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1. luceprariifina po6oTa rpucBsyeHa po3poobili iHbopMaliliHOi TeXHOJIOTII 1J1s1 MiIBUIIEHHSI TOYHOCTi BUBHAUYEHHS
iHTEHCUBHOCTI TPAHCIIOPTHOT'O PyXy Ha OCHOBI aHaJIi3y JaHUX BileONOTOKY B PEKUMi PeajlbHOTO Yacy B yMOBax
HECTAl[iOHAPHOCTI ITapaMEeTPiB TPAHCIIOPTHOTO MTOTOKY. BUCBITIIEHO OCHOBHI TEHIEHIIii 3aCTOCYBaHHS
iHpopmMaLitHUX TPAaHCIIOPTHUX CUCTEM Ta PO3IJISIHYTO Cy4YacHi iHpOpMaLliliHi TPaHCIIOPTHI CUCTEMU BUSBJIEHHS
TPaHCIIOPTHUX 3aCc00iB. B JaHOMY PO37iJi pO3IJsiHyTO iCHYIOUi TPaHCIIOPTHI CUCTEMU BU3HAYEHHS iHTEHCUBHOCTI
TPaHCIIOPTHOTO PyXy. PO3p06sieHO MpOorpaMHMl KOMIIOHEHT Jj151 BUBHAYEHHS! iIHTEHCUBHOCTI JOPOKHBOTO PYXY B
IBOX peaiisanisx. EkcnepuMeHTanbHO OOBEAEHO 3HAYHY [IepeBary peasisallii Ha OCHOBI Moy bioinspired Hap,

peasisaliero Ha OCHOBI MOPiBHSIHHS ABOX KaApiB. [IporpaMHuii KOMIIOHEHT BU3HAUYEHHS iHTEHCUBHOCTI



