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Cmenvmax O.I1. Metoau Ta Mozeli aHali3y TPAHCIIOPTHUX CUCTEM B yMOBax
HECTAIIOHAPHOCTI MapaMeTpiB TPAHCIOPTHOTO MOTOKYy. — KBamidikamiitna HaykoBa
mparls Ha IpaBax pyKOIMHCY.

Hucepraitiss Ha 3700yTTS HAyKOBOTO CTymneHs JokTtopa ¢utocodii 3a
cnemianpHicTioO 122 — Komm’totepHi Hayku Ta 12 — IHdopmariiiHi TexHoIOTii. —
Hamionansauit Texuiunuit YHiBepcuter VYkpainu «KuiBcbkuit [lomiTexHiunuii
[HcTuTyT 1MeHi Irops Cikopebskoro», Kuis, 2021.

Hucepramiitna po0doTa mpucBsiueHa po3poOii 1H(GOpMAIIHHOT TEXHOJIOTT s
MIJBUIIEHHS TOYHOCTI BU3HAYEHHS 1HTEHCHUBHOCTI TPAHCIIOPTHOTO PyXy Ha OCHOBI
aHaJi3y JIaHUX BIJEOMOTOKY B PEKUMI PEabHOTO Yacy B yMOBax HECTAI[IOHAPHOCTI
napaMeTpiB TPAHCIOPTHOTO MOTOKY.

BucBiTieHO OCHOBHI TEHJIEHIIII 3aCTOCYBaHHS 1H(QOPMAIIHHUX TPAHCIOPTHHUX
CUCTEM Ta PO3MNIIHYTO cydacH1 1H(opMalliiiHi TpaHCIOPTHI CHCTEMH BHSIBICHHS
TPaHCIIOPTHUX 3aCO01B.

B nanomy po3aini po3risiHyTO 1CHYKOUl TPAHCIOPTHI CUCTEMHU BU3HAUYCHHS
IHTEHCUBHOCTI TPAHCIOPTHOTO pyXy. He3Bakaroum Ha HasSBHICTH PO3BUHYTHX
TEXHOJIOT1M KepyBaHHS JOPOXKHIX PyXOM, Ha CBOTOJHINIHINA JEHb 3ajada Ipo
BU3HAYECHHS IHTEHCUBHOCTI B YKpaiHI Ta B CBITI BCE I1I€ 3AJIMILIAETHCS HE PO3B’SI3aHOIO
yepe3 psAll HEeAOJIKIB ICHYIOYMX 3aC001B MOHITOPUHTY TPAHCIIOPTHUX CUCTEM — HU3bKa
TOYHICTb, CKJIQJIHICTh peajizallii cuicTeMu Ta iH. Pa3oM 3 TUM iCHye BeMue3Ha norpeda
y TOYHOMY BU3HAUEHHI 1HTEHCUBHOCTI TPAHCIIOPTHOTO PYXY JUIS MiJABUILIECHHS SKOCTI
YIPaBIiHHSA TPAHCIOPTHUM PYXOM, HIO MPHU3BEIEC A0 MOKPALICHHS EKOHOMIKH Ta
€KOJIOT1i MICT 1 6JIaronoJTyyysi HaceJIeHHSI.

PosrnsiHyTo icHYIOUI TPAHCIOPTHI CHUCTEMHU MPOTHO3YBAHHS 1HTEHCHUBHOCTI

TPAHCIIOPTHOTO PYXy. X04a po3poOJIEHO BEIHMKY KIJIbKICTh METO/IIB, MPOTHO3YBAHHS



TPAHCIIOPTHOTO TIOTOKY BCE M€ JMINAETbCS CKJIAJHUM 3aBIaHHSAM 1 moTpelye
pO3pO0ICHHS HOBUX TOYHHX METO/IIB.

3 PO3BUTKOM CY4YacCHUX TEXHOJOT1A KOMIT IOTEPHOTO 30pY Ta 31 301IbIICHHIM
KUTBKOCTI B1JI€O-KaMep CTIOCTEPEKEHHS 3a IOPOKHIM PYXOM 3’ SBIISIETHCSI BCE O1IbIIE
MOJIMBocTe 1t moOynoBu HoBux [TC jyist BU3HA4YeHHS 1HTEHCHBHOCTI
TPAaHCIOPTHUX TMOTOKIB, CTBOPEHHS SIKOI € aKTyaJlbHOIO 3a/Jayero Ui MIABUIICHHS
SIKOCT1 yTIPaBIIHHS TPAHCTIOPTHUM PYXOM.

