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CITY TRAFFIC SIMULATION ON MICROSERVICES

Abstract: Population growth and urbanization in Kazakhstan have led to significant traffic
management problems in large urban areas. Initiatives such as intelligent road systems, real-time
traffic information, and traffic management have been implemented to address these issues.
However, congestion and delays remain as major problems. Effective traffic modeling is necessary
to understand traffic patterns, identify bottlenecks, and implement effective solutions for reducing
congestion. Microservice architecture has recently become a trend owing to its advantages, and the
authors of this paper propose the use of microservices for urban traffic modeling to solve these
problems. In this study, any moving object between two points: a car, a bicyclist, or a pedestrian —
was presented as an actor. Each actor is represented as a microservice. They communicate their
movements through city microservice. After sending their movements, a red line is displayed on the
map, indicating their travel paths. This solution helps to simulate movement more realistically
because each microservice is independent and can move randomly.
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Introduction

The growing population and urbanization trends in Kazakhstan are expected to lead to a
significant increase in the population of urban areas, which, in turn, poses considerable challenges
in managing traffic in large urban areas. To address these difficulties, various initiatives have been
undertaken, such as the development of intelligent traffic systems, real-time traffic information,
traffic-control management, and accident-alert systems. Despite these attempts, traffic congestion
and delays continue to pose significant challenges. Efficient traffic simulations play a crucial role in
understanding traffic patterns, identifying bottlenecks, and implementing effective solutions to
alleviate congestion. Moreover, the consequences of traffic congestion are far-reaching, including
increased fuel consumption, accidents, air pollution, and economic costs. For instance, in the United
States alone, traffic jams result in billions of wasted hours, dollars, and fuel consumption (Arnott and
Small 1994) [1]. Accurately estimating travel time is vital for individuals and businesses, as it impacts
economic activities and overall societal well-being. To solve these issues we propose traffic modeling
on microservices. Microservices have become popular in recent years, and many studies have been
conducted in this area. Several studies have compared microservices with other types of architecture
[2] [3], and many have pointed out that microservices have a number of advantages. Some
researchers have attempted to apply the benefits of microservices to other areas. For example,
Razzaqg applied microservices to 10T [4]. In this study, we attempted to apply microservices to city
traffic simulations.

Related works

Pump et al. suggested building microsimulations for urban transportation using microservice
concepts [5]. Their objective was to develop a decision support tool that integrates two distinct
simulation frameworks: AnyLogic and MatSim. These frameworks are connected by a bonding layer.
The bonding layer employs the idea of small independent components by confining simulations to a
single logistic concept, while the frameworks and other microsimulations provide more
comprehensive perspectives.

The definition of microsimulation used in reference [5] varies from the microsimulation models
detailed by Merz [6] and other researchers. Microsimulation models are constructed using microlevel
information and only simulate a small portion of the system being studied, without establishing a
specific pattern for the model's development. Although our paper's simulation scenarios may be

ISSN 2788-7995 (Print) Becrauxk yunsepcurera llakapuma. Texaudeckue Hayku Ne 1(13) 2024 11
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024



considered microsimulation models, the modeling process and simulation theory underlying these
scenarios are beyond the scope of this research.

The authors of [7] provide an in-depth analysis of a microservices and REST-based agent-
based traffic simulator prototype. The prototype's development showcases the effectiveness of
Agent-Based Modelling in creating simulations. A standout aspect of this method is the adaptability
it offers in selecting how to implement the agent component of the simulation. By utilizing HTTP as
an interface between the agent and its environment, it becomes feasible to employ any programming
language or agent framework capable of communicating with services via HTTP.

Implementation

The idea is to represent each road user as an independent and separate microservice, i.e.
each road actor is a microservice. This solution will help to model road traffic more realistically, since
each actor will be independent and will move randomly. The city itself will also be in the form of a
microservice, it will be responsible for communication between other microservices, transfer data
between them (Figure 1) and play the role of a store.
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Figure 1 — Relation of city microservice with other microservices

