2. Time line for self-orgnization

For convenience, the rest of the paper uses the following

notations: Nodetype.parameter ™" "%

“odeindex _denotes the parameter

of a certain sensor node in a particular annulus, if available;
and Function{ PR code,message,information} indicates the PR
code used to transmit or receive a message and information
enclosure.

A.  Gradient Index Setup

All the sensor nodes have gradient index zero from the
manufacturer. When a sink node needs to collect information, it
starts broadcasting the interest message and its gradient
index Sink.g, . The interest message propagation and gradient

index setup at node k are handled following the rules:

If Receive {Cy,interest, Node.g;}
If { Node.g; =0 } then
Node.g, = Node.g; +1
Else
Node.g, = Node.g,
End If
Wait for Ti; second
Transmit {Cy,interest, Node.g, }
End If
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A sensor node only updates the gradient index when it
receives the interest message and it has the initial gradient
index zero. After T; second, the sensor node transmits the

interest message along with its gradient index for further
exploration. All sensor nodes have the same gradient index
form an annulus. After the gradient index setup, the entire
network is partitioned in several annuluses in which the one
closer to the sink has lower gradient index. The code used in
each annulus is decided by the gradient index of the sensor
nodes in the annulus.

B. Cluster Formation

After the gradient-based annuluses have been formed, the
sink node sends a synchronization signal to the sensor nodes in
each annulus to start electing the cluster heads (CH).

Let NodeA“ be a set of sensor nodes in the annulus a:

NodeA® = {Node | Node.g; =a} 0<a< N 3)
Each node activates the random generator to obtain a
random index:

Noded.r;' = *rand 0<j<N* @)
where & is a constant to rescale the random number, and N¢ is
the number of nodes in annulus a. Without loss of generality,

let A be a set of sensor nodes in annulus « in which:

a

A® = {NodeA" | NodeA.r;.,

> NodeA.r}'} %)

The internal clock allows the sensor nodes that have higher
random indices to transmit the claim message first using the
code C,, . The sensor node chosen to broadcast the claim

message disables the other CH candidates around by setting
their member indices to one. In addition, each sensor node
records the time-of-arrival (TOA) corresponding to each CH.
Again, the IR-UWB technology with high resolution in time
domain allows sensor nodes using TOA to roughly determine
the distances to the CHs. The CH election is implemented as
follows:

For NodeA]‘? inA¢
Wait for internal clock

If NodeA.r;' #0

NodeA.m? =0
Transmit {C,q,claim, NodeA.r}'}
End If
End For

If Receive {C,q,claim, NodeA.r}'}

NodeA.r{ =0
NodeA.mj} =1
Save TOA{]

End If




After the CHs are selected, the member nodes start
registering to claim their membership to the CH associated
with the smallest TOA. Because the TOA estimation has
certain sensitivity [10], if more than one CH have the same
smallest TOA, the random generator is used to decide which
cluster the member node belongs to. The member nodes that
can hear from more than one CH are called the gateway (GW)
nodes. The CH creates a time-division multiplexing schedule
and sends the confirmation message to the member nodes. The
CH elections and cluster formation in all annuluses can be
performed in parallel since each annulus uses a particular
orthogonal code.

C. Sector Index Setup

Each cluster now has been formed by a CH and a set of
member nodes. The main purpose of sector index setup is to
allow a CH to use a particular code to communicate with the
member nodes and to know the codes used in the adjacent

clusters. In the set A¢ of annulus a, the first sensor node that is
also a CH starts sending a Aello message to the other CHs. This
CH called the Anchor CH has the sector index zero,

AnchorCH.s* =0. A GW node could play a role as a relay

node to transfer the sello message to a CH. At the beginning of
sector index setup stage, all sensor nodes are in the listening
mode. When receiving the /ello message, a CH becomes the
active CH and follows a set of rules to find an external GW
node in the other clusters and propagate the sector index:

1. The active CH notifies the member nodes its sector

index, and sets them in sleeping mode.

