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ABSTRACT

Wireless Sensor Network(WSN) is composed of a large number of sensor nodes and accomplish a common task such as
environment monitoring or asset tracking. This paper proposed a congestion control mechanism applying the ECN
mechanism and the cross layer design to cope with temporal congestion in WSN. We experimented with the proposed
congestion control mechanism using ns-2 simulator and measured the throughput of sink node. Simulation results show that

the suggested mechanism can improve the performance of packet throughput by dealing with the congestion of network
efficiently.
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while (buffer packet exist)
get SNR
if SNR = SNRmin
send packet
else
delay
end while
on receiving ACK:
set best_route none
for route in routing_table
if (it € CN_ID) & (it > best_route)
set best_route = it
end for
if best-route # none
set sending_route = best_route
else
reduce sending_rate 1/2

J% 4 SMEo & 2hz|E

Fig. 4 Transmission algorithm in sender

on receiving packet:
while (RB.yg < RBg)
get SNR
if SNR > SNRmin
relay packet
else
delay
end while
while (RB.yz > RBw)
mark ECN = 1
set CN_ID = M_ID
get SNR
if SNR = SNRuin
relay data
else
delay
end while
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Fig. 5 Transmission algorithm in transit node
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if packet ECN = 0
exit NORMAL
else
set ECN Echo,
set TIN_ID,
set CN_ID
get SNR
if SNR > SNRmin
reply ACK
else
delay
exit NORMAL

a8 6. A3 =9 EFAO g1neE
Fig. 6 Transmission algorithm in sink node

V. AlZ2o|d R 21t 24
41 NS-2 Al=2f0|E]

EFA MAYES] deS Hrke] Hst
E AlEHOIE Rl NS-2 AlEdelHE
4319 TH11). NS-2 & TCP SYN/FIN #A & A
= 49 TCP, CBQ ~A=Y <185, 54 25
daEE, e NaE Z2EF EfY 5§ #
A, ol A T B9 ole A E 298, RTP,
SRN, %% HE]Z|2E, Mobile-IP Z2EFS 9|8
I2~E A¢ SFQ, FQ, DDR¥} #& ~A=d &
5 2 w3 B EYT 9E =72
< AEEA 71s F7F R A A Zgo] o
I Qlow, T B0 R QIEYA 22
2 o} ALgo] 7}%’% og @A 7MF d
2 Ef A NEHoH EF

17%»124 A5 A7)

= g ol 6719 AlA
oot 109 A =EE W ]3} D} 67H«] A =
o A AAFH o 7ZF =X DSR(Dyn-
amic Source Routing) 248 €1g]|&E o] &3sto] 4

80

25 AARY 74 AN =29 ouA = A YES
9] dolg Aeegel] HFstr] fleto] ¥z 1y
SHA itk RE dFl AE FAAEE S8k o]
FolA AL HolHE dFsly] AF AEAH D
BANA 7t mER AT E HAEsty] g Aol A
42 A

(CoR-{TPH9

J3 7. Algsfold A
Fig. 7 Network topology for simulation

AlE el 250% Fok JHar == n0 7
n3 oA 717} FTP % CB S
FA Be, Aztel me AR s S
TCP W7 & TCP-Reno & AHE3HTh & 19 A&7
oldel 71EHel A g vrehldeh AlgkE ALY
o g as fsiA TCPel Ealol A&
H

060 =
A BE i gEe FdsiAl AAs

1. AlE8olM 2t
Table 1. Simulation parameter

Parameter Value
HES A =217] 900 = 800
2 Ak 250z
AT 671
Queue Drop Tail/PriQueue
Queue Length 50 byte
MAC IEEE 802.11
Ad A
a9 82 == n0 ¥ n3914 FTP % CBR E&j¥ 0]
g BES verdTh 1A AlEwe]d dekAl g
Ao TCPe EFAE HHE7] 5o 5x0



A AN MEYIAA &3 Alo] WAUS

FTP oA EgZE AAE A&sle] A &2 3 .
Ae A%al7] A4k TCP ¢ 2 7] NS-2 -
Z1 A1 g1 1000 Mol Eo)n Az} RS 44 A— -
371 918 44 FES Abo] 23 2000 MSS 2 A Y3 e L
gk aela AN ES el EddEs o) |
- VWVW\
31 n39] CBRoIA 130%%H 180%7}4] 1000 H}o] " \‘
E9] flo]HE 150 Kbpsd] £E2 A S Ealo] |
AR AFs=E HdAsYG T FTP= 240%0] 532 omm H
o WET 102 F0) 95050 DA ABeoldo] Ex
. 3% 9. 7|1 A3 k=9l dlolH X2l
Fig. 9 Throughput in sink node (old)
FIP (ER I BED
New ECN Throughput
! i 1 1 i \ Throughput x 103
T T T T T 14
I Ll 100 130150 180200 MO0 timels) /JM et
AL I T i
d i 8t
Simulation gtant - FTP start CBR st CBRstp  FTPstop  Shaulabon stop ! Hv( ‘ ‘
O 8 EnfE MM ndE
Fig. 8 Traffic generation model
4.3 Al=8o|d Znt a8 10. MetE oiZdEe XElE

Fig. 10 Throughput of proposed mechanism
% 9% HES A &3fo] A & uf TCPo| o
7l Ag&elth. CBR o] t#e EffES T T=
130% oA 180% Atelol ¥A% A& vt s V.4 8
golsl 4= 9t} I8 10L& B =R Aoksl &

;:LZM WAUZe Aelee e 130204 180 70 W HIEAZE T SAL clEshe] Hlel
% Alolo] CBR E#lZ Aoz olshe] Halg 7+a S AEsh AA w57t AA o gige R WA
2 geh)a 9= 19 9 o] TejEel ga] yEY A w3 A FhE U AARE-] ae]7) B ot} whebA
o EHIE 42 wuw Qs A Aege] TSNS AFIUN AU Aol Aol e
a7 g wx 2SS nolzuh wela FokE & A UES Y, wiE e AFdelut agho] 7 gk
gAlo] WANF] AN ENY EgAele] g A AE & HEHAAT 9E WMEE ST
A9¢ o 5 Qe ae AQE GuelFe) g T IIE FA % G UEAAS FAstel Al
A5 BAE AANE BF g9 dega pe g 8 WA NS T A vEaael 22
9 2x2 zad A YEYD 34S 1eso Ae" A9 A UEYAS B2 Qs Hla&
WsHhe Fastelor & Aol AR EAE FAY A w mwel i s

olo TAgle] A g8 EeEF sdo] 7]Ee] TCP

E3HAel 718 EON MIES $-8ahe] WSNojA]

W B ERE Adlst dole Anes P4 A2

F Qi AAUEE Aasch EONe Eitol 2

81



o
A
2
Ry
ol
2
o
ﬂ
Hﬂ
Y
2
[\~
i
é
I

d 3 Exe vPddeEs a4 A9 Aol=E
AT YPOR o] mRoAE 5] dold 4%
vhEE S Sekel Exto] WY mEE dpepsto
2R g =S 3yste] dF Ad2s MAsh=d
ol-gatAtt. Al MIFAYE2 NS-25 o] &3t A&
Aol Fdstlal 42 =20 7 A& |t
B BAE T B =2l A WU
& AAZE Ao 2 AuA A Bl atE =
WSN &8 ool 282 = slon, Agks dae+
o A A BAe A= FF dEFd UESY
a4 7% 9 EYY 225 3T FA A4 vEYA
24 geto] JsHrtE saAstolor & ot
Al =

AFE AREAY L AHENATAEAL]
AT A QA ] ATARE SR

w
et 1T
+ (ITA-2006-(C1090-0603-0047))

02

]

[1] L F. Akyildiz and E. Cayirci, “A Survey on
Sensor Networks”, IEEE Communications Mag-
azine, Vol. 40, No. 8, pp.102-114, August 2002.

2] AEd, s, BT <A, AA HES
39 e 9 7)E%s, FRH8EE R, Vol 22,
No. 12, pp.5-12, 2004.

[3] S. Floyd, “TCP and Explicit Congestion Not-
ification”, ACM Comp. Commun. Rev., Vol. 24,
pp-10-23, Oct. 19%4.

[4] Y. Zhang and L. Cheng, "Cross-layer optimization
for sensor networks", in Proc. New York Metro
Area Networking Workshop (NYMAN ‘03), New
York, NY, USA, Sep. 2003.

[5] K. Sohrabi, J. Gao, V. Ailawadhi and G. ]. Pottie,
"Protocols for self-organization of a  wireless
sensor network", IEEE Personal Communications,
Vol. 7, No. 5, pp.16-27, Oct. 2000.

[6] D. Petrovic, R. C. Shah, K. Ramchandran, and ]J.
Rabaey, "Data Funneling: Routing with Aggr-
egation and Compression for WSN'", IEEE ICC
Int. Workshop on Sensor Network Protocol and
Applications, 2003.

82

[7] V. Kawadia and P. R Kumar, “A Cautionary
Perspective on Cross Layer Design”, IEEE Wireless
Communication Magazine, July 2004.

[8] Y. Tian, K. Xu, and N. Ansari, “TCP in Wireless
Environments : Problems and Solutions”, IEEE
Commun. Mag., Vol. 43, No. 3, pp.527-532, 2005.

[9] V. Srivastava and M. Motani, “Cross-layer de-

sign: A survey and the road ahead”, IEEE
Communications Magazine, Vol. 43, No.12,
pp-112-119, 2005.

[10] H. Balakrishnan, and R. H. Katz, "A Com-

parison of Mechanisms for Improving TCP Per-
formance over Wireless Links", IEEE/ACM Tra-
nsactions on Networking, Dec. 1997.

[11] Network Simulator(NS), University of California
at Berkeley, CA, 1997. Available via
http:/ /www.isi.edu./nsnam

ISPV |

He2kJeong-ran Joo)
AR AR EAYS)
b

_"',_::—_]1:“%]—_,']‘7_ r,H% .9_] (_T’_%]—/H /\]_)

69- A (FAEE
==, HEriEe] %*J

0] 4 2(Sung-keun Lee)

1985\ arefefstal HAbgsta &
4 F3bh
1987 rejeheta
: a—]—/ﬂz\})
19951 iﬂ%ﬂl?ﬂm ekl E4
1996 AHAAz YEY = kg (
19979 ~ @A} A H S HrEAl
S ﬂ&*“i% : RFID/USN, <€l QoS, el m|t]e] &
A, By ZE2EF

Behith
_‘1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /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 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


