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AHHOMayus — paccMaTpmBaeTcs NpoLecc ynpaBrneHus To-
norornen 6ecnpoBogHON CEHCOpHOM ceTu. PelleHne no noncky
onTUManbHOM TOMOMOTMU NPUHUMAETCs Ha OCHOBaHWM Gasbl
npaeun (MeTanpasui) peanqayloLwmx pasnuyHble Lenu ynpas-
NeHusi ceTbto (OCHOBHAs Lieflb — MUHUMM3aUmMs pacxofa aHep-
rm 6aTapen).

|. BBegeHue

PaccmatpuBatotcs 6ecnpoBogHbIE CEHCOPHbIE CETU
(BCC) nnn Wireless Sensor Network (WSN) — pacnpe-
OeneHHble CeTu, cocTosilune U3 manorabapuTHbIX CEH-
COpHbIX y3MOB (MHTErpuvpyloT (YHKLUUM MOHWUTOPUHIa
oKpyxatLen cpepbl, 06paboTkv, nepegaym u peTpaHc-
NAUMN OaHHbIX) M 6a30BbIX CTaHLUMIA, KOTOPbIE BbIMNOI-
HAIOT OYHKUMM LWIMIO30B MO nepejade cobpaHHOW WH-
dopmaunn u dyHkuun ynpasnenus BCC [1]. OCHOBHbI-
MW 3M1EMEHTaMWN CEHCOPHbIX Y3M0B SBMSIOTCA: AATYMKM
KOHTpOns pm3nyeckux napameTpoOB OKpyXalollen cpe-
Obl (ONTUYECKNA, XUMUYECKUA, OBWXEHUS U T.M.), 6rnok
MUKPOKOMMbIOTEPA, aKKyMynaTopHble 6aTapew, npue-
MornepefaTyuk, cucteMa no3NLMOHMPOBaHUA (Hanpu-
mep, GPS).

OcobeHHocTamn BCC aBNsOTCA: OrpaHNYeHHOCTb U
HEOHOPOOHOCTb PECYPCOB CEHCOPHbIX Y3roB (3HEpro-
eMKocTb G6aTtapei, NpoayKTMBHOCTbL NPOLLEeCCopoB, 06b-
eM namsiTM 1 T. A4.); pasHble Tunbl Tpaduka (OaHHble,
BUAEO0); HEHAAEXHOCTb, OrPaHNYEHHOCTb pagmopecypca
N KOMNMEKTUBHbIA XapaKTep ero UCnonb30BaHus; OrpaHn-
YeHHas 6esonacHocTb U ap. ObecneunTb acpdeKTUBHOE
ynpaenenve BECC HeBo3MOXHO 6e3 COOTBETCTBYHOLLEN
cuctembl ynpaenenns. OQHOM 13 OCHOBHbIX 3aady one-
patuBHoro ynpaeneHuss BCC aBnsieTca ynpaBneHue ee
Tononorven [2].

[I. OcHOBHas YacTb

3apaye noctpoeHuns Tononorum BCC nocssweHo
Gornbloe KonmyecTBo paboTt. B [3] onpepensietca Tak
HasbIBaeMoe ,,Marm4eckoe 4Yucno”, onpegensiwllee on-
TUMarnbHY0 CTEMEHb CBA3HOCTW Y3NOB CeTu AN OnTu-
MU3aumMM ee nMponyckHon crnocobHocTu. B [4] nokasaHo,
yto ana N cnyyariHbiM 06pa3oM pa3meLleHHbIX Y3roB
KaXkablii y3en OOoMKeH ObiTb CBsI3aH, N0 MEHbLUEN Mepe,
c O (log N) cocegamun. B [5] ans nocTpoeHUss 3Hepro-
eeKTMBHON TOMOMOrMN NPeasioXkeHO UCMOoNb3oBaTh Tak
Ha3blBaeMble RNG-rpacpu. B [6] ncnonb3oBaHbl pasHble
cTpaTterny Bblbopa y3noB peTpaHcnsaTopoB (bnvkanwmia
K OTNpaBWTENiO, AarbHUA OT OTNpaBuTEns, C Makcu-
ManbHbIM MPOABWXEHVWEM, C MUWHMMAIbHBIM YIIIOM,
Gnvkanwmnin Kk agpecaty) € Uuenbio onTuMmusauuy npony-
CKHOW CNoCcOBGHOCTU CeTU.