2. The active CH looks for the external GW nodes using
the code C,.

3. If the active CH cannot find an external GW node, the
internal GW nodes are sequentially activated to find
the external GW nodes using the code C,, .

4. The external GW node having the shortest TOA is
assigned to be the relay node.

5. The relay node notifies its CH to increase the sector

index by 1. The CH of the cluster containing the relay
node now becomes the active CH.

A flowchart of the sector index setup is shown in Fig. 3.

To make sure that the sector index is propagated in both
directions in an annulus, the Anchor CH activates the members
waiting for the hello message after time of a few propagations.
If the Anchor CH receives the hello message, annulus a is
complete and each cluster has a particular sector index in a set
of consecutive indices. Here, two adjacent clusters are assigned
two successive indices. If the Anchor CH does not hear the
hello message, the dead end situation happens, in which both
the active CH and the internal GW nodes cannot find the
external GW nodes. In this case, the Anchor CH takes the role
of the active CH and searches for a relay node among the
remaining external GW nodes.

Finally, the end CHs send their sector indices to the Anchor
CH to scale the sector indices to positive values starting from 1.
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CH disables the
member nodes

CH enables the
internal GWs

CH finds the
external GW

Assign the Internal GW finds

relay node Yes external GW.

Relay node Dead End
notifies the CH

Figure 3. Flowchart of sector index setup

Based on the combination of gradient index g and sector index
s, each cluster uses a PR code C, for intra-cluster

communication, with 1< g < N, and 1 <s < Ng. The cluster
using code C,, may be logically labeled as Z,, . Since the

sector indices in each annulus are assigned by continuous
integers, a CH is able to know the codes used in the nearby
clusters. This feature allows the sink to be aware of the location
of the cluster that has the information. In addition, a CH can
forward information to the neighbor clusters if the current
cluster cannot communicate with any cluster at the lower
annulus.

Iv.

After self-organization stage, all the sensor nodes are set in
the sensing mode. When a sensor node detects an agent, the
information including of the agent type and the cluster label is
forwarded to the CH. To avoid collisions, the CH requests
detection reporting according to a certain time-division
multiplexing scheme. Such a scheme typically depends on the
sensor platform and the number of agents to be detected.

STEEP DECENT ROUTING

In the routing stage, a CH makes use of the codes C,_yy to

communicate with a CH in the lower annulus, and the code
Cg to talk to the member nodes in the order of priority. Here,

a member node uses the codes C(,_y to find a CH in the lower
annulus, and the codes Cy(,_j)and Cy () to notify CHs in the

adjacent clusters in the same annulus following the order from
its CH.

Now consider a single incidence of sensor detection for
simplicity. Assume that a certain agent is detected by a sensor
node in cluster Z ;. This means Z ; is located in the annulus

with gradient index j lying within sector &, and the PR code for
the cluster is Cj; . The information is transmitted to the sink

along the steep decent path as follows:



Forward
information to
CH

CH activates
the GWs

Transmit info
to CH in lower
annulus

GW
notifies the
adjacent CH

Figure 4. Flowchart of steep decent routing

1. If the agent is detected by a member node, the
information is forwarded to the CH using the code C j; .

The active CH finds a CH in the lower annulus using
the code C(;_), . If no CH is found that means no direct

link between CHs, the CH activates the GWs to search
for a CH in the lower annulus by code C ;, .

3. In the case of both active CH and GWs cannot transfer
information to the lower annulus, the active GW
notifies the CHs in the adjacent clusters using the codes

Cthsy -

The CH that receives the information from the upper
annulus now becomes the active CH.

The flowchart of steep decent routing is shown in Fig. 4.

V.

