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1. Incepranifina po60Ta IPUCBIYEHA PO3POOJIEHHIO €JIEKTPOHHOI CUCTEMU MOHITOPHHIY MiCBKOTO Tpagiky Ha

ocHoBi nacuHoro Bluetooth Low Energy (BLE) ckanyBaHHS Ta METO[IiB iHT€JIEKTYyaIbHOI 0OPOOKY JaHUX.

AKTyanbHICTh 3yMOBJIEHA 3pOCTAaHHSIM HaBaHTa)KEHHS Ha MiCbKi TPaHCIIOPTHI cucTeMH Ta NIOTPe6OoIo Y MiXonax, 1o

[OENHYIOTh iIHPOPMATUBHICTb CIIOCTEPEXKEHD, IOMIPHY BapTiCTh iHQPAaCTPYKTypHU Ta MiHiIMi3allilo BTpy4aHHS Y
IepCOHasbHI JaHi. Ha BiiMiHy Bif BileOCIIOCTEPEKEHHS 3 NEeTEKLi€ 00'€KTIB UM 06POOKHU NEPCOHI(pIKOBAHNX
HaBiralifHYUX NAHWX, 3a[IPONIOHOBAHMH MifXi I'PYHTYEThCA Ha ¢ikcanii TexHiYHuX nofii nossu Bluetooth-

IIPUCTPOIB y 30Hi CIIOCTEPEKEHHS CKAaHYIOUUX BY3JIiB. BCTAaHOBJIEHO, 110 IIPSIME BUKOPUCTaHHS BLE-ckaHyBaHHSA

TIOB'SI3aHE 3 METOJMYHOIO NPo6emMoro: ogHa MAC-azpeca He BifTIOBilae OIHOMY YYaCHHUKY PYXY, OCKiIbKA Y4aCHUK

MO>KE MATH KijIbKa IPUCTPOIB, IO CIIPUYMHSIE CUCTEMATUYHY HaIMIPHICTb OLiHOK TpadiKy. YCcyHeHHs Ljei

HaJgMIipHOCTi BU3HAUYEHO LIEHTPAJIbHOIO 337ja4ei0 pOoOOTH. 3aIIPOIIOHOBAHO CTPYKTYPHO-(QYHKIIOHANBbHY



OpraHisalilo CUCTEMH, Y SAKi1 BLE-By30J1 pO3IIsa€eThCs K IKEPEo CTaHAAPTU30BAHOIO TIOTOKY IOAIN BULY
«MAC-agnpeca - yac - ID By37a», 110 BiIOKpeMJIIo€e arapaTHuil piBeHb ikcariii Bif piBHS iHTeIeKTyanbHOI 06pOOKU.
Kir040BUM METOIMYHMM BHECKOM € MOJIeJIb IpynyBaHHsa MAC-aznpec Ha OCHOBI CiaMCbKOI HEMPOHHOI MepeXi 3
LSTM-eHKoAEPOM, KA Yepe3 HaBYaHHS METPUKU OLIHIOE MIMOBIPHICTb HajleXXHOCTI ABOX MAC-agpec ogHOMY
Y4YaCHUKY PyXy, 3aMiHIOI0YM HEKOPEKTHY 6araTok/1acoBy Kiacudikaliio 3aadelo apHoi HaJIeXKHOCTI.
ExcniepumeHTasibHy IepeBipKy BUKOHAHO B iMmiTaljiiiHoMy cepenosuilli SUMO Ha IOpOXKHIN Mepexi 3
OpenStreetMap. Haiikpaii pe3ysipTaTu nokasasna mozenb LSTM4: HopmoBaHa cepeHbOKBapaTUYHa IOXHUOKa
BigTBOpeHHs Tpadiky ctaHoBuUTH 10,64 % npotu 32,96 % 11 €BpUCTUYHOTO MeToay Ta 63,35 % 1J1s1 Heo6po6IeHNX
naHux. s ontumizatii po3ramyBaHHs BLE-cucteMm cpopmyiboBaHO 6araToKpUTepiaibHy 3aaa4y (KibKiCTb By3JIiB
Ta CYKyIlHa [10X1O6Ka MOHITOPUHIY), po3B's3any anroputmom NSGA-II. [Ins1 noyaTkoBoi MHOXMHU 3360
KaHJUIATHUX BY3JliB OTPUMaHO pimeHHs 3i 115 cuctremamu (ckopoueHHs iHppacTpykTypu ~96,6 %) 3 ogrp = 0,093,
4aCTKOIO HEOXOIJIEHUX yYacHUKiIB 1 - ¢ = 0,116 Ta cykynHoto noxu6koto o = 0,198. Aganrauiio pilieHb po3MillleHHs Ha
HOBI JinsiHKK peasizoBaHo rpadoBolo HEHPOHHOI0 Mepexelo (moxubka rpynysanHs 0,071; HeoxorieHi 0,126;
cykynHa rnoxu6ka 0,188). Uuciosi pe3ysibTaTu HajleXXaThb 0 YMOB iMiTallilHOrO MOZI€/IIOBaHHS 11 HE

OTOTOKHIOIOTHCS 3 IOBHOMACIITAOHUMMU ITOJIbOBUMU BI/IMipIOBaHHHMI/I.

2. The dissertation is devoted to developing an electronic urban traffic monitoring system based on passive
Bluetooth Low Energy (BLE) scanning and intelligent data-processing methods. The relevance stems from the
growing load on urban transport systems and the need for approaches that balance informational value, moderate
infrastructure cost, and minimization of interference with personal data. In contrast to video surveillance with
object detection or the processing of personalized navigation data, the proposed approach relies on registering
technical events of Bluetooth-device appearance within the observation range of scanning nodes. It is established
that direct use of BLE scanning entails a methodological problem: a single MAC address does not correspond to a
single road user, since one participant may carry several devices, which causes systematic overestimation of
traffic. Eliminating this redundancy is defined as the central task of the work. A structural and functional
organization of the system is proposed, in which a BLE node is treated as a source of a standardized event stream
of the form "MAC address - time - node ID," separating the hardware acquisition layer from the intelligent-
processing layer. The main methodological contribution is a MAC-address grouping model based on a Siamese
neural network with an LSTM encoder, which, through metric learning, estimates the probability that two MAC
addresses belong to the same road user, replacing unsuitable multiclass classification with a pairwise-affiliation
formulation. Experimental evaluation is performed in the SUMO simulation environment on a road network
derived from OpenStreetMap. The LSTM4 model shows the best performance: the normalized root mean square
error of traffic reconstruction is 10.64%, compared with 32.96% for the heuristic method and 63.35% for raw data.
For optimizing BLE-system placement, a multiobjective problem (number of nodes and aggregate monitoring
error) is formulated and solved with the NSGA-II algorithm. Starting from 3,360 candidate nodes, a solution with
115 systems is obtained (infrastructure reduction of about 96.6%), with ngrp = 0.093, a non-covered fraction of 1 - ¢
= 0.116, and an aggregate error of o = 0.198. Adaptation of placement solutions to new areas is implemented using a
graph neural network (grouping error 0.071; non-covered 0.126; aggregate error 0.188). The numerical results
pertain to simulation-based conditions and are not equated with full-scale field measurements.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HanpsSIM PO3BUTKY HayKH i TEXHIKHU: QyHnameHTasbHi HAYKOBI HOCIIIPKEHHS 3 HANGIbII
BaXKJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUYHOT 0, CyCIiIbHO-TIOJITUYHOTO,
JIIOJICbKOTO NIOTEHLjaNy 17151 3a0e31e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHu y CBiTi Ta CTaJIOr0 PO3BUTKY

CyCIIiJIbCTBA i Aep>kaBu

CrpareriyHuii NpiopUTETHUH HaNIPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIIA
TPaHCIIOPTYBaHHS €HEPTil, BIPOBAIKEHHS eHeproepeKTUBHUX, pecypco30epiraiourx TeXHOJIOTil, OCBOEHHS

aJIbTEPHATUBHUX IPKEPEJI eHeprii
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