Bnepmie Oyno po3po6ieHO MeToa BHU3HAYEHHS TMOKA3HHMKA 3aBAHTAXKEHOCTI
CMYTU TPaHCIOPTHOIrO pyxy, skuid orpumaB Ha3By TLCR (Traffic Lane Congestion
Ratio), nns oumiHKK 3aTopiB Ha OJHIN cmy3i. Po3poOneno aiaroput™m oO6poOku
300pakeHb 3 METOI BHSBJICHHS TPAHCIOPTHUX 3aco0iB Ha HAsABHIN JUISHII.
3anpomoHOBaHO METOJ BH3HAYCHHS 1HTEHCHBHOCTI JIOPOXKHBOTO pPyXy 3a
NOCJIJJOBHUMHU 3HAYEHHSIMH [MOKa3HHUKA 3aBaHTaKEHOCTI CMYTH JOPOXKHBOTO PYXY 3a
naHuMu Bineopsay. [lpaBuibHO BU3HAuYEHI 3HAYCHHS MApaMeTpiB 3aBAHTAKEHOCTI
cmyru TpancnoptHoro pyxy TLCR Ta 1HTEHCHBHOCTI IOPOKHBOTO PyXy J03BOJUTH
CUCTEMI1 yNpaBIIiHHS 3HAWTHU ONTUMI30BaHI MapaMeTpH Ta YHUKHYTH 3aTOPIB.

Po3p0o0iieH0 TEXHOJIOTiI0 BU3BHAUEHHS PyXy 00 €KTIB y Bi€O MOTOLI HA OCHOBI
Moayisi «bioinspired». [Ins mporo Oyino BUKOPHCTaHO ajantoBaHuii kjac Retina
Moayisi «bioinspired», B SIKOMY 3HaxXOIAThCS MPOCTOPOBO-YACOBUN (IIBTP JIBOX
1H(pOpMaIITHUX KaHaJIiB MOJEN1 CITKIBKHM OKa JJIs I€TEKTYBAHHS PYXYy TPAHCIOPTHHUX
3aco0iB. [lix yac 0OpoOKM 300pakeHHs CIIOYATKY BKA3YIOThCS KOOPAUHATU OOJACTI
300paKE€HHSI, /1€ HEOOXIJHO BHUSBIATH pPyX, MICAS YOro BXIJHE 300paKeHHS
TpaHCcPOpMyeTbCS 3 KOJBLOPOBOTO JO BIATIHKIB ciporo, 1 jgam 300pakKeHHs
o0poOnsieThest B Moyt «magnocellulary Ta nepeBipseTbes MeaiaHHUM (ITETPOM Ha
p1BEHb EHTPOIIi Ta pe3yJbTaT 0OPOOKHU MOPIBHIOETHCS 3 MOPOTOBUM 3HAYEHHSIM.

Po3pobieHo mporpaMHMiA  KOMIIOHEHT JiIi BH3HAUCHHS 1HTEHCHBHOCTI
JIOPOKHBOTO PYXY B JBOX peamizamisix. ExcrnepruMeHTasbHO [IOBEACHO 3HAYHY

nepeBary peaiiszaiii Ha OCHOBI MoJyJsi bioinspired Haj peanizalli€eld Ha OCHOBI



NOpIBHAHHA JBOX KajapiB. [IporpamHuii KOMIOHEHT BH3HAYEHHS I1HTEHCUBHOCTI
TPAHCIIOPTHOTO PYXY, KU pO3pOOJICHUHN, € CKJIaJ0BOI0 YaCTHHOIO iH(pOpMariitHoi
CUCTEMHU YTNPABIIHHSA TPAHCIIOPTHUM PYXOM.