TPaHCIIOPTHOTO PYXY, SIKU1 pO3pO6JIeHN, € CKIIaL0BOIO YaCTUHOIO iHOpMaLifiHOI cCTeMH YIIpaBIliHHS
TPaHCIIOPTHUM PyXOM. P03po06ieHa TeXHOJIOTisl BUBHAYEHHSI iIHTEHCUBHOCTI JJOPOKHBOTO PYXYy 3 BUKOPUCTaHHSIM
HelipoHHOI Mepexi U-net, siKa Mae BUCOKY €(DEKTUBHICTb Ta pe3yJIbTaTUBHICTB IIiJ] 4ac cerMeHTallii 306pakeHHs i
BiZJlOMa HaJifHICTIO MiJl 4yac pobOTU 3 BEJIMKMMU HAabOpaMu JaHuX. byso BUKopuctano merogu U-net - metoau
KOZyBaHHS Ta JE€KOJyBaHHS /i 3/IMTTS 6a30Boi iH(opMaliii Ta iHdpopmalii BuUCOKOro piBHs. [lj151 HABYaHHS
HePOHHOI Mepexi 6yJI0 BUKOPUCTAaHO aylropyuT™ onTuMizauii SGD njis aHanizy rpajieHTa 06'eKkTiB. BxinHi
300pa’KEeHHSI pO3Pi3anuch Ha CErMeHTH po3mipoM 128 Ha 128 nikcesiB. [y TpeHyBaHHSI HEMPOHHOI Mepexi U-net
0yJ10 BUKOPUCTAHO Habip manux 3 10000 306pakeHb. EkcrieprMeHTaNbHO JOBEIEHO IepeBary BUKOPHUCTaHHS
HelpoHHOI Mepexi U-net 11 3a7a4i BU3HaYE€HHS iHTEHCHMBHOCTI PyXy Ta NOKa3HMKa 3aBaHTakeHOCTi TLCR.
Po3pob6seHa TeXHOJIOTisl BUBHAYEHHS! iIHTEHCUBHOCTI JOPOKHBOTO PyXy 32 NaHUMMU BifleOpsLy, 0 HAIXOASTh 3
BiZleOKaMepU CIIOCTePeXeHHs. byJlo BIOCKOHA/IIEHO aJITOPUTM BU3HAUYEHHS IOKA3HMUKA 3aBAHTAXXEHOCTI
TpancnopTHoi AinsHky TLCR Hazlae MOKJIMBICTb BPaxOBYBATH TiJIbKM aBTOMOOII, SIKi pyXaloThCs 110 JOCTIIKyBaHii
cMy3i. Po3pobeHunit MeTog, BUBHaY€HHSI iIHTEHCUBHOCTI JOPOKHBOTO PyXy Ha OCHOBI [10CJIiJOBHUX 3HAaY€Hb
[IOKa3HMKA 3aBaHTAKEHOCTI Mae HACTYIIHI IepeBaru HaJl iHIMMU NOAIOHUMMI CUCTEMaMU: MIBULIKICTb 06pOOKHU
IAaHUX, TOYHICTB, BiICYTHICTb HEOOXiJHOCTI 10AATKOBOTO 06J1aIHAHHS (HAIPUKJIA], JaTYMKU) Ta HA3bKA BApPTIiCTh.
Po3pob6seHo anroputm Ta iHGOpMaLiliHy cucTeMy [Jisl JOBrOCTPOKOBOI'O IIPOrHO3YBaHHSI TIOKA3HUKA
3aBaHTaXXEHOCTi TpaHCNopTHOI AingHKkM TLCR 17151 nopasneinoi oLiHKY CTaHy JOPOXKHBOTO pyxy. IHopMaliiiHa
CcHCTeMa IIPOrHO3YBAaHHS 0a3yeThCsl HA MOJieJli HABUYAHHS 3 PEKYPEHTHOIO HENPOHHOI0 Mepexxeto LSTM. Po3pob6ieHa
CHCTE€Ma HaBYAETHCS HA TPEHYBAJIBHOMY BilleO OTPMMAHMX 3 KaMep JOPOKHBOTO PYXy 3allMCHOIO NPOTSATOM OLHOTO
TV>KHS [17151 IPOTHO3YBAHHS [IOKa3HMKA 3aBAHTAXKEHOCTI TPaHCIIOPTHOI AisHKYA TLCR 11719 KOSKHOTO IHS TYDKHSL.
Po3po6s1€HO anropuT™m BUSIBJIEHHS JOPOXKHIX 3aTOPiB 32 NOKA3HMKOM 3aBaHTaKEHOCTI TPaHCHOPTHOI HinsiHku TLCR
OTPUMAaHUX 3 300p2K€Hb OTPUMAHUX 3 BileOKaMep, BCTAHOBJIEHUX Y Pi3HUX MICLSIX MiCTa. AJITOPUTM L03BOJISIE
ki1acudikyBaTy 3aTOpY 32 TPhOMA PiBHSIMU 3aBaHTaKEHOCTI: HU3bKA, CEpeIHs Ta BUCOKA 3aBAaHTAKEHICTb.
Po3po6seHnii anropuTM A0CIIIPKyBalu Ha eKCIIEPUMMEHTAIbHUX IaHUX 3aIIMCIB 3 JOPOXKHIX Bifileokamep Ta 6yJio
OTPUMAaHO 33/I0BiJIbHI pe3yJIbTaTH BUSBJICHHS Ta Kjacudikalii piBHiB 3aBaHTaXeHOCTI. [TociigoBHiCTE 06pO6KY Ta
IIEPETBOPEHD IAHUX CKJIQZAI0Th HOBY TEXHOJIOTIIO BU3HAYEHHS iIHTEHCUBHOCTI JOPO>KHBOTO PYXY, 10 3abe3nedye
BHCOKY TOYHICTb OLIiHKY iIHTEHCUBHOCTI pyXy TPaHCIIOPTHUX 3aCc00iB Ha AiISHIII JOPOXXHBOTO PyxXy. Po3pobyiena
TEXHOJIOTis MOXKE IPallOBaTH B YMOBAX HECTalliOHAPHOCT] NapaMeTPiB TPAaHCIIOPTHOTO PYXy. 3aBIsSIKU
BMKOPHMCTAHHIO CETMEHTallii, 3amicTb Kiacugikalii, a Takox crenn@idvHoro Habopy AAHMX [1J1 HaBYaHHH,
TEXHOJIOTis 1030aBJIeHa TaKUX HeZOJIIKiB SIK HEIPaBUJIbHO MifibpaHuii pakypcC Ta BiiCYTHICTb TPAHCIIOPTHOTO
3aco0by B iCHyIOUUX 0a3ax JaHUX /11 HaBYaHHS. 3allpOIIOHOBaHA CMCTEMa YCIIIIHO MiipaxyBaja TPaHCIOPTHi
3aco6U 3 BUCOKOIO TOYHICTIO, — cepeiHi 3HaueHHs F-mipa Ta TouHicTb (Accuracy) pocsrau 0,9967 ta 0,9935
BiAnoBinHO. JlocimkeHo TOYHICTb po3po6eHoi iHpopmMaLifiHOI CUCTEMU TOBTOCTPOKOBOTO IIPOrHO3yBAHHS
IIOKa3HMKa 3aBaHTaKE€HOCTI TpaHcopTHOI finsHKkY TLCR, sika 6a3yeTbcst HA MOJeJli HaBYaHHS 3 PEKYPEHTHOIO
HelipoHHOI0 Mepexeto LSTM. OTpumaHa ekcniepuMeHTanbHa cepefHs TouHicTs 0,914 nis m'saTi AHIB (IBa BUXITHUX

Ta TpYU poOOYUX [ Hi) IEMOHCTPY€E BUCOKY €(PEKTHUBHICTb PE3YJbTATiB IPOrHO3YBAHHSL.

2. 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. A software component for determining the 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 the video data coming from the 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 successive values onof 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 traffic load index of the TLCR
transport section 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 parameters of traffic. 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 ooof 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 model of training 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.
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