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OPTIMIZATION OF MANAGEMENT OF URBAN LIGHTS
WITH THE USE OF NEURAL NETWORKS

Abstract. One of the most pressing problems of large cities is the problem of traffic management of vehicles.
The reason for this problem is an imperfect way to manage traffic flows. Traffic light regulation is of particular
importance in traffic management. Most modern traffic light control systems operate at set time intervals and are not
able to cope with the constantly changing situation on the road. A promising direction for solving this problem is to
optimize the system using artificial neural networks. The advantage of neural networks is self-learning, which allows
the system to adapt to the changing situation on the road.

Despite numerous attempts, it has not yet been possible to obtain a high-quality mathematical model of urban
traffic management. This model should determine the functional dependence of transport flow parameters on control
parameters. Nowadays, traffic flows are regulated everywhere by means of traffic lights. If we can get a fairly
accurate mathematical model of traffic flows, we can determine the optimal duration of the traffic signal phases to
achieve the maximum capacity of the road network node.

A fairly accurate mathematical model of traffic management that works in predictive mode will display an
estimate of the optimal control parameters, as well as make correct decisions in emergency situations.

Well-known mathematical models of road traffic take into account only the average values of traffic flows, and
not the exact number of cars on each road section at a particular time.

Key words: traffic management, artificial neural networks, self-learning, mathematical model, traffic flows.

The mathematical model of road traffic is based on the theory of controlled networks. This model
takes into account the network and road structure, its changes according to traffic signals, and allows you
to calculate the state of traffic flows at each time. The main difficulty is to determine the exact values of
quantitative parameters of flow distribution. Overview of the use of neural networks for optimizing traffic
management.

Artificial neural networks are widely used in traffic management in the road network. Let's look at
some of the latest work in this area.

Cellular neural networks for the task of controlling traffic lights at individual intersections,
i.e. without taking into account the mutual influence of traffic light modes on neighboring sections of the
network. In this work, the total delay of vehicles at the intersection is minimized. For modeling purposes,
the flow delay determined by the traffic light phase is considered as a quadratic function of the duration of
the green light in this phase. Both linear and nonlinear equality-type constraints are applied to the duration
of the green light.

A comparison of classical Ann and fuzzy controllers as the control systems for traffic lights. The
authors of this article suggest using a neural network with a single hidden layer, the input of which is fed a
vector with the number of idle cars in front of each traffic light, and the output is the duration of each
phase. ANN is trained using a genetic algorithm. Application of "biology-inspired" neural networks
(BiNN) for intersection management. In such methods, the emphasis is on the study of dynamics in
contrast to the classical ANN, which mainly consider training procedures. BiNN is studied on a complex
intersection model. The structure of BiNN is as follows: input neurons describe a queue of vehicles in
each lane. Output neurons correspond to the phases on the bands. All output neurons are associated with
inhibitory neurons that suppress the activity of other output neurons. The duration of the phases is limited
by an equation describing the concept of "immanent plasticity" of the neuron.

— 4 ——
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Using a deep, ultra-precise artificial neural network for adaptive traffic management. For ANN
training, reinforcement training is used. In the terminology of the reinforcement learning paradigm, an
ANN is called an agent. The input signal in the ANN is formed from the state space proposed by the
authors — discrete traffic state encoding (DTSE). The following neural network architecture is proposed.
Two neural networks are used with an identical structure, but with a different set of input signals.

The first input is a binary vector describing the presence or absence of a car on a road section, and the
second is a vector of real numbers describing the speed of cars on road sections. The outputs of neural
networks deployed in the vector are glued together with each other and with the current state of the phases
and fed to the input of a fully connected ANN. The output from the ANN is an indicator vector that shows
the action that the agent should perform, namely, it contains the number of the phase that should be
enabled.

In conclusion, we would like to note that in domestic practice, advanced knowledge and experience in
the field of traffic light regulation are poorly used. This leads to a loss of time at traffic light intersections,
reduced road safety, increased fuel consumption, and more intense environmental pollution from exhaust
gases.

Currently, there are no mandatory rules governing the construction of a traffic light control cycle in
our country. There are recommendations and tutorials that are not required for use and are not used. To
fully understand the impact of regulation at intersections, regular data collection on road accidents is
required, including location, time, conditions, age of participants, consequences of accidents, and other
parameters. At a minimum, this will allow you to identify intersections with the most intense occurrence
of accidents, as a maximum, to assess the conditions that provoke risky behavior of road users and avoid
them in the future. Optimizing traffic light control using neural networks is a relatively cheap way to
increase traffic safety at intersections. It is necessary to pay close attention to this method, since the effect
may correspond to expensive measures.
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The mathematical model of a traffic management system contains parameters that must be obtained
experimentally for each intersection. These parameters include elements of the throughput matrix B and
the distribution matrix D. The capacity of the maneuver bi, j from road section i to road section
j determines the number of vehicles that can perform this maneuver in a single time interval. The capacity
of the bi,j maneuver depends on the spatial characteristics of the intersection, the speed of the car, and the
number of cars on sections i and j.

The elements di, j of the distribution matrix D determine the proportions of the flow of cars that make
a maneuver from road section i to road section j. the Sum of these fractions is equal to the flow on the
section i.the values of the parameters di,j depend on the routes of all cars and can change depending on the
time of day, day of the week, and season. To determine the parameters of the throughput B and
distributions D of the model, we use a two-layer incompletely connected ANN.

The architecture of the Ann chosen accordingly to the relationship of the roads at intersections, the
weight values of the Ann coincide with the parameters of the capacity and distribution flows. Input values
for flows on road sections at some point in time, and output values for flows on road sections at the next
point in time.

The ANN structure is determined by the intersection structure: the input layer consists of NO inputs,
where NO = n, n is the number of input road sections at the intersection.

Each input is associated with the mi of neurons in the hidden layer, where mi is the number of
maneuvers that can be performed from the I section.

Each neuron of the hidden layer is associated with only one element of the output layer, with
N2 > N1, and each neuron of the output layer defines the output section of the road that departs from the
intersection. Several neurons of the hidden layer can be connected to one neuron in the output layer. Since
the output layer defines the output road sections, the link to the hidden layer is defined from road section
i to the output road section j.

Conclusion. The article describes a neural network approach for solving the problem of traffic flow
management in the urban road network. Traffic flows are managed as a result of solving the optimal
control problem using a mathematical model based on the theory of managed networks. The ANN
provides configuration of model parameters when there is a discrepancy between the output data obtained
on the model and the output data on a real object or road network section.

A.A. Cyuneiimen, I'.b. Kamaranosa, I'.b. UcaeBa, b.P. A6cataposa, M.C. UOpaeB
Fymap0Oex /laykeeB aTbiHIarsl AJIMaThl SHEPIeTHKA )KoHE OaiylaHbIc yHUBepcHuTeTi, AnMaTsl, Kazakcran

HEPOH/IBIK JKEJTJIEP/I KOJJIAHY HETT3IH/E
KAJAJIBIK BAFJAPIIAMJAP/IbI BACKAPYIbI OHTAMJIAH/IBIPY

AnHoTanus. Ipi Kanamapaarel ©3¢KTi MOCEICHIH Oipi — KOJIK KYPaaaapbIHbIH JKOJI KO3FaJIBIChIH YHBIMIACTHIPY.
Aranran MoceNieHIH maiiga 001y cebedi — KeJlik arbIHBIH OacKapy/IbIH KeTiiMereH Tociii. Keik arslHBIH OacKapyia
Oarmapuramibl peTTEyIiH epekile MaHbI3bl Oap. barmapmamipl OGackapyAblH Kasipri 3aMaHfbl OKyHeJepiHiH
KOIILIUIri OepIreH yakpIT apaliblFbl OOMBIHIIA JKYMBIC ICTEHl JKOHE JKOJIIAFhl Y3/IKCI3 @3repMelti JKarIai Il JKeHe
anMaiiasl. By MoceneHi mienryziH NEepCreKTHBAIBIK OarbIThl — jKacaHIbl HEHPOHIBIK JKEJIJiep apKbUIbl KyHeHi
oHTaimaHAbIpy. HeHpOHIBIK JKeNiNepAiH apTHIKIIBUIBIFB — ©31H-631 OKBITY MYMKIHAITIHIH aTaFaH )KYHere Ko Iarbl
e3repMedi karmaiira Oeifimmenryre MyMKiHIik Oepeni. KenrereHn TanmeiHBICTap JKacaliica Ja, KaJdallbIK KO3FaIBICTHI
OackapyIbplH OKOFaphl camalibl MaTeMaTUKalblK MOJeN HerizgenMmeni. MyHmaldh Monenb KOJIK aFbIHBI
mapaMeTpIIepiHiH 6acKapy mapaMeTpiepiHe (YHKIMOHANIBIK TOYEJAUIIriH aHbIKTayhbl THic. Ka3ipri yakpITTa Keik
aFbIHBI OApIIBIK JKepae OarmapimamMaap apKblIbl PETTEIE ],

Erep xeiik aFbIHBIHBIH HaKTHl MAaTEMAaTHKAJIBIK MOEIIH Kacacak, yKOJ KeJici TOpaObIHBIH OapBIHIIA ©TKI3y
KaOlJeTiHe KOJI )KeTKi3y YIIiH OaraapiaM cUurHangaphbl pazanapblHbIH OHTAMIIBI Y3aK YaKbIThIH aHBIKTAH allaMbl3.

Bomxkay pexuMiHIE KYMBIC ICTCUTIH JKOJI KO3FaJIbICHIH 0aCKapyAblH HAKThl MAaTEMAaTHKAJIBIK MOJE Oackapy-
JIbIH OHTaMIIBI TapaMeTpIIepiH Oaranay bl Olipel, CoHaii-aKk TOTEHIIE KaFainapia Jypbic MM KaObUIaai/Ibl.
Ko Ko3ranbIChIHBIH OeNrii MaTeMaTHKaJIBIK MOJENbBAEP] HAKThI COTTE JKOJIABIH 9pOip ydacKeciHeri MaluHazap-
JIBIH HaKTHI CAaHBIH €MEeC, aFbIHHBIH OpTallla MOHIH FaHa ecKepei.

Tyiiin ce3nep: TpadukTi Oackapy, skacaHabl HEHPOH JKeniiepi, 031H-031 OKBITY, MATEMAaTHKAJIBIK MOJIEJIb, KOJIIK
AFBIHBI.
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A.A. Cyuaeiimen, I'.b. Kamaranosa, I'.b. UcaeBa, b.P. A6cataposa, M.C. UOpaeB
ATNMaTHHCKUI YHHUBEPCUTET SHEPTUTUKA U cBsi3u nMeHH [ 'ymapOeka [laykeeBa, Anmater, Kazaxcran

OINITUMMU3ALIUS YIIPABJIEHUSA T'OPOJCKUMHU CBETO®OPAMU
C IPUMEHEHUEM HEMPOHHBIX CETEA

Annotanusi. OfHOM 13 HauOoee akTyaJIbHBIX MPOOJIeM KPYIHBIX TOPOJOB SBISIETCS poOJieMa OpraHu3aluu
JIOPOXKHOTO JIBMDKEHHUS! TPAHCIIOPTHBIX cpeAcTB. [IpuunHa BO3HUKHOBEHHWS! JAHHOW MPOOJIEMbl — HECOBEPIICHHBIH
€roco0 yrpasJeHHs TPAaHCIIOPTHBIMY [IOTOKaMH. B ypaBiieHHN TpaHCIIOPTHBIMU ITOTOKaMHU 0CO00€ 3HaUCHNE UMEET
CBETO(OPHOE PETYINPOBAaHUE. BONBIIMHCTBO COBPEMEHHBIX CHCTEM YIpaBieHUs cBeToopamMu paboTaeT 1o 3a/aH-
HBIM MHTEpBaJlaM BPEMEHHM M He CIIOCOOHO CIIPaBUTHCS C HEMPEPHIBHO MEHSIOIIeHcs cutyanueil Ha popore. [lep-
CHEKTUBHBIM HAIPABJICHUEM ISl PELICHHS 3TOW 3aJadull SIBISCTCS ONTUMU3AIMS CHCTEMBI C TIOMOIIBIO NCKYCCTBEH-
HBIX HEUpOHHBIX ceTei. [IpenMmymiecTBO HEHPOHHBIX CETEH 3aKIFOYaeTCsS B BO3MOXKHOCTH CaMOOOYUYEHHS, UTO
MIO3BOJISIET CHCTEME TIOJICTPANBATHCS 1101 M3MEHSIONIYIOCS CUTYaIlHIo Ha JOPOTe.

HecMoTpst Ha MHOTOYHCIIEHHBIE TOMBITKH, JO CUX MOP HE YAAIOCh MOJYYUTh KAUECTBEHHYI0 MaTEMAaTHUECKYIO
MOJZEJb YIPaBICHHs TOPOACKUM JBIDKEHHEM. Takas MOJesb HO/DKHA ONpelelsaTh (pyHKIHMOHAIBHYIO 3aBHCUMOCTD
apaMeTpoB TPAHCIOPTHBIX IIOTO-KOB OT IIApaMeTpOB YIMpaBiCHUSA. B HamM AHU TPAHCHOPTHBIE MOTOKU
HIOBCEMECTHO PETYJIUPYIOTCS IIOCPEACTBOM CBETO(OPOB.

Ecnu yaacTCsa NoJydYuTb JOCTATOYHO TOYHYIO MATEMATUYCCKYIO MOJC/Ib MMOTOKOB TpaHCIIOpTa, Mbl CMOXKEM
OIPENEISTh ONTUMAIBHYIO JUIMTEIBHOCTH (ha3 CUIHAIOB CBETO(OPOB Uil JOCTH)KEHHS MAaKCHMAJIbHON IPOITyCKHON
CIIOCOOHOCTH y371a JIOPOJKHOM CETH.

JocraToyHo TOYHas MareMaTH4ecKas MOEb YIpPaBJICHHUs JOPOXKHBIM JBM)KEHHEM, padoTarouias B peKHMe
npeackaszanus, Oyner oTo0pakaTh OIEHKY ONTHMAIBHBIX [TapaMETPOB YIPABICHUS, a TAKKe NMPUHUMATh KOPPEKT-
HBIE PEIICHUS] B OKCTPEHHBIX CUTYyalsix. M3BecTHbIC MaTeMaTH4eCKHEe MOJIETH AOPOKHOTO JBIMKEHHUS! YUUTHIBAIOT
TOJIBKO CPEIHNE 3HAYCHUS MOTOKOB, a HE TOYHOE KOJIMYECTBO MAIIMH Ha Ka)XJOM y4JacTKe AOPOT B KOHKPETHBIH
MOMEHT.

KnaroueBble cinoBa: ymnpasieHHe TpadHKOM, HUCKYCCTBEHHbIE HEHPOHHBIE CETH, CaMOOOydeHHE, MaTeMaTH-
4ecKasi MOJIEIb, TPAHCIIOPTHBIE TOTOKH.
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