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Research on a Cognitive Wireless Routing Algorithm for Smart Grid

LU Chuan
(School of Automation, Guangdong University of Technology ~Guangzhou 510006)

Abstract For expanding communication network available bandwidth and optimizing the distribution of the
intelligent network resources, a cognitive radio network routing method for smart grid-oriented ad hoc communication
protocol is proposed. Based on the principle of minimum energy consumption and the smallest time delay, the spectrum
allocation scheme and transmission rate are studied according to the requirement of the number of nodes and
transmission rate. The aim is to provide a new design idea for building a highly efficient and stable ad hoc smart grid
communication network. The numerical simulation shows that the performance achieved is superior to the traditional

algorithms, and the method is suitable for smart grid applications.

Key words Ad-hoc network; cognitive radio;

INFN TG 26 i (cognitive radio, CR) & H &8I H
AR Sy AT R N GE D B — R R e G ZlAE R, At
TEBE AT AR ET M. e A
PREAEAA R, R TAUE A, &R
AT ae A AT K. IR B, A oRH
REFL M CZE R F 2 AFE: 1) IR A, W
FLER IR BRI AR AR . AR DA HIAE s 2)
s M I A A U PR A S I R . HUR S R
R FEMEE SRS 3) Wi AL B i i
B EREARSH, ORERE . B3 LR IRSSE .

R v UL e Rl MR RN R v R R AL I
AR 286, DL IR T BT vl 5 K11 9 246 A 42
DL K SRR, S ) R K
RPN ARG . U DL IR . T
I, JCZ UG ROR R R, Jodk il fE 2 AN
bR Y TS 45 TG e MO S B s AR A RO BB TR, R
R IR AR . % e

WeRs FH: 2017 - 03 — 12; & RIH#: 2017 - 09 - 28

communication network protocols;

smart grid

AU, R B A TR O o M e e R AR L
B AL TR IO % 1 ) R AL

SCHR[2]1 18 T CRECRAER BE AL T, A
AE FEL IO AR A A, WA R B PR I e sl A T A
) 3 — a5 77 5, IR ILA SR B R A SRR AR
1) 9% 15 1 % [H] ¥ 18 /5 (macine to machine, M2M).
FOPARFAE Ny« FESTAE Wt A Sh A% b
BEAATAE RN 7] B BRI L e o 5% it I 20 £
AR DT 5000 255 U5 9 D 4 R v g e AR AR A

M 2% T4 A PR () CRABAS 7 2R LR 194 2% 45
P, AP R T 1) LA E
Tk o i % 45K 2) A B i s g T A7 D 102
AR U0 2 W 2% 1

BB, ARG AR — R SR VE T AR
I AU I SORAAE T BB 205, A1 A %0
M TARE s AR o] B b, i BoR ] &) ) )H
G0 0y A I e R e L 8 R B J L ) PR S

e fisr: WiNN1983 -), 5, Wd/k, RIBTFUR, BERMNFER R4 TR+ TT L.



842 TR BRI

46 %

a RS B i — MR BB R . TEE
BRI WA 2, SR an . Ak sk
DA )45 O HoAZ O, H T2 ST e A A
BYRIEAT E L & (reconfigure ability, RA)FIA NI
(cognitive capability, CC). A3 3 LA FTHN D) HE
% LU R il A R TG 2 v I 2% 1) i i Bl
JEET G SN S

1 ETEHERRAANTLBNER
H R

1) Ad hoc ™ %%

Ad hoc P48 JE— MNP LIS, e —4l
Bah ks, I HAHE 2 (A5 AT AT [ e (1) S5 A
ERE, W RS LR 1R Y 28 P D 2 B LR 11
TN ST M EAH ALz 8. SCik[6-714e T
T EET AR B RE N 73 JZ A L. K
JE$2 N\ (home area network, HAN) 1 57 AN [F] (%4 GE
ity 2 (A RIEAR, B AL = RE IR e H ) BRI A5
SR, R ILEE B (wide area network,
WAN), SEIUE B ) AR, WANSRHEA L RSt
Z IS AR B . N THANMZS S0,
IR RERE L B BRI M Ais 5 Re ), IR T
ad hocB A5 PN B JC 4k H 20 9 73 A1 =X 9 28 444

] b
L i

._\

[
'll

"(‘j-k_ B ﬁ‘;‘b‘_-w.: .;“-q \
—(@h &
i -1

GETEEN Sued
I WAN AL |\1JJ|
= -\"'. : I'
— 1\ ()]
S I,rftfﬂ ) ad Hoc
HAN
BT 2R g o oA 90 2% g SRS Y

2) AODV 4 3L

4 75 #0525 % & % 1 (ad hoc on-demand distance
vector routing, AODV) & JE T4 75 I & < il i)
—RRER B, BN FEBCIR AL RE A PR R
N, 32 g DR AL PRI R 5 A T A AR R
AN, TEEVEINFITCZE A hoc W 4% 8 FH PRSI it
S Betgiiul, et MR N P, ok
2 in) H A RURIR B, R SOATE

‘EA‘/%\&E%:

DR 2% RS A R R . AH R, AR 22 Y G
W 2 P AT A e B U, BT A Rt AN T
PEAT T SRR R, TR RN ok
A0 75 BIAHAD Y SO B B AE BB K .

