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METO/ EBOJIOIIMHOI ONITUMIBAIII CTPYKTYPH BE3ITPOBIJHOI
CEHCOPHOI MEPEXKI

Y mexax uiei poboTv po3risaacTeCcs 3a4ada CTpykTypHOI ontumizauli torosnorii BCM, sika rnosisira€ y BU3HaqYeHHl KoopanHar
CEeHCOPHUX BY3/1IB TAKUM YHHOM, LOO 336E31e4UTH MAKCUMATIbHE MOKDUTTS KOHTPO/ILOBAaHOI 06/1aCTi Mpy 3a4aHivi KiflbKoCTi By3/1iB;
YHUKHYTU HaAMIDHOIO NEPEKPUTTS 30H Ali CEHCOPIB, AOTPUMYBATUCh OOMEXEHHS Ha MIHIME/IbHY MIKBY3/I0BY BIACTaHb, LYO AO3BOJISE
YHUKHYTU 3/IMTTA 30H MOKpUTTA. [peqcTasieHo 6/10k-CXxemy rpOroOHOBaHOrO rEHETUYHOro airoputMy A1 OfNTUMI3aLII CTDYKTypU
6E3IIPOBIAHUX MEPEXEBUX BY3/TIB NPy IX BUNAAKOBOMY PO3MILLEHHI, 34IMCHEHO PSA IMITALIVIHNX EKCITEPUMEHTIB (3 PO3MILLEHHS BY3/1iB
Py PIBHUX 3HAYEHHSX pagiycy Aii (20 M, 30 M, 40 M), 3MIiHIOOYH OOMEXEHHS Ha MIHIMAaIbHy MPKBY3/10BY BIACTaHb. OTDUMAHI
PE3YIbTATU MOKA3YIoTh, O 1Py 30IIbLIEHH] KiIbKOCTI [OKO/IiHE 3/IrOPUTM AEMOHCTPYE MOKPALYEHHS EQPEKTUBHOCTI poboTy, Lo
BIAOOPAKAETHCS SMEHLLEHHSIM HaK/1a4arH s 30H BY3/1iB.

KITt040Bi C/10Ba: CTPYKTYpa MEPEXI, FEHETUYHMIY a/IrOPUTM, CEHCOPHUI BY3071, MDKBY3/10Ba BIACTAHb.

PYRIH Yaroslav, PYRIH Yuliia

Lviv Polytechnic National University

EVOLUTIONARY OPTIMISATION METHOD FOR THE STRUCTURE OF A
WIRELESS SENSOR NETWORK

The paper focuses on the evolutionary optimisation of wireless sensor network (WSN) topology using a genetic algorithm
(GA) as the main computational tool. The research addresses the critical problem of sensor node placement within a monitored area,
which directly impacts coverage efficiency, energy consumption, and overall network resilience. The optimisation task is formulated
as a structural problem that aims to determine node coordinates to achieve maximum coverage with a limited number of nodes, avoid
redundant overlaps of sensing zones, and comply with minimum inter-node distance constraints to prevent coverage merging. To this
end, the authors propose a GA-based approach that incorporates adaptive crossover and mutation probabilities, enabling the algorithm
to escape premature convergence and to explore the solution space more effectively.

A block diagram of the proposed method is presented, detailing the algorithmic stages of initial population generation,
fitness evaluation, selection, crossover, and mutation. The fitness function is designed to minimise the overiap of coverage areas
while maximising spatial distribution uniformity. The method was validated through a series of simulation experiments under
conditions of random node deployment with varying sensing radii (20 m, 30 m, and 40 m) and different minimum inter-node distance
thresholds. Visualisations of intermediate and final optimisation stages are provided, demonstrating how the algorithm progressively
improves deployment quality with increasing generations. The results show that the proposed method effectively reduces redundant
coverage and enhances network structure adaptability. The global optimum was achieved at generation G=117, yielding a balanced
deployment of nodes across the target area.

