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Abstract

Introduction. Modern computer-aided design (CAD) systems make use of digital information models (DIM) depending
on the aims of a project. According to the Decree of the Government of the Russian Federation No. 614, Section 7,
Subsection D, the use of information modeling technologies (IMT) does not always imply designing a DIM. However,
making sure DIM attribute data are in compliance with a customer’s requirements or those of expert evaluation remains
time-consuming and prone to technical errors. The relevance of the study is due to the need automated DIM parameter
matching based on the technical specification requirements, which would reduce time costs and improve the quality of
uploading the model. The study looks into the problem of the lack of tools for automated parameter matching based on
machine-readable requirements. The aim of the study is to develop an application providing programmatic comparison
of CIM attribute data in compliance with the technical specification requirements.

Materials and Methods. The software solution is being developed for a range of CAD systems, such as Renga Profes-
sional, CADLIb "Model and Archive", Autodesk Revit. The article examines methods for generating parameter matching
files specifically for Renga Professional. Throughout the study the following software was used: Renga Professional,
Visual Studio Code, BimVision. In order to develop the application and algorithms, the Python programming language
was used with the following libraries: PyQt6, openpyxI, et_xmlfile.

Research Results. A software solution has been developed that enables one to automatically match the DIM attribute data
with the specified ones based on machine-readable requirements. The application provides the conversion of machine-
readable requirements into a machine-readable DIM attribute data mapping file. Testing has shown a reduction in the
time required to create parameter matching files in comparison with manual file generation. The resulting tool has the
flexibility of implementation allowing one to upload existing requirements, as well as create one’s own and use them
while uploading a model.

Discussion and Conclusion. From a practical standpoint the resulting application is highly significant for an investment
and construction project, where, while designing a DIM in compliance with the current regulations, it is necessary to
make use of an open standard for the data presentation format - Industry Foundation Classes (IFC). The application allows
one to minimize routine operations while designing a DIM from a proprietary format into the IFC format. The research
is promising as its future directions include expanding the functionality to be able to work with additional data formats
and integration with other BIM platforms. The research results contribute to the development of methods for automated
processing of DIM requirements.
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AHHOTaLUA

Beeoenue. CoBpeMeHHBIE CHCTEMBI aBTOMaTn3upoBanHoro npoektupoBanus (CAIIP) ucnons3yror mudpoBeie nHPOP-
MarronHbeie Mosienu (LI1IM) B 3aBucuMocT oT 3anad npoekrta. CornacHo [Tocranosnenuto [IpaBurensctBa Poccmiickoit
Oeneparn Ne 614 4. 7 . JI. npuMeHeHue TexHoxoruii nHpopMarronHoro moaenuposanus (TYIM) e Bcerna moapasy-
MeBaeT ¢opmupoBanue LIIIM. OgHako mporecc COOTBETCTBHA aTpHOyTUBHBIX AaHHBIX LM TpeOoBanmsAIM 3aKa3dunka
WJIN 3KCIIEPTH3bI OCTAETCSI TPYAOEMKHM H ITOJIBEP)KEHHBIM TEXHUYECKUM OIIMOKaM. AKTYaJIbHOCTh UCCIIEAOBaHUs 00Y-
CJIOBIICHA HEOOXOJMMOCTBIO aBTOMATH3AIIMH CONOCTaBJIeHHs TapameTpoB B LIIM ¢ TpeOoBaHUSIMHU TEXHHYECKOTO 3a/1a-
HUSI, 4TO TIO3BOJIUT COKPAaTHTh BPEMEHHBIEC 3aTPaThl U MOBBICUTH KaUeCTBO BBITPY3KH Mojenu. MccnenoBanue 3aTparu-
BaeT NpobJeMy OTCYTCTBUS HHCTPYMEHTOB JUI aBTOMAaTU3UPOBAHHOI'O COMIOCTABJICHHUS TapaMeTPOB Ha OCHOBE MaIlIMHO-
yuTaeMbiX TpeboBanuii. L{ens paboTel — pa3zpaboTKa NPHIOKEHHs, 00ECIeYHBAIOIIEr0 IPOrPaMMHOE COMOCTABIICHUE
aTpuOyTHBHBIX MaHHBIX LI1IM cormacHo TpeOoBaHMI TEXHHYECKOTO 3a/1aHHS.

Mamepuanst u memoowt. IIporpammHOe pemieHue paspabdaTeiBaeTcs il pasHooOpasHeix CAIIP cuctem, Taknmx Kak
Renga Professional, CADLib «Monens u Apxus», Autodesk Revit. B ctatee OyayT paccMoTpeHbl MeTo bl hOpMHUPOBa-
HUA (allioB CONOCTaBICHUS apaMeTpoB HMeHHO i Renga Professional. B mpouecce BbimonHeHus: paboThl OBUIO HC-
MOJIb30BaHO clieayromiee nporpammuoe obecneuerue (I10): Renga Professional, Visual Studio Code, BimVision. s
pa3paboTKU TPHIOKCHHUS U AlTOPUTMOB MPUMEHSIICS SI3BIK MporpammupoBanust Python co crenyromumu 6ubnnore-
kamu: PyQt6, openpyxl, et_xmilfile.

Pesynvmamut uccnedosanusn. PazpaboraHo nporpaMMHOE pelieHUe, MO3BOJISIONICE aBTOMATHUECKH COTIOCTABIISATh aT-
pubyTuBHbIe qanHbie [[UIM c 3a7aHHBIMU Ha OCHOBE MAITHHOYMTACMbIX TpeOoBaHuid. [IpunokeHne odecneynBact mpe-
o0pa3zoBaHie MaIMHOYUTAEMBIX TPEOOBaHHI B MAIIMHOYUTAEMBbIH (haiil conocTaBieHus aTpuOyTHBHBIX HaHHBIX L[1IM.
TecTupoBaHue MOKa3aJI0 COKpAIIEHHE BPEMEHHN CO3/1aHus (hailJIoB COMTOCTABICHHUS TAPAMETPOB 10 CPABHEHHUIO C PYIHBIM
¢dopmupoBanueM Qaiinos. PazpaboTaHHBIH HHCTPYMEHT 00JagaeT THOKOCTHIO BHEIPEHUS U MO3BOJIIET KaK 3arpy3uTh
CYIIECTBYIOIME TPEOOBAHMS, TaK M CO3/1aTh COOCTBEHHBIE U MCIOIB30BaTh MX IPH BBITPY3KE MOJIEIH.

Oécyacoenue u 3akniouenue. PeannzoBanHoe NpuiioskeHne 001a1aeT BEICOKOH MPAaKTHYECKOH 3HAaYMMOCTBIO JUIsl HHBE-
CTHILMOHHO-CTPOUTEIBHOTO MPOEKTA, re npu Gopmuposannu LM B cooTBeTCTBIM C AEHCTBYIONIMMH HOPMAaTHBHBIMHU
aKTaMH HeO0OXOMMO HCIIONBb30BaTh OTKPBITHIN cTaHaapT s popmata npeacrasieHus nanasix — Industry Foundation
Classes (IFC). ITpuioskeHue MO3BOISIET MUHUMU3UPOBATh PYTUHHBIE omepariu npu Gopmuposannu LIUM u3 npomnpre-
tapHoro ¢opmara B dopmar IFC. TlepcnekTrBbl UCCiIeIOBaHUS BKIIIOYAIOT paciiupeHne (yHKIHOHAIa Al paboThI ¢
JIOTIONTHUTEIBHBIMH (popMaTaMM JaHHBIX M MHTETpanuio ¢ Apyrumu BIM-mmatgopmamu. PesynbraTsl paboTel BHOCST
BKJIaJl B Pa3BUTHE METOJJ0B ABTOMAaTHU3UPOBAHHOM 00paboTku TpeboBanuii k LI1IM.

KaioueBble c10Ba: aBTOMAaTH3MPOBAHHOE COMOCTABIICHUE, MAIMPOBAHUE, COMOCTABICHUE MmapameTpoB, Python, marmm-
HounTaeMmsble TpedoBanus, IFC, IDS

Jas murupoBanus. CeiconoB H.C., Umup 10.3., o A.B. Co3nanune HHCTpyMEHTa AJIs MpeoOpa3oBaHus H(POBHIX
TpeOOoBaHU PH BRITPY3Ke NU(POBEIX HHGOpMaMOHHBIX Moneneit B popmare |FC. Cospemennvie menoenyuu ¢ cmpo-
umenvcmae, epadocmpoumenvcmee u nianuposke meppumoputi. 2025;4(3):56-64. https://doi.org/10.23947/2949-1835-
2025-4-3-56-64

Introduction. Modern computer-aided design systems (CAD) [1] have a key role to play in designing and maintaining
a digital information model (DIM) [2] at the stages of the life cycle of a construction object [3]. The development of a
range of automation and optimization methods helps to reduce the time spent on routine operations, improve the quality
of a project and mitigate the human error factor. The relevance of the research is due to the growing complexity of projects
calling for a high implementation quality, as well as the need for all DIM components to be in compliance with the
regulatory standards, technical specifications and expert evaluation requirements.

The scientific obstacle lies in the lack of automated parameter matching solutions in DIM in the process of unloading.
A range of CAD systems, such as Autodesk Revit, Renga Professional, Model Studio "Building Solutions", etc., only
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provide methods for manually configuring parameter matching rules, which impacts time and thereby financial costs. In
CAD systems produced by CSoft, there are simplified methods for matching parameters based on a table of all existing
model attribute parameters, but the necessary ones have yet to be selected manually. There are no ready-made solutions
available for automating the conversion of machine-readable requirements into machine-readable files for matching at-
tribute data in DIM.

The aim of the study is to create a ready-made product for parameter automation based on machine-readable require-
ments provided by the customer or expert evaluation in the technical specification. To this end, the following problems
are to be solved:

1. Analysis of the structure of machine-readable DIM requirements.

2. Development of algorithms for data collection from machine-readable requirements.

3. Development of algorithms for generating parameter matching files for diverse CAD systems.

4. Testing algorithms for the correctness of data collection and file generation.

The novelty of the research lies in creating algorithms for processing machine-readable requirements for DIM fol-
lowed by formation of attribute data matching files based on the collected information for both domestic and foreign
software in a single software solution.

Materials and Methods. The object of the study was digital information models formed at the stage of the life cycle
of a building "Design" (Table 1) in compliance with Decree of the Government of the Russian Federation of 05/17/2024
No. 614 Section 7 Subsection d [4]. The following software solutions were used:

1. BimVision is a software package for viewing uploaded DIM in IFC format.

2. Renga Professional is a national BIM system for integrated building design and DIM upload into IFC.

3. Visual Studio Code is a development environment where the program code was written and the algorithms were
debugged.

Table 1
Practical significance of the tool being developed in the life cycle of an object
$ OS
7] P T-
< PRE-INVESTMENT INVESTMENT
£ NVES NVES N INVESTMENT
v
4 I~ @)
2 =fe = 28 g2 Z z
S| &8 | g | £ |dE| & | & oz 56| 2 | ¢
| 5 | gz =B 2 | 2 =7 =g = |2
= ) < & @ Z < 5 & =52 2 o
2 2 & > O & @ = 23 o2 & >
o B < Z b2 = = S
&2 5 = < o o a
- -
B 5 . = = S I
2 =l = 2 s| gl -=2 2
£ s [2| 8|8l E|E| 2]|¢ £
S - w| 8 S| & sl 9 &1 2 2] 9 21 <
7 <N 2 A < 7] = I
g 2|2 El = |E|lZ2|E|l8| 2| &l <] 2]|282|s
8 s S 4 © 5 2, S| = 2 8| 5 = ST =N O =i
< 2|l sl E| = ol o | & 8|8l &gl ] = s|&8|sls
w |g 2l o Bl 3| 5| & it = | o 2| al @ < = S |'n| S|2 = o
2 (gl 5| E|8|E| 2| § sl 5 ls|ls| & s| 8| =|2|=|E S ks
O =% 2| & 8| &]| 3| N 3 ol a|olel | S|B] E|ElE]e = 5
= s ol o < = 4 on =) =] oy < o < 8o b5 = 131 | 5 I i
S| = o < ol = < = = o = g = E sl 3= 19 1)
= [E2 B — S = 3 = ) 8| a | . 8 2 7 g S| el s <% =3
2 S —=| & §D =] [ST an) - g 80 5 oo | @ o0 7 = 2 | =]l=2| = o o
SElZ]5]¢2 Sl = [ 2| |25 2| 2] 28|52 55
=™ — 159 s = g = = | & = 5 o0 o |3 3| &
=) S| 3 S| E S| 5 | S| & = = ©
‘= o & S z| 2 |B8|Z| 2 = o 1D | &
2 2 [&| E|RIE|&|E|E|5]| |%
7 (= A (L, Q % ) = =
) 5] A S| = = s
a Q 2] S = <

Python was chosen as the programming language due to its flexibility to various tasks and support of a wide range
of libraries. The main libraries used in the project are

1. PyQt6 is a library for creating a graphical user interface (GUI).

2. Openpyxl is a tool for working with Excel files.

3. Et_xmlfile is a tool for working with XML data.



Sysolov NS, et al. Creating A Tool for Transforming Digital Requirements when Uploading Digi-tal Information Models in IFC Format

The application was developed based on modern programming paradigms [5]. The entire program code is based on
the object-oriented programming (OOP) approach [6] (Fig. 2) allowing one to structure the code in the form of classes
based on their methods and data processing logic. An event-oriented model [7], characteristic of the PyQt6 library, was
used for the implementation of the graphical interface (Fig. 3). This enabled user actions to be associated with the
corresponding class methods by means of the mechanism of signals and slots.

Properties

Fig. 2. OOP scheme

Subprogram 1

Subprogram 2

Event
processor

Subprogram »

Fig. 3. Event-driven model scheme

The main research material is the machine-readable format of the requirements for filling attributive data, the CIM
IDS file. Using data processing and sampling algorithms, it is from the I1DS file that all the necessary information about
the requirements for the digital information model is extracted. Later, using algorithms, a parameter matching file is
generated based on the IDS file samples.
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Research Results. This research enabled us to develop a software solution for the problem of automating the com-
parison of parameters of digital information models in compliance with the machine-readable requirements of the tech-
nical specification. In the process of analyzing the life cycle of the building and considering the stage when the digital
information model is formed, a wide range of errors were identified while checking the DIM against the expert evaluation
requirements. One of the most common errors is incorrect matching of the DIM parameters in a proprietary format while
uploading a model into the international Industry Foundation Classes (IFC) format [8]. IFC is a standard developed by
buildingSMART International designed for information exchange among construction participants. The IFC model is a
collection of a geometric model in a proprietary format and the attribute data of this model (Fig. 4).

Geometric model in a proprietary
format (DIM)

DIM in the IFC

format

Attribute data

Fig. 4. IFC-model design scheme

While investigating the models that failed the examination by means of BimVision, it was found that the main error
made while exporting the model to the IFC format was incorrect attribute data names in the parameter matching file
caused by the human factor. The solution is to create a software product that allows one to automate and eliminate the
human factor of making mistakes in writing the parameter matching file.

Before writing the basic algorithm for generating the parameter matching file, it is essential to decide where all the
necessary data will be extracted from. At the moment, there is already an international data transmission format in a
machine-readable representation in the form of XML markup, where all the necessary requirements are stored. This is the
Information Delivery Specification (IDS) [9] — a standard from buildingSMART International that automates the for-
mation of requirements for model exchange. By studying the structure of the IDS file, it can be clearly identified where
in the file all the necessary data is located (Fig. 5). Each aspect of the attribute parameter group (IFC class, attribute data
group name, and attribute data name) is located under its own tag in the IDS file. Having written algorithms and using
the existing library for working with XML markup (et_xmilfile), all the necessary information is automatically searched
for in the file by tags and create a "dictionary”. The "dictionary" acts as a repository for all the parameters of machine-
readable requirements.
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__________________________________________________________________________________________________________________________________________________________________________________________]
<2xml version="1.8" encoding="utf-8"2>
<ids xmlns:xs="http://wwi.w3.org/2081/XMLSchema” xmlns:xsi="http://www.w3.0rg/2081/XMLSchema-instance” xsiisch
<info>
<title>Tpebosanus Kk 3nemenTam UMM (ApxXMTeKTypHble pewenna)</title>
<copyright>0tgen TUM, CN6 TAY "Ur3"</copyright>
<version>3.1¢/version>
<description>Ur3.uUMM.3.@ YacTe 3. APXWUTEKTYPHBIE PEWEHWA</description>
<author>bim@spbexp.ru</author>
<date»2024-12-09¢/date>
<purposesllposepka aTpubyTusHoro coctasa, no Tpefosanuam CNG TAY "Ur3"</purpose>
<milestone>NpoekTupoeanued/milestone>
</info>
¢<specifications»
¢specification name="Tabauuya B.H.B A WUmexa aTpubyToe ana 3anemeHTa «CTewa» (IfcWall)" ifcVersion="IFC4" ide
<applicability minOccurs="1" maxOccurs="unbounded”>
' <entity>
<name>
<xs:restriction base="xs:string">
<xs:enumeration value="IFCWALL" />
<xs:enumeration value="IFCWALLTYPE" />
<xs:enumeration value="IFCWALLSTANDARDCASE" />
<xs:enumeration value="IFCWALLELEMENTEDCASE" />
</xs:restriction>
</name»
<predefinedType> -
</predefinedType>
| </entity>
</applicability>
<requirements>
<property cardinality="required” instructions="YxaswBaeTca HoMep Kopnyca, B KOTODOM HaXOQMTCR 3JNEMEHT.
{propertySet>
<simpleValue>MecTononoxerue</simpleValue>
</propertysSet>
<baseName>
<simpleValue>Homep kopnyca</simplevalue>
</baseName>
</property>
<property cardinality="required” instructions="Yka3wgaeTca HOMEp CEKUMH, B KOTOPOH HAXOAMTCA 3NEMEHT.
<propertySet>
<simpleValue>MecTononoxerue</simplevValue>
</propertySet>
<baseName>
<simpleValue>Homep cexkumu</simpleValue>
</baseName>
</property>

Fig. 5. Machine-readable format of the expert evaluation requirements

Further development includes the formation of a parameter matching file. In order to create it, it is essential to
investigate the structure of the standard parameter file provided by the CAD documentation. In our case, the standard
attribute mapping file for Renga Professional will be considered [10]. It is an XML-marked file that stores basic
information about the file itself (file name, creator, version, file type) and all the necessary information for parameter
matching and exporting DIM to IFC (Fig. 6a).

There are 3 ways to generate parameter matching files:

1. Forming a file based on the names of the properties.

2. Forming a file based on the GUID numbers of the properties.

3. Generating a file using the Renga API.

Next, the algorithm for forming a file based on property names will be considered. This method is the most effective
one as there is no need to interact with Renga Professional project files, and it also ensures the user that their data will not
be used without them knowing.
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The attribute data mapping file itself has the JSON format, which is an advantage as the standard Python libraries already
know how to work with this file format. The program algorithms structure all the data based on the previously created
"dictionary"”, and the program outputs a ready-made attribute data mapping file in a necessary extension (Fig. 6b).

“name”: "Renga_mapping”,
"type": "export",
“vesion": "1",
"creator”: "Sysolov Nikita",
"IFCWALL": {
"attributes": {},
"psets": {
"MecTononoxexue”: {
"Homep kopnyca": “Homep kopnyca”,
"Homep cekuun": "Homep cekuun",

"Jtax": "ITax
e325
I
"Mapkuposka": {
"Mozuuyna": "Nosuuus”,
57b-43e7-bc@3-afbddcbSadef)” "06o3Hayenune”: "0603Haqerue",

"HaumeHoeanue": "HaumeHosaHue"

a) b)

Fig. 6. File for mapping export parameters to IFC for Renga Professional:
a — standard mapping file; b — matching file based on the expert evaluation requirements

The final stage of the development of a ready—made solution is the creation of a clear and simple graphical user
interface (GUI). All the necessary buttons have been added to upload the IDS file and create a parameter mapping file for
Renga Professional.

Discussion and Conclusion. The aim of the study has been achieved by creating algorithms for processing and ana-
lyzing IDS files and generating structured parameter matching files for exporting CIM to the IFC format.

The developed application eliminates the manual generation of attribute data matching files minimizing the risk of
errors related to the human factor, as well as reduces the time for the CIM export operation to IFC.

Testing on a variety of different machine-readable requirements in the IDS format and also templates provided by
the IDS format developers dispalyed correct operation of data extraction algorithms and generation of parameter
matching files.

The software solution involves further development with other CAD systems. The generated parameter matching files
for Autodesk Revit and CADLIib "Model and Archive" are being actively tested.

Collecting data from human-readable formats (PDF, xlIsx) using artificial intelligence (Al) is one of the pillars of
software solution development.

The study contributes to developing methods for automating BIM processes indicating the efficiency of developing
solutions for automating routine tasks. The software solution can already be employed as a ready-made solution for a
limited number of CAD systems.

In conclusion, the developed tool makes it possible to improve the quality of DIM formation. There will be focus on
the flexibility of the software solution for a wide range of CAD systems and the integration of Al to work with diverse
formats of human-readable requirements.
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