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One of the most pressing problems of megacities is traffic jams. With the growth of the urban population,
there are more and more of them. Given the fact that there is no metro in Astana, the number of vehicles is
growing quite quickly and urban public transport is also replenished with new buses every year. Attempts
to introduce bus lanes partially eliminate the problem for public transport, but at the same time creates
problems for private individual transport.

Theoretically, there are various solutions to the problem of congestion on urban highways, but in practice
we face a number of additional problems. Attempts to create intelligent systems for regulating urban
transport do not yield tangible results due to a chaotic approach to the main problem.

Transport system management is a set of various measures aimed at the effective functioning of this
system through coordination, organization, and ordering of the elements of this system, both among themselves
and with the external environment. The Intelligent Transport System (ITS) is a management system that
implements innovative developments for managing traffic flows. As a result of using such systems, we get
the so-called ”smart roads”. The article examines one of the components of ITS — the smart traffic light
system.

Keywords: algorithms, information systems, traffic jams, integrated systems, information modeling,
program code.
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Meranonuctep/iiH eH ayblp podaeMatapbHbIH Oipi-Kesik kentemici. Kana XankbslHbIH 6CyiMeH Oap/IbiH
CaHbl apThill KeJiedi. ACTaHaJa METPO KOK €KEeHIH €CKepCEeK, aBTOKOJIIK CaHbl Te€3 ©Cy[le KOHE KaIaJIbIK,
KOFaM/IBIK KOJTIK KbLT CAalibIH jKaHa aBTOOYCTapMEH TOJIBIK THIPBUTBITT OTHIPAbL. ABTOOYC KOJIAKTAPHIH EHTi3Y
opeKeTTepi KOFaMJIbIK, KOJIiK MaceJieCiH iliHapa KeHUIIeTe i, Oipak COHBIMEH Oipre kKeke keke KOJIKKe
KHUBIHJBIK, TYbIPA/IbI.

TeopusiIbIK TYpFbIIaH KalajblK MAaruCTPaIbIapAblH KENTEJIICI MOCEJIECIH WIENTy I1H dPTY pJil HYCKaJlaphl
Oap, Oipak ic xy3iHae 6i3 OipkaTap KOCkIMIIIa Macesesepre Tan 0o1aMbl3. Kananblk KemiKTi peTTeyiH uH-
TeJUIEKTYaJIIbl )KyHeepiH Kypy opeKeTTepi Heri3ri mpodaeManapra XaOTUKAIBIK, KO3KapacKa OailIaHbICThI
alTapJbIKTall HOTHXKE OepMeii.

One of the problems is that congestion and situations are created at the main intersections of roads when
flows of cars from one direction do not have time to complete the maneuver when turning and do not allow
cars to move from the other direction accordingly. Attempts to create prohibited “islands” have not yielded
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any special results, since they do not allow automating the operation of traffic lights in terms of setting the
glow time of the warning yellow color. There have even been illegal attempts to impose fines for driving
through yellow traffic lights. The purpose of this article is to evaluate the use of automated control systems
to solve traffic control problems.

TyiiiH ce3ep: atroputmaep, aknaparThiK Kyienep, Kok KenTesici, MHTerpalysiaHrad xyienep,
aKnapaTThIK MOJEJbIey, OaraapiamMa Kopl.
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OpHoli 13 HanOosee HAOOJEBIIMX MPOOJIEM METAIoIMCOB SIBISIIOTCS aBTOMOOUIbHBIE TIPoOKH. C po-
CTOM TOPOJICKOTO HACeJIeHHsI UX CTAHOBUTCS Bce OOJIbIe M OOJIbINe. YUUTHIBas TOT (PaKT, 4To B ACTaHe
OTCYTCTBYET METPO KOJMYECTBO aBTOTPAHCIIOPTA PACTET JOBOJILHO OBICTPO M FOPOACKON OOIIECTBEHHBIN
TPAHCIIOPT TAKKE CKETOAHO ITOIMOJIHACTCA HOBBIMU aBTO6yC3MI/I. ITonbiTKH BBCIACHUA aBTO6YCHHX I10JIOC
YaCTUYHO CHUMaAIOT HpO6HCMy JJIA O6H_ICCTB6HHOFO TpaHCIIOPTa, HO B TO K€ BPEMA CO3JACT Hp06)ICM IJIA
YaCTHOI'O MHAWBUAYAJIBHOIO TPAaHCIIOPTA.