The experimental findings highlight the effectiveness of evolutionary approaches for WSN design, showing that the GA can
provide near-optimal solutions in complex and large-scale environments where traditional analytical or brute-force methods farl.
Furthermore, the adaptability of the algorithm makes it suitable for dynamic scenarios requiring rapid deployment with limited prior
knowledge of terrain or application-specific constraints. The study also emphasises the potential integration of the proposed method
with other evolutionary paradigms, such as particle swarm optimisation and differential evolution, to further improve accuracy and
convergence speed.

In conclusion, the work demonstrates that GA-based optimisation of WSN topology is a promising tool for achieving efficient
coverage, reducing energy waste, and ensuring the reliability of sensor networks. Future research directions include hybridisation
with other metaheuristics, real-world deployment testing, and applications in large-scale Internet of Things (IoT) systems where
adaptive and scalable network design is essential.
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MOCTAHOBKA IMTPOBJIEMMU Y 3ATAJIBHOMY BHUIJISIAI
TA 1i 3B°S130K I3 BAXKJIMBUMH HAYKOBUMHA YN ITIPAKTUYHNUMU 3ABJAHHSIMHA
OmHUM 13 OCHOBHUX BUKJIMKIB ITPY MPOEKTYBaHHI 0e3MpoBiqHuX ceHcopHUX Mepexxk (BCM) e 3abe3nedeHHs
e(peKTUBHOTO MPOCTOPOBOTO PO3MIIICHHS CEHCOPHHUX BY3JB, SKE [103BOJISIE JOCAITH MaKCHMAaJIbHOTO MOKPHTTS
TEPUTOPIl PH MiHIMaTBFHUX BHTpATaX EHEPropecypcCiB Ta 3HIKEHHI HAJAMIPHOCTI CTPYKTYPH Mepexi. 3Bakarodn Ha
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CKJIaTHICTP 1 OaraTOKpHUTEPiadbHICTh 33729l ONTHUMAIBEHOTO PO3MIIIEHHS BY3JIiB, TPAINIiHHI METOIH (aHATITHIHI a00
X TNPSIMOro nepebopy) 4acTo BHUSBISIIOTHCS HEJOCTaTHHO €(PEKTHBHUMHM, OCOOJMBO JJIS BEIMKHMX 1 JUHAMIYHHX
cepeoBHI. Y 3B’A3Ky 3 UM yce OUIbIIOI MOMyJsipHOCTI HaOyBalOTh €BOJIOLINHI IMiIXOIH, 30KpeMa IreHEeTHYHI
anroput™u (I'A), sIKi 103BOJISIOTH 3HAXOAUTH HAOJIMIKEHO ONITUMANIBHI PIIEHHS Y CKJIQHUX JUCKPETHHUX MIPOCTOPAx
3a PO3yMHHUI 00cAT 00UUCITIOBaIBHUX pecypciBs [1,2].

['eHeTHYHI aIrOPUTMH IMITYIOTB MPOLEC IIPUPOAHOTO 1000PY, BUKOPUCTOBYIOUH I'eHETHYHI ONEepaTopu JUis
MOCTYIOBOTO TMOKPAILEHHs pillleHh Ha OCcHOBI ¢iTHec QyHKuUii (mpucrocoBanocti). Takum YHMHOM, €BOIIOLIMHA
ONTUMI3aIlis BiJKPHBa€e HOBI MOKJIMBOCTI IS IPOEKTYBAHHS OiTBIN aTaNTUBHUX i €(pEKTUBHUX CEHCOPHHUX CHUCTEM
[3, 4], o B cBOTO Uepry 0OYMOBIIOE aKTYaIbHICTE BiMOBIAHOTO JOCIIIKCHHSL.

