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3D VISUALIZATION OF THE STATE OF THE NEW SECURE CONFINEMENT
OF CHNPP USING MICROSERVICE ARCHITECTURE

The purpose of this paper is to develop a software architecture for 3D visualization of information ahout the state of
the New Safe Confinement (NSC) of the Chernohyl Nuclear Power Plant using microservices technology. The NSC was
built to protect the population and the environment from the consequences of the accident at the ChNPP and to ensure
the implementation of works aimed at transforming the "Shelter" facility into an environmentally safe system. The NSC is
a large and complex system, the activity of which is ensured by a large number of different subsystems under the control
of the Integrated Management System (IMS). However, existing information systems do not provide a sufficient level of
capabhilities for information visualization, forecasting and decision-making support, which determines the urgency of de-
veloping new information technologies. Given the long period of operation of the NSC, for a comprehensive solution to this
problem, it is advisable to develop its digital twin, one of the functions of which is 3D visualization of information ahout
the state of the NSC. The non-functional and functional requirements for the 3D visualization software were formed, on
the basis of which its microservice architecture was developed as part of the architecture of the digital twin of the NSC.
A database model of the visualization service was developed and a management system was chosen for it. Considering the
large volumes of data on NSC, it is recommended to use Column-based systems to manage such datahases, however, to
create a prototype of the software product, you can use a relational model under PostgreSAL management. For modeling
building structures, the 3D model was developed in the ArchiCAD system with the ability to display data at certain points
in the three-dimensional coordinate system. The application of microservices technology ensures the flexihility of the de-
veloped architecture, the possibility of its scaling and further development throughout the long period of operation of the
NSC as a component of its digital counterpart.

Keywords: digital twin; new safe confinement of ChNPP; software architecture; 3D visualization; information system; informa-
tion technology.

Introduction

The accident at the Chernobyl nuclear power plant (ChNPP), which occurred in April 1986, led to the need
for the urgent construction of protective structures capable of preventing the spread of radioactive con-
tamination. A Shelter Object (SO) was built, which isolated the destroyed fourth power unit of the ChNPP
from the environment. However, the operational time of the SO was only 30 years, so Ukraine, together
with the international community, developed new approaches to combating the consequences of the accident
[1]. After analyzing a number of options and holding a competition, it was decided to build a new protective
structure called "New Safe Confinement” (NSC), which was supposed to isolate the SO from the environment
and ensure the possibility of carrying out production processes to transform the SO into an environmentally
safe system. In 2019, the NSC was commissioned. The main element of this protective structure is the Arch,
which has a height of approximately 109 m, a width of 257 m and a length of 150 m. The planned life of the
Arch'’s cladding is 100 years, provided that certain humidity levels are maintained [2].

Analysis of the characteristics of the NSC allows this object to be classified as a large and complex system,
and this structure is unique in the world. Taking into account the large number of operational tasks in which
personnel must make decisions on the management of NSC processes under conditions of non-stationarity
and the influence of various factors, taking into account radiation and nuclear hazards, NSC information
systems must meet high requirements for speed, accuracy and reliability of performance of functions, have
the ability to development and improvement, which determines the relevance of research in this area.

Analysis of recent research and publications. Monitoring and management of the state of the NSC is car-
ried out by a specialized Integrated Management System (IMS), which after launch was also connected to the
Integrated Automated Control System (IASC) of the OU [3; 4]. Research is being conducted to improve the
possibilities of monitoring the state of NSCs based on CFD (Computational Fluid Dynamics) models [5], and
their application in solving the problems of managing individual processes [6].

Taking into account the long period of operation of the NSC, approaches to the development of its IT
architecture are proposed, taking into account such concepts as "Continuous Development”, "Continuous
Integration” and "Continuous Deployment” [7].
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It should be noted that the existing management information systems of the NSC have an insufficient
level of information visualization, forecasting and decision-making support capabilities. However, there is
a need for 3D visualization for information analysis and modeling of various production situations, work is
underway to create 3D visualization systems for the process of disassembling SO structures [8]. A possible
option for a comprehensive solution to this problem is the application of the theory of digital twins.

There are several software products that allow you to automate the construction of digital twins with
3D visualization capabilities. The Amazon Web Services IoT TwinMaker software environment (AWS IoT
TwinMaker) is used to create digital twins of real systems and is flexible enough to import existing 3D
models from CAD files, automated design systems (CAD) and building information modeling (BIM) [9]. A
virtual model is a graph that structures and organizes information about a digital twin for ease of access
and understanding. The provided AWS IoT TwinMaker scene builder and defined simple 3D tools are used to
import visual assets into the scene and position them according to the physical environment, such as a fac-
tory and its equipment. Interactive overlays of video and sensor data from connected data sources, analytics
from connected machine learning (ML) and modeling services, and maintenance tags and work documents
provide up-to-date spatial visualization [9]. The Grafana plugin provides custom rendering panels, inclu-
ding a 3D scene viewer and dashboard templates, as well as a data source component for connecting to custom
digital twin data, enabling the rapid creation of 3D-enabled applications [10]. This plugin can also be used to
build applications using the fully managed open source service Amazon Managed Grafana. Built-in security
features to meet enterprise governance requirements, including single sign-on, user and group data access
control, and audit reporting [10]. These tools are quite powerful, but NSC is a unique object, so the available
libraries do not contain models of its components. In addition, the use of cloud services for objects with such
alevel of radiation and nuclear danger, especially in the conditions of martial law, is not appropriate, which
indicates the need for research and the use of modern software engineering tools to solve the problem [11].

The purpose and objectives of the study. The purpose of this paper is to develop a software architecture for
3D visualization of information about the state of the NSC using microservices technology, considering this
software as a component of a digital twin of the NSC. To achieve the goal, it is necessary to form the require-
ments for the 3D visualization software module, form its architecture, and choose tools of implementation.

The Main Part

In order to comprehensively solve the problem of improving the capabilities of NSC information systems
in terms of 3D visualization, forecasting and decision-making support, a digital twin architecture is pro-
posed. The proposed architecture of the digital twin is multi-level and built according to the modular princi-
ple, which allows it to be flexibly supplemented depending on needs. To develop the components of a digital
twin, it is recommended to use a microservice architecture based on secure information transfer protocols
[12].

The implementation of 3D visualization of the state of the NSC involves the display in three-dimensional
space of data on the actual or predicted values of the quantities characterizing it. Actual data on the state
of the NSC are recorded by the existing technical and software of the ISU, stored in its database and trans-
ferred using special interfaces to the data structures of the digital twin. The predicted data on the state of
the NSC are the result of the use of models that are part of the digital twin. At the first stage of creating a
visualization module, only actual data, current or historical, is considered, but the architecture of the mod-
ule should provide the ability to work with forecasted data as well.

Given the long life of the NSC, the architecture of its digital twin should provide the possibility of con-
tinuous development and improvement. One of the modern software engineering approaches that meets
these requirements is microservice architecture. It determines that the system is formed as a set of loosely
connected services that perform separate functions, which ensures its flexibility, scalability and ease of
deployment [11]. Therefore, on the basis of microservices technology, the architecture of software for 3D
visualization of the state of the NSC, shown in fig. 1, was developed.

As can be seen from fig. 1, the presented software is a component of the NSC's digital twin. The function-
ality of this software takes into account the following requirements:

e 3D visualization of the building of the NSC and SO, with the possibility of changing the scale, rotation,
demonstration of layers of building structures;

¢ 3D demonstration of sensor location points (measurement points) and their indicators;

e depending on the settings, when displaying information for the period, show the minimum, maximum,
average value, and root mean square deviation, with the possibility of choosing several options;

e colored illumination of the values of the sensor indicators depending on the configured value intervals
(green, yellow, red);
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Fig. 1. Software architecture for 3D visualization of the state of the NSC

e options for selecting sensor values by sensor type, set of sensors (measuring points), ISU subsystem,
respectively, illumination and output of values work on the selected subset of data.
The generalized service structure of the developed software for 3D visualization of the NSC state is shown

in fig. 2.
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Fig. 2. The generalized structure of the software service for 3D visualization of the NSC state
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The developed database of the service stores information about measured values, measurement points
with three-dimensional coordinates, sensors and their location, NSC subsystems, sensor values at certain
moments of time. Considering the large volumes of data on NSC, it is recommended to use Column-based
systems for managing such databases, which, due to the presentation of information in the form of columns,
ensure its more efficient processing. To create a prototype of a software module for 3D visualization of the
NSC state, you can also use a relational model under the management of the PostgreSQL system, which is
efficient for structured data and is free.

ArchiCAD software complex was used for 3D modeling of building structures of NSC. With its help, a
NSC model in ifc format was developed, which includes the possibility of displaying information about sen-
sor values at certain measurement points with reference to three-dimensional coordinates. A visual presen-
tation of the model is shown in fig. 3.

The software can use this model in the ifc format
to output the values of the quantities from the data-
base, which allows to implement a 3D visualization
of the state of the NSC for both actual and forecast
data.

Conclusions

Thus, in this work, on the basis of functional and
non-functional requirements, a software architec-
ture for 3D visualization of information about the
state of the NSC using microservices technology is
developed. A database model of the visualization
service was developed and a management system was
chosen for it, taking into account the large amount
of information about the object. For modeling build-
ing structures, a 3D model was developed in the Ar-
chiCAD system with the ability to display data at certain points in the three-dimensional coordinate system.
The application of microservices technology ensures the flexibility of the developed architecture, the pos-
sibility of its scaling and further development throughout the long period of operation of the NSC as a com-
ponent of its digital twin.

Fig. 3. An example of 3D visualization of the NSC state
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1. 1. Jlo6oga
3D-BI3YAJI3ALIS CTAHY HOBOIO BE3NEYHOI0 KOHMANHMEHTY YAEC
3 BUKOPUCTAHHSM MIKPOCEPBICHOI APXITEKTYPU

Mertoro cTarTi € po3po6rieHHs apXiTeKTypy nporpamHoro 3a6eaneyerHs ans 3D-sisyaniaauii iHhopmauii npo cTaH HOBOro 6e3neyHoro
koHghavinmenTy (HBK) YAEC 3 BukopucTaHHam TexHonorii mikpocepsicis. HBK 6yno 36ynoBaHo [n1s 3aXvCTy HACeneHHs i JOBKinS Bif Ha-
cninis aapii Ha YAEC Ta ans 3a6e3neqeHHs BUKOHaHHS POGIT i3 METOK NepeTBOPEHHS 06°eKTa «YKpUTTS» Ha eKonoriyHo 6e3neqHy cucTe-
my. HBK € BenvKoto Ta ckagHok CUCTEMONO, [iSTbHICTb SKOI 3a6e3Meyye BEvKa KiflbKiCTb Pi3HUX MACUCTEM if] KepyBaHHSIM IHTerpoBaHoi
cuctemu kepyBanhs (ICK). OpHak HasiBHi iHGhopmaLivii cucTemm He 3a6e3neYyroTb JOCTATHIN PIBEHb MOXITMBOCTEN 719 Bisyanidalii iHgop-
MaLyii, IPOrHo3yBaHHs Ta MATPYMAHHS YXBASIEHHS PilLeHb, L0 3YMOBITHOE aKTyasbHICTb PO3PO6IIEHHS HOBUX IHGhOpMALIiiHVX TexHosnorin. 3
ornggy Ha Tpueanwi nepion ekcnnyatauii HBK ans komnnekcHoro BupilleHHs Liel 3aaadi 4ouinkHO po3po6uTy Aoro LmgpoBmi ABIAHIK,
oHieto 3 hyHkuivi skoro € 30-Bisyanisauii inhopmauii npo ctaH HBK. CehopmoBaHo HebyHKLioHambHI Ta GhyHKLIIOHANLHI BUMOrY [0 Mpo-
rpamHoro 3a6e3ne4erHs 30-Biayaniaauii, Ha 0CHOBI SKUX PO3POGIEHO 0ro MiKpOCepBiCHy apXITEKTYpy SK YaCTUHY apXITEKTypU LnghpoBoro
nBinHvka HBEK. Po3po6neHo mogens 6a3v gaHux cepsicy Bisyaniaauii Ta BuGpaHo Ans Hei cuctemMy KepyBaHHs. bepyyn oo yearv Benvki
o6esrv fgaunx oo HBK, [ns kepyBaHHs TakuMu 6a3amu AaHux pekoMergyeTbes 3actocoysatvi Column-based cuctemu, ogHak ans
CTBOPEHHS MPOTOTUMY NPOrpaMHoOro MpoayKTy MOXHa BUKOPUCTATY PensLiiHy Mogesnb nig kepyaxHam PostgreSQL. [ns mopentoBaHHs
6yniBenbHMX KOHCTPYKUi po3pobnero 3D-mogens y cuctemi ArchiCAD 3 MoXnvBICTIO BifoBPaXeHHs aHnX ¥ NeBHUX TOYKAX B CUCTEMI
TPVBUMIDHYX KOOPAWHAT. 3aCTOCYBAaHHS TEXHOMONIT MiKpocepaicie 3a6e3ne4qye rHy4KicTs po3POBIEHOI apXITEKTYPU, MOXIMBICTb i MacLuTa-
6yBaHHs Ta NogarnbLLOro PO3BUTKY BNPOJOBX BCbOro [oBrora nepiogy excrnyatauii HBK sk cknagosoi vioro ungpoBoro gBiiHvika.

Kniouogi cnoBa: LuchpoBuii aBilHUK; HOBII 6e3neyHi koHdanHMeHT HAEC; apxiTekTypa nporpamHoro 3abeaneyeHHs; 3D-Bisyanisallis;
iHhopMaLliiHa cucTema; iHthopMaLiiHa TEXHOMOrS. ~

ISSN 2412-9070 33 3B’30K, Ne 3, 2023



