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A Forwarding Scheme for (m, k)-firm Streams Based on
Local Decision in Wireless Sensor Networks

Bijun Li, Ki-Il Kim, Member, KIICE

Abstract— As the technology of multimedia sensor
networks is desired in large numbers of applications
nowadays, real-time service becomes one of the most
important research challenges. Even though lots of related
works have been conducted to meet this requirement in
several ways, the specific traffic model for real-time has not
been taken yet. Thus, it causes lack of adaptability of those
approaches in real deployment. To solve this problem, in this
paper, we model the application via (m,k)-firm streams
which have weakly hard real-time property. And then, a
novel forwarding scheme based on modified DBP
(Distance-Based Priority) is proposed by considering
local-DBP and stream DBP together. Local-DBP can
contribute to identify the detailed causes of unsatisfied
quality, that is, network congestion or wireless link failure.
Simulation results reveal that (m,k)-firm is a good traffic
model for multimedia sensor networks and the proposed
scheme can contribute to guarantee real-time requirement
well.

Index Terms— (m,k)-firm Stream, Wireless Sensor
Networks, Real-Time, Forwarding Scheme

I. INTRODUCTION

SINCE the technology is rapidly developed in
wireless sensor networks (WSNs) in the past decade,
application-specific requirements have gained significant
importance in the last few years. Wireless Multimedia
Sensor Networks (WMSNs) is one of those technologies
which are highly desired for their broader and higher
quality of information. The availability of complementary
metal-oxide semiconductor (CMOS) camera and small
microphones make it possible that WMSNs is not only
capable of gathering data information but also the
multimedia  information from the  surrounding
environment [1]. However, it is more difficult to meet
requirements than typical WSN due to natural weakness
on a node or wireless communication. Despite of these
constraints, one of the main research challenges is to
guarantee real-time requirements since the timeliness

feature of multimedia streams is a very important property.

In order to enhance QoS (Quality of Service) of real-time
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delivery, real-time routing and real-time scheduling have
been proposed. However, the traffic models employed by
these schemes are so simple that they cannot be directly
applied to adapt specific application requirements.

In this paper, we propose a novel application based on
(m,k)-firm model, which is usually used for real-time
message streams. A real-time message stream is said to
have an (m,k)-firm guarantee requirement if at least m out
of any k consecutive messages from the stream must meet
their deadlines to ensure adequate QoS [4]. The concept
of (m,k)-firm is appropriate for wireless sensor networks
to guarantee messages in a real-time stream to be
delivered to their destination as they are expected, within
the deadline constraints. For instance, applications in
multimedia sensor networks require that audio/video
signal should be sent as a stream of message packets
across the network [8]. Due to the inherent timeliness
feature of the audio/video signal, the packets must reach
the destination within the associated deadline to avoid
end-to-end dynamic failure, which significantly
influences QoS [2].

In WMSNSs, since packets which do not reach the
destination on time are not available in reconstructing the
multimedia signal, many schemes have been proposed in
literature, to guarantee the deadline of all messages in a
stream [3-7]. SPEED [3] introduces a real-time
communication protocol which provides desired delivery
speed across the sensor networks through a combination
of feedback control and non-deterministic geographic
forwarding. However, it doesn’t take message deadline of
real-time stream into account, which may consequently
lead to severe end-to-end dynamic failure. Hamdaoui and
Ramanathan proposed a scheduling policy called
Distance-Based Priority (DBP) [4] to better service
multiple real-time streams, each with its own (m,k)-firm
guarantee requirement. Instead of assuming that all
messages reach their destination in one hop, DBP-M [2] is
extended to deal with streams which the messages
traverse more than one hop to reach their destinations, by
providing a local-deadline to exploit the ability of many
streams to tolerate occasional deadline misses. Although
these schemes present both scheduling and routing
algorithm to guarantee real-time delivery for (m,k)-firm
stream model, to the best of our knowledge, they have
only targeted to adapt to wireless sensor networks,
without considering the inherent timeliness relationships
between packets of multimedia streams.

Motivated by above problem and needs, our new
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scheme is developed by DBP concept and enhancing the
existing scheme through a novel forwarding algorithm
combined with fault detection and control. Both node
congestion and link failure are distinguished by this new
scheme, called local-DBP, and various forwarding
decisions will be made while considering real-time
local-DBP status and stream DBP together.

The rest of this paper is organized as follows. In
Section II, the proposed scheme is mainly described.
The simulation results are shown and analyzed in
following Section. The conclusion will be presented in
Section I'V.

II. PROPOSED SCHEME

In order to meet (m,k)-firm requirement, the proposed
approach consists of two phases. One is called Pofential
Nodes Discovery, and the other is Forwarding Scheme
Adjustment. The details of each component are explained
as below.