Po3po6iiena TexHOJOTIST BHU3HAUEHHS IHTEHCHUBHOCTI JOPOXKHBOIO PyXy 3
BUKOPUCTAaHHAM HelpoHHOi Mepexi U-net, ska Mae BUCOKY €(EKTHUBHICTh Ta
pe3yJbTaTUBHICTh IIiJT YaCc CErMeHTallli 300pakeHHs 1 BigoMa HaJIMHICTIO MijJ Yac
pobotu 3 BenukuMu Habopamu naHux. byno Bukopucrano meroau U-net — metoau
KOJIyBaHHS Ta JICKOAYBaHHs IS 3UTTs 0a30Boi iH(opMailiii Ta iHdopmaliii BUCOKOTO
piBHA. [l HaBYaHHS HEHPOHHOI Mepexi OyJ0 BUKOPHUCTAHO aJITOPUTM ONTHUMI3allii
SGD nns anamizy rpanienTta 00'ekTiB. BxigHi 300pakeHHs pO3pi3auCh Ha CETMEHTH
po3mipom 128 na 128 mikceniB. [l TpeHyBaHHs HelipoHHOiI Mepexi U-net Oyio
BUKOpHUcTaHo Halip ganux 3 10000 300paxeHs.

ExcnieprMeHTansHO 10BEIEHO MepeBary BUKOPUCTAHHSI HEHpPOHHOI Mepexi U-
net 17151 3a71a41 BU3HAYEHHS IHTEHCUBHOCTI pyXYy Ta Moka3Huka 3aBaHTaxkeHocti TLCR.

Po3pobiena TeXHOJOTIST BU3HAYEHHS 1HTEHCHUBHOCTI JOPOXKHBOIO PyXy 3a
JAHUMHU  BIACOPSYy, 10 HAIXOJATh 3 BlJ€OKamMepu croctepexeHHs. byro
BJIOCKOHAJICHO QJITOPUTM BH3HAYCHHS TOKa3HWKA 3aBAHTAXEHOCTI TPaHCHIOPTHOI
ninsaku TLCR Hamae MOXKIHMBICTS BpaXOBYBaTH TUTBKH aBTOMOOLITI, SIK1 PyXal0ThCsI 10
JOCIIKYBaHI cMy3i. Po3pobiiennii MeTo 1 BUBHAUEHHSI IHTEHCUBHOCTI JIOPOKHBOTO
pyXy Ha OCHOBI MOCHIIJIOBHMX 3HAY€Hb IMOKA3HMWKA 3aBAHTAKEHOCTI MAa€ HACTYIIHI
repeBaru Hal 1HITUMU MMOIOHUMH CUCTEMaMU: MIBUJIKICTh OOPOOKH JaHUX, TOUHICTD,
B1JICYTHICTh HEOOX1THOCTI JIOJaTKOBOTO OOJIa{HAHHS (HAPUKJIIA JATYMKH) Ta HU3bKa
BapTICTb.

Po3pobneno anroputm Ta iHMOpMAIliiHY CHUCTEMY MJis JTOBFOCTPOKOBOTO
MPOTHO3YBAaHHS TIOKa3HMKA 3aBaHTaXeHOCTI TpaHcnopTHOi AuissHku TLCR s
MOIAJIBIIOT OIIHKY CTaHy JOPOKHBOTO pyXy. [HpopMmalriitHa cucTema mporHo3yBaHHS
0a3yeTbCs Ha MOJEIl HABYaHHS 3 PEKYPEHTHOIO HepoHHOK Mepexero LSTM.

Po3pobnieHa crucremMa HaBUYaeTbCA Ha TPEHYBAJIBHOMY BiJIEO OTPUMAHUX 3 Kamep



JTOPOKHBOTO PYXy B3aMHCHOTO TPOTATOM OJHOTO THXKHS Il TPOTHO3YBAaHHS
MOKa3HUKA 3aBaHTaKEHOCTI TpaHcnopTHOT AissHKA TLCR 11t KOKHOTO JTHS THIXKHS.

Po3pobsieHo anroputM BUSIBICHHS JOPOKHIX 3aTOpPIB 32 MOKa3HUKOM
3aBaHTaXeHOCTI TpaHcnopTHOI AissHKU TLCR oTpuManux 3 300pakeHb OTPUMAaHUX 3
BiJICOKaMep, BCTAHOBJICHUX Yy PI3HUX MICHIX MicTa. AJITOPUTM JO3BOJISIE
KJacu(ikyBaTH 3aTOpU 3a TphOMa PIBHSMU 3aBAHTAXKEHOCTI: HU3bKA, CEpPEAHsS Ta
BHCOKa  3aBaHTAKEHICTb. Po3pobnenuit  anroputM  JOCHIKYBalld ~ Ha
EKCIIEpUMEHTAJIbHUX JaHUX 3allMCIB 3 JIOPOKHIX BiJeokamep Ta OyJ0 OTpHUMaHO
3aJI0BUIBHI PE3YJIBTATH BUSABIEHHS Ta Kjacu(iKallii piBHIB 3aBaHTaXEHOCTI.