BHUKJIAL OCHOBHOI'O MATEPIAJIY

Crenapiii BHITAZIKOBOTO pO3TAITyBaHHS CEHCOPHHX BY3JB y Oe3mpoBinmHiii ceHcopHil Mmepexi (BCM)
3a3BHYail 3aCTOCOBYETHCS B CHTYAIlisIX, KOJMM HEOOXiMHO 3a0e3MednTH IIBHUAKE pO3TOPTAHHSI MEpEeKeBOi
iHpPaCTPYKTypH 3 MiHIMaIbHUMHU PECYPCHUMH BUTpPATaMH Ha il MPOEKTYyBaHHs Ta KOHQIrypauio. Y TakoMy Miaxo/i
BY3JIM BCTAHOBIIIOIOTHCS 0€3 JOTPUMAaHHSI YiTKOT CXeMHU — 1X KOOPAMHATH BU3HAYAIOThCS BUIIAJKOBUM YHHOM Y MEXKaxX
3agaHoi reorpadiuHoi obnacti. OnHaK MOAIOHE HEKOHTPOJBOBAHE PO3MILEHHS YacTO CIPHYHMHSE HEPIBHOMIpHE
MOKPHUTTSI CEHCOPHOTO TOJIsl Ta TOTIPLICHHs TOMOJIOTTYHOT 3B’SI3HOCTI OKPEMHUX BY3JiB. YHACHIJOK [[bOTO MOXYTh
BUHMKATH TPYAHOLII B OpraHizamii epeKTUBHOI MaplpyTu3allii, 110 HEraTUBHO BIUIMBA€E HA 3arajibHy CTiHKICTb i
HalifHICTh QYHKIIOHYBaHHS Mepexi [5, 6]. [l ycyHeHHs Takoro HETaTUBHOI'O BIUIMBY HPOIIOHYETHCS 3aCTOCYBATH
PO3pOGIICHUIA METO, AITOPUTM POOOTH SIKOTO HABEICHO HA pHC. 1.

MouaTok

Po3mip gocnigxyBaHoro nons, KinbKictb
iCHYIO4Y MX BY3/1iB, KiNbKiCTb HOBWX BY3/iB,
MiHiManbHa MixKBYy3/10Ba BiACTaHb,
[A0B3MHa XPOMOCOMMU, PO3MIp
nonynAuii, KinbKiCTb NOKONiHb,
afanTMBHe 3HaYeHHA IMOBIPHOCTI
CcXpeLyBaHHA Ta MyTaLii

v

IHiuianizauia koopanHaT By3nis

v

DPopmyBaHHA NOYATKOBOI NONyAALii BUNaAKOBUX
0COBMH, KOXHA 3 AKUX CKNAAAETHCA i3 CNUCKY
KOOpPAMHAT By3/iB

-/iHiLl,i anisauia NOpPOXKHbLOI CiTKU-AY CKPETU30BAHOI NAOLLL
06uncneHHa GiTHeC OYHKLUiT ANA KOKHOT 0COBUHM - 06YMCNIEHHA MEX NOKPUTTA AR KOXKHOrO By3na
f () :imax(o,valma‘,(i)—l) - reHepaLLia CiTKM NOKPUTTA ANA KOXKHOrO By3Na
= + - Bia6ip ToUOK, AKi 3HaX0AATLCA BCEpeAUnHi abo Ha Mexi 3agaHoi Kpyrosoi obnacri

A - 06UMCNeHHA KiNbKOCTi NepeKpuTTiB
) Bin6ip Kpalumx 0 COBUH LUNAXOM 3aCTOCYBAHHSA Ay Pexp

TYPHipHOrO oneparopy

v

CxpeLyyBaHH s 0COBWH LWNAXOM 3aCTOCYBaHHA
[IBOXTO4KOBOFO Ofeparopa

v

MyTauis 0cobUH LWNAXOM 3aCTOCYBaHHA
onepaTopa o6miHy

v

06uncneHHa diTHec GYHK LT ANA KOKHOT HOBOT
0COBUHU

,qOCR THYTO MakCMManbHOro
QYeHHA KiZIbKOCTi NOKONiHL2

Bu6ip 0COBMHM i3 HAMEHL UM 3HaUYeHHAM diTHeC-
yHKUIT Ana MiHIMi3auii HakNageHHA By3nis

