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AHHOTALUMUA

BBegeHune. PaccmatpuBatoTcsl pasHble BapvaHTbl aBTOMaTm3auuy NoaroToBKU MPOEKTOB PEKOHCTPYKUMM 3aaHui. Korpa
peyb UAET O TakMX NPOEKTax, MPUXOANUTCS CTaNKMBATLCA C OrPOMHBLIM CMEKTPOM 3ajay: Hanpumep, aHanua TeXHUYEeCKoro
COCTOSIHUSA 3AaHNSA U pasnnyHble TpeboBaHWS No HOpMaM, TEXHUYECKNe OrpaHMyYeHnst B KX yucne. B cBA3n ¢ 3TUM pekoH-
CTPYKUMSI — NPOLIECC CMOXHbINA U, MOXHO CKa3aTb, TPYAOEMKMI, KOTOPbIA TPEOYET MHOMO CUI U BpEMEHW. B Bek akTUBHO
pa3BuBaloLLENCH aBTOMaTU3aUmMmn U LmMdgpoBmusaLMm ocobeHHO BaXKHO AenaTb NpoekTupoBaHue bbicTpee 1 adpdekTnBHeE,
4YTOObI 3KOHOMWTL BPEMSI CNeLManucToB. B Takmx ycnoBusix LndgpoBble TEXHOMOMMM CTaHOBSITCA NMPaKTUYeCKn He3aMeHw-
Mbl, MOTOMY YTO MOMOFatT YMyyLIMTb Ka4eCTBO AOKYMEHTaLUM U YMEHbLUWUTb YACNO OWMBOK. AKTYanbHOCTb 3TOW TeMbl
00BACHSETCS TeM, YTO LMPOBMU3aLMA CTPOMTENBHOM OTpacnu pa3BMBaeTCs o4eHb ObICTPO, a NpakTuyeckasi nonb3a 3a-
Krno4aeTcs B TOM, YTO NPOEKTHbIE PeLLeHUst CTAHOBATCS HAAEXHEN, a Takke apdeKTUBHEN.

Matepuanbi u metoabl. [peanaraetca Noaxod, B KOTOPOM MCMNOMb3YHOTCS U MHOPMaLMOHHOE MOAENUPOBaHUE 34aHuUN
(BIM), n anropuTmbl AN aHanmM3a NpoeKkTHbIX AaHHbIX. Takas MeToAmka COoefuHsieT uudpoBoe MogenupoBaHue 1 aBTo-
maTuyeckyto o06paboTky MHopMaLmK, YTO MOMOraeT aBTOMaTU3NPOBaTh HEKOTOPbIE PYTUHHbLIE 3a4ayun 1 obnerynTb TpyA
NPOEKTUPOBLLMKOB.

PesynbraTtbl. C NOMOLLLI NPEANOXEHHOW METOAUKN MOXHO co3fdaTb MNOAPOOHbIE LMMPOBLIE MOAENM, KOTOPbIE MpUMe-
HSAOTCS Kak OCHOBA Ans MPOEKTHbIX pelleHuii. MNpu 3ToOM BCerga yunThIBalOTCSt CBEAEHUS| MHXEHEPHbIX U3bICKaHWA 1 He-
06xoAMMble HOPMAaTUBbI, NO3TOMY AOKYMEHTaLMsi COOTBETCTBYET BCeM TpeboBaHusim. PaspaboTaHa KoHuenuusi aBToma-
TU3NPOBaHHOW CUCTEMbI, coBMeLLatoLas obpaboTky MHdOpMaLuKY, BbISIBIIEHWE HEKOTOpbIX Npobnem v NoAroToBKY BCeW
OoKymeHTauum. Cuctema aHanmampyeT UCXOAHYI0 MHAOPMaLIMIO U NpeanaraeT pasHble, MHOMAa OYeHb pasHble BapuaHThl
opraHv3aummn PeKOHCTPYKLMN C yHETOM TEXHUYECKUX U S3KOHOMUYECKMX (DaKTOPOB.

