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CeHcopsl

21 ideas for the 215 century

(Business Week, August 30, 1999).

becnpoBogHble ceHCOopHblIe ceTu (Wireless
Sensor Networks, WSN)

[1Ba Tuna:
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CEHCOPHAA CETb

MONb30BATESb



OcobeHHOCTN CEHCOPHbIX CETEN

Ou4eHb 60sIbLLIOE YMCNO Y3r10B ceTn (bonbLue
64000 B OOHOW CETU ZigBee, TPUNNTMOHHbBIE
CETN).

OrpaHun4eHHbIe BO3MOXXHOCTU MO
ANEKTPONUTaHUIO (3a4acTyro OTCYTCTBUE
PEMOHTONPUTOQHOCTMN).

TpeboBaHUs MO HN3KOMY
9HepronoTpebnenuto (KHP, 200000 6a30BbIX
cTaHumn 3G notpebnsatoT 1.384 [vra-Batr
yacoB/rofa).
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[ IpMepbl CEHCOPHbIX Y310B

BHewHU BNAO c
Pa3mepbl aHTeHHOWU




CTpYKTypa CEHCOPHOro y3na
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B) Coenunenmue B ceTh J1) MappyTusamus U nepeaada



[IpoakTuBHbIE U PeaKTnBHbIE
BECC

Ha ocHoBe crocoba pyHKLNOHMPOBaAHUS U
LleneBoro NpUMeHeHMs1 CEHCOPHBbIX CETEN
OHWU MOryT BbITb KNnaccnduymMpoBaHbl Ha
npoakTnBHble N peakTuBHble BCC. B
npoaktueHon bCC ceHcopHbIe y3nbl B
CETUN Nepuoanveckn NpoBePAIOT cpeay v
nepenaroT AaHHble, NpedcTaBnaoLlne
nHtepec gna bCC. B peaktuBHbix BCC
y3nbl ONepaTUBHO pearnpyroT Ha
BHE3arHble N pE3KNE N3MEHEHUA B
obr1acTn CEHCOPHOTO Morns.




[ OMOreHHble 1 [ eTeporeHHble
BCC

» CeHCopHble ceTn MOryT 6bITb pa3aeneHbl Ha
Ba OCHOBHbIX TUNAa [OMOreHHble
(ooHopoaHbie) n I'eteporeHHble BCC
(HeogHopoAHbIe) B 3@aBUCUMOCTMU OT
COCTaBNAKLWMX NX y310B. B 0AHOPOAHbLIX
6ecnpoBOAHbIX CEHCOPHbIX CETSIX BCE
CEHCOPHbIE Y3I1bl OAUHAKOBbLI C TOYKU 3PEHUSA
9Heprmn batapen n annapaTtHOW CNOXHOCTMN.
[ eTeporeHHble XXe CEHCOPHbIe CETU MOTYT
cogepaTb ABa, TPU Unn donbLue TUNoB
Yy3M0B, COOTBETCTBEHHO C pa3fNYHbIMU
9HEpPreTUn4eCckMMmn U yHKLNOHAaNbHbIMU
BO3MOXHOCTSIMMW.



OpaHopaHroBble U Nepapxunyeckmne
CeTn

BECC moryT 6bITb KnaccuuunpoBaHsbl B
3aBUCMMOCTU OT CTPYKTYPbI CETU Ha
OpHopaHrosble N Mepapxuyeckne: B
OQHOPaHroBOW CETU BCE Y3nbl BbIMOSHAOT
OIMHAKOBbIE 3aa4M N nepegadva adaHHbIX Ha
LLSTHO3 N 6a30BYHO0 CTAHLMIO OCYLLIECTBISAETCA
HenocpeacTBeHHO. B nepapxmnyeckunx cetsax
y3nbl NOAPa3aensatoTCAa Ha rONOBHbIE U
CEHCOpPHBbIE y3nbl. CEHCOPHbIE Y3rbl COOMpaoT
NaHHble, a rOfIoBHbLIE 3aHUMAaKTCH UX
obpaboTkon, aHanNnM3oM 1 nepegaden Ha L3
mnm bC



OpaHopaHroBble U Nepapxunyeckmne
CeTn
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Cny4yanHoe n geTtepMmnHUpOBaHHOE
pa3MeLleHne CEHCOPHbIX Y3I10B

« BCC moryT ObITb KNaccndnunpoBaHbI B
3aBMCUMOCTM OT MEeTOAa pa3MeLLeHNs
CEHCOPHbLIX y3roB. ['1pn cnyyanHom
pasMeLLEeHNN CEHCOPHbIE Y3rbl MOTYT ObITb
criy4anHbIiM 0bpa3om pas3dbpocaHsbl Mo
HekoTopowu obnacTtun. letTepMnHUpoOBaHHOE
pa3MeLleHmne npegnonaraeTt pasmeLleHme
y3I10B B COOTBETCTBUU C NpeaBapUTENbHO
onpeaernieHHbIM NiaHOM NOCTPOEHUSA CETMW.
EcTecTBeHHO, YTO anropuTMbl pacnpenereHuns
OAHHbIX MeXAYy CEHCOPHbIMU y3riaMmun B
NnepBOM U BTOPOM criy4ae MoryT ObITb
CYLLECTBEHHO Pa3fn4HblI.



CtatnyHocTb 1 MoOUNbHOCTL

* [loTpebHOCTb B MOHUTOPUHIE NOAOEWN,
)XMBOTHbIX N BELLEN B LIENOM BbI3bIBAET
HeobXxoaAMMOCTb NPUMEHEHUA MOBUNBbHbIX
y3noB B bCC. CeHCOpHbIe y31bl,
ncnosib3yemble B 0ecnpoBOAHbIX CEHCOPHbIX
CETAX, MOTyT ObITb CTaUMOHAPHbLIM UMK
MOOUIbHBIM. [1py 3TOM MOOUIBHBIE
CEHCOpPHbIE Y3Mbl MOryT NepeMeLLaTbCA C
MeCTa Ha MeCTO, U3-3a Yero CBA3b MexXay
OBYMSA y3namMu B CEHCOPHOWM CETU C

MOOUSTbHBIMM y311aMU MOXET ObITb OYEHb
CJITO>KHOMW.