We use the open source project Graphhoper [8] for route planning. It provides an API for point-
to-point route planning and many other navigation-related functions. For map representation, we
used the free and publicly available geographic database Open Street Map (OSM) [9]. Both services
can be easily integrated into the project. So there are 4 services and each was wrapped in a
container using a docker file, and a docker-compose file was used to manage all containers [10]. To
run the application, you just need to run the docker-compose up -d command. This command will
start the application with a single road user. To increase the number, you must explicitly specify how
many are needed for a particular service. In our case we need to increase the number of road users:
docker-compose up — scale actor=50 -d. This command will create 50 actors. Road actors can be
any moving object between two points. It can be a car, a bus, a bicycle, etc. Each actor sends their
location through the city (Figure 2).
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Figure 2 — Kotlin data class for actor’s location messages

As soon as an actor sends his coordinates, a line is drawn on the map to indicate his
movement. To display the map, we used JavaScript and npm [11] to pull dependencies. For testing,
we used a map of Astana city and used only cars as actors. Therefore, in Figure 3, a screenshot is
shown during the simulation.
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Figure 3 — Screenshot of running simulation

Conclusion

We were able to apply the concept of microservices to urban traffic modeling. This solution
allows for more realism, as each actor is independent and moves randomly. However, the solution
is not perfect and can be improved. We now present some improvements that can be made in future
work. First, a microservice city may fail if the number of actors increases. As the city stores
messages, a distributed database can be used. Second, additional user integration can be added.
Add the ability to select parameters for the simulation: city, coordinates, number of actors, and their
roles
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MUKPOCEPBUCTEPLOEI KANAJbIK TPA®UKTI MOAEJNBAOEY

KasakcmaHOa xarnbikmbiH ecyi MeH ypbaHu3auus ipi kanasnbsik aydaH0apda o1 KO3fallbICbiH
vibimOacmeipyOa eneyni npobnemanapra anein kendi. Ocbl Mmocenenepdi wewy YWiH
UHmennekmyanobl o xylenepi, HaKMbl yaKblmmarbl X051 KO3faslbiCbl myparibl akrnapam XXoHe
XKOI Ko3frasbicbiH bacKkapy cusikmbl bacmamarap xy3ezae acbipbliiiObl. Anatida kenmersicmep MeH
Kidipicmep Heeizai npobriemanap 6onbin Kana 6epedi. XKon KosfanbicbiH muimOi modernibdey
KosfasbIC 3aHObIbIKMapbiH MYCIHY, KUbIHObIKMapObl aHbiKmay XoHe Kernmesicmi a3alimyOobiH
muimOi wewimoOepiH Xy3eae acbipy YWiH Kaxem. XXakbiHOa MUKpOCepauCMIK apxumekmypa 63iHiH
apmbIKWhbIIbIKMapbiHbIH apkacbiH0a mpeHOKe aliHanlbl X8HE OCbl MakaslaHbIH asmopriapbl OCbl
macernenepdi wewy ywid Kananbik mpagukmi modernboey ywiH Mukpocepsucmepdi natidanaHyobl
ycbiHadbl. Byn 3epmmeyde eki Hykme apacbiHOarbl Ke3 — Ken2eH KosfanambiH O6bekm:
asmomoburne, eerocuneduwi Hemece xxasly XypeiHwi-akmep pemiHde YCbIHbINObI. ©p akmep
MUKpocepsuc mypiHoe ycbiHbiiiraH. Onap e30epiHiH Kosranbicmapbl myparisl "Kaa'MUuKpocepsuci
apKbinbl xabapnatiobl. Ci3diH Ko3farbicmapbiHbIi3 myparbl 0epekmepdi xibepaeHHeH KeliH Kkapma
onapldbiH KO3falnbIC XOJfbIH KepcememiH KbI3blfl Cbi3bIKmbl  Kepcemedi. MyHOal wewim
Ko3fasibicmbl WhbiHalbl Modenbdeyee kemekmeceOi, elimkeHi apbip MUKPOCep8UC MayeriCi3 XoHe
epikmi mypde Kosrana anaosl.

TytiH ce3dep: ypbaHusauusi, Ol KO3falbICbl, MUKpocepsucmep, modesnboey, KanasblK
mpacgukmi modesnbdey.

