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ABSTRACT

This paper proposes a method of minimizing total energy consumption of IoT environment when
communication devices in the network share the information directly. The proposed method reduces total number
of transmission for the information sharing by using an effective network coding-based technique which
dynamically selects a node and a data packet for each transmission. Simulation results show that the proposed
method has better performance than an existing network coding-based method selecting transmission node in fixed
order, a network coding-based method selecting transmission node in random order, and a uncoded method

selecting transmission node in random order.
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Fig. 2. Total number of transmissions versus the number
of sensor nodes for uncoded transmission in fixed order,
network coding-based transmission in fixed order, uncoded
transmission method in random order, and network
coding-based transmission in random order(The number of
data packets: 12, the number of heads: 3, the probability of
reception failure: 0).
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of heads: 3, the probability of reception failure: 0.05).
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Fig. 4. Total number of transmissions versus the number
of data packets for uncoded transmission method in random
order, network coding-based transmission in random order,
and the proposed network coding-based transmission(The
number of sensor nodes: 15, the number of heads: 3, the
probability of reception failure: 0.05).

150 T T T T
—é&— Rand. UG-TX |! s '
—B— Rand. NG-TX ||

Total number of transmissions

a0 i ] i ] i
0 0.05 0.1 0.15 0.2 0.25 0.3
Prmobability of reception failure
28 5. WY A0l apnEs) 1E W WY 24
MEAS 55} 1% g Ak ulzga Y53} A%

3 sl (MI/HJ_
E S 1570, dloE] JHZ‘ 2 127, S ‘*WLC = 37N).
Fig. B. Total number of transmissions versus the
probability of reception failure for uncoded transmission
method in random order, network coding-based transmission
in random order, and the proposed network coding-based
transmission(The number of sensor nodes: 15, the number
of data packets: 12, the number of heads: 3).
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of reception failure: 0.1).

3} Al wh2 oflufA] Aws dlofe] Aol whE of
ERIEE RN I ot

v.d B

=)

o

E =tolli= AT vEHIANA I i Al
MR 2gEe] A9 AuF Awsse
A A Fal hekadt @ v Ao A%
2 A% dele g ek V=S #55 7]
ol & A% A5F B0 A 5 e
salsiole =] A7 A EolE G5
27} ATRA (1) 7 AR} A5G 4 Qe o
=912 AR} ARA ) A AR B 71,
@ A 7 e Telsle] B4 A4S o185}

—

o o |

tlo o |

= AR Lol Babl AR 3 71, 3) A
A A dEH T Alxglelx YEa F53} 7]
P AR A= eiA] w24 S5 3
& 5 olek

References

[1] A. Al-Fugaha, M. Guizani, M. Mohammadi,
M. Aledhari, and M. Ayyash, “Internet of
things: A survey on enabling technologies,
protocols and applications,” [EEE Commun.
Surveys & Tuts., vol. 17, no. 4, pp. 2347-
2376, 2015.

21 AFH, 2% 4, o8 “M2M/IoT A2~
2 93k T BAlW 7% KICS Inf and
Commun. Mag., vol. 30, no. 8, pp. 11-19, Jul.
2013.

[31 T. Yang, Y. Yim, and K. Jung, “Reliable
real-time data dissemination protocol in
wireless sensor networks,” J. KICS, vol. 40,
no. 8, pp. 1567-1576, Aug. 2015.

[4] B. H. Ko, K.-J. Jeon, S. R. Lee, and K. S.
Kim,  “Distributed

transmission scheme for low-power and low-

multi-hop  multicast
complexity wireless devices,” J. KICS, vol.
40, no. 5, pp. 931-937, May 2015.

[51 J-H. Kim, D. Park, and H.-Y. Song,
“Transmission strategy using network coding
for energy-efficient IoT network,” in Proc. Int.
Conf. Commun., pp. 278-279, Nov. 2015.

[6] R. Ahlswede, N. Cai, S.-Y. R. Li, and R. W.

439



The Journal of Korean Institute of Communications and Information Sciences ’16-04 Vol.41 No.04

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

440

Yeung, “Network information flow,” IEEE
Trans. Inform. Theory, vol. 46, no. 4, pp.
1204-1216, Jul. 2000.

D. Nguyen, and B. Bose,
“Wireless broadcast using network coding,”
IEEE Trans. Veh. Technol., vol. 58, no. 2, pp.
914-925, Feb. 2009.

J.-H. Kim, J. Kim, K. Lim, and D. S. Kwon,

“Network coding-based ARQ scheme with

T. Nguyen,

overlapping selection for resource limited
multicast/broadcast services,” WASET, vol. 6,
no. 10, pp. 1144-1149, Oct. 2012.

J-H. Kim, J. Park, and H.-Y.

“Maximum weight clique search for instantly

Song,

decodable network coding-based broadcast,”
JCCI, Yeosu, Korea, Apr. 2014.

S. W. Choi, J. Kim, and Y.-K. Kim, “Efficient
Broadcast Scheme Based on Ergodic Index
Coding,” J. KICS, vol. 40, no. 8, pp. 1500-
1506, Aug. 2015.

M. Yu, N. Aboutorab, and P. Sadeghi, “From
instantly decodable to random linear network
coded broadcast,” IEEE Trans. Commun., vol.
62, no. 11, pp. 3943-3955, Nov. 2014.

M. Gonen “Coded
cooperative data exchange problem for general
topologies,” IEEE Trans. Inf. Theory, vol. 61,
no. 10, pp. 5656-5669, Oct. 2015.

Z. Dong, S. H. Dau, C. Yuen, Y. Gu, and X.
Wang, “Delay minimization for relay-based

and M. Langberg,

cooperative data exchange with network
coding,” IEEE/ACM Trans. Networking, vol.
12, no. 6, pp. 1890-1902, Dec. 2015.

C. Fragouli, J. Widmer, and J.-Y. L. Boudec,
“A network coding approach to energy
efficient broadcasting:  from
in Proc. IEEE INFOCOM, pp. 1-11,
Barcelona, Spain, Apr. 2006.

A. Paramanathan, M. V. Pedersen, D. E.
Lucani, F. H. P. Fitzek, and M. Katz, “Energy

and power measurements for network coding

theory to

practice,”

in the context of green mobile clouds,” in
Proc. IEEE ISWCS, pp. 1-5, llmenau, Germany,
Aug. 2013.

2
=

0x

8 (Jung-Hyun Kim)
20061 84 : AAdIEt L %7
AR st} o

2008 84 : AA st A7)
et AL

20101 79~20134 24 &=+
AAFEAI AT A7)
: 20131 3~ A
A7 AA skt uialalyd

<THlTop EATH, HuelE, YEo|E ¥4
A

O Ty > v

=
g5

8t C} Yl (Dabin Park)
20144 29 : o}FEtnl AR
st &4

2014 3U~dA): AAHE

] 7]?<47<]»L6h+ A A} =4
<FHlEop EAIFE, YES=

3 T:mi Sk

2 (Hong-Yeop Song)

19841 29 : AA|HetaL #A}
Tt 4]

19861
Southern California Dept. of
EE. Systems AR}

19914 124 : University of
Southern California Dept. of

59 : University of

EE. Systems ukx}

19921 149~19931 1249 : Post-Doc
Associate, University of Southern California Dept.
of EE. Systems

19943 149~1995d 84 : Senior Engineer, Qualcomm
nc., San Diego, California.

2002 3%~20034
University of Waterloo, Canada

19953 9LU~& ) : AANew K7 AAALE =}

<A R o];> B].:_ﬂ x%_u;_o]h jo]%, Cg—jo]%,

oxkst

Research

24 : Visiting  Professor,




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /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 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