TeopeTnyecKky CyIIeCTBYIOT Pa3IMUHbIe BAPUAHTHI PEIIEHH TPOOJIEMBI 3arpy,KeHHOCTH TOPOJCKUX Ma-
TUCTpajiell, HO Ha MPAKTHKE Mbl CTAIKMBAEMCS C PSIOM JOTOJHHUTENBHBIX MpooseM. [TombiTku co3nath
VHTEJUIEKTYaJIbHBIE CUCTEMBI PETYJIMPOBAHUSA TOPOICKOrO TPAHCIIOPTA HE JAIOT OLLYTUMBIX PE3YJIbTATOB
0 IPUYMHE XaOTUYHOTO MO/IX0Ja K OCHOBHOM MPOOIEM.

OnHo# u3 mpo0JieM sIBJSAETCS TO, YTO HA OCHOBHBIX MIEPEKPECTKAX JOPOT CO3JAI0TCs 3aTOPbI M CUTYaLIUH,
KOIZla MOTOKM aBTOMALIMH C OJHOTO M3 HAIPaBJIEHUH NP MOBOPOTE HE yCHEBAIOT 3aBEPIIUTh MAHEBP U
HE MO3BOJISIIOT COOTBETCTBEHHO [IBUTaThCs aBTOMAIIIMHAM C APYroro HampasieHus. IlonbITku co3gaBath
3arpelieHHble «OCTPOBKM» HE Jalli OCOOBIX Pe3yJIbTaToB, TaK KaK He TMO3BOJISIOT aBTOMAaTH3MUPOBATh pa-
60Ty cBeTObOPOB C TOUKM 3PEHHs YCTAHOBKM BPEMEHM CBEUYEHHS MPEAyIpekAaloIero KeIToro IBeTa.
Jlaxxe ObUTM HE3aKOHHBIE MOTBITKY BBEJEHUs IITPadoB 3a MMPOe3/1 Ha KeThlil CBeT cBeToopa. B naHHOI
CTaThe MOCTaBJIEHA LIEJIb CAEIATh OLIEHKY MCIOJIb30BaHU aBTOMATU3UPOBAHHBIX CUCTEM YIIPABJIEHUS IS
pelleHus 3a/1a4 KOHTPOJISI JOPOKHOTO IBUKEHHUS.

KiroueBble cioBa: aBTOMaTU3MPOBAHHBIE CUCTEMBI YIIPABJIEHUS], AITOPUTMbI, NTH(GOPMAIIMIOHHbIE CHU-
CTeMBI, TPAHCIIOPTHbIE TIPOOKH, MHTET PUPOBAHHbIE CUCTEMBI, TH(POPMAIIIOHHOE MOJIETMPOBAHMUE, KO ITPO-
IPaMMBI.

Introduction. Traffic in conditions of congestion
of roads with traffic and pedestrian flows requires
innovative ways of regulation. Automated traffic
management systems, which are a complex of
technical means implementing certain technological
algorithms for traffic flow management, have
recently become increasingly relevant. The
algorithm assumes the implementation of the
principle of decomposition of decision-making,

which can be considered generally accepted for
network adaptive management methods. The
decomposition of management is based on the
division of the area into mutually overlapping zones.
The center of each zone is an ad justable intersection,
and the zone itself covers all intersections adjacent
to the central one. The main purpose of the
introduction of automated traffic management
systems is to reduce the total delays of vehicles on
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a certain section of the road network, in the area of
operation of this system — at an intersection, in an
area or city [1-2].

Microcontroller intellectualization of traffic
lights is a modern and promising direction for
improving traffic light facilities. The presence of a
digital reprogrammable microcontroller, such as the
Siemens LOGO! 230rce, and small microcontrollers
with built-in ESP32 Cam video cameras open up
wide opportunities for the use of modern software
and hardware that allow interactively intellectualize
the process of optimizing traffic flows without

DC-2 controller

significant material costs.