[TocninoBHICTH OOPOOKH Ta MEPETBOPEHD AAHUX CKIIAJIal0Th HOBY TE€XHOJIOT1IO
BU3HAYCHHS IHTEHCHUBHOCTI JIOPOXHBOTO PyXy, IO 3a0e3leyye BHUCOKY TOYHICTb
OLIIHKM 1HTEHCHUBHOCTI PyXy TPAaHCIOPTHUX 3acO0IB Ha JAUISHLI JOPOXHBOTO PYXY.
Po3pobiniena TexHOJIOrIS MOXKeE TMpalloBaTH B yMOBaX HECTAI[iOHAPHOCTI IMapaMeTpiB
TPAHCIIOPTHOTO PYXY. 3aBAsIKU BUKOPUCTAHHIO CErMEHTaIlll, 3aMicTh Kiiacudikallii, a
TaKoX crenuiuHoro HadOpy JaHUX JIS HaBYAHHS, TEXHOJIOTIS MO30aBJIEHA TaKUX
HEJIOJIIKIB SIK HETIPABUIILHO MiAI0paHuil pakypc Ta BIJCYTHICTh TPAHCIIOPTHOTO 3aCO0y
B ICHyrouux 0a3ax JaHuUX IS HaBYaHHS. 3alpoONOHOBAaHA CHUCTEMa YCHIIIHO
miJjpaxyBaja TPaHCIIOPTHI 3aCO0HM 3 BUCOKOIO TOYHICTIO, — CEpeIH1 3HaueHHs F-Mipa Ta
TOouHICTh (Accuracy) gocsrau 0,9967 ta 0,9935 BinnosinHo.

JloCHiIKEHO TOUHICTh po3p00JieHOl 1H(hOPMaILIHOT CUCTEMH JOBMOCTPOKOBOTO
MPOTHO3YBaHHS TIOKAa3HWKA 3aBaHTaKEHOCTI TpaHcnopTHoi auisHku TLCR, ska
0a3yeThCsd Ha MOJIENIl HaBYaHHS 3 PEKYpPEHTHOI HEWpoHHOW Mepexkero LSTM.
OTpuMaHa ekcriepuMeHTaIbHa cepeaHs TouHICTh 0,914 ny1s 1’ sTH JHIB (Ba BUX1THUX
Ta TpU poOOYMX JH1) TEMOHCTPYE BUCOKY €(DEKTUBHICTh PE3YJIbTaTIB MMPOTHO3YBAHHSI.

Knwouosi cnosa: awnaniz 300paxeHb; posmizHaBaHHs o0pasziB; OpenCV;
JOPOKHIN pyX; 1HTEHCUBHICTh TPAHCIOPTHOTO pPyXy; IMOKA3HUK 3aBaHTAXEHOCTI
TpancnoptHoro pyxy; TLCR; Heiiponna mepexa; U-net; iHdopmariiiina cucrema

YIpPABIIHHS.



ABSTRACT

Stelmakh O.P. Methods and models of analysis of transport systems in the
conditions of non-stationary parameters of transport flow. - Qualified scientific work
on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 122 -
Computer Science and 12 - Information Technology. - National Technical University
of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2021.

The dissertation work is devoted to the development of information technology
to increase the accuracy of determining the intensity of traffic based on the analysis of
video data in real time in conditions of non-stationary parameters of traffic flow.

The basic tendencies of application of information transport systems are covered
and modern information transport systems of detection of vehicles are considered.

This section discusses the existing transport systems for determining the intensity
of traffic. Despite the availability of advanced traffic management technologies, today
the task of determining the intensity in Ukraine and in the world still remains unsolved
due to a number of shortcomings of existing means of monitoring transport systems -
low accuracy, complexity of the system, etc. However, there is a great need to
accurately determine the intensity of traffic to improve the quality of traffic
management, which will improve the economy and ecology of cities and the well-being
of the population.