[1ByMepHbIe U TPEXMEPHbIE
becnpoBOOHbIE CEHCOPHbIE CETU

« BCC moryT ObITb Takke kKnaccndnunpoBaHbl Ha
OBYMEPHbIE N TPEXMEPHbIE ODECNPOBOAHbLIE
CEHCOpPHbIe ceTuU, HecMOTpSa Ha TO, UTO
OOSbLUMHCTBO CYLLECTBYOLLMX paboT B obnacTu
6ecnpoBOAHbIX CEHCOPHbIX CETEN B HACTOSILLEE
BpEMS MOCBSILLEHbI ABYMEPHOMY NMPOCTPAaHCTRY,
Ha caMOM Jerie Takne ceTn paboTatoT B
TPEXMEPHOM NPOCTPaHCTBE, OCOOEHHO C Y4ETOM
NosABNIEHUSA HOBbIX MPUIMOXEHUI, TAKUX KaK
rneTtarouime CEHCOpHbIe ceTn. Takum obpasom,
TpebyeTcsi OLEHNTb BO3MOXHOCTb NMPUMEHEHUS
N3BECTHbIX NPOTOKONOB Anda 2D B obnactn bCC,
paboTtatoLumx B 3D.



MapLupyTtusaumsa B 6ecrnpoBOgHbIX
CEHCOPHbIX CETAX
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OcobeHHOCTM MapLUpyTU3aLIUA B
BECC (1)

* TpagmunoHHaga agpecauns Ha ocHoBe /P-
NPOTOKOMNOB HE MOXET ObITb MPUMEHEHA K
BCC n3-3a oTHocuUTenbLHO OOMNLLLOIO
Konun4yecTtBa ceHcopHbIX y3nos. B bCC
MHorga NonyynTb OaHHble BAaXHEe, YeMm
3HaTb UOEHTUMPUKATOPLI Y3M0B, C KOTOPLIX
OHW OTNpPaBneHbI.



OcobeHHOCTM MapLUpyTU3aLIUA B
BECC (2)

* Pecypcbl CEHCOpPHbIX Y30B B
6ecrnpoBOOHbIX CEHCOPHbIX CETAX
OrpaHNY€EHbI C TOYKU 3PEHUS
BO3MOXXHOCTEN 00PabOTKN MHPOPMaL W,
NpPOnyCckHOM CNocobHOCTN, 0ObeMa
NaMATN, BbIYUCTTUTENBHbBIX BO3MOXXHOCTEMW,
Takum obpasom, TpebyeTca paunoHarbHoe
ynpasreHne pecypcamu.



OcobeHHOCTM MapLUpyTU3aLIUA B
BECC (3)

° CeHCOprIe Y3J1bl KaK O4HEHb MNMPOCTbIE
AJIEMEHTbI 3a4aCTYyIO HEHAAEXHbI.

* TONoNornMa CEHCOPHbIX CETEU N3MEHAETCH
OYeHb YacTo. B HEKOTOPLIX MPUNOXEHUAX
CEHCOPHBIE Y3Ibl MOTYT MOOUITBHBIMU U
N3MEHSATbL CBOE MECTOMNOSIOXEHUE.



OcobeHHOCTM MapLUpyTU3aLIUA B
BECC (4)

« HekoTopble y3nbl B CETU OCYLLECTBNAIOT
OJHW U Te Xe LUenun, To eCTb TpaduK
OaHHbIX MOXeT ObITb CreHepMpoBaH Tak,
4YTO pa3fNYHble CEHCOPHbIE Y3nbl OyayT
nepeagaBaTb OOHY U TY Xe nHopmauutio.



[1poTOKONbI USN

1. ZigBee.

2. 6LOWPAN (IPv6 Low energy protocol for
Wireless Personal Area Networks,
donsundeckmn yposeHb — IEEE 802.15.4).

3. RPL (Routing Protocol for Low energy and
lossy networks).



AnropntmMmbl Bbibopa rorioBHOro
y3na



[ToTpebneHne aHeprnm
(QHepreTnyeckasa aPPEeKTUBHOCTD)

* \gpeanbHbIN anroputm OomkeH obecrnevnTb
CBOEBPEMEHHYI0 Nepenady nHgpopmauunm c
3aJaHHON TOYHOCTbIO U ¢ MUHUMAanbHbIMU
9HeprosaTtpaTtamMmu. B mHorowiaroson bCC kaxabin
y3€en Urpaet ABONHYH POSib: CEHCOP U
MapLupyTusaTtop gaHHbIX. C6oN HEKOTOPbIX
CEHCOPHbIX Y3MN0B 13-3a NnepepbiBa B NUTaAHUU
MOXET Bbl3BaTb 3HAYUTENbHbLIE TOMOSIOrMYECKNE
N3MEHEHUSA U MOXET NOTpeboBaTb NOBTOPHOM
MapLIpyTM3aunmn nakeToB 1 peopraHnusaumnm ceTu.
OHepreTmnyeckast adpPeKTUBHOCTb — O4Ha U3
BaXXHEULUMX 3a4a4 B co3gaHnm DecrnpoBOAHbIX
CEHCOPHbIX CETEWN.



Mopaenb nepeaayvum AaHHbIX

« Cbop v nepegaya gaHHbIX B BCC 3aBUCAT OT NPUNOXEHUSA U
aKTyanbHOCTU NpeacTaBieHns AaHHbIX (COOOLEHNNI).
Mopgenu nepefayn gaHHbIX MOTyT BbITh KIlaccuuumpoBaHb!
KaK HenpepbiBHas, ynpasndemasa cobbITuamn n rubpmnaHas.
HenpepbiBHasg Mogernb nepeagavun AaHHbIX NOAX0AUT Ans
NPUITOXEHUIN, KOTOPbIE TPEDYIOT NOCTOAHHOIO MOHUTOPMUHTA.
Takum obpasom, ceHCcopbl 1 NepeaaTymnku oyayT pabotaTb
HernpepbiBHO. B cOObITMNMHO-yNpaBnsemMoun n rmopugHon
MOLESNIAX CEHCOPHbIE Y3Ibl pearnpyroT Ha rNosiBlIEHNE Kakoro-
nnbo cobbITUA NnKn 3anpoca U reHepupyrT COOOLLIEHNS Ha
royioBHOM y3ern knacrtepa nnu Ha bC. Anroputm Bbibopa
rOSIOBHOIO y3na 1 NpOoTOKON MapLupyTusaumm BO MHOIMOM
3aBUCAT OT Moaenn nepegadvm JaHHbIX, HeNoCpPeaCTBEHHO
CBSI3aHHOW C NOTpebrneHnem aHeprnm n cTaburbHOCTLIO
MapLupyTa.