To demonstrate the feasibility and the effectiveness of the
proposed protocol, computer simulations are performed using
Matlab. The statistics are based on 1000 simulation runs for
each network topology. The relevant network operating
parameters and model data are specified as follows: (a) The
sensor field is a 50m x 50m square area. (b) The number of
sensor nodes is N = 500, corresponding to a medium dense
network. (c) The range of the UWB sensor node is 10m that is
proposed for low data rate UWB systems with low power of
less than 10mW [7]. (d) The PR code bank contains
Ngx(Ng+1)+1 orthogonal Wash-Hadamard codes, where
Ng =5 and Ng =12 . That means the PR code bank in each
sensor node can support a network having maximum 5
annuluses and 12 clusters in each annulus. Since each annulus
only needs to recognize the upper and the lower annulus, the
PR codes used for annuluses can be reused. In this
case N; =3, and the total number of codes is3Ng +4 . The
size as well as the orthogonal codes of the PR bank can be
loaded in all sensor nodes before employing them in the field.

SIMULATIONS AND DISCUSSIONS
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The PR code bank size is depended on the node range and the
field dimension.

Three network scenarios corresponding to 3 locations of the
sink node (25, 25), (36, 14), and (46, 4) are considered
respectively. Fig. 5 shows the formation of clusters in a
network in which the location of the sink is (36, 14). The
routing path from an arbitrary node in the outer annulus to the
sink is also shown in Fig. 5. After numerous simulation runs, it
is quite evident that the information always flow along a steep
path of descending gradient index. The statistics of cluster
formation and data routing for all the scenarios are presented in

Table I and Table II, respectively.

50

45

40

35

30

25

Figure 5. A data routing path and cluster formation in a sensor network of
500 nodes with Scenario II - The sink locates at (36, 14)

TABLE 1. STATISTICS OF CLUSTER FORMATION
Scenario Scenario Scenario
1 11 111
% of CHs 5.81% 6.01% 5.99%
Average cluster size 18.20 17.64 17.82
Std. dev. of cluster size 7.94 8.35 8.27
% of non-single clusters 96.24% 94.23% 95.47%
TABLE IL STATISTICS OF DATA ROUTING
Scenario Scenario Scenario
1 11 11
Number of annluses 4 6 8
Average number of hops 5.32 8.35 10.59
% of successful transmissions 99.40% 99.12% 99.24%




Some key observations can be made as follows: (a) The
statistics of cluster formation are independent on the sink
locations. (b) The number of CHs is about 6% of the total
number of sensor nodes and the average cluster size is around
18 nodes indicate that the entire network is efficiently managed
by a small number of nodes, and most of the sensor nodes are
in the sensing mode (c) The average number of hops from a
outer annulus to the sink increases with the number of
annuluses. Nevertheless, the average number of hops per
annulus is relatively constant at 1.35 hops/annulus (d) The high
percentage of successful transmissions to the sink is reasonable
for a medium dense network.

TABLE III. STATISTICS OF GRADIENT AND SECTOR INDEX
Scenario Scenario Scenario
1 1 11
0,
% of mnodes covered by | g0, 100% 100%
gradient index
0,
% of nodes covered by | g, g6, 99.01% 99.59%
sector index
0,
% of'clusters covered by 85.92% 95.82% 08.45%
sector index
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Figure 6. Sector index flow in each annulus of the network in Fig. 5

The statistics of the sensor network covered by gradient and
sector indices are also presented in Table III. All of the sensor
nodes are assigned a gradient index in all scenarios. This means
an arbitrary node always can find a node in the lower annulus
of the medium dense network. The differences in the coverage
of sector index come from the dead zone situation in which a
cluster cannot connect to the other clusters in the same annulus.
The number of dead zones in three network scenarios is 4, 3
and 0, respectively. Thus, the percentage of clusters covered by
sector index increases from scenario I to scenario III. However,
these clusters are typically located at the small corners of the
field, and consist of a few sensor nodes. The differences in the
percentage of sensor nodes covered by sector index also
confirm the statement above. Finally, Fig. 6 presents the sector
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index flow for the network shown in Fig. 5. The Anchor CHs in
the first and second annuluses can hear the hello message
indicating that both annuluses are complete. Although the third
and fourth annuluses are incomplete, all clusters are assigned
sector indices properly. Two out of four clusters in the fifth
annulus have been covered by sector index since the annulus
has two dead zones. However, each uncovered cluster only has
two nodes.