AODV PS4 fd [R) 38 o o 32 1 A8 Hee i Ph A
SORANNT SR B S R R, DAETRENE SIS 1 S ik
W28 Ph D I A A R A, AT GES— 3501 . SIS
HERR IS 5 B . AODVIES (P 32 22t R L% th
S DA T A PR SREMG AL B, A SC VU IR SR AR
LU

1) RILHHE: Y5 U 2R 3 H ARy
R HILH BRI ST m 2 18] BB AN AR i th 3R
i, BB /AN A K Bl (route request, RREQ)
FIHFRT AL SR AR ENE KRG, BT
W RUR O BB AN R, RS AN 8,
M AN A Y R A AN R B
b Es H A5 AR B ] LR IS AH B % 7 K A
7 K (route request packet, RREP)[FJ5 5 i, %
HARILRI AT 2500, T2 A5G R AR AH S I R e, Wi
WE A ) % 4 BT B A1 s 21 I RREP AT 2% Hh 3%
(D, f5c 251 RGBS B — Nk th e Kk B4R 8
I b PR 2% B 3R T T U B AL

2) WTIREE AR A A B AL R
I, WA E A BARSEE H AR AL BT A
DUV BT (R KRS, AT S4B 5, IR HE Ry
Mo fEBEEMERET, B mi g 525 m i 1% 42
AR AL, B2 e B N RREPE BB 2.
RAMAE RN, A AT sUR AL — AN B A R 2O
AL RERR 2 A, U sl B S — AN B i ik
Yo T SRR B (1) A AT SRR R B Y A
% U R A B B AT R AR L RERR U W 24
ANATRTE I H R Hh, IZFENES R0 =R R RE,
P ST I

2 ETEBKRRMIAMTIZ B MEIA
HME X

FETAd hoc ™ 4% [P SNG4k L b A BE AT g 37
IR g LA, I FTAT G R AR, e
fEHE R b, RS A S S AT AR N BB
NG 5 g B PR AR 1) AR AP A, iR
TEASRN Y SUSEBn Bae e T ARG, Rt T
ANFRMETE. nTLUEH, BN 00T DA AR 4 22
MR I AR RFEE, HWEREFLEZ
JIRV IS P s AT B ARy, b P RR



563 ifi )1 P T2 RE P I — R A SN s e it el S 5T 843

BATRERN 73, 0 N ERI RN o Bt AR
ek S AN TR BE (R DR3P AN R I A7 AEAN[R] (1
e R AR, (R IN A ZHB R H J F  HRE R
BL T B0 A AR G R 2 318 2 1K A R
AR i, XY iR i KRR A E M, JF
L AR SRR R 5% 9 AT PR, HL R IR 2

;5)
& &

VFArmiB:
YN |RES iR

q (D] @
b
@bﬁ

—— R L

FEH R
B2 NS R R L

XABIKAT S, WIEC fENETE, & X6, AR
RAT I Z A E G AT, a1, AR 05
TE X W A1 RGN R0 15 B 7 2 A%,
BN, ANFHENO0. TRMIER T — M ER®O;
W), Kz BRBAE K — MR B AL s R B

ENI LR AL R R G, SNEIEA GE1E N
FEA A N s, Fen M R AT N
PRg, DRI AT LT ek o) 3 e e e s A A 0 1) g
S L S A AR SRS, B TR
e

FETICZAd hoc 28 )4 b 45 44 S At B s 4t
B, ARSCH VT T R IE A AR A 9 2% 40 4
GER (P4 0 B E R o AR R T EE, VAR A
(PIATRE rT R R T E TS S AT S HE P
245 1% 1 IR R R SRS AT B AR R, ek
SE U AR RS, HAREV N

1) VY 57 SR ]

XA KT 1S, » VAR BT RS 7 SR Bt
R (] «

. ) E
N = rn1n(Nl.’maX) = mm[aT(Pi,c N Pf,s)] (1)