OpHako GONbLIMHCTBO WMCCNELoOBaHWA He paccmart-
puBaloT uUeneBon YHKUMEN MOLLHOCTb nepedayun, a
npegnaraloT OTAeNbHbIe NpaBuna NOCTPOEHMsT Tonoso-
rmu, kotopas byaet umeTb Te Unu UHblEe cBoicTBa. [o-
3aTOMy, npefnaraeTcsi peanu3oBaTb MOMyYeHHble npa-
BWMa MoCTPOEHWUs TOMOoMornv, NPoBECTU MX Knaccudwm-
Kaumio, o0beaMHNTbL MX B 6asy 3HaHWN MO KPUTEPUSM
OOCTWKEHUS TOW UINN MHOW Lieny onTUMu3aLuu.

Mop noctpoeHnem Tononorun 6CC 6ynem noHumatb

ynpasneHue UT, n3mMmeHqdwulee ee TOnNoriorMk B MNpo-

Lecce (OYHKLUMOHMPOBaHUA 3a cyeT nepepacnpenene-
HUA MOLLHOCTe/ nepedad y3noB p, C uenbo Z,,

k=1K:
- CUCTEMHOW onTuMusauum: Z, — MUHUMMU3aLMS
MOLLHOCTeW nepefayn y3nos (minp,) 1 obLien MoLLHo-
N
CTN CEeHCOpHOIi ceTn Py, =>'p; B Lernom (no mapLupy-
i=1
Tam nepefdauyn); Z, — obecrneyeHne CBA3HOCTU CeTU
(cBsisHOCTM Mexay ysnamu i n u — cv,, =1); Z, — Mu-

HMMU3aUMM BpEMEHW 3afepXKu nepejayn cooblieHui
(min t,); Z, — MakcMMmM3aLmMn NPOMYCKHOW CNOCOBHOCTU

cetn (max S);
— NoNb30BaTeNbCKON ONTUMM3aUMK: Z, — BbINOMHe-

Hue TpeboBaHWI NO MapLUPyTM3aLMM UHPOPMAaLMOHHBIX
coobleHnn (HanpumMep, NO onepaTUBHOCTU AOCTaBKU
coo06LLEeHMIn Mexay napol oTnpaBuTenb-agpecaT) v ap.
Heo6xoaumo: B pexvMe peanbHOro BpeMeHn HanTm
matpuuy cesasHocTu CV* (onpedenutb MOLWHOCTb nepe-

Jaun p, Kaxpgoro ysna i, i:l_N), obecneynBaroLLyto
BbINOMHeHWe Leneson dyHkummn Z,, K =J,_K. Hanpu-

Mep, Ans Z, uenesas yHKUMUS NPUMET BUA;

CV' = ||cv;

= argLTmlng P(CV) =
oM NN 1)
=argmin 3> > p(m,,(CV))

T T m=la=1b=1
npu BbINOJTHEHUN OrpaHVILIeHVIVI Ha MHOXeCTBO YynpaB-
NALWMX BO3OENCTBUIN N pecypcbl ceTn Q.

t:f(mab) < t:fnon (lgb(mab) < lfwn)! qfu < Sqon(cviu)v

p| = pmax' El6 = EG

imax

Q, +(2)

roe t — sapepxka nepegaun Tpadika & - ro tvna, qf, —
MHTEHCUBHOCTb MOTOKOB MakeToB, MOCTynawLlmux Mo
BCeM mapuwpyTtam m, ; (i,u)dm, — mapLpyT ¢ oTnpa-
BUTENEM B y3fe a u nonyyatenem b; p, — mowHocTb

nepegayun i-ro yana COOTBETCTBEHHO MPUHATBIM Map-
WPYTHBIM peLLeHusM; s(cv,,) — nporyckHasi cnocob-

