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HEMPOMEPEKEBA MOJIEJIb JIETEKTYBAHHS TA BIZICTEXXEHHSA
Y TPAHCIHHOPTHOMY IIOTOLI MICTA

Anomayis. B pobomi nposedeno onuc npeomemnoi 2any3si, a came onuc memooie MauuHHO20
HABYAHHS MA HEeUPOHHOI MepedCi, a makoic 3a80ants kiacugpixayii. Kpiv suwenepeniveno2o
0y10 nposedeHo 02110 HAYKOBOI limepamypu ma aHano2ie ma onuc cimelcmea Heupomepe-
arcegux moodenei YOLOV?7.

Onucano apximexmypy Hetipomepedxcesoi modeni YOLOV7, ii ocnoeni yacmunu ma ix npus-
HauenHs. Byno onucano nHabip oanux 01 HABYAHHA MA MeECMYBAHHSA MOOeNi, ONUCAHO 8e0-
0odamoxk «RoboFlowy, 6 sikomy suxonysanacs po3mimka 300pasicens. Takoic 6y10 onucaro
ancopumm Deep SORT 05 8iocmedicents 06'ekmig y uaci.

Peanizosarno netipomepedicy mooens 01 0emexkmys8anHs ma MmpeKiney eleKmpocamoKamis y
mpancnopmuomy nomoyi. Modenv b6yna Hasuyena Ha 3ibpanomy nabopi danux. Takoowc 6y10
peanizosano 6eH6-000amoxk 0 0eMoHcmpayii pobomu Hetipomepedcegoi moodeini. Beb-
000amoK nosHicMIo 8i0N08I0A€ YYHKYIOHANbHUM MA HeDYHKYIOHAIbHUM UMO2AM.
IIposedeno mecmysanHs HeUpPOHHOI Mepedici, mecmy8anHs NPOBOOUNIOCA HA PIZHUX MOOESX
YOLOV7, naiikpawuii pesynomam nokasana mooenv YOLOV7-w6. Taxooc 6y10 nposedeno
@yHryionanbHe mecmysanns eb-npocpamu. byno nposedeno asmomamuzosane mecmysamHs
8€0-3aCMOCYBAHHS 3 O0NOMO2010 ITHCIMPYMEHMY cypress, 6e0-000amoK 0y10 npomecmo8aHo
3a 00NOMO2010 080X 6U0i6 mecmy8ants, kKomnoHenmnoz2o ma E2E.

Knouosi cnosa: mawunne nasuanns, YOLOV, mecmysanns, mpeKxiHe, eleKkmpocamorxam,
deep sort, demexyis, 6e6-0od0amok.

Beryn. YnpasiiHHA JOPOXKHIM pyxoM BUMarae iHgopmatii mpo Horo craH, BUpaKeHHH
napameTpamH, BUMIPSHUMH 32 JIOMOMOrow JaTyukiB. CyKyHHICTh 3HAa4€Hb HapaMeTpiB sK
CHCTEMH [JETEKTYBaHHS TPAHCHOPTHHUX IOTOKIB HEOOXIJJHA THYYKOI'O pEryJlOBaHHS, po-
3paxyHKY 4d aBTOMaTHYHOT'O BUOOPY NMPOrpaMH YIPaBIiHHS JOPOKHIM PyXOM.

VY cyuacHOMY CBiTi BUKOPHCTaHHsI €JIEKTPOCAMOKATIB CTaJ0 JYyKe MOMYJISIPHUM, IPOTe
1€ BUKJIIMKAE 3aHETOKOEHHS 100 Oe3MeKH IHIIMX YYaCHUKIB JOPOXKHBOTO pyXy. JlerekTy-
BaHHS Ta BIJICTEKEHHS BOJIIIB €EKTPOCAMOKATIB y TPAHCIIOPTHOMY IOTOIIl € BaXJIUBUM 3aB-
naHHsaM. Lle 7103BonuTh y MaiiOyTHROMY 301IBIINTH O€3MEKy Ha JOporax Ta TpoTyapax.

Mertoro poboTH € po3pobka HelpomepekeBOT MOJAETI JETEKTYBaHHS Ta BiJCTEKECHHS
€JIEKTPOCAMOKATIB Yy TPAHCIIOPTHOMY ITOTOI MicTa.