BriBoabl. BHeapeHue aToro noaxofa no3sossieT CyLEeCTBEHHO YCKOPUTbL NMOArOTOBKY NMPOEKTOB, caenaTbk pacyeTbl To4Hee
M CHU3UTb KONMYECTBO OLUMOOK. Takmne peLleHVs MOMOratoT MCMoNb30BaTh PeCYpChbl paLMoHanbHee U AalT BO3MOXHOCTb
npoasuraTb LMpoBM3aLMI0 B PEKOHCTPYKLMW 30aHWIA eLle fanbLue.
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ABSTRACT

Introduction. This work is dedicated to the study and development of approaches to applying artificial intelligence (Al)
technologies for the automation of the development of organizational projects for building reconstruction. The reconstruc-
tion of construction objects is a complex and multifaceted process associated with a high degree of uncertainty, the need
to consider numerous factors, and strict adherence to regulatory requirements. Given the growing need to optimize design
processes and reduce labour costs, there is an objective necessity to create innovative methods that would enhance effi-
ciency and minimize risks related to human error. The relevance of the study is driven by the digitalization of the construction
industry, while its novelty lies in the integration of Al with modern design tools. The practical significance of the work is in its
potential to improve project quality and reduce time expenditures.
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Materials and methods. The study developed a methodology based on the comprehensive use of various types of neural
networks adapted for data analysis and design automation. The proposed approach includes the integration of Al technolo-
gies with Building Information Modeling (BIM) tools.

Results. The developed methodology enables the creation of highly detailed digital models of objects, which serve as a ba-
sis for analysis and decision-making. The work accounts for engineering survey data and current regulatory requirements,
ensuring compliance with standards. A concept of an automated system is proposed that combines the processing of large
volumes of data, problem forecasting and automatic generation of documentation and is capable of analyzing input data,
identifying optimal solutions and proposing options for organizing reconstruction taking into account technical and economic
aspects.

Conclusions. The use of Al reduces project development time, improves calculation accuracy, minimizes errors, and en-
sures more rational resource use. The proposed methodology and system concept open new prospects for the digitalization
and automation of the construction industry, contributing to the overall efficiency of reconstruction processes.

KEYWORDS: artificial intelligence, BIM technologies, system analysis, building reconstruction, neural networks, design
automation, reconstruction organization project, machine learning
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BBEJIEHUE

PexoHCTpyKINS 0OOBEKTOB CTPOUTEINHCTBA TPEOy-
€T 3HAYMTEIILHBIX AHAUTHYCCKUX U MPOCKTHBIX PadoT,
BKJTIOUAs aHAJIM3 CYIICCTBYOIICTO COCTOSIHUS O0BCKTA,
WH)KCHEPHBIX M3BICKAHUI 1 HOPMAaTUBHBIX TPEOOBAHUIA.
Hcnonbs3zoBanue nckyccTBeHHOro uHTemuiekra (M)
JUTS. aBTOMATH3alUH pa3pabOTKH MPOCKTa OpPraHu3aIuu
pexorcTpykiwn (ITOP) mo3BomuT CHU3NTH TpyaO3aTpa-
TBI, MUHUMH3HPOBATh OIIHOKU M YCKOPUTH MPOIIECC TIPO-
exTupoBaHus [1].

B nacrosimie#t pabote mpemiaraeTcsi KOHIIETIINS
ABTOMATH3UPOBAHHOW CHCTEMBI, (DOPMHUPYIOIICH YacTh
[TOP Ha ocHOBe pa3IMYHBIX UCTOUHUKOB JIAHHBIX:

» BIM-mogmesb cymecTByroiero oonekra (popma-
161 [FC, Renga, Revit);

* 3D-Mozmenb 00BEKTa C TPEIIOIaracMbIMU U3-
MCHCHUSMU;

* nH(pOpMaII HHXKEHEPHBIX U3bICKaHUH (Teoje-
3Ws, TEOJOTHS, THAPOMETCOPOIIOTHS);

* HCTOPUYCCKHE CBEACHHUS IO CTPOUTEIILCTBY U 3KC-
IUTyaTain (Pacxoibl, 3aTPaThl HA MaTePUAIIbI, OTKIIOHE-
HUS OT TUTaHA);

» HOopMmatuBHbIe TpeboBanus (CHull, CII, TOCT,
TKII);

* MJJAaHUPOBOYHBIC OTPAaHUYCHHUS (TOPOICKHUE pe-
TJIAMEHTHI, COCETHUE 3/IaHHsI, 30HbI CTPOUTEIIHCTBA);

° TEXHUYCCKUC XAPAKTCPUCTUKU MAIIIMH M MeXa-
HU3MOB (/17151 TO00pa ONTUMAIILHOTO HA0Opa TEXHUKH );

* peanpHBIC TpaUKHA TPOU3BOACTBA paboT (co-
OpaHHBIC U3 AHAJIOTUYHBIX IIPOCKTOB).