VI

A gradient cluster-based protocol is proposed for a class of
UWB wireless ad-hoc sensor networks. All the sensor nodes
have the same characteristics and are equally limited in
capabilities. Each sensor is equipped with a UWB transceiver,
a random generator, and a memory bank of orthogonal PR
codes. The network exhibits the ability of self-organization and
the awareness of its cluster locations. The self-organization
process is activated by a sink node, and completed when the
nodes of the network are grouped into clusters. More
importantly, each cluster in most scenarios becomes
identifiable with a gradient index and a sector index, thereby
avoiding the use of ID numbers. When an agent of interest is
detected, the information can then be routed to the sink along a
path defined by the steep descent of the gradient index.
Simulation results convincingly confirm the feasibility of the
protocol.

CONCLUSIONS

REFERENCES

1. Oppermann, L. Stoica, A. Rabachin, Z. Shelby, and J. Haapola,“UWB
wireless sensor networks: Uwen—A practical example,” IEEE Commun.
Mag., vol. 42, pp. S27-S32, Dec. 2004

F. Nekoogar, F. Dowla, and S. Alex, “Self organization of wireless
sensor networks using ultra-wideband radios,” in JEEE Conf. Rad. and
Wirel. (RAWCON), Atlanta, GA, Sept. 19-22, 2004, pp. 451-454

C. Intanagonwiwat, R. Govindan, D. Estrin, J. Heidemann, and F. Silva,
“Directed diffusion for wireless sensor networking,” IEEE/ACM Trans.
Networking, vol. 11, pp. 2-16, Feb. 2002

J. N. Al-Karaki and A. E. Kamal, “Routing techniques in wireless sensor
networks: A survey,” IEEE Wireless Commun. Mag., vol. 11, no. 6, pp.
6-28, Dec. 2004

W. B. Heinzelman , A. P. Chandrakasan, and H. Balakrishman, “An
application-specific protocol architecture for wireless microsensor
networks,” IEEE Trans. Wire. Commun., vol. 1, pp. 660-670, Oct. 2002

Bing Kwan, Hai Hoang, and Turgay Koklu, “An address-free clustering
scheme for wireless sensor network,” in Proc. International Conf.
Wireless Networks (ICWN), LasVegas, NV, 2008, pp. 52-57

M. D. Benedetto et. al, UWB Communication
Comprehensive Overview, Hindawi, New York, 2006

John G. Proakis, Digital Communications, Fourth Edition, McGraw-Hill,
New York, 2001

P. Kohlbrenner and K. Gaj. “An embedded true random number
generator for FPGAs.,” In Proc. ACM/SIGDA Int. Symposium on Field-
Programmable Gate Arrays, pp. 71-78, 2004

I. Guvenc and Z. Sahinoglu, “Threshold-based TOA estimation for
impulse radio UWB systems,” in Proceedings of IEEE International
Conference on Ultra-Wideband (ICU °05), pp. 420-425, Zurich,
Switzerland, September 2005

O. Younis and S. Fahmy, “Distributed clustering in ad-hoc sensor
networks: A hybrid, energy-efficient approach,” Proceedings of the
IEEE Conference on Computer Communications (INFOCOM), pp. 629—
640, 2004

Yuh-Ren Tsai, “Coverage-preserving routing protocols for randomly

distributed wireless sensor networks,” IEEE Trans. Wire. Commun., vol.
6, no. 4, pp. 1240-1245, Apr. 2007

(1

[2]

[3]

[4]

[3]

[7] Systems—A

[8]

]

[10]

[11]

[12




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