[ eTeporeHHbIe y3nbl

* B 3aBNCMMOCTU OT NPUMEHEHMUS
CEHCOPHbIN y3en MOXET UurpaTtb pasrnnyHyto
POSib B CETU NN UMETb PasfnnyHble
napameTpbl. CyliecTBoBaHME
pPa3HOPOAHbLIX CEHCOPOB NOAHMMAET MHOIO
TEXHNYECKMX NPObem, CBA3aHHbIX C
MapLupyTu3aunen gaHHbIX.



TonepaHTHOCTL K OTKa3am

* HekoTopble CEHCOpPHbIE Y3rbl MOrYT BbIXOAUTb
N3 CTPOS U ObITb 3abNOKMPOBAaHbI
BCNeACTBME HEOOCTATOYHOIO YPOBHS
3IeKTPONUTaHns, BO3HUKHOBEHUS
KPUTUYECKNX YCITOBMIW BO BHELLHEN Cpefe,
donanyeckoro nospexgeHmsa unm nomex. Otkas
OTAENbHbIX CEHCOPHbIX Y310B HE AOIMKEH
BNUATb Ha 00LLee PYHKUMOHUPOBaHME
ceHcopHoun ceTn. BCC pgomkHa nogaepxmBaTb
TpebyeMbIn YPOBEHb KadecTBa 00CIy>KNBaHUS
n obecnevmBaTb HEOOXOOANMYIO HAOEXKHOCTb.



MacLutabnpyemocTb

* B 3aBMCMMOCTU OT peLlaemMon 3agauun
YMCII0 CEHCOPHbIX Y3I10B B 6€CnNpOBOAHbIX
CEHCOPHbIX CETAX, pa3MeELLEHHbIX B
CEHCOPHOM Mone, MOXEeT UBMEHSATLCSH OT
HECKOJIbKMX COTEH A0 ThICsY Unn bornee.



[ MOKOCTb

* ANTTOPUTMbI B CEHCOPHbIX CETAX AOJKHbI
ObITb CNOCOBOHbLI aganTUPOBAaTLCA K
pa3nuyHbiM npunoxenmsam bCC. YcnoBus
PabOoTbl 1 BO3MOXHOCTM CaMOro
CEHCOPHOro y3na MoryT CUibHO
N3MeEHATLCS. BCe 3TO AOMKHO ObITb Y4TEHO
npu pa3paboTke anropuTMoB A1
6ecrnpoBOAHbIX CEHCOPHbIX CETEWN.



CpefacTtBa nepenayn

« XapaKkTepUCTUKN OKpYyKatoLlen cpeasbl
TaKkKe onpenensatoT MeTo paanoCcBs3n
nna bCC. Hanpumep, ans noaBoaHbIX
becrnpoBOaOHbIX CEHCOPHbIX ceTen UWSN
(Underwater Wireless Sensor Networks)
cpenoun nepenayvun ABnaeTca soaa.
TpaguunoHHbIE NMPobrembl, CBA3aHHbIE C
becrnpoBOOHbLIM KaHaNOM (Hanpumep,
3aMunpaHue, BbICOKUU KO3 DULIMEHT
OLLUMBOOK U MOMEXMU), TaKXKe MOTyT BIIUATb Ha
paboTy CEHCOPHOW CETU



CBA3HOCTb

 BbicoKkasi NNOTHOCTb Y3MOB B CEHCOPHbIX
ceTsiX cnocobcTByeT nogaepkaHuio
HeoOXxoaMMOro 3HayeHnd CBA3HOCTU. Tem
He MeHee, CBA3HOCTb MOXET YMEHbLLATbLCS
BCreCcTBME BMeLlaTenbCTBa, NOMEX,
LLIYMOB U NPEensaATCTBUMA.



[ToKkpbITHE

* B 6ecnpoBOaHbIX CEHCOPHbIX CETAX
KaXXObI CEHCOPHbLIN y3en NOKpbIBAET
OrpaHNYeHHY0 U3NYeCcKyo obnacTb
OKpy>KaroLleun cpeabl. [lona NoKpbITUSA
NPOCTPaHCTBA TaKXe ABNAETCHA BaXKHbIM
napameTtpom bCC, ocobeHHO ANs cuctem
MOHUTOPWHrA.



MoOWNBHOCTbL

* bonbLWKWHCTBO NpUNOXEHUU Npegnonaraer,
YTO CEHCOpPHbIE Y3Ibl CTaUuMOHapPHLbIL. TeM He
MeHee, MOOUINBbHOCTb CEHCOPHbLIX Y3IOB
MOXET ObITb HEODXOAMMA B pasfNYHbIX
NPUNOXEHUAX, Hanpumep, netTaroLmx
CEHCOpPHbIX ceTax. MapLipyTusaumna gaHHbIX
OT UK A0 ABWXYLLMNXCS Y3IOB SABMAETCH
bonee cNoXHou, Tak Kak CTabUnNbHOCTb
MapLupyTa CTaHOBUTCS BaXXHOW npobrnemon B
OOMNOJSTHEHME K SHEPrnun, NPOrnyCKHOW
cnocobHoOCTU U T.A.



[1BymepHoe 1 TpexmepHoe
NPOCTPAaHCTBO

» CEeHCOpHbIE CETM MOTYT YacTo
pa3BepPTbIBaTbLCHA B TPEXMEPHOM
NpoCTpaHCTBE, HANPUMEP, B
MHOTO3TaXXHbIX 30aHUAX, NPU MOHUTOPUHIE
necos, N0ABOAHOM MOHUTOPUHTrE,
NEeTaLLNX CEHCOPHbIX CETAX U T.A.
[lepexon OoT ABYMEPHOro NpPOCTPAaHCTBA K
TPEXMEPHOMY NOPOXOAET MHOXECTBO
HOBbIX 3a4a4 B CBA3M C MHOWN TOMNOSIOrMen
CeTn.