v

Bisyanisauina pesynbtaTis

Puc. 1. Po3po6.1enuii a1roput™ ontuMizanii po3raimyBaHHs Mepe:KeBUX BY3JIiB
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Ha erami BXimHUMX [OaHUX 3amal0Thcd HEOOXimHI mapamerpw. Jlami BHIIAIKOBHM YHHOM 3aJalOThCS
koopauHatu po3mimeHHs CB. Ilicns mporo ¢GopMyeTbess MOYaTKOBA HMOMYISILIS XPOMOCOM, 1€ KOXKHa OCOOMHa
NpE/ICTaBICHa Y BUIUII BIOPSIKOBAHOTO HAOOpy KOOPAMHAT, SIKi BiJIOBIIAIOTH PO3TALIYBaHHIO BY3JIB y MeXax
JociiKyBaHol oOnacti. TakuM YMHOM, KOKHa XpOMOCOMa B IOMYJISALIi NMPEACTAaBIsIE MOXIIMBY KOH]Iryparito
MepexeBoi cTpykTypH [7]. OuinroBaHHs e(heKTUBHOCTI KOXKHOI OCOOHHH POBOAUTHCSI IILIAXOM 00UHCICHHS (iTHEC-
GbyHKii, sKa aHamisye piBeHb 3alIOBHCHOCTI OKPEMHX KBaApaTiB y mochimkyBauiid 3oni [8, 9]. Hdns usoro
MiPaXxOBYETHCS KUIBKICTD BY3JIB Y KO)KHOMY KBaJpaTi IUIIXOM MiJICyMOBYBaHHS JABOX MaTPHILb: OJHIET — IS BXKE
HasBHUX BY31iB, Ta iHIIOI — I HOBUX, IO IIPOIIOHYIOTHCS JAHOIO XPOMOCOMOIO.

Y MaTpuri iCHyrounxX BY3JIiB 3HaUeHHS elleMeHTiB oOMexyroThes 0 i 1: 1 o3Ha4ae HasgBHICTH By3/ia B
kBagpati, 0 — #oro BiACyTHICTh. Y MAaTpHIli HOBHX BY3JIB 3HAUeHHS MOXYTh BapiroBaTHcs Bix 0 OO IEBHOTO
MaKCHUMaJIbHOTO 3HAYEHHSI, SIKE BiIOBIa€ KITBKOCTI BY3JIiB, III0 MOXYTh OJJHOYACHO Iepe0yBaTH B OTHOMY KBaJpaTi.
Slxmo B pe3ynbTaTi 00UNCIICHB BUSIBISIETHCA OLNIBIIE OJHOTO By3J1a B OKpeMil 001aCTi, 3aCTOCOBYETHCS 301IBIICHHS
3HAYEHHS IIJIIXOM OJABaHHS OJUHHUIII.

Takum ynHOM, 'A OpIEHTYETHCSI HA MOLIYK TAKUX PIlIEHb, SKi 3MEHIIYIOTh KiJIBbKICTh MEPEBAHTAXKESHUX
KBAJpaTiB, CIPHUAIOYN PIBHOMiIPHOMY MPOCTOPOBOMY posmoainy By3miB [10]. Takuil miaxix € KPUTHIHO BaXKITHBUM
JULst 3a0e31edeHHst eeKTUBHOTO MMOKPHUTTS TepUTOPii Ta cTadinbHOi pobot BCM.

3nificCHeHO AOCHIKEHHs pO3MILIEHHsI CEHCOPHUX BY3IIIB MpH pi3HUX paaiycax ix aii: 20, 30 Ta 40 M, mpu
[bOMY Bi/IOBIHO 3MiHIOBAJIOCH OOMEKEHHS Ha MiHIMAJIbHY MiXKBY3JI0BY BiacTanb Ha +2 M.

Ha puc. 2 mpencrasneno Bi3yamizanito po3noginy CB Ha erami mpoMi>XKHOT ONTHMI3amii MpH MiHIMATbHIH
MiXBY370Bi# BifcTani 8, 10 Ta 12 M mis Takux pagyciB aii Bysna sik 20, 30 ta 40 M BiImmoBigHO.

Generations = 25 Generations = 50
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Puc. 2. IIpomikHi pe3yJbTaTn npn odMeskeHHi MiHiMaJIbHOI MizkBY3/10B0i BifcTani 8, 10 Ta 12 M

Haseneni pesynbraTta (puc. 2) OKa3yIOTh, 10 TP 301IBIIEHH] KiTBKOCTI IIOKOJIiHB aJITOPUTM JIEMOHCTPYE
MOKpaIeHHs e(heKTUBHOCTI poOOTH, IO BiZ0OpakaeThCcA 3MEHIIEHHIM HaKJIaJaHHS 30H BY3IiB.

3HaX0/PKEHHs INI00aIbHOTO ONTUMYMY 31ilicHeHo npu G=117, oTpumaHe Npu LEOMY PO3MILLEHHS BY3JIiB
HaBezieHo Ha puc. 3. ChopmoBaHa XpoMocoMa ISl ITi€l KUTBKOCTI IMMOKOJIiHB Mae Takuil Bursin: [71, 43; 49, 71; 77,
63; 26, 80; 97, 68; 71, 24, 47, 97, 100, 8; 79, 1, 1, 80; 13, 100; 25, 58; 24, 16; 81, 83; 96, 24; 4, 2; 51, 23; 42, 3, 1, 58;
4, 25; 22, 36; 96, 48; 68, 99; 49, 47; 96, 99].
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Puc. 3. Pe3ynbTaT onTHMi3anii po3ramryBanHs By3.iB i3 pi3HUMH 00Me;KeHHSIMH HA MiHIMaIbHY MIZKBY3JIOBY BiicTaHb

TakuM 4YmHOM, pe3yiabTaTH IMITAIHHOTO MOJETIOBAHHA IiITBEPUKYIOTh C€(PEKTHBHICTE POOOTH
MIPOOIIOHOBAHOTO pIllIeHHs IS ONTHMI3allii pO3TallyBaHHS BY3JiB i3 pi3HUMH paniycamu nii. IlpeacramieHi
Bi3yaui3amii Ba)IJIUBi AJIsl OMIHKA €(EKTUBHOCTI PO3B’I3aHHS MOCTABIICHOI 3a1a4i, 110 TO3BOJISE MIPUHHATH PIIICHHS
PO 3aBEpIICHHSI pOOOTH aNropuTMy abo Mpo HEOOXiTHICTh HOTO JOJATKOBOI OMTUMI3AIIil.

BUCHOBKHU 3 JAHOTI'O JOCJIIAKEHHS
I IIEPCHEKTUBHU IIOJAJIBIIOIO PO3BUTKY Y JAHOMY HAIIPSIMI

PobGora mpucBsiueHa MeToAy ONTUMI3alii CTPYKTYpH O€3MpOBiAHOI CEHCOPHOI Mepeki Ha OCHOBI
TeHETUYHOTO anroputMy. HaBeneHo 010K-cxeMy BiJIIIOBIHOTO alrOPUTMY 13 alalTUBHUMH 3HAYSHHSIMH IMOBIPHOCTI
MyTalii Ta CXpellyBaHHs , 10 JO3BOJISIE 3IMCHIOBATH OUIbII eEKTUBHUI MOIIYK HOBHUX PILIEHb Ta 3MEHIIYBAaTH
PU3UKH TIepemrdacHoi 301KHOCTI. 3IIMCHEHO ps IMITAIlIfHUX EKCIIEPUMEHTIB i3 PO3MIMICHHS BY3IiB IPHU PI3HUX
3HAYCHHAX paaiycy ix aii (20 m, 30 M, 40 M), 3MiHIOFOYN 0OMEKEHHS Ha MiHIMaJIbHY MIXKBY3JIOBY BificTaHb. OTpUMaHi
pe3yIbTAaTH TOKA3YIOTh, IO TIPH 30UIBIICHH] KiTBKOCTI IIOKOJIIHB PO3POOICHUH allTOPUTM IEMOHCTPYE MOKpAIICHHS
edexTrBHOCTI POOOTH, IO BiZOOpa)Ka€ThCsl 3MEHILCHHSIM HAKJIAJaHHS 30H BY3JiB. [IepCIeKTHBHHM IMOJajbLIINM
HaTpSIMOM € JOCIHIJDKEHHS S(QEeKTHBHOCTI IHIIMX EBONIOMIMHUX MiAXOMIB, TaKMX K JU(PEpEHIliiiHa eBOIIOIIs,
aNTOPUTM 3 POSIMH YaCTHHOK, IO MOXYTh OyTH 00’ eHaHi 3 ['A [UIs iIBAIIIEHHS TOYHOCTI Ta MIBHUIKOCTI 301KHOCTI.
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