Materials and methods. The Siemens LOGO!
230RCE microcontroller in combination with the
updated DC-2 linear controller allows you to
optimize the algorithm of the entire information
intelligent system. The technology of improvement
of the DC-2 linear controller does not present great
electrical complexity. Figure 1 shows the internal
arrangement of the elements of the DC-2 controller.
The device of the 230RCE programmable logic
controller (PLC) is also presented here [3].
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Figure 1 - The layout of the DC-2 and the general view of the Siemens LOGO! 230RCE microcontroller
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Figure 2 - The code of the adaptive traffic light program

The dimensions of the DC-2 and the length of
the DIN rail PLC LOGO! they are compact enough.

Please note that the 230rce allows you to attach
the rail without significant structural changes. In
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practice, an additional relay with the function of
reprogramming and data exchange over Ethernet
networks is installed in the housing of the DC-2.
An important feature of the new hardware is
the constantly expanding libraries of application
programs and software LOGO! and the presence of
a simulator in Soft Comfort. This is the personal
logo of the microcontroller! The Web editor can be
supplemented with a web server, which allows you
to process network data streams, images obtained
from video cameras specific to the OOP application.

Figure 2 shows the program code written in the FBD
graphical language [4-5].

The algorithm of the traffic light with a
recognition sensor located in the traffic light zone
of cars takes into account their number and if the
specified number of cars is exceeded (in our case,
15 cars), the green light turns on [6].

Figure 3 shows the standard program for
switching on the temporary phases of green, yellow
and red light.

GO-(SREEN)

Figure 3 - The standard operating program of the traffic light in the ’green wave” mode

The special feature of the code is that it
can be reloaded taking into account traffic jams,
emergencies and night mode (yellow, which lights
up again).

Various software solutions are used to eliminate
the phenomena of congestion and forced
unreasonable delays of cars at intersections in front
of traffic lights[7]. The algorithm and Program for
calculating the number of vehicles can be adapted
to a pedestrian traffic light, which is of particular

relevance for streets with divided lanes near the
centerline of the bus (for example, on Timiryazev
Street in Almaty).

In this regard, an upgraded computer traffic
management system in Almaty is needed, which
should calculate online the optimal and coordinated
time intervals for switching on the phases of
red, yellow, and green traffic lights at adjacent
intersections, ensuring traffic flow along the “green”
wave. Among such intelligent control systems, we
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note the automated control system “Smart traffic
lights” of New York City.

The intelligent traffic light control system
of large cities is a complex and expensive
automated system, however, reducing travel
time, reducing vehicle downtime at intersections,
reducing harmful emissions into the atmosphere,
increasing the mobility of the population as a whole
compensate for these costs. So, traffic management
of a megalopolis is a complex and multilevel
technological process.

Complex automation requires a powerful
computer network with central controllers of
supercomputers, on the periphery of which the IoT

device constantly transmits data to the traffic control
center via communication channels.

A promising task of modern automation of the
traffic management information system is research
on “advanced” traffic management and traffic light
regulation. The implemented software products
should calculate indicators interactively, taking into
account the requirements of local government
systems installed at the nodal points of the city’ s
road network. Also promising tasks are the creation
of network simulators for microcontroller control of
”smart intersections”, and then their localization into
more complex networks on the scale of a polycentric
district and the city as a whole.
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Figure 4 - Electrical diagram of an intelligent interface for controlling a ’smart” traffic light using a QR
code

In urban conditions, the following methods of
traffic management are used:

- Control by stopping vehicles. For example, by
means of traffic lights. Each traffic flow moving
through the intersection is affected by three light
signals — green, yellow and red.

- The direction of traffic flow bypassing the area

where congestion is formed.

- Information management. The driver receives
information about the traffic situation on his way,
and decides on the further route on his own.

- Coordinated management. It allows you to
increase the capacity of roads and reduce the risk
of accidents by streamlining traffic. The following
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methods are used to implement coordinated
management

- Rigid software control. Coordination programs
and the order of their change are calculated in
advance based on movement data collected, as a
rule, by field measurements.

- Software management with forecast. The
selection of the program activation points, the
duration of their operation and their adaptation to
the speed of traffic flow is performed based on data
from transport detectors.

-Adaptive control. Each cycle is implemented
with the calculation of coordination programs based
on traffic flow data at each intersection and in each
control phase.