HOCTb pajuokaHana; |5, — KONM4ecTBO peTpaHCcRAumil
coobueHnn no wmapwpyty my; p(my)= Z(piu);

(i.u)omap

Prax + Emax+ tagons lgon — OOMYCTUMbIE (MaKCUMarbHbIE)

3HaYeHUS BbILLEYNOMSHYTbIX MapaMeTpOoB.

Lnkn ynpaenenus Ttononorvmen BCC BknoyaeT cne-
aywouwme atansl [7]:

- cbop uHdpopMaumm 6a3oBoW CTaHLMER O COCTOSI-
HAM M napameTpax (PYHKLMOHMPOBAHUS CETU UNu ee
30HbI (MHDOpPMaUUsi MOXET ObITb Nofy4YyeHa Mnpu KHU-
uuanusaumm cetu, npu  pyHKUMOHMPOBaHUN MeToha
MapLIpyTU3auum unu 3oHAMpPOBaHNEM CETH);

— pacyeT U OuUeHka napaMeTpoB ee (DYHKLMOHMPO-
BaHwus;



— HaxoXaeHve HOBOW Tononoruu cetu (B crnyyae oT-
KMOHEeHWs napameTpoB (PYHKLUMOHMPOBAHMSA OT Aonyc-
TUMbIX 3Ha4YeHWI), KOTopas peanu3yeT Uenb ynpasne-
HUS CeTbIo;

— [JoBefeHve [0 Y3M0B MPUHATOro pelueHus (MoLy-
HOCTb MepegaTymka CEHCOPHOro y3na).

MonyyeHne TOYHOro pelleHuss Ans ceTW, KoTopas
HacuMTblBaeT AECATKN (COTHW, ThICAYM) Y3MOB, CBSI3aHO
CO 3HauuTeNbHbIMM BpeMeHHbIMW 3aTpaTamu (3agava
oTHocuTCs K knaccy NP-nonHbix). [MosToMy Ans cokpa-
weHnss nepebopa Tomonoruv npeanaraeTcs UCNomnb3o-
BaTb MHOXECTBO npaBwun (CTPYKTYPHbIX, MOTOKOBbIX,
3Heprocbeperarowmx), obbeanHeHHbIX B 6a3y npasun,
KOTOpble M3MEHSIOT CBSI3HOCTb CEeTU ANS Yy4lueHus ee
napamMmeTpoB.

MprvmMeHeHne 6a3bl NpaBwn BKMOYAET MTePaLMOH-
Hyto cxemy, coctoswyo us moaynen AHAJING, BA3A
3HAHWI, YNPABEHME (puc. 1).
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Havaneaeie &
napameTpsl Ipennoxennoe peenne
ceTH A (Tonanorus cetu CV**)
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Prc. 1. Cxema nonydeHust pelieHHs! ¢ UCTIQIB30BAHAEM 0asbl TIPaBIIT

Moagyne AHAJITN3 npepgHasHaveH ans pacdeTa na-
pameTpoB BCC (MowHOCTM y3rioB ceTn P, nponyckHomn
crnocobHOCTM ceTu S, cpedHen 3adepxku nepeaadv

nakeToB t' Mo MaplupyTam npu 3afaHHON BXOQHOM Ha-

rpyske, MapLUpyTHbIX pelleHnsix, cBsisHoctu CV  u npo-
TOKOMa AO0CTyNa K KaHary) C MOMOLLbIO aHanUTUYeCcKnx
Moaenen.