B.H. XXonmbip3a, A.M. Cmaiibin
Astana IT University,
010000, Pecnybnuka KasaxctaH, r. ActaHa, npocnekt Manrunuk En, 55/11
e-mail® 222170@astanait.edu.kz

MOOENMPOBAHUE TOPOOCKOIO TPA®UKA HA MUKPOCEPBUCAX

Pocm HaceneHus u ypbaHu3auyusi 8 KazaxcmaHe ripusesnu K 3HadyumersibHbiM rpobrnemam ¢
opeaHu3auueli 00POXXHO20 O8UXEHUS 8 KPYTHbIX 20p0JCKUX palioHax. [ns peweHus amux ripobnem
6bIU  peanu3ogaHbl Makue UHUyUamuebl, Kak UHMmMesiieKmyasbHble OOPOXHbIE CUCMEMBbI,
UHhopmayusi 0 OOPOXHOM O8UXEHUU 8 pexXuMe pearibHO20 8peMeHU U yrnpasreHue OOPOXHbIM
osuxxeHuem. OOHaKo 3amopkl U 3a0epXXKU 0Ccmaromcsi OCHOBHbIMU ripobremamu. SghghekmusHoe
modenuposaHue OOpPOXHO20 O8UXeHUSI Heobxodumo Onsi [OHUMAaHUsl 3aKoOHoMepHocmel
O0BUXEHUS, 8bIIBNIEHUST Y3KUX Mecm U peanu3ayuu 3eKmueHbIX peweHUl 0 CHUXEHUIO
3amopos. B nocriedHee epems MUKpOCepeucCHasi apxumekmypa cmasa mpeHOom 6riazodapsi
C8OUM ripeumyujecmeam, U asmopbl OaHHOU cmambu ripednnazarom UCroib308amb MUKPOCEP8UCHI
0na modenuposaHusi 20podcko20 mpaghuka, 4Ymobbl pewumsb 3amu npobnems.. B OaHHOM
uccniedogaHuu mwobol  dsuxywutica obbekm MexOy O8yMs  moYkamu: asmomobursib,
genocuneducm unu rnewexod — 6l npedcmasnieH Kak akmepa. Kaxobil akmep npedcmassieH 8
sude mukpocepsguca. OHU coobwarom O C8OUX MEPeMEWEHUSIX Yepe3 MUKPOCeps8uc «20p00».
lNocne omnpaeku GaHHbIX O CBOUX MepeMeweHUsIX Ha Kapme omobpaxaemcs KpacHas JIUHUS,
yKasblgarowass rnyms ux OsUXeHus. Takoe peweHue romo2aem b6osiee peanucmuyHo
Mooenupogamb O8UXEHUE, MOCKO/bKY KaxObil MUKPOCEP8UC He3asUuCUM U Moxem dsu2ambCs
MpouU380J1bHO.

Knroyeebie crioea: ypbaHusauusi, OOPOXHOE OBUXKEHUE, MUKPOCEP8UCHI, CUMYsaUuuU,
ModesnuposaHue 20podCKO20 O8LXKEHUS.
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GENERAL QUESTIONS OF SELECTION AND APPLICATION OF COMMUNICATION
PROTOCOLS OF «<SMART HOUSE» SYSTEM

Annotation: The article considers SMART technology, in particular smart house and basic
communication protocols used for data exchange. Smart house technology additionally bears the
name «home automation». Home automation in modern conditions allows the user or consumer to
flexibly manage and independently configure the system, depending on the requirements of the user.
One of the stages of customization of smart home technology is the selection of communication
protocol for data exchange within the smart home system.

To implement data exchange in smart home technology, it is necessary to properly approach
the choice of communication protocols. Smart home technology uses several types of devices:
controllers, sensors, acoustics. Since not all devices support existing protocols, there are also unique
devices that support several of the existing protocols. There are several protocols used in smart
home technology: ZigBee, Z-Wave, Wi-Fi.

In this article the analysis of two main wireless protocols operating at high frequencies,
namely ZigBee and Z-Wave. Correctly selected protocols implement fast data transmission without
loss. In addition, it will be possible to realize the needs of the user or user, which are set by the
system.

Key words: protocol, Z-Wave, ZigBee, wireless technology, smart home, home automation.

Introduction

In the period of automation of all spheres of human activity, issues of management of
household appliances that provide a comfortable existence of the person, which is defined as the
concept of «Smart House», become relevant. This concept is dynamically developing, as the
technologies that provide it, do not stand still, new devices, devices and gadgets appear to improve
and comfort human life.
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