Rof, N, R S B R K B B
LR A TIR T ALK @R b
WU P, RS AERI A AE: Py Sl
F A R .«

2) SR I T R T

SN, 7L P I ) A B
AL, IRER SO B B S
A

w=-3"0, @)

FEMCHEA b, B ILR RT 5Lk TAR(EE
BImBR, A4S 21 AT FHIEE A, R A AT
HEB

3) LRI AEIEIE T

Xf A I TE AT N SRR g = 0, =y ==
L s BRI SN BRHET DL Ik
PERS T g, WA TE S0 S FEIEE AR, AR SEBR1G
DU AR A RO IS S (08, AT e Al 4R
AL PRI TE .
3 #HEpE

PiEZHWMEFR, JiEXIH]1 000x1 000 m,
Sy BT s AR I R) SE IR RN &R G Ak B S R AR
b, WE3RTE AR, 0 145 SR SCHR[10] 0
SOPHIEXT LY, RILASCH LI T-SOPH .

1 FESKEE

S fE
SHiBER 6
TRAL 12
P 80
REEREAL EP N2
% 51 Th 2% /mw 30
A7 R A R S /m 50~100
BN 150
14
1 —e— RS
—&-sop
» 10
=l
= 8
Il
¥ 6
2
50 100 150 200 250 300
25 /m

K3 BRIRIN GEvs R 5

450
400 —e-S0p

35 —m- T
2 30?\—\‘\*\‘\1
=< 250
[j;ﬂ 200
* 150\\‘\’\*\4
100 \

50

50 100 150 200 250 300
25 /m

K4 ik Bvsiig



844 TR BRI

46 %

4 45 R IE

ARSCPEM T —FhFE T INRTC &L HL I Ad hoe M
2R 5k, WA BRI A C 2 LA hoe 1%
HIPR A B R e 1) BATRGS IS HIE B &
ST 2) JRIPOE 2 1K1Y A DA 7 B M R s
XL AR AR REBR AR RORE N, 5 TR R AR I
AT R, NITRAE NIl AR 3) B ANE S
ARy e SCIR IR 1) 10 sCREAT PPl AN PR IR
M DIFERAR, FER /)N

2 % x W

[1] AMIN S M, WOLLENBERG B F. Toward a smart grid:
Power delivery for the 21st century[J]. Power and Energy
Magazine, IEEE, 2005, 3(5): 34-41.

[2] KUHDRAGH V, TARCHI D, CORALLI A V. Cogntive
radio based smart grid networks[C]//2013 24th Tyrrhenian
International Workshop on Digital Communication Green
ICT(TIWDC). Genoa, Italy: [s.n], 2013.

[3]CHENG G, LIU W, LI Y Z, et al. Spectrum aware
on-demand routing in cognitive radio networks[C]//Proc
2007 IEEE Int Symp New Frontiers Dynamic Spectrum
Access Netw. Dublin, Ireland: IEEE, 2007.

[4] F A, A FHEMEFFEMFM9ad hocM 4 2 EE TR L &
F[)]. HEATA2S 5 A, 2009, 45(20): 129-132.

LU Yang. Multi channel engineering and application of ad
hoc networks based on receiver channel quality[J]. Computer
Engineering and Application, 2009, 45(20): 129-132.

[5] REB. ALK B REEAN]. LEBEFER,
2012, 38(5): 1-5.
SONG Zhi-qun. Cognitive radio technology and its
application[J]. Radio Communications Technology, 2012,
38(5): 1-5.
[6] YU Rong, ZHANG Yan, GJESSING S, et al. Congnitive
radio based hierarchical communications inftrastructure for
smart grid[J]. IEEE Network, 2011, 25(5): 6-14.
. ihdn KX wad hoc M 434w FR AR [D]. AR &
FAHFKRE, 2011,

LIU Shun. Research on routing algorithm of cognitive radio

—
-3
—

ad hoc network[D]. Chengdu: University of Electronic
Science and Technology of China, 2011.

ARpUdE AKe K T 9 38w Sk Ae bR AT [D]. AR
W F ALK F, 2008.

DENG Shou-feng. Routing algorithm and protocol design in

[8

—_

cognitive radio[D]. Chengdu: University of Electronic
Science and Technology of China, 2008.

[9] A —Ah. FA4e T 2K Had hoc W 4-5% wy ML 49 AF 7 [D]. Hb
o Aeded A K F, 2014,
HU Yi-nan. Research on routing mechanism of cognitive
radio ad hoc network[D]. Beijing: North China Electric
Power University, 2014

[10] ZHOU X, LIN L, WANG J, et al. Cross-layer routing
design in cognitive radio networks by colored multigraph
model[J]. Wireless Personal Communications, 2008, 31:
1254-1260.

W B M E




<<
  /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