Existing transport systems for forecasting traffic intensity are considered.
Although a large number of methods have been developed, traffic flow forecasting is
still a challenge and requires the development of new accurate methods.

With the development of modern computer vision technology and the increasing
number of video surveillance cameras, there are more and more opportunities to build
new ITS to determine the intensity of traffic, the creation of which is an urgent task to
improve the quality of traffic management.



For the first time, a method for determining the congestion of the traffic lane,
called TLCR (Traffic Lane Congestion Ratio), was developed to estimate congestion
in one lane. An algorithm for image processing to identify vehicles on the existing site
has been developed. A method for determining the traffic intensity by successive values
of the traffic lane congestion index according to the video series is proposed. Correctly
defined values of the TLCR lane load and traffic intensity parameters will allow the
control system to find optimized parameters and avoid congestion.

The technology of determining the movement of objects in the video stream
based on the "bioinspired” module has been developed. For this purpose, an adapted
Retina class of the "bioinspired” module was used, which contains a space-time filter
of two information channels of the retina model for detecting the movement of vehicles.
During image processing, the coordinates of the image area where the motion is to be
detected are first specified, after which the input image is transformed from color to
grayscale, and then the image is processed in the magnocellular module and checked
by the median filter for entropy and the processing result is compared.

A software component for determining traffic intensity in two implementations
has been developed. The significant advantage of the implementation based on the
bioinspired module over the implementation based on the comparison of two frames
has been experimentally proved. The software component for determining the intensity
of traffic, which is developed, is an integral part of the information system of traffic
management.

The technology of determining the intensity of traffic using the neural network
U-net, which has high efficiency and effectiveness in image segmentation and is known
for reliability when working with large data sets. U-net methods were used - encoding
and decoding methods for merging basic information and high-level information. To
train the neural network, the SGD optimization algorithm was used to analyze the
gradient of objects. The input images were cut into 128 by 128 pixel segments. A data

set of 10,000 images was used to train the U-net neural network.



The advantage of using the U-net neural network for the problem of determining
the traffic intensity and TLCR load index has been experimentally proved.

The technology of determining the intensity of traffic based on video data coming
from a video surveillance camera has been developed. The algorithm for determining
the load index of the transport section of the TLCR has been improved, making it
possible to take into account only cars moving in the studied lane. The developed
method of determining traffic intensity based on consistent values of congestion has the
following advantages over other similar systems: data processing speed, accuracy, no
need for additional equipment (eg sensors) and low cost.

An algorithm and information system for long-term forecasting of the TLCR
traffic congestion index for further assessment of the traffic condition have been
developed. The forecasting information system is based on a learning model with a
recurrent LSTM neural network. The developed system is trained on a training video
obtained from traffic cameras recorded for one week to predict the load of the TLCR
for each day of the week.

An algorithm for detecting traffic jams based on the load index of the TLCR
transport section obtained from images obtained from video cameras installed in
different parts of the city has been developed. The algorithm allows to classify traffic
jams according to three levels of congestion: low, medium and high congestion. The
developed algorithm was investigated on the basis of experimental data of recordings
from road video cameras and satisfactory results of detection and classification of load
levels were obtained.

The sequence of data processing and transformations constitute a new technology
for determining the intensity of traffic, which provides high accuracy in estimating the
intensity of traffic on the road. The developed technology can work in conditions of
non-stationary traffic parameters. Due to the use of segmentation instead of
classification, as well as a specific set of data for training, the technology is devoid of

such shortcomings as incorrectly selected angle and the lack of a vehicle in existing



databases for training. The proposed system successfully calculated vehicles with high
accuracy - the average values of F-measure and accuracy (Accuracy) reached 0.9967
and 0.9935, respectively.

The accuracy of the developed information system of long-term forecasting of
the load index of the transport section TLCR, which is based on the training model with
a recurrent neural network LSTM, is investigated. The obtained experimental average
accuracy of 0.914 for five days (two days off and three working days) demonstrates
high efficiency of forecasting results.

Keywords: image analysis; pattern recognition; OpenCV; Road traffic; traffic
intensity; traffic congestion index; TLCR; neural network; U-net; management

information system.
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