Jlnst peanizaiii BeO-10aTKy IJsl IETEKTYBaHHS Ta TPEKIHTY BOJIIB €JIEKTPOCAMOKATIB
Ha 300pakeHH1 abo BiJieo OynM BUKOpHUCTaHI MOBH MporpaMmyBanHs Python, sikuii Bukopucro-
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ByBaBCs JUIS peastizallii HeHpOHHOT Mepexi Ta cepBepHOi YacThHHU, Ta TypeScript, sikuil BUKO-
PUCTOBYBaBCS JIJIsl pealtizaiii KIiE€HTChKOl YacTUHHM. {715 HanmMcaHHs KOy BUKOPHUCTOBYBAIH-
cst IDE PyCharm Community Edition Ta Visual Studio Code.

OcHoBHa yacTuHa. OcobmuBicTh cimelicTBa moaenerd YOLO monsirae B ToMy, 110
BOHA 3aCTOCOBYE 3TrOPTKOBI HEHPOHHI MEpexki Ha 300paKCHHSI JIMIIE OJUH pa3 Ha BiIMIHY BiJ
aHAaJIOTiB.

YOLOV7 nepesepiirye BCi BiIoMi JETEKTOPU 00'€KTIB sIK 3a MIBUJIKICTIO, TaK 1 32 TOY-
HICTIO B Jiama3oHi Big 5 10 160 kaapiB B cCeKyHAY i Ma€ HaBUILY TOUHICTh 56,8% AP cepen
yCiX BiIOMHX JETEKTOPIB 00'€KTIB pealbHOTO Yacy 3 4acToToro 30 KajapiB B CEKYHY.

Hetipomepexxkea mogens YOLOvV7 peanizoBana 3a gomomororo PyTorch.

ApxitekTypa HelipomepexeBoi moneni VOLOV7 ckmagaerscs 3 3 OCHOBHHX KOMITO-
HeHTiB backbone, neck ta head.

Apxitexkrypa YOLOV7 npencraBiieHa Ha pucyHKy 1

Backbone. s yacTuHa apXiTeKTypH BiIIOBIJa€ 3a MOYATKOBY MiJATOTOBKY JaHUX VIS
MOJAIIBIIO0T POOOTH HEHPOHHOT Mepexi. BXinHi 300paskeHHs IPOXOAATh Yepe3 3rOPTKOBI IIa-
pH, SKi BiMOBIIAIOTH 33 BIJIYYCHHS O3HAK 13 300pakeHb, TAKOK 300paKeHHS MPOXOISTh Ye-
pe3 MIapy MyIiHTY, SKi MPU3HAYCHI 171 BUPIMICHHS MPpoOieMu (iKCOBAaHOTO PO3Mipy KapTH
o3HaKH. L{e 103BOMIsIE YCYHYTH BTpaTH HU3bKOPIBHEBUX O3HAK PaHHHOMY €Talli.

Neck. Ils gacTuHa apxiTeKTypH BiAMOBigae 3a 00'€qHAHHS KapT O3HAK, OTPUMAHHX 13
MOTIEPETHBOTO IIapy.

Head. Llst yacTuHa apXiTeKTypH MpeJCTaBIeHa y BUIIISI TTOBHO3B'I3KOBOI HEHPOHHOT
MEpEXi, 10 CKIATAETHCS 3 TPHOX IIAPIB.

input backbone

CBS —= ELAN

Pucynok 1 — Apxitektypa HelipomepexeBoi moaeni YOLOVT

Habip nanux. /[ns HaByaHHS Ta TeCTyBaHHS MOJIEJIl HEUPOHHOI MepeXi BUKOPUCTOBY-
BaBcs HaOip manux IUPUI-CSRC E-Scooter Rider sikuit mictuts 10 749 300paskeHb BOJIIiB
enektpocamokatiB Ta 10 705 300pakeHh HE BOJIiB €JIEKTPOCAMOKaTiB Ta Habip JdaHUX
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Occluded E-Scooter Rider Detection Dataset 3aropojpxeHux BogiiB enekrpocamokariB [Tpu-
KJ1a1 300pakeHb 13 HaOOPIB JaHHUX MPEAICTaBIeHI Ha pUCYHKax 2—3.