Mogyns BA3A 3HAHWWM copepxut npasuna, obec-
neyvBaloLye HamnpasneHHbIA NOUCK U3MEHEHUST CBSI3HO-
CTW, UCMOMb3ys MNOMyYeHHble napameTpbl U3 MOAyns
AHANWS. lNpaBuna npogykUMOHHOTO TWMa COCTOAT U3
ABYX KOMMOHEHT: ycrnosue u AencTene. Ycrnosue onpe-
AenseT NPUMMEHUMOCTb MpaBuna B KOMMYECTBEHHOM
BbIpaXXeHWK, a AencTBME NCNOoNb3yeTcs A5 YA0BNETBO-
peHns ycrioBMS W ONUCbIBAET W3MEHEHWEe CBS3HOCTU
ceTn. MpeanoxeHsl NpaBuna Tpex TUMOB: CTPYKTYPHbIE
— aHanusupyloT CTPYKTYpy rpada ceTu 1 NbiTaloTcsa COo3-
AaTb CTPYKTYpy CeTu, KoTopas BnageeT HauMeHbLMMU
pacxogamun SHeprum unuv HamebICLLEW MPOU3BOAUTENb-
HOCTbIO; MOTOKOBblE — OBHaPYXMBAKOT Meperpy>KeHHbIN
y4acCTOK CeTU W MbITATCA HanpasBuTb AaHHbIE MO Map-
wpyTaMm C ManoW Harpyskon; aHeprocbeperawolie —
MbITAIOTCA MOCTPOUTL TOMOMOMMI0 C MUHMMAarbHOW pac-
XOAyeMOW MOLLHOCTBbIO W/MMN yYnTbIBAKOLLME SHEPTUIO
GaTapei y3noB Ha MapLupyTax nepegayn.

Moayne YMNPABJIEHUWE onpegensetr nocnegosa-
TENbHOCTb MPUMEHEeHUs (MCNoMb3yloTCA MeTanpaBuna)
1N MOMEHT OKOHYaHWs NPUMEHEHUS NpaBwus.

I1l. 3aknto4yeHune

Takum o6pa3om, NpumeHeHne 6a3bl NpaBun Ans no-
cTpoeHuns Tononormm BCC nosBonsieT nonyunts 6nuns-
KM€ K ONTUMarnbHbIM PELUeHUs B pexumMe pearibHoro
BPpEMEHW W peanu3oBaTtb MPeArioXKeHHble npaBuna B
cneumanbHoOM NporpaMMHOM obecnedeHUn yrnpaeneHus
CEHCOPHOI1 ceTblo.
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Abstract — topology control process for the wireless sensor
network is considered, consisting in using of database rules for
decreasing consumption of battery energy by transmission
power controlling of nodes.

|. Introduction

The given wireless sensor networks (WSN) consist of small-
size wireless nodes and base station that communicate with
each other and behave as a gateway for transmitting
information to the control unit. Sensors consist of the main
parts: sensor unit, computer, battery unit, radio transmitter
(receiver) and positioning unit. One of the main problems WSN
operational control is topology control.

Il. Main part

A lot of topology construction methods for using in WSN
have been offered. However, a lot of researches do not discuss
transmission power as a criterion function. They offer individual
rules for topology construction with some properties. So it is
necessary to combine them in database according to minimum
transmission power criterion.

The topology control is a control process that changes
WSN topology at the time of functioning process with the aim
of:

- system optimization (minimum transmission power of
nodes and total network power);

- user optimization (execution of requirements for routing).
It is performed by transmission power controlling.

Topology control cycle consists of the following stages:

- information acquisition by the base station about network
condition;

- characteristics calculation and analyze of network fu
functioning;

- new network topology calculation for node control
purpose realization.

Obtaining exact value for large network needs a lot of time.
So that it is proposed to use a set of rules (structural,
streaming, energy-saving) for changing of network connectivity.

Database using includes iteration procedure consisting of
ANALYSIS, DATABASE, CONTROL modules.

Il Conclusion

Realization of proposed topology construction database
rules allows to find suboptimum network topology at the real-
time mode. In addition, realization of proposed rules in special
software of the sensor allows to increase the effectiveness of
WSN resources usage (battery capacity).