ApXHUTEKTypa mpenjaracMoil aBTOMaTu3upOBaH-
HOW CHCTEMBI BKJITIOUACT B C€0sI HECKOIBKO KITFOUEBBIX
monmyneil. [enepatuBabie Mogenu UM obecnieunBaror
(hopmupoBaHKe 6a30BOTO TEXHOJIOTMYCSCKOTO ITaHA BhI-
noJHeHus paboT. PekyppenTtHsie Heliponnsie cetr (HC)
peaTu3yroT QYHKIHIO ONTUMAJIBHOTO IIAHUPOBAHUS
U pacIpe/esICHUs] MaTePHaIbHO-TEXHUICCKHIX U TPYIIO-
BbIX pecypcoB. I'padoBbiec HC ocymiecTBIsSIOT aHaIu3
B3aMMOCBSI3eH MEKIY KOHCTPYKTHBHBIMH IIEMEHTAMHA
3[IaHUS, @ TEXHOJIOTHH 00pabOTKH €CTECTBEHHOTO SI3bI-
Ka 00eCIeYMBAIOT aBTOMATHYCCKOE M3BJICUCHUE U HH-

TEePIPETALNIO TaHHBIX U3 HOPMATUBHO-TCXHUYCCKOM
JIOKyMeHTaIuu [2].

B paMKax peU_leHI/IH IIOCTABJICHHBIX 3a1a4 UCIIOJIb-
3yeTCsl KOMILIEKC MaTEeMaTHUECKUX METOIOB:

* aJITOPUTMbI MHOTOKPHUTEPHAIBHON ONTHMH3AIIHH;

¢ 3BOJIOLMOHHEIE BEIYUCIIEHHS Ha OCHOBE ME€HETH-
YECKHX aJrOPUTMOB;

* METOJIbI KJIACTEPHOTO aHa/In3a HH(OpMAaIIHH.

MATEPUAJIBI U METO/JbI

Jnst aBromarmyeckoro opmuposanus [1OP ciemy-
€T BBICTPOUTH KOHBeHep 00paOOTKH JaHHBIX, KOTOPBIN
oOecrnieunT nepenayy uHpopmanuun or BIM-monenn
(Renga) k HelipoceTH. ITO BKIIIOYAET HECKOJIBKO KITIO-
YEBBIX ITAIlOB.

IlepBelii 3Tan — u3BJIeUEHUE CBEAeHUM U3 Renga.
Jns uHTerpannum MoxkHo ucrnosnb3osath [IFC kak yHuBep-
canpHbIil popmar oOmeHa BIM-nanusimu, APl Renga
JUTS TIPSIMOT'O JTOCTYTIA K MOJIEIN WIIM CKpUNTHI Ha Python
it padots ¢ IFC-daitmamu [3].

Twurer n3BnekaeMoil HpOPMALINH:

* FeOMETPUUECKHE XapaKTePUCTUKH — pa3Mephl,
00BEMBI, TIOLIA/IN;

* KOHCTPYKTHBHBIEC 3JIEMEHTHl — CTEHBI, Iepe-
KPBITHS, KOJIOHHBI, ()yHJaMEHTBI;

* MarepHajbl — OETOH, CTallb, KUPIHY U UX CBOW-
CTBa;

* HMH)KEHEPHBIE CETU — PACHOJI0KEHHE KOMMYHU-
Kaluii, Harpy304HbIC XapaKTePUCTUKH;

* nedexThl 1 ToBpekaeHns — eciu B BIM-monenm
€CTh METKH C JIeeKTaMHu;

* paboune Harpy3KH M TEXIPOLECChl — JaHHBIC
MO TEKYIIeH dKCIUTyaTanuu 3aaHus [4].

IMocne n3BnedeHs CBEACHNS KOHBEPTHPYIOTCS B Ta0-
JIMYHBINA Wi rpadoBbIi popmar st JaibHEeHIero ana-
nm3a.

Mogenb aBTOMaTU3UPOBAHHON CHCTEMBI MOXKHO
MIPEICTaBUTH B CIIEyIOIIeM BHE (B BHAC Habopa (yHK-
LIMOHAJIBHBIX MOJTYJIEH):

S={P,G,V, U}, O
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rae P — moxyns obpabotku u ananusa [FC-daitnos
(IFCProcessor); G — MOaynb reHEpaluu OMUCAHUN
(IFCDescriptionGenerator); ' — Moay/ib BU3yain3a-
uun 3D-moneneii (IFCViewer); U — nonb3oBareb-
ckuit unrepgeiic (IFCAnalyzerUI).