Pucynok 2 — Ipuknan 300paxeHHs Pucynok 3 — Jlpyruii npukiiaj 300paxeHHs

3 Habopy JaHUX 3 Ha0Opy TaHUX

AaroputMm BincrexkeHnsi. [licisi mpoiiecy OeTeKTyBaHHsS OO0'€KTIB 3a JIOTIOMOTOO
HeripomepeskeBoi mozeni YOLOV7 HeoOxinHO BiacTexxyBaTu 00'ekT. [l BupimeHHs 3aaa4l
BIZICTE)KEHHS BUKOPUCTAHO alropuT™ rimbokoro copryBanus (Deep SORT algorithm) . Ieii
anroput™ — 1ie Moaudikaiis arroputmy SORT (Simple Online and Realtime Tracking). Aun-
roput™ Deep SORT nounnae cBoro poOOTy 3 IeTEKTYBaHHs 00'€KTa 3a IOTIOMOI0OI0 HEWPOH-
HUX Mepex AJsl JeTeKTYBaHHs Takux sk cimelicTBo mojeneir YOLO abo iHmux. AIroputMm
Deep SORT, sx i anroputm SORT wmictuts ¢instp Kanmana, sikuii HeoOXiqHUHN ISl TPOTHO-
3yBaHHS 00'€KTa HA OCHOBI TaKUX MapaMeTPiB K IMIBHIKICTH, MO3HIIisI 1 IPUCKOPEHHS, 3aB/IsI-
k1 yomy ¢uibTp Kanmana nepenbavae craHoBHIE 00'€KTa y HOTOYHOMY KaJIpi.

Jliarpama BapiaHTiB BUKOPUCTAHHSI PEACTABIIEHA HA PUCYHKY 4.

Beb-404aTOK 418 AETEKTYBAHHA
i TpekiHra Bofiie enekTpocamokarie

«include»
06patu daiinu
I - e e S '
winclude» : 306pareHs v

H . «include»
sinclude
MoyaTok
[eTeKTyBaHHA o
«include»
MouaTtoK
KopucTysau '

MepetarkyTu ¢aitn y
30HY 3aBaHTaMeHHA

MepeTArHyT! daiinu
Y 30HY 33BaHTAXKEHHA

MepernaHyTh pesynstat
[ETEKTYBaHHA

O6paTtii HacTynHe
306parKeHHA

MepernaHyTn
pesynsTar TpekiHra

Pucynox 4 — Jliarpama BapiaHTiB BUKOPHUCTAHHS
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Peamnizamist Ta HaBuaHHs HelipomepesxkeBol moaeni YOLOV7. [lns HaBuaHHS HelpoMe-
pexeBoi mMojen Oyno 3i0pano HaGip ganux 3 3600 300pakeHb 1 MOAUICHUN HA HABYAIBHY
(2520 300paxens), Bamigamiiiny (720 300paxeHs) i TectoBy (360 300paskeHb) BHOIPKY Yy
criBBinHomrenHi 70/20/10.

HaBuanHs HEWpPOHHOI Mepexi MpoBoaWiocs Ha xmapHid mmiardopmi Google
Colaborator ta GPU Nvidia Tesla T4. HaBuanns npoBoamiocst Ha 50 ermoxax, HaBUYaHHS 3aii-
HSJ10 3 TOJIMHMU.

VY xoxai HaBuaHHs 30epiranucs rpadiku MeTpuK Ta (QyHKIIT BTpaT JUIsi HABYAIBHOI Ta
TecToBOi BUOipkH Habopy naHux. ['padiku METpUKM HaBUYAHHS MPEJICTABICHO HA PUCYHKY 5.

metrics/mAP_0.5, metrics/precision, metrics/recall

= Yolov7-w6 metrics/mAP_0.5 = Yolov7-w6 metrics/precision — Yolo r
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Pucynoxk 5 - I'padik MeTpuk HaBUaHHS

B pesynbrari HaBuaHHs PI3HHX MOJIEJICH HaAMKpaluid pe3yabTaT MoKa3zaia MOJEb
yolov7-w6, a came merpuka mAP 84,03%, merpuka recall 88,89% i merpuka precision
81,26%.

B pesynbrari HaBYaHHS PI3HUX MOJEJICH HAWKpalWid pe3yabTaT IMoKa3aia MOJIENb
yolov7-w6, a came merpuka mAP 84,03%, metpuka recall 88,89% 1 merpuka precision
81,26% (pucyHoK 6).

YOLOv7 YOLOv7x YOLOv7-w6

KinekicTe enox

MeTtpuka mAP

54,52% 66,06% 75,32%
73,6% 76,02% 81,79%
79,72% 81,17% 84,03%
MeTpuka recall

62,95% 65,92% 76,78%
72,15% 78,13% 82,88%
81,17% 82,88% 88,89%
MeTpuKa precision

55,69% 67,77% 72,57%
71,74% 74,76% 80,81%
78,64% 79,01% 81,25%

Pucynok 6 — EkcriepuMeHTH 3 HaBYaHHIM

ISSN 1562-9945 (Print) 53
ISSN 2707-7977 (Online)



«CucremHi Texnonoriiy 1 (156) 2025 «System technologies)

CepBepHa uyactuHa BeO-mporpamu Oyna HamucaHa MoBor Python i ¢peiiMBoprom
FastApi.

VY cepBepHiil yactuHi nporpamu € meroau API mns B3aemoii 3 KITEHTCHKOIO YaCcTH-
HOIO:

(POST) /images/detect

(GET) /images/download-zip

(POST) /video/track

(GET) /video/download-zip

KiienTcpka yacTuHa BeO-mporpamu Oyina Hamucana MoBor Typescript Ta dpeiimMBop-

koM Nest.js. KopuctyBauesi € Bl CTOPIHKH, OJIHA CTOpPIHKA JJIsl ACTEKTYBaHHs, a 1HIIA IS
TpEKiHry. 30BHIIIHIN BUTJISI CTOPIHKH JETEKTYBaHHS MPECTABICHO HA PUCYHKY 7.

SIKIo KOopHCTyBau 3aBaHTAXKUB yCi (ailyin mpaBWIBHOTO (popMaTy, TO Mics YCHIIIHOT
00poOKkH BiH MOOaunTh iHTEpPENc I neperysiay o0podieHNX 300pakeHb 3 pe3ylbTaTaMu
NETEKTYBaHHS, SKUW MIPEJICTABICHUIN HA PUCYHKY 8.

D &0
E-SCOOTER RIDER DETECTOR [ perwcrysas T oo ]

O6epirs daiinu Ans 06pobkw y dopmari PNG abo IPG

60 neperarwity ix oA

Pucynok 7 — CtopiHKa 1eTeKTyBaHHS,

inTeperic 3aBaHTaKEHHS Pucynok 8 — Iurepdeiic nepermsny

00pobIeHNX 300paKEHb

B inTepdeiici neperisiny oOpo0IeHOro Bijieo KOPUCTYBay MOXKE MEPETJISIHYTH pe3yb-
TaT TPEKiHTy Ha BiJeo. Takoxk y KOpUCTyBaya 3'ABISETbCS MEHIO Jii, 32 JOIOMOIOI0 SIKOTO
BiH MOXe€ 3aBaHTAXUTH ZIp apXiB 3 pe3yJabTaTOM a00 3aBaHTAKUTH HOBE BiJIeO /17151 0OpOOKH.

BucHoBkH. 3riHO 3 METOIO J1aHOT poOOTH Oyna po3pobiieHa HelpoMepekeBa MOAEb
JUIs pO3Mi3HABAaHHS Ta BIICTE)XXEHHS €JIEKTPOCAMOKATIB Y TPAHCIIOPTHOMY MOTOIII.

s mokpaiieHHs poOOTH HeHpoMepekeBOI MOJIeNi MOXHA 3pOOUTH Taki [ii: 30171b-
UTH HAOIp MaHWX, JOJATH OLNbIIe PI3HOMAHITHOCTI IaHUX, TOHABUYUTH HEHPOMEPEIKHY MO-
Je7b, 3MIHUTH TOIOJIOTM MOAENI, crupoOyBaTu miaiOpaTtu mapaMmerpH, 3 SKUMH MOJENb BU-
JacTh Kpalli pe3yabTaTu.
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Neural network model of detection and tracking in the city traffic

The paper describes the subject area, namely the description of machine learning
methods and neural networks, as well as the classification task. In addition to the above, a
review of scientific literature and analogues and a description of the YOLOv7 family of
neural network models were conducted.

The architecture of the YOLOV7 neural network model, its main parts and their
purpose were described. The dataset for training and testing the model was described, the
web application "RoboFlow" was described, in which image marking was performed. The
Deep SORT algorithm for tracking objects in time was also described.

A neural network model for detecting and tracking electric scooters in the traffic flow
was implemented. The model was trained on the collected dataset. A web application was also
implemented to demonstrate the operation of the neural network model. The web application
fully meets the functional and non-functional requirements.

Neural network testing was carried out, testing was carried out on different YOLOV7
models, the best result was shown by the YOLOV7-w6 model. Functional testing of the web
program was also carried out. Automated testing of the web application was carried out
using the cypress tool, the web application was tested using two types of testing, component
and E2E.

According to the purpose of this work, a neural network model was developed for
recognizing and tracking electric scooters in traffic.
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To improve the performance of the neural network model, the following actions can be
taken: increase the data set, add more data diversity, train the neural network model, change
the model topologies, try to choose parameters with which the model will give the best results.

Keywords: machine learning, YOLOV, testing, tracking, electric scooter, deep sort,
detection, web application.
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