Arperaumsa gaHHbIX

e CeHCOpHbIE Yy3rbl MOTYT reHEPUpPOBaTh
3Ha4YnUTErNbHbIE N3DbLITOYHbIE AAHHbIE, BKITHOYas
aHanorn4yHble coodLEeHns 0 CoODbITUAX OT
HeCKONbKNX y3roB. EcTecTBeHHO, Takme
NAHHbIE MOXXHO arperMpoBaTthb 4518 TOro, Ytobbl
4YMCNO COODLLEHNN YMEHbLLWIOCH.
ObbeanHeHne JaHHbIX ABASIETCS TUMUYHOW
onepaumen Bo MHorux npunoxenmax bCC,
0CODEHHO, B epapxmnveckmx npoTokonax
MapLupyTu3auumn anga caMmoopraHusyroLenca
BECC. Takon MeToA LUMPOKO UCNonb3yeTcs Ans
yBENNYEHUS XXU3HEHHOTIO LMKNa CETN.



CamoopraHun3sauus

* CeHCOpHble CETUN OOIMKHbI UMETb
BO3MOXXHOCTb cCaMOOpraHu3aLuuu.
[ToaTOMY, BbIYUCNNTENBbHbIE BO3MOXXHOCTH,
BO3MOXXHOCTU obecrne4vyeHns CBA3u,
BO3MOXXHOCTU yNpaBneHnst OOMKHbI
obecneymBaTb 1 BOSMOXXHOCTb
aBTOHOMHOro cyulectsoBaHuns bCC B
Te4YeHne Kakoro-nmbo BpeMeHn.



TOYHOCTb U NATEHTHOCTb

« Obecne4yeHne To4HOU NHOPMALINEN B
pearibHOM BPEMEHU — OfiHa U3 IMaBHbIX
3agad npunoxenmn bCC. [1aHHble OOMKHbI
nepenasaTbCcsa Yepes3 6ecnpoBoaHYIO
CEHCOPHYI CETb CBOEBPEMEHHO N TOYHO.
iogeanbHbIV anropuTm AOMKeH
obecneynBaTb KAYECTBEHHYIO Nepegady
NaHHbIX C MUHUMAaNbHbIMW
9Hepro3aTpaTtamm.



Tunbl reTeporeHHbIX pecypcos

(1)

e BbluncnurenbHas HeoOAHOPOAHOCTDb

[eTeporeHHbIN y3en nmeet bonee MOLLHbIN
MUKpONpoueccop 1 borbLue NaMATU, YEM
TUMNOBOW CEHCOPHbIN y3ern. C nMoMoLLbIO
boriee MOLLHbIX BbIMUCIUTENBHbIX PECYPCOB
y3nbl MOTyT 006eCcnevYnTb KOMIMIEKCHYIO
0bpaboTKy AaHHbLIX N UX JONTOCPOYHOE
XpaHEHHUE.



Tunbl reTeporeHHbIX pecypcos

(2)

* HeoAHOPOAHOCTbL CeTEeBbIX
BO3MOXHOCTEeu

[eTeporeHHbIN y3en nMeeT boriee
BbICOKYIO MPOMNYCKHYK CNOCODOHOCTL 1 bornee
MOLLIHbIN paano nepegaTtymk, Yem TUMNOBOW
y3en. Takme reteporeHHble y3nbl MoryT
obecneunTb bonee HageXXHyo nepenadvy
OAHHbIX, YeM TUMNOBLIE.



Tunbl reTeporeHHbIX pecypcos

(3)

e HeoAHOPOAOHOCTbL 3HEpPrumn

[1na reTeporeHHOro CEHCOpPHOro y3na
CYLLECTBYET BO3MOXXHOCTb NTM6HO
NOCTOSIHHOIO 3NEKTPONUTAHUS OT CETU, NNDO
BO3MOXXHOCTb 3aM€eHbI batapen unu
aKKyMyrnsiTopa B TEYEHME CpoKa CIyXObl
CEHCOpPHOro y3na.



Knactepusauma s bCC
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PayHA B knacTtepusauumn

Paynn
Buoioop gdopmupo- Azpezuposa- | Hepeouus
20/106H020 H 6aHUA K1a- A- HS daRANEIx A 3
AHHBIX
Knacmepa cmepa i

dopmupoBaHHus Kiacrepa (Setup phase)

ITepenava naHHBIX (Steady-state phase)




KnacTtepusauna B oqHOpPaHroBou w
MHOrOLLaroBoun ceTax

i

a) OqHOpaHTOBAs CETh
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bB) MuorormaroBoii ceTh

‘ TomnoBHOI y3em

O CeHcopHBII y3eT



[[onoBHoW y3en knactepa (CH)

« KoopgnHauua rpynnbl y3nos,
PACMOSIOXEHHbIX B rpaHuLax Knacrepa,
arperaumusi JaHHbIX OT YNEHOB KacTepa v
nepengayvya cobpaHHbIX UK
arpermpoBaHHbIX AaHHbIX HA CreayrLnm
y3ern SABMATCA OCHOBHbIMU OYHKLNAMMN

CH.



ba3oBas ctaHuus (BS) nu W03

* Y4ynTbiBagd BbICOKME BO3MOXHOCTU
00paboTKkn MHopmMaLnm n
HeorpaHU4eHHbIN UCTOYHUK SHeprumn, bC
MOXET ObITb KOOPAMHATOPOM CETU U / NN
NPUEeMHbIM Y30oM, rae Bce
arpernpoBaHHbIe AaHHble
obpabaTbIBalOTCA B COOTBETCTBUN C
npunoxenmem bCC n tpeboBaHnamun
KOHEYHOro nosfib3oBaTens.



PetpaHcnatop RN (Relay node)

° TpaH3l/ITHbIe Y3J1bl B MHOTOLLIAroBbIX CETAX,
BbINOJIHAKOLWNE beHKLI,I/II/I nepenayu
CO6paHHbIX NI arpermpoBaHHbIX OaHHbIX
APYyrmMun yssiiamMum, K MeCTy Ha3Ha4YE€HUA.



TunoBou y3en GN (General node)

* BONbLWMHCTBO Y3510B B CETU, KOTOPbIE
TOSNIbKO obecne4ynBatoT cOOp AaHHbIX,
OCHOBAHHbIX Ha TUMNE NPUMEHEHMUSI.



ANMTOPUTMbI BbIBOPA
FONOBHOIO Y3NA ONsA
FTOMOIEHHbIX CETEWN



DT (Direct Transmission)
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DT nocne 180 BpeMEHHbIX
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KnacTtepusauna (LEACH)
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LEACH (Low-Energy Adaptive Clustering
Hierarchy)

* B base popmMrpoBaHus Kractepa Kaxibiu
CEHCOPHbIV y3€en reHepupyeT criy4yanHoe
ymucno ot 0 ao 1. Ka>|<nbw| CEHCOPHbIN y3en
MMEET NOpPOr, KOTOPLIN COOTBETCTBYET
npenBapuTenbHO onpeaeneHHoMy Ynicny
rOSTIOBHbIX CEHCOPHLIX Y3MNOB B CETU. ECcnn
MHTErpupoBaHHOE Cny4vyamHoe YMCIOo MeHbLLUE,
4eM Mopor, TO CEHCOPHLIN Y3eNn MOXET CTaTb
rofIoBHbIM B TeKyLlem payHae xun3um bCC, B
NPOTUBHOM CJly4ae 3TOT y3es1 OCTAaeTCH TONbKO
4YneHoM KnacTtepa. BolvmcneHue nopora
ABNAETCS KINOYEBOW 3a4a4ven npu peanusauum
anroputma LEACH.



[Mopor ana LEACH

P — npeponpeaeneHHbIn
NPOLEHT rO/I0OBHbIX Y3108
cpeamn Bcex CEHCOPHbIX Y3N10B.
OnTumanbHoe 3Ha4yeHune P
oueHuBaeTcaB 5% ot obulero
YMCNA CEHCOPHDbIX Y3/108B.

MepemeHHas r cOOTBETCTBYET
TEeKyLLemy MHTepBany
OYHKLUMOHNPOBAHUSA
CeHcopHom cetun, G
ob603Ha4YaeT Yncno
CEHCOPHbIX Y310B, KOTOPbIE
He 6blnn BblIOpaHbI
rONI0BHbIMMW 33 NocneaHue
1/P nHTepBanos.



LEACH

* [1pn BEIDOPE rONOBHOrO y3na gpyrme
CEHCOpPHbIe y3nbl onpeaenstT, K KaKoMy
KnacTtepy OHU XOTAT NpucoegmHUTLCA Ha
OCHOBE MOLLHOCTW norny4yaemMoro curHana RSS
(Received Signal Strength) OT rONOBHOIO y3na.

« Korga Bce y3nbl opraHM3oBanuch B KNnacTepbl,
roflOBHOW y3€es co3haeT pacnmcaHme
nepegayv MHPopmaLunm Ha oOCHOBe MeToda
TDMA, YTO rapaHTUPYyeT OTCYTCTBUE KONMN3Un
npu nepenaye cooodLeHUN.



ApxuTeKkTypa cetn LEACH

BozaBas

-
-



HepocTtatkmn anroputma LEACH

(1)

* LEACH BbINOMHAET TOMBKO NPSAMYO
nepegadvy AaHHbIX BHYTPU Knacrtepa v
HenocpeacTBEHHO 13 rOSIOBHOIO y3/1a B
BC. OTo He Bceraa BO3MOXHO B CBA3U C
bonbLwnMm paamepom cetn. Kpome Toro,
npu OONbLLUOM PAacCTOAHUN MeXAy
ronoBHbIMM y3namu n bC notpebnsaeTcs
MHOIO SHEpPrnm



HepocTtatkmn anroputma LEACH

(2)

* HecmoTpsa Ha poTauuio ronoBHbIX y3nos CH
B KaXXKOQOM payHae, YToObl 4OOUTLCS
banaHcUpoBKM HArpys3Kkn, LEACH He MOXET
obecneynTb peanbHyo banaHCMPOBKY B
Crly4ae CEHCOpPHLIX Y30B C pasfnMyHbIM
KONM4YeCTBOM Ha4varibHOW 3HEpPruum,
NMOCKOMbKY rofioBHbIE Y3rbl CH n3duparoTcs
B TEPMUHaX BEPOATHOCTEN OE3
9HEPreTUYECKNX COObpaKeHunn;



HepocTtatkmn anroputma LEACH

(3)

 Tak kak BbIoopbl CH BbINOMNHSAKTCA B
TEepMUHaX BEPOATHOCTEN, TPYAHO
paBHOMepPHO pacnpenenntb CH Bcen ceTu.
Taknm obpasom, CyLLEeCTBYOT U3DpaHHbIE
CHS, cocpedoTO4YeHHbIE B OOHOW YacTu

CE€Tn, N HEKOTOPLbIE Y3Jibl, B OKPECTHOCTAX
KOTOPbIX HET CHSs



TEEN (Threshold-sensitive Energy
Efficient Protocols

» XXecTkun nopor (Hard Threshold): Y3en
nocblnaet MHOOPMAaLUKO rofoBHOMY Y3ny
TONbKO, ECINN KONMMYECTBO HaKOMMEHHbIX
OAaHHbIX HAX0OUTCSA B 3a4aHHbIX npeaenax

* Markun nopor (Soft Threshold): y3en nocbinaet
MHdoopMaLKo FofTOBHOMY Y31y TOJMbKO, Korga
KONMYEeCTBO HAKOMMNEHHbIX AaHHbIX
M3MEHUIOCb Kak MUHUMYM Ha BENUYMHY,
PaBHYO UNn BOSbLUYIO, YEM MSATKUW MOPOT.



APXUTEKTYpa CETUN ANd anroputma
TEEN
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[lpenmyllecTtBa TEEN (1)

» XXecTkumn nopor (HT) cokpallaeT KONn4ecTBO
coobLleHun, nepenaBasd MHOOPMaLNIO TOSbKO
TOrga, Korga cobmpaemble AaHHble HAXOOATCS
B Anana3oHe nHtepeca. Kpome Toro, Markmu
Nopor yMeHbLIAET KOSTMYECTBO COOOLLIEHNI
NCKIIOYEHNEM TEX, Y KOTOPbIX ECTb
MUHUMAarbHOE N3MEHEHNE B CODMPAHHBIX
OaHHbIX. Taknm obpasom, anroput™m TEEN
YMEHbLUAET NOTPEDNEHNE SHEPTUNN U
ynyJwaeT aodpekTUBHOCTL U nonesHocts bCC
B LIENOM;



[lpenmyllecTtBa TEEN (2)

« TEEN onepaTuUBHO pearnpyet Ha bonbLune
N3MEHEHUSA B cobnpaeMblX AaHHbIX, YTO
noaxoamT ANsi peakTUBHbIX CLieHapUEB U
KPUTUYECKN BaXKHBIX MPUNOXEHNN.



AJITOPUTMbI BbIBOPA
rONIOBHOIO Y3JIA AJiA
TETEPOrEHHbIX CETEWN



SEP (Stable Election Protocol)

* Anropntm SEP pa3paboTtaH ana Bblbopa
ronosHoro y3na 8 bCC ncxoga ns
NnpeanoONOKEHMUA, YTO B CETU BO3MOXHO Hann4yme
NBYX TUNOB Y3/10B C TOYKM 3PEHUA UX IHEPTUMN:
0bOblYHbIE U NPOABUHYTbIE Yy31bl. [locneaHee
Cpasy e onpeaensaeT, YTo B AAaHHOM C/y4ae CeTb
ABNAETCA reTeporeHHOM. IHeprus NPoaBUHYTbIX
y3/10B 60/1blE, YEM 3HEPTrmMA 0bbIYHbIX. [Tpn 3TOM
nna 06bIYHbIX Y3/10B HaYa/IbHasA SHeprma paBHa
E,, B TO Bpemsa Kak a4nsa npoaBUHYTbIX

EO (1 + a).



DEEC (Distributed Energy Efficient
Clustering)

* PacnpeneneHHbIn aHeprocbeperaroLimnm
anropuTM Knactepusauum gns
reTeporeHbix 0ecnpoBoAHbIX
MHOIOYPOBHEBbLIX CEHCOPHLIX CETEN.



AHeprmna ans DEEC

BepoaTHOCTL BbIOOpa CpenHAan aHeprusa cetu ang
ronoBHOIO y3na NPOU3BOSILHOrO payHaar

¢ p. = _ EW=Ei@ . 1 _r
P = Doy |1 o) ] = E(r) =~ Etotal (1 R)
Ei(r)

opt E(r)




[loka3aTtenu (1)

XN3HEeHHbIN LUK

YKnsHeHHbin umkn BCC MoxeT ObITb
ornpegeneH ¢ NoOMOLLbIO crieayroLmx
nokasarenemu:

— ONUTENBHOCTb MHTEPBAana BpEMEHU OT
Hayana pyHkunoHnposaHua bCC o momeHTa
rmdbenn nepBoro CEHCOPHOro yana,

— ANINTENbHOCTb MHTEPBaNna BpeMeHu 40
MOMEHTAa BpeMEHW, Koraa B XXUBbIX OCTAETCS
3aaHHbIN NPOLEHT CEHCOPHbIX Y3I10B,

— ONUTENBbHOCTb MHTEPBAara BpeMeHu Ao
rmdbenn nocrieaHero CEHCOPHOro y3na.



[loka3aTtenu (2)

e CTaOMNbLHOCTDL

[InnTenbHOCTb NHTEpPBana BpeMeHU OT
Ha4yana pyHkunoHnposaHua bCC go
MOMEHTa rmbenun nepBoro CEHCOPHOIo y3na.

HecTaOunbHOCTDL

[OnnTenbHOCTb MHTEpPBANa BPEMEHN OT
MOMEHTa rmbenm NepBoro CEHCOPHOro yana
0O MOMEHTa BpeMeHn rmbenu nocrieaHero
Yncno XuBbIX y351I0B 1 YNCO NOrModLumnx
y3J10B



CpaBHeHWNe anropnuTmMoB

* B nepBomM cLeHapun ceHCOpPHLIe Y3rbl
cly4YanHo pacnpegerneHbl Ha NTOCKOCTU
pasmepom 100mM*100M. Hmcno y3nos B
ceTu cocTtasngaeT 100 n 6bazoBas CTaHLUUS
HaxXoaOUTCA Ha rpaHuLIe CEHCOPHOro Nong ¢
KoopanHaTtamu (150, 50) m



Moaenb cetu
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[Tepunon ctabmnbHOCTU
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OCTarouHas sHEprus

OcTaTo4Has aHeprus

dt
——laach
- e—ioen

0 400 S00 1200



ueno KUBYIKUX y3I0B

100

YHncno XuByLmx y3nos

L g
I LIg) . : .
1 e e o o o—— o ——— o — —— o— — —

Paynng

2000 3000 4000 5000 6000



Yncno normbLimnx ysnos
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CpaBHeHMe Onsd retTeporeHHbIX
ceTen

* B 3TOM cLieHapun paccMoTPUM
reTeporeHHyt0 CEHCOPHYIO CETb, B KOTOPOWU
eCTb ABa Tuna y3noB — 00bl4YHbIE U
npoaBuHYTLIE. PaccmartpuBaeTca moaerns,
B KOTOPOW Ha4varbHaga aHeprua ans
NPOABUHYTHLIX Y3/0OB B ABa pa3sa bonbLue,
4yeM anst o0bIYHbIX. [1pn 3TOM NX YMCno
cocTtaBnsgeT 10% oT obLyero ynmcna ysnos
Ha CEHCOPHOM rone.



Mopaenb reteporeHHou ceTu
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OcTarouHast OHCPrus
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YHncno XuByLmx y3nos
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Yncno normbLimnx ysnos
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MHoroypoBHeBas reteporeHHas
ceTb

* B 3TOM cLieHapun paccMoTPUM
MHOIOYPOBHEBLIE MO BO3MOXHbIM
9HEpPreTUYeCcKUM XapakTepucTmkam
CEHCOPHbIX Y3/10B reteporeHHsle ceTu. [pu
9TOM reteporeHHasi CEHCopHasl CETb
COOEPKUT CEHCOPHbIE Y3Ibl TPEX YPOBHEMN:
OObIYHbIE, NPOABUHYTLIE U CYNepy3nbl.
KaXXObl y3ern MMeeT CBOIO MEPBUYHYIO
9Hepruto, 3Ha4YeHne NepBUYHON IHEPTUN
N3MEHAETCA B pamMkax oT 0,1 A0 1aX.



[Tepunon ctabmnbHOCTU

1400

1200

1000

800 [

Payn

400 |

200

TEEN

DEEC
LEACH
X
DT
192 719 895 1253

[IepBriii y3en morud




OcTaTo4Has aHeprus

100

0
(e

[N
(e

~
(e

Ocraro4yHast OHEPIusi

[\
o

0 500 1000 1500 2000 2500
Paynn



MoOunbHble BecnpoBoaHble
CeHcopHble Cetn (MWSN).



MobunbHbIX y3en ans coopa
MHdopmaLUun

* CneuunanbHbI MOOUIBHBIW Y3€en UK y3arnbl
y4acTBYIOT B cOOpe nHdopmaumm C
CEHCOPHbIX Y3I10B, YTO CHUXaEeT
9HepronoTpebrieHmne B Npouecce
nepegavyv MHopmMaunm n yesenmimneaeT
OINTENbHOCTb XXM3HEHHOrO LMKNa 3a c4eT
YMeHbLUEHUA cpegHen AnvHbl MapLupyTa
Onsa nepegaym nHgopmaumu.



MoOuUnbLHOCTL 0a30BOM

cTaHUUMN.

 MobunbHaa basoBas cTaHUMA MOXET
nepemMellatbca mexay doparmeHTamMmu
CETWN, YTO TaK Xe, Kak 1 B nNpeablayLliem
criy4yae, CHMXaeT aHepronoTpebneHmne n
yBenMunBaeT OSIUTENbHOCTb XXU3HEHHOIO

LMKIa CEeTH.



MoOUNLHOCTL COObLITUN

* B BCC cobbITne, KoTopoe AOIMKHO
HabnaaTbCcsd, TakKe MOXET ObITb
MOOUINbHbLIM (HaNpPMUMeEp, B 3agavax Nonucka
Lenew), npu 3Tom pasnuyHele y3nsl bCC
CTaHOBATCA “OTBETCTBEHHbLIMW” 3a
HabnageHne Takoro coobITuA.



MoOUNbLHOCTbL YFIeHOB KracTtepa
M rOFyIOBHOIO y35a Knacrepa.

MoOUNbHOCTb YNEHOB KracTtepa u
rOSIOBHOrO y3r1a KrnacTtepa, oka3biBas B
LlenoOM OTMEYEHHOE BblLLE MONOXNTENbHOE
BnusiHMe Ha napameTpbl BCC, ctaBuUt 1
Lenbin psan HOBbIX Npobrem ang
knactepusaunm moobunbHbix BCC, BKrto4as
Npobnembl yCTOMYMBOCTU KIacTepa.



Moaoenn MobunbHOCTI

e cNy4yanHasg MOBUNbHOCTb
*peackasyemasd MoOOUNbHOCTb
* yripaBnsieMast MOOMIbHOCTb.



BpemMeHHbIe rofioBHbIE Y3bl.
Moaenb ceTtu (1).

[TyaccOHOBCKOE CEHCOpPHOE Mnorsie NOoSIHOCTLHO PAChonoXXeHo B
reteporeHHoun 3oHe LTE. LLInto3 pacnonoxeH B LEHTpeE
CEHCOPHOIO rnons Ha pacctosiHum 500 M oT 6a30BOU CTaHLUMK
LTE. 100 CeHCOpHbIX Y310B pacnpenernieHbl U3HavyanbHo
cry4yanHbIM 0bpa3oM Ha NI0CKOCTU pa3mMepom 200 Ha 200
MeTpoB. CeHCOopHbIe Yy3rbl CTaunoHapHbl. Pagnyc gencreusa
CEeHCOpPHOro yana 20 M, 3anac dHepruu B Kaxkxgom ysne — 2[1x,
pacxod aHepruun Ha npmem - 50 HIx/ouT, Ha nepegavy — 50
HLX/OUT 1 gononHuTenesHo 100 nX/kB.M. BCce ceHCopHble
y3nbl OAQHOPOAHbI, T.€. UMEKT O4NHaKOBbLIN paanyc OeNCTBUS
N Ha4YanbHblE 3HEPreTu4Yeckne xapakrepuctukn. CeHcopHoe
nose KnacrtepusoBaHo. B COOTBETCTBUM C MPaAKTUKOU
Mcnosib3oBaHns anroputmMma LEACH gonsa ronoBHbIX Y3108
npegonpegeneHa B Konn4ecTse 5% oT obLwero Ymicrna
CEHCOpPHbIX Y3MnO0B.



BpemMeHHbIe rofioBHbIE Y3bl.
Moaenb ceTtu (2).

Hepes ceHcopHoe nore 1 pa3 B 100 payHA0B MPOXOAUT MOOUIIbHbBIN
y3€eIl NHOW CETU CO CKOPOCTbLIO 2 M/c (TUMOBAsi CKOPOCTb AJ1S
MOBUIIbHBIX CEHCOPHbLIX CETEN), KOTOPbIN CTAHOBUTCS MOSTOBHbLIM
Y3rnoMm Ans nepecekaemMblX UM KractepoB. Toyka Bxoga 3Toro yana B
CEHCOpHOe noJsie crnyyvyanHa. Takke criydanHbIM ABAeTCS HOMEP
nepBoro payHaga ansg MobunbHOro BpEMEHHOIO roffloBHOIO y3na.
[Tocne Bxoga MoOOUNbHbIN FOSTOBHOW Y3€er NepecekaeT CEHCOPHOE
nosie napansnensHoO CToOpoHaM KBagparta. ATOT MOOUIbHLIN y3en
CTaHOBUTCHA BPEMEHHbLIM FOSIOBHbLIM B MEPBOM Xe LieriloM payHae
nocre ero NosABNeHnst B CEHCOPHOM rnorsie. MobunbHbIN rosTIOBHON
y3en cuMTaeTcs BblObIBLUMM U3 CEHCOPHOTO Monsi B MOMEHT BPEMEHMH,
Korga HacTynaeTt odepenHomn payHa, a 40 nepecevyeHus rpaHunLbl
CEHCOPHOrO Mnosid 3ToOMY Y35y OCTaeTcs BpeEMEHN MeHbLLE, YeM
ONNTENbHOCTL payHaa. [pu 3TOM OH yXXe He MOXeT bbITb n3bpaH
BPEMEHHbIM rofoBHbLIM. [py HaNN4YMM MOBUITBEHOro BPEMEHHOIO
FOSTOBHOIO y3Mna B CEHCOPHOM MOoJi€ YMCNO BblbMpaeMbIX rONOBHbIX
Y3I10B U3 Yf1eHOB Kactepa yMeHbLluaeTcs Ha eamnHuly. CobpaHHyto
3a BpeMsl NnpebbiBaHMA B POSiv FONOBHOIO y3rna MOOUNbHbIN
BPEMEHHbIN FOSTIOBHOW y3€es nepeaaeT Ha LWso3 nnu 6a3osyto
CTaHUuIo.



N3meHeHne BEPOATHOCTU JOCTYNHOCTU BPEMEHHOIO MOBUMNBHOIO
rONIOBHOIO y3na OT BPEMEHU ANt Pa3HbIX CKOPOCTEN ero
nepemeLleHuns

p40)
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v=2 m/c
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AfanTUBHbLIM aNropuTM Knacrtepusauum ans
6ecnpoBOAHbIX CEHCOPHbIX ceTe C MOOUNbHbLIMMU

yanamu (MACA)

B aTOM anroputme knacrtepusaumm MoOUIbHbIN
CEHCOpPHbIN y3en BblonpaeT ceds rofioBHLIM Y310M
Knactepa Ha OCHOBE NPOCTOro TO4eYHOro
npeaukTopa SPP (Single Point Predictor) on4
KOMOMHNPOBAHHOIO KPUTEPUSA NPOrHO3UPOBAHUS
(anropuTtm DCA). lpyrue y3nbl npeactaBnatoT
cobOW YreHbl KnacTtepa, onpeaensieMble Ha
OCHOBE HEKOTOPOro 3HaA4YeHMS, YKa3bliBatoLLEro Ha
NX NPUro4HOCTb AN NOAKITIOYEHUA K KOHKPETHOMY
rofioBHOMY y3ny (anroputm MBC). CoyeTaHne aByx
N3BECTHbIX anropuTMoB obecnevnBaeT
CYLLECTBEHHOE YBENMUYEHNE ANNTENBHOCTH
XXNU3HEHHOIo UMKna cetu n ee ctabunbHOCTI.



icnonb3oBaHWe NpegnKTopoB

* ViccnenooBaHbl TPW 9BPUCTUYECKNX
npeguKkTopa: NPOCTON TOYEYHbIN
npegukTop SPP (Single Point Predictor),
NMMHENHbIN 3KCTPanonALNOHHbIN
npeaukTop LEP (Linear Extrapolation
Predictor) n rubpunaHbin npegnkTop HP
(Hybrid Predictor). iccnenoBaHue
nokasarno, YTo NPOCTON NPeanKTop SPP
obecnevynBaeT HandorbLINN NO
ONNTENBHOCTU XXU3HEHHbIU LMK
CEHCOpPHOU CeTW.



APXUTEKTYpa CETU NMPU
ncnonb3oBaHum anroputma MACA




CTtabunbHoCTb Knactepa (1)

* [lockonbKy paccmaTtpuBaemMasi CEHCOpHas CeTb
COCTOUT 13 MODOUIbHLIX Y3510B, TO B (pase
CTauMoOHapPHOro COCTOSAHUS CETU BaXXHbIM MNPOLIECCOM
SBnseTcsa BO3MOXHbIN nepexon bCY n3 ctaporo
KrnacTtepa B HOBLIN,

 [lpun aTOM, KOrga roriloBHOW y3en Krnacrepa He
NPUHUMAET OaHHble OT YfeHa KnacTtepa, OH yaanset
ero U3 pacnmcaHua nepegayn. B 1o xe Bpems, ecnu
BCY (4neH knacTtepa) He nosy4vyaeT 3anpoc Ha
nony4yeHne gaHHbIX OT CBOEro royioBHOro y3na, aToT
y3en byaeT NbiTaTbCs nepenarts CoobLLEHNE Ha ApYrov
ronoBHoW y3en knactepa. [1nsg atoro B Kaxxgom
rOSfIOBHOM Y3ne Knactepa npeayCMOoTpPEHO
onpegeneHHoe Ymcrio cBoOOAHbIX MHTEPBANOB
BpeMeHU Ons nepegaym nHgopmauuu.,



CTabunbHoOCTb Knactepa (2)

« Kpome Toro, ronosHoun y3en knacrtepa n bCY
MMEKT MHOPMALIUKO O MPUMEPHOM BPEMEHMN
nepegayv MHopmaummn, 1 MOXXHO 3apaHee
npoBepuTb byaet nu bCY octaBaTbcsa B
KrnacTtepe, Koraa B ero BpEMEHHOM UHTepBane
NpuAeT 3anpoc Ha nepenadvyy MHopmauun.,
Ecnu ectb yBepeHHOCTbL B TOM, YTO BCY He
OCTaHETCS B Knacrepe, y3en gOoImKeH
nepegaTb 3anpoc Ha NPUcoegmnHEHUE K
HOBOMY KnacTepy 1 ctapatbcsi n3dexartb
BbonbLUINX MOTEPL NAKETOB, NpeXxae 4Yem OH
NoTEPSET CBSA3b C TEKYLLMM rOfOBHbLIM Y3I1OM.



OTKa30yCTONYMNBBLIN arropuTm
knactepudauum ana bCC FT-TEEN

» ®asa popmMnpoBaHUA Knacrtepa

« Qaza nepengayvn gaHHbIX

« OOHapyxeHne oLnNDKN

* [1poLiecc BOCCTaHOBIEHUSA OLLNDKM



APXUTEKTYpa CETU NMPU
ncnonb3oBaHuu anropntma FC-TEEN

Péﬁ‘epsmﬁ. _\,’gen_(Subi'éH)
Tonoewnoii vzen (CH)
C

€HCOpHII y3eln




Uncno ycnewHo nepegaHHbIX NakeToB OT YEHOB
KrnacTtepa Ha CH (BeposaTHOCTb onbkm 10%)
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Yucno yCcnewHo nepegaHHbiX NakeToB OT CH Ha

6a30By0 CTaHUMIO KaXkabln payHa (BepoaTHOCTL

OLLMNOKK 10%)
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Yucno ycnelwHo nepeaaHHbIX
NakeToB OT YNeHOoB KnacTtepa Ha CH
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AnropunTtMbl BbiDOpa rofiloBHOro y3na
011 TPEXMEPHOro NPOCTPaHCTBA

[1.ABakymoB. Anroputm MCA. GnekTpocsidb Ne4, 2014. ICACT’2014.



CpaBHeHMEe anropmnTtmMos (1)
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CpaBHeHME anroputmMos (2)
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