I/IHTeraHBHaH MOJ€CJIb CUCTEMbBI I'CHEpAlUU OIIU-
CaHMH OMpe/eIsIeTCs CICAYIOIUM 00pa3oM:

F[FC_)(Q’F’T’C5S)_)D_)O9 (2)

e F, . — UCXOaHbIH ¢aiin monenu; Q0 — Ka4ecTBO
MoJIeNu; ' — XapaKTepUCTHUKU 00beKTa; 1 — THII 3/a-
Hus; C — TUN KOHCTPYKTHUBHOM CUCTEMBI; S — Mpo-
CTPaHCTBEHHAs CTPYKTYypa; D — TEKCTOBOE OITUCAHHUE;
O — BU3YyaIM3UPOBAHHBIN PE3yJIbTAT.

OrieHKa KauecTBa MOJICIIU TPOU3BOIUTCS IO Clie-
nyromieit hopmyiie:

0 =1/n-Y0, ()

rae O — HTOroBas OIEHKA Ka4ecTBa MOJENH; /1 —
KOJIMYECTBO OLEHMBAEMBIX KPUTEPUEB; (), — OLEHKA
MOJIEJH TI0 i-My KPUTEPHIO.

Ha BTOpOM 3Tare BHINOIHIETCS MOATOTOBKA JIaH-
HBIX JUIS1 OCJIEYIOIIEH Iepeiaun B CUCTEMY. DTOT IIpo-
IIecC BKJIIOYAeT HECKOJIBKO IIaroB: OYUCTKY U HOPMAITH-
3anuio (yoalieHue AyOINUKaToOB, HCIPABICHIE OIIHOO0K),
npeoOpazoBaHue HHPOPMAIMH B YIOOHBIH TS MAIIH-
HOTO aHanu3a (opMart, a TakKe JIONOJHeHHe Habopa
CBEJICHUSIMU U3 BHEIIHUX MCTOYHHKOB, HAIPUMEpP HOP-
MaTHBHBIX JIOKyMEHTOB WJIM apPXHUBHBIX CBeJeHHUH. B pe-
3yJIbTaTe JJAaHHBIE MOTYT OBITh NIPEACTABICHBI B TaOIHY-
HOH, TpadoBOIl WIIH TEKCTOBOH (hopme.

[ocne nmoaroroBkn MHMOPMAIHS MOCTYIIACT B CH-
cTeMy, KoTopast aHalu3upyet o0bexT u popmupyet I1OP.

Cucrema BKIIIOYACT TPU KIIFOUEBBIX MOJLYJIS:

BxonHble 1anHbIC

Nmxenepusie BIM-moaens
M3bICKAHHS 3D-vonerb obbekTa
mp“"‘elg“”e o e PernamMeHTsI

OOBEKTOB _— M HOPMEL

1. Monynb aHaIH3a TEKYIIETO COCTOSIHUSA 00BEKTa
Y TIPOTHO3WPOBAHUS N3MEHEHHI PUMEHSIET rpaoBbIe
HC nns BeIsSBIEHUSA CBA3EH MEXTy KOHCTPYKTUBHBIMU
3JIEMEHTAaMH; ONpeJielsieT aBapuiHbIe YIACTKH, IIOTEH-
UabHbIe Ie(PEKThl 1 HEOOXOMMOCTb YCUJICHUS KOH-
CTPYKLIHUH.

2. Monyns ONTUMHU3ALINHU IJIAaHA PEKOHCTPYKIIUU
ucrons3yet pexyppentasie HC aist mporuosupoBanus
ONTHUMAJILHOM MOCIIEA0BATEILHOCTH PA0OT; IPUMEHSIET
TEHETHUYECKUE aJITOPUTMBI JUUISI TIOCTPOCHUST HanboJee
3¢ (eKTHBHOTO IJIaHa PEKOHCTPYKIHH.

3. Moy reHepanny JOKyMEHTALUH aHAIN3UPY-
€T HOPMaTUBHbIE JOKYMEHTHI ¢ IoMoLbi0 NLP-Monenu
n ¢popmupyer TekcToByro yacts I[IOP; Ha 6a3e reHepa-
TUBHBIX MOJIelIei co3iaet rpauku padoT, CMETHBIE J0-
KyMEHTBI U BEZIOMOCTH PECYPCOB.