A. Potential Nodes Discovery

Since packets in real-time streams will be delivered
towards the sink, potential downstream nodes are
required to provide not only high reliability of
transmission, but also ability of meeting the timeliness
requirement. The potential nodes discovery phase is to
seek available intermediate node which is supposed to
deliver interested event information through multi-hop
forwarding to sink.

To find potential forwarding nodes, a source node, i,
initiates a transmission by informing its neighbors when it
has packets to send. It is achieved by broadcasting a
request to downstream nodes. The request has the
following information: (Source Node Position,
intermediate Node Position, Sequence Number, Deadline).
Source node sends k request messages in total, to
implement initial link quality estimation between
neighbor nodes. Upon receiving this request, each
neighbor of node i records its own position to the
Intermediat Node Position field of the request and then
broadcasts it again. Each intermediate node counts the
number of successfully receiving requests within deadline,
M, thus the value of (M/k) indicates the initial link quality
between upstream node and corresponding downstream
node.

Once sink receives discovery request message, it first
checks if it misses the required deadline; if not, sink
directly sends back an ACK (Acknowledgement) to the
last hop it receives request from. Each node receiving this
ACK will check local neighbor table, and unicasts the
ACK to that neighbor as informing that it’s one of
potential downstream nodes. A full neighbor table will be
generated after all ACKs have been sent back to source
node, with entries information of potential downstream
nodes that may relay packets within deadline. In addition,

we use periodic beaconing for exchanging location
information and node energy condition to indicate
network topology change and energy consumption status.

B. Forwarding Scheme Adjustment

After receiving first ACK message from sink, a
source node can start transmission of packets. If there
are multiple paths, all packets are delivered to one
downstream node which received the first ACK, as
meeting real-time requirement outweighs all other
considerations. While packets transmission is going on,
the main component of our scheme, link quality
estimator - local-DBP is employed to estimate real-time
link quality and detect link failure. Denoting the
local-DBP value of upstream node i as L-DBP;, it is
determined as follows:

L—DBPl.:k—m—chrfj (1)

In Eq. (1), kK and m are defined by requirement of
(m,k)-firm stream, c; indicates the congestion level and f;
indicates link failure level of downstream node j,
respectively.

Each time after current upstream node i sends one
packet to downstream node j, it starts an RTT (Round
Trip Time) timer and listens to the link between
downstream node, waiting for ACK and periodic energy
beaconing. There are two different results of this packet:
(1) in case of receiving periodic energy beacon from
downstream node, upstream node i can determine that
there’s no node failure happened with node j, and if node i
receives ACK within an RTT, which shows good
conditions of node j and the link between i and j, L-DBP;
keeps the same; otherwise, ¢; +1 and L-DBP;-1; (2) in
case of not receiving periodic energy beacon, upstream
node i can determine that node j is in failure mode, and
after an RTT period, f; — 1 and consequently L-DBP;-1.
This link quality estimator can distinguish congestion and
link failure as different fault, thus upstream node may
infer the traffic condition of downstream transmission,
and make appropriate forwarding decision according to it,
as shown in Algorithm 1.

STEP 1: In this step, we use single hop delay as the
metric to approximate the status of a node. Delay is
measured at the upstream node which timestamps the
packet sending to network and calculates the round trip
delay of this packet when receiving the ACK. At the
receiver side, the duration for processing an ACK is put
into the ACK packet. The single hop delay is calculated
by combining the newly measured delay with previous
delays via the exponential weighted moving average
(EWMA) [10]. Delay estimation is better than average
queue size or buffer size for representing congestion level
of nodes in the case of transmitting packets of real-time
streams.
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Algorithm 1: Selection for Forwarding Node

Pseudo-code executed by node i in each round

L-DBP(S)): local-DBP of data stream x

NS: candidate downstream node set of j

N: next hop

EMTTy: estimated multiple-hop transmission time from node i to
sink

CTT}: spent time from source node to node i

n;: number of candidate nodes in node set

o: expected single hop delay

P: probability of forwarding to each node

: for all nodes j within the transmission rage of node 7
if (M/k) > (m/k) & & EMTT; < (deadline — CTT}) then

1
2
3: NS=NSU {}
4
5

end if
: end for

6: if L-DBP(Sy)) > 0 then

7: no change with N

8: else

9: if L-DBP(S()) == 0 then
10: N = arg_max{E;}
11: j ENS
12: else
13: if L-DBP(S)) == c; then
14: n; = min(|L-DBP(Sw) |, NS)
15: for node j from 1 to n;+1
16: N = arg_min{EMTT;}
17: JjENS
18: end for
19: for node j from 1 to n+1
20: o, = 1/RTT;/2
21 Pi=a/ Yo
22: J ENS
23: end for
24: else
25: if L-DBP(S()) == f; then
26: n; = min(|L-DBP(S)|, NS)
27: for node j from 1 to »;
28: N = arg_max{ Mj/k}
29: j ENS
30: end for
31: else
32: broadcast packet
33: end if
34: end if
35: end if
36: end if

STEP 2: Though single hop delay estimation, EMTT
(Estimated Multi-hop Transmission Time) can be
approximated by multiplying single hop delay with the
number of hops from current node i to sink. Another
time-related parameter CTT (Current Transmission Time),
which indicates the spent time from source node to
current node i, is recorded and subtracted from deadline to
figure out how much time is left to relay this packet. For
all potential downstream nodes of node i in its neighbor
table, only those who can satisfy both M/k > m/k and
EMTT < deadline - CTT will be chosen to participate in
NS (Neighbor Set) of node i.

STEP 3: After NS is built, it is entirely possible that
L-DBP value decreases over time and being near zero
due to dynamic network traffic load condition and
complex shared media nature of wireless network. Our
new forwarding scheme will work by that time. In case
that L-DBP(Sy)) is equal to 0, upstream node will change
the next hop to the node with highest energy level
among all nodes in NS; in case that L-DBP(Sy)) is less
than 0, if decrease is caused by only congestion or link
failure, upstream node will make forwarding decision for
load balancing or limited redundancy, according to
estimated time cost and reliability, respectively;
otherwise, if L-DBP(S,) decrease is caused by both
congestion and link failure, upstream node will
broadcast packet to guarantee timeliness and reliability
by the greatest extent.

As a combination of local-link quality estimator and
local-fault controller, this forwarding scheme can
efficiently detects node congestion and link failure, and
react to figure out solutions immediately. Simulation
results show that it adapts the (m,k)-firm real-time stream
model well.

III. PERFORMANCE EVALUATION

A. Simulation Model and Environment

The results of empirical evaluation of the proposed
scheme are presented in this section. The evaluation is
performed by a simulator written in C language. Our
simulation models a network with 100 sensor nodes
placed in an area in grid-pattern. The distance between
two nodes has a maximum value of 250 meters as the
diagonal. The source node is set five hops away from sink
along the shortest path. The inputs to the simulator
include deadline for packets of streams, (m,k)-firm
constraints. In this simulation, we have three different
applications with (2,5)-firm, (3,5)-firm, (4,5)-firm
constraints. In all three applications, packets are dropped
if it is determined that they have already missed their
end-to-end deadline, which is set to be 12ms. Two
simulations are generated according to traffic load and
total link failure ratio of employed nodes, and all details
are presented as follows. For reasonable comparison, we
choose probability of end-to-end dynamic failure as
performance measure, which significantly affects QoS of
real-time streams.

B. Analysis of Simulation Results

In the first simulation, we compare probability of
end-to-end dynamic failure of three applications, under
different traffic ratios as shown in Fig. 2. Traffic ratio is
the ratio of primary stream traffic among all cross traffic.
The cross traffic is simulated as having additional
message streams at each node, as shown in Fig. 1.
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Fig. 1. Nodes status with cross traffic.
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Fig. 2. Probability of end-to-end dynamic failure under
different traffic ratio.

In the first simulation, with the same packet deadline,
probabilities of end-to-end dynamic failure of all three
applications show a monotone decreasing trend while
traffic ratio approaching 100%. As it is defined before,
traffic ratio indicates the traffic load on one node, therefor,
the bigger this value, the lighter traffic load the node
contains. Since in the proposed scheme, when congestion
happened in overloaded nodes, the forwarding scheme
may efficiently estimate the performance degradation
caused by congestion, and if the performance cannot meet
required (m,k)-firm, load balancing scheme will be
operated immediately. Simulation result demonstrates that
this mechanism can avoid congestion level becoming
worse, and consequently reduces end-to-end dynamic
failure. Applications with (2,5)-firm and (3,5)-firm show
good performance that the maximum probability of
dynamic failure of those nodes which are under very
heavy load (e.g. 10%), is about 0.2. Even though the
requirement of (4,5)-firm application is quite strict, the
result still shows that the probability of dynamic failure is
within the range of acceptance.

In the second simulation, also with the same packet
deadline, probabilities of end-to-end dynamic failure of
three applications are measured with link failure ratio, as
shown in Fig. 3. This simulation is operated to show the
robustness and reliability of the proposed scheme. Links
in sensor networks are considered to be failure-prone [11],
causing network partitions and dynamic changes in
network topology. In the case of real-time streams, link
failure will lead to severe unreliability in packets
transmission, which may cause deadline miss and finally
end-to-end dynamic failure. To avoid link failure
becoming worse, limited redundancy mechanism takes

great part in the proposed scheme. Results in Fig. 3
demonstrate that it’s available to control the performance
degradation caused by link failure, even if the requirement
is strict as (4,5)-firm. Other applications especially
(2,5)-firm performs well in all level of link failure.
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Fig. 3. Probability of end-to-end dynamic failure with
different link failure ratio.

IV. CONCLUSION AND
FUTURE WORK

In order to support real-time service in WMSNs, some
research works have been proposed. However, general
traffic model is not desirable in real deployment. In this
paper, we proposed a new QoS-aware forwarding scheme
which is developed based on (m,k)-firm streams model. It
consists of a link quality estimator, called local-DBP, to
monitor the real-time link status, detect and distinguish
congestion from link failure; a forwarding decision
making algorithm, which can efficiently evaluate
performance degradation by information of local-DBP,
and make appropriate decisions to achieve load balancing
or limited redundancy, for solving problems. Finally,
simulation results show that the proposed scheme meets
the requirements of real-time streams in sensor networks
to some amounts.

Related to this work, other metrics for load balancing
and link failure will be concerned. Also, study for
performance evaluation will be done through various
topology as well as adjustable parameter to find out the
strength and weakness of proposed one.

ACKNOWLEDGMENT

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education,
Science and Technology (2011-0004102) and the MKE
(The Ministry of Knowledge Economy), Korea, under the
ITRC(Information Technology Research Center) support



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION ENGINEERING, VOL. 9, NO. 6, DECEMBER 2011 779

program supervised by the NIPA (National IT Industry
Promotion Agency (NIPA-2011-C1090-1031-0007).

REFERENCES

[1] A. Sharif, V. Potdar, and E. Chang, “Wireless Multimedia Sensor
Network Technology: A Survey,” in Proceedings of IEEE
International Conference on Industrial Informatics, Jun. 2009, pp.
606 —613.

[2] W. Lindsay and P. Ramanathan, “DBP-M: A Technique for
Meeting End-to-End (m,k)-firm Guarantee Requirements in
Point-to-Point Networks,” in Proceedings of Annual Conference
on Local Computer Networks, Nov. 1997.

[31 T. He, J. A. Stankovic, C. Y. Lu and T. Abdelzaher, “SPEED: A
Stateless Protocol for Real-Time Communication in Sensor
Networks,” in Proceedings of the 23rd International Conference on
Distributed Computing Systems, May 2003.

[4] M. Hamdaoui and P. Ramanathan, “A Dynamic Priority
Assignment Technique for Streams with (m, k)-Firm Deadlines,”
IEEE Transactions on Computer, Vol. 44, No. 12, 1995.

[5] L. Georgiadis, R. Guerin, V. Peris and R. Rajan, “Efficient Support
of Delay and Rate Guarantees in an Internet,” in Proceedings of
ACM Special Interest Group on Data Communication, Aug. 1996.

[6] A. K. Parekh and R. G. Gallager, “A Generalized Processor
Sharing Approach to Flow Control Integrated Services Network:
Then Multiple Node Case,” IEEE/ACM Transactions on
Networking. Vol. 3, No. 3, 1994.

[71 M. C. Vuran and I. F. Akyildiz, “XLP: A Cross-Layer Protocol for
Efficient Communication in Wireless Sensor Networks,” TEEE
Transactions on Mobile Computing, Vol. 9, No. 11, 2010.

[8] 1. F. Akyildiz, T. Melodia and K. R. Chowdhur, “A Survey on
Wireless Multimedia Sensor Networks,” IEEE Wireless
Communications, Vol. 14, No. 6, 2007.

[9] B. Karp and H. T. Kung, “GPSR: Greedy Perimeter Stateless
routing for Wireless Networks,” in Proceedings of the 6th annual
International Conference on Mobile computing and networking,
Aug. 2000.

[10] J. F. Kurose, K. W. Ross, Computer Networking A Top-Down
Approach Featuring the Internet, Addison Wesley Publishers,
2000

[11] A. Woo, T. Tong and D. Culler, “Taming the Underlying
Challenges of Reliable Multihop Routing in Sensor Networks,” in
Proceedings of the 1% International Conference on Embedded
Networked Sensor Systems, Nov. 2003.

Bijun Li is currently working toward Ph.D
in Gyeongsang National University, Jinju,
Korea. Her research interests include
wireless sensor networks, and routing
protocol.

Ki-Il Kim received the M.S. and Ph.D. degrees
in computer science from the ChungNam
National University, Daejeon, Korea, in 2002
and 2005, respectively. He is currently with the
Department of Informatics at Gyeongsang
National University. His research interests
include routing for MANET, QoS in wireless
network, multicast, and sensor networks.





<<
  /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
  ]
  /NeverEmbed [ true
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