Results and discussions. As a result of the
conducted research, the software and hardware of

Void setup ()

{
TM1283 mod;

Byte num() ;

int pinA = 3;
int pinD = 5;
pinMode (pinA, input);

digitalWrite (pinl);

Boolean dSW (pinC);

}

Int encoderPosCount (stepsPerrevob) {
myStepper 7;
int pinDLast = 8§;

Serial.begin (362);
Value_Y = analogRead (axis—X);
Bool isvalid = false;

MFRC522 mfrc522 (DD_PIN;
Byte uidCar;
delay (1) ;
mode cloc ()
if X=4 then {
go to 10(“.");
delay (100);

/ 5;

the ESP32 Cam interface was developed on the
principle of a “green wave” for special services
vehicles using a QR code. Similarly, the hardware
and software of the ESP32 QR Code Reader
interface for medical vehicles was developed.
The ”smart” HR software appeared during the
implementation of a library program in which,
with standard QR code recognition, a text message
transcribing the text of the QR code was displayed
on the screen of the COM port of the Arduino IDE
environment [8, 9] (Fig.4).

In the case of fire trucks, often driven by a
small column, the “Green Wave” has a longer
turn-on time, and this information is entered into
the QR code. Below is a program that implements
an algorithm for adaptive activation of the “green
wave” in the codes of the Arduino IDE environment:

As can be seen from the text of the application, format and converts it to a digital format. Then the

the webcam reads the QR code, analyzes the text
and selects from it the number specified in the text

coil of the intelligent traffic light relay turns on to
turn on the yellow light and then the green light.
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Conclusion. In conclusion, it should be noted that
the assessment of the informativeness of adaptive
control algorithms makes it possible to optimally
select the necessary operating mode for traffic
flows, which in turn will significantly reduce the
number of congestion on the streets of megacities.

The use of this system has made it possible to
increase the efficiency of the automated control
system by 18%. The developed software and

hardware of the ESP32 Cam interface based on
the “green wave” principle for special services
vehicles using a QR code has shown its viability
and practicality. The created program code for
the Arduino IDE environment is adapted to these
requirements. The article is based on the results
of research carried out within the framework of
the funded project A neural computer view of the
smart traffic light of megacities of the country”.

References

1.Badaguev B.T. Jekspluatacija transportnyh sredstv (organizacija i bezopasnost’ dvizhenija). — M.: Al
fa-Press, 2012. - 239 s. ISBN 978-5-94280-556-2 [in Russian]

2. Dudko N.I., Petrovec V.R., Bershadskij V.F. Bezopasnost’ dvizhenija mehanicheskih transportnyh sredstv:
posobie - Gorki: BGSHA, 2014. - 238 s. ISBN 978-985-467-490-2 [in Russian]

3. Blinkin M.Ja. Bezopasnost’ dorozhnogo dvizhenija: istorija voprosa, mezhdunarodnyj opyt, bazovye
institucii.-M.: Izd. dom Vysshej shkoly jekonomiki, 2013.- 240 s. ISBN: 978-5-7598-1086-5 [in Russian]

4. Volkov V.S. Jelektrooborudovanie transportnyh i transportno-tehnologicheskih mashin: uchebnoe posobie
- M.: Akademija, 2010. - 208 s. ISBN 978-5-7695-5749-1 [in Russian]

5. Gorev, A. Je.Osnovy teorii transportnyh sistem: uchebnoe posobie / A. Je. Gorev;SPbGASU. — SPb.,
2010. - 214 s. ISBN 978-5-9227-0266-9 [in Russian]
6. Majboroda M.E., Bednarskij V.V. Gruzovye avtomobil’ nye perevozki. - M.: Feniks, 2008.- 442 s. ISBN
978-5-222-14364-3 [in Russian]
7. Klinkovshtejn G.I. Organizacija dorozhnogo dvizhenija: uchebnik dlja vuzov. — 5-e izd., pererab. i dop.-
M: Transport, 2001 - 247. ISBN 9785277022405
8. Urykov V.A., Zelenina L.I. Modeli transportnogo infrastrukturnogo kompleksa // https://web.snauka.ru.
[in Russian]
9. Morozov L.I. i dr. Chislennoe issledovanie transportnyh potokov na osnove gidrodinamicheskih modele;j
// Komp’ juternye issledovanija i modelirovanie.-2011. -T. 3(4).-S. 389-412. [in Russian]

Csedenusi 06 asmopax

Tyneryno A.ll. - kKaHauAaT (U3MKO-MaTeMaTHYECKUX HAyK, aCCOIMMPOBAHHBIN mpodeccop, Kazaxckuii yHUBEpCHTET TEXHO-
noruu u 6usHeca umenn K. Kynaxanopa, Acrana, Kazaxcran, e-mail: tad62@ya.ru;

Axumes K.M. - kanauaaT TeXHUYECKUX HayK, aCCOLMHUPOBaHHBII Tpoeccop, Kazaxckuil yHMBEpCUTET TEXHOJIOTMH U OM3Heca
umenu K. KynaxxanoBa, Acrana, Kazaxcra, e-mail: akmail04@ya.ru;

Kamanrapus [I. C.- PhD, Kazaxckuii yauBepcutet TexHonoruu u ousneca umenu K. Kynaxanosa, Acrana, Kazaxcran, e-mail:
Dus_man89@mail.ru;

IOpxoB H.K. - nokTop TexHMuUecKuX Hayk, npodeccop, [leH3eHCKMII TocyqapcTBeHHbI yHUBepcuTeT, [len3a, Poccus, e-mail:
kipra@mail.ru;

AxurreBa JI.K.-uccrnenosatens, HazapOaeB nHTe eKTyanbHas mikona, Acrana, Kazaxcran, e-mail: akmail04 @ya.ru

AunteiHOek C. A. - PhD, accounpoBanHbiii npoceccop, Kazaxckuii yHuBepcurter TexHonoruu u 6usHeca, Acrana, Kazaxcra,
e-mail: serik_aa@bk.ru;

Cmakosa H.C. - PhD, accomuupoBanHsiil pocdeccop, Kazaxckuil yHUBepCHTET TeXHOJIOTMA M Ou3Heca, ActaHa, KasaxcraH,
e-mail:nuri_5@mail.ru

Information about the authors

14


https://web.snauka.ru/issues/2014.%2018.06.2020
mailto:Dus_man89@mail.ru
mailto:kipra@mail.ru
mailto:serik_aa@bk.ru

Tulegulov A.D. - Candidate of Physical and Mathematical Sciences, Associate Professor, Kazakh University of Technology
and Business named after K. Kulazhanov, Astana, Kazakhstan, e-mail: tad62@ya.ru;

Akishev K.M. - Candidate of Technical Sciences, Associate Professor, Kazakh University of Technology and Business named
after K. Kulazhanov, Astana, Kazakhstan, e-mail: akmail04 @ya.ru;

Zhamangarin D. S.- PhD, K. Kulazhanov Kazakh University of Technology and Business, Astana, Kazakhstan,

e-mail: Dus_man89@mail.ru;

Akisheva L.K.-researcher, Nazarbayev Intellectual School, Astana, Kazakhstan, e-mail: akmail04@ya.ru

Yurkov N.K. - Doctor of Technical Sciences, Professor, Penza State University, Penza, Russia, e-mail: kipra@mail.ru;
Altynbek S. A. PhD, Associate Professor, Kazakh University of Technology and Business, Astana, Kazakhstan, e-mail:
serik_aa@bk.ru

Smakova N.S.- PhD, Associate Professor, Kazakh University of Technology and Business, Astana, Kazakhstan, e-mail:
nuri_5@mail.ru

15


mailto:tad62@ya.ru
mailto:akmail04@ya.ru
mailto:Dus_man89@mail.ru
mailto:kipra@mail.ru
mailto:serik_aa@bk.ru
mailto:nuri_5@mail.ru

	Т.Ж. Мазаков, Ш.А. Джомартова, А.Т. Мазакова, Г.Ч. Тойкенов, М.С. Алиаскар, У.Г. Тойкенова  ИДЕНТИФИКАЦИИ МАТЕМАТИЧЕСКИХ МОДЕЛЕЙ МЕТОДОМ КВАЗИЛИНЕАРИЗАЦИИ 