Ha BbIxoze cuctema noAroTaBiauBacT MOIHbIN a-
KET MPOEKTHOH JJOKYMEHTAINHU: TEXHOJIIOTHYECKHE Kap-
ThI (C ONKCAHHUEM ITAINOB U HEOOXOAUMBIX PECYpPCOB),
rpauKu MPOU3BOJCTBAa paboT (AmarpamMmbl ['aHTa,
KaJICHJIapHbIe IJIaHbl), a TAK)KE BEIOMOCTH MOTPEeOHO-
CTH B Marepuayiax, TeXHUKe 1 padbouei cuie. Bee aTo
(hopMupyeTcst B COOTBETCTBUU C 33JJaHHBIM I11a0JIOHOM
U TIPE/ICTaBIsICT cOOOM rOTOBBIN MPOEKT OpraHU3aNN
PEKOHCTPYKLNHU. BIOK-CXemMa npeaaraeMoro pereHus
npescTaBiIeHa Ha puc. 1.

HnTerpanus ¢ NpoeKTHOMH A0KyMeHTALHEH
W3BnedyeHHbIe TaHHBIE CTPYKTYpupyioTcs B JSON-
111a0JI0HbI, aBTOMATHYECKH MOMOJIHSIOIINE Pa3aebl:
* HMCTOpHUYECKAasl CIIPABKa;
* OrpaHMYEHUs Ha MOAN(DUKALIUIO KOHCTPYKIIHI;
* PEKOMEHIANNH TI0 MaTepHalaM.
Cucrema BblesIeT KOHQIUKTYIOMNE TPEOOBaHUS
KpPacHBIM MapKepoM, Mpejiarasi HHKEHepY BapHuaHTHI

TloaroroBka JaHHBIX

OuncTka, HOpMaNH3aLUus Ipeobpa3zoBanue JaHHBIX
U yCTpaHEHHe B (hopMmar, NPUroIHbIi
Jtyomipyromei IS aHATIM3a
uHpOpPMALHI | | M MaumHHOro o0yueHHst

TIpencrapieHue B TabIMIHOM, rpadoBOM
WJIM TEKCTOBOM BHJIC

PaGora momyseit aBTomaru3anuu B cucteme Gopmuposanus IIOP

Monyib aHanM3a CyIeCTBYOIETO COCTOSHUS
1 OTIPE/ICNICHHS IPENOIaraeMbIX H3MEHEHHI

I

MOI[yHL ONTUMHU3ALNH TJIaHA PEKOHCTPYKIIUN

Monyib reHepanyy JOKyMEeHTaIuN

Puc. 1. Cxema nperaraeMoro penieHus
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pa3peLieHus IpOTUBOPEYMi. 11 MHOIOCTpaHUYHBIX J10-
KyMEHTOB PealT30BaH MEXaHU3M IIEPEKPECTHBIX CCBUIOK,
CBSI3BIBAIOLINIT YIIOMHUHAHUSI OOBbEKTOB B TEKCTE C MX T'pa-
(huuecKUMH TIPEACTABICHUSMH.

MHurerpanust ¢ cucTeMOM MPOUCXOAUT Yepe3 JUHA-
Muueckue maodinonsl. Kaxioe BbIsIBIEHHOE OrpaHuye-
HUE aBTOMATUYECKHU IEHEPUPYET METKY B TPEXMEPHOU
MOJIEITH, a CIIOpHBIE TpeOOoBaHMS O(YOPMITAIOTCS KaK 3a-
Jadu Ui uHkeHepa. [Ipu u3MeHeHun HOpMaTUBHOU
6a3bl cucTeMa IepecMaTpUBaeT APXUBHBIC TOKYMEHTHI,
IpeAsIarast akTyaln3upoBaTh MapaMeTPhl KOHCTPYKIHUA,
3aTPOHYTHIX MONPABKAMHU.

B3aumopneiicTBue ¢ ApyruMHu MO JISIMA

1. I'eHeTH4eckue anropuTMsl momxydarT oT NLP
CIHCOK OXPAHSAEMBbIX JIEMEHTOB.

2. I'padoBble ceTn MCIIONB3YIOT N3BJICUCHHBIE MTa-
paMeTpsl MaTepHaIoB JUIs pacdeTa Harpy3oK.

3. LSTM-Monenu yYUTHIBaIOT HOPMaTHBHEIE CPO-
KU COIVIACOBAHUU MPH MIPOTHO3E.

4. Cucrtema TOKyMEHT0000pOTa (POPMHUPYET OTUEC-
TBI HA OCHOBE CTPYKTYpPHPOBaHHBIX JAHHBIX.

OO0paboTKa €CTECTBEHHOTO SI3bIKa CTAHOBHTCS CBSI-
3YIOIMM 3BEHOM MEX]ly UCTOPHUECKOH HH(popManuen
U IIUPPOBBIMI METