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A Design and Implementation of modified ZigBee using
the Directed-Messaging for Energy Efficiency
Improvement
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Abstract

ZigBee is the low power, low cost and low data rate wireless personal area network (LR-WPAN)
standard. The Directed-Messaging is the protocol which improves the energy efficiency through
reducing the redundant message transmission by transmitting messages with directional
information toward the specified sub-network area in wireless sensor network using broadcasting.

In this paper, we design and implement the experimental grid sensor network using ZigBee
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modified by the

Directed—-Messaging for the energy efficiency improvement. The experimental

sensor network in this paper is configured with Nano24 supporting the ADV message and the

routing management module modified to use the directional information. The energy efficiency

improvement of the experimental sensor-network by evaluating the experimental results according

to transmitting ADV message.
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Typedef struct |
INTS xScale ;
INTE yScale ;
INTE direction ;
) DIRECT ;

Typedef atruct [
EYTE sreAddriode;

]Nﬁ madulength;

DIRECT direct ;

BYTE pMs.dnEaMnxPH'{l"ukﬂSlu aMinFrameeOverhead]
1 MCPS_DATA_INDICATION ;

J% 8. WE o EE ISt ADV HAX| RiE 7=
Fig. 8. Data structure of ADV message for
Directed-Messaging

e A2 sm A% A, Al A delHE 42
ez A, olule] 98 A BEE e,
o A ZRESe 45 B da) 7w
Fe A B St a1 dole s Rujehs By S
418 W7 7] (idle) HHE e S o) WA
B 4% A4S Ao HoleE A

|

FEAo] Ui 7§ l S8t
of BE 23 oMEE Uy o oJal] o Wg A
A et B AEe Ak HolHE 7Rl 2 s B
J WA ZREZ] Jux] B8449S FHE] 2

g dolele dshe HlolEE 7

Nl

1

fi

o]29] defell WE HAFE Foto] Akt E3 vl Bl

deolg mARE ZE vARe @zl 2l Fdsit
(7,13).
(a9 92 A3 w=v) Y3ke HlOlEi 7R A e Al

A s gAE 915 oA A

% Vehic,

30 /‘
s
i + ---- DM+Zighes{zend]
T 20 -
4 15 / e = = —Duszgmsiraav]
g o / B — 1+ ZigBeE (0181
T proa

- — 7 1gEE T O]

@

L4EE M4BT S4ET  44ET

T8 9. B o] mE oflAX| 2H 2
Fig. 9. Energy consumption according to search
areas

(2% )6l 2 vils} o] A3 Holel2 FA3 9
£ A4 2259 7L AHA B F2IGe AR 7
3ol 22 2 97 Thekg el 2vleke AuAE 712
Aelo] wjske oF 60%AE) oA s EHE @S 5



104 Journal of The Korea Society of Computer and Information October 2012

UES ¢ Ak o8 gose 155 B o
ol 0k A2 e WA

ol
=
ne
e
>
>
2

<= 0 WA 71‘?3 A eEl] Hio] wWE gy T
o] AR Lo} WAl BAl 2] ehalleddo] AxEe B
o YA wEEo] WHEdle] Bl oo na Bda
YR AH|7F 2718l Wize] Uehts Aot

(O 10)E A2 =E(oWE ¥ wo)So] <loe]
e AXM = UY 1S Yok A9 ol 2P

% M HE r

Dl+EigBee( R e s}

ZigBsslY R AT

LR ESTE
.-,

- DazigBseEF

02 10. OHIE 2 Hel MiEof| mE ofix| 2|2
Fig. 10. Energy consumption according to
information of event types

(2% 10J9] DM+ATZH|(Ye] A Zef=zs}p A an
(2] 9A) aeze oo =uoM Ao w ojEy
Sk A, 7189 Am]e] Zgol vlgte] W A

A& AHEshe A9, F 45%9] ouA ZEAE 7IUE &

2
S vepdict,
(2" 10)¢] DM+A|ZH(Z2% HAIRA]) J2gZe oWE
7t AA o|ME A Fe Ax wre Q1 AN A&H

o wige 5o zzr B 99 HIE AP
ke ]

3 w oﬂLﬂx} 29%S o
80% 7W & = Sha& Yehl Btk
(28 11 &2 = A4 S5 net 295)%E AZFE

/ — DM = TigBes

—TigB s

AlZkims)

\\

1000 / —/

f\

"‘HBB

g

335
a7 |

13

BRRANE

J2 11, & = B Slof| mE AZE A
Fig. 11. Time consumption according to the number
of search

7z Al W el AAAE el QA ED
& Waehs we, W A Zoese) A9t 4/4%
HolX o[MET} BT A L2 o] 4 et
918 % 4we] B A E Aol Bt olse] 541 A
s (28] 603 e Wb 0 WA el =
7122 A\7ele] 4} o)ge] Biek, (2 11)9] 4
k! 7é = {Xﬂ WES ] AP QJX|ellA] o HET} A3}
A7 HEAQ 28 A7S ek

v. 24 2

=RIAE LR-WPAN®) <) 2|78)e] o] &
9% M| Slake] WY o EZERE 283
54, TRseh ® Ae A7 ALsks Nano-24
w5 25718 Agete] AR WEN RS THegon A2
Mol e9d B BES FHOR WA ARTES B

WY WA 7P 93 wmEad Aeke doleE
AT Y 2 wES PABE Y LEsHs ouAE Ao}

gict. olH g AR ‘:_C% Z7] 918k ADV HIAIA] W%

J FHez Aer] mEelH

IEAZ 75 A A% 7hssitt.

= 3 999 71 A dEYg=

o] 1/42 AAstsidt. webd 3 A 1/4 d9olx 94 4
e I

Tohe 72, viH AA vIEQAS S4ske 7]Ee] AaH|
o Hlgle] ofUfR] LH|FE 1/4~1/30% Hasta, G4 A]

1

S Uehle S gelskginh. Ea el
of $17el Oh'ﬂ b st 29, wAA B S5t s

QoA amlge A1z AaEe o
55%, 285 Amg oF 207} Hgiet. TEu 2e 9
Qo olEZ} WA FFsAe] £ AT, AR A%



Az Z&A

Fee fste] W MAARE RSk g Alanle dA 2 105

A S 2gto =M R A %w B
v %’4 01]‘;1;(] L.E A ]?‘{J{% o} &= glf}iﬂr

ZREZI Oﬂﬂ?‘]

anw 2 wTE

FW

a4 Bk o)) %& 5 Al%M P el
e o == AR Aud W o] §olstes ot

(1) ZigBee Alliance, http://www.ZigBee.org.

(2] Sinem Coleri Ergen, ZigBee/IEEE 802.15.4 Summary
http://pages.cs.wisc.edu/~suman/courses/838/p
apers/zigbee.pdf

Andre Cunha, "On the use of IEEE 802.15.4/
ZigBee as federating communication protocols for

&

Wireless Sensor Networks’, Technical Report
(Portugal), HURRAY-TR-070902, ver. 1.0,
September 2007.

[. Akyildiz,
ramaniam, Erdal Cayirci,
Networks,” IEEE Communications Magazine,
vol.40 ,no.8, pp.102-114, August 2002.

C. Intanagonwiwat, R. Govindan, and D. Estrin,

&

Weilian Su, Yogesh Sankarasub-

A Survey on Sensor

&

"Directed diffusion: a scalable and robust
communication paradigm for sensor networks,”
Proceedings of the ACM International Conference
on Mobile Computing and Networking, August
2000.

(6) Jinhwan Jeon, Eunjoo Jeong, Sangjoon Park, Ara
Khil, Byunggi Kim,
Scheme  for

“Directional Messaging
Nodes  Energy
Consumption in Sensor Networks,” J. of Korea
Society for Simulation, vol. 16, No. 2, pp. 55-64,
2007. 6.

(7) Octacomm. Ltd., “Embedded system programming

considering

(Development application for Sensor Networks) -
Nano—24," Octacomm.net, 2004,
http://www.octacomm.net

(8) IEEE Computer Society, “Wireless Medium Access
Control and Physical Layer Specifications for

Low-Rate Wireless Personal Area Networks

(LR-WPANSs),” IEEE Std. 802. 15.4-2003, IEEE
Computer Society, 01 October 2003.

[9) IEEE 802 LAN/MAN Standards Commitee,

http://www.ieee802.org/15/pub/TG4. html.

(10) Neighbor Router Authentication: Overview and Guidelines
http://www.cisco.com/en/US/docs/ios/12_2/sec
urity/configuration/guide/scfroutr.html

(11) Perkins, C.E.,

vector routing,” Proc.

“Ad-hoc on-demand distance

On Mobile computing
Systems and Applications, WMCSA '99. Second
IEEE Workshop, pp. 90-100, Feb., 1999.

(12) Byoung-Seob Park, “Realtime Image Transmission
System based-on the ZigBee Protocol,” Journal of
the Korea Society of Computer and Informantion,
Vol. 15, No. 2, pp. 91-98, Feb., 2010.

[13) Lee, Hyeong il, Choi,
Implementation of Fuzzy Agent Based On the

Hak Yun, “Design and

Early Warning Method,” Journal of the Korea
Society of Computer and Informantion, Vol. 16,
No. 6, pp. 31-39, June. 2011.

X x9N
2 ot 2t

1987 : olsjodxlrgtm
] ;(].74]/\]-6’@,} o]é‘bk].

1990 : 3=sly|agd HAatksl
—'—6]—/\']/\}.

1997 : 3=Felr|&d HAakely)
Fehh)

S, FAMES
2o 3 g

Email : ara@ssu.ac.kr



www.Kkci.go.kr




<<
  /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
  ]
  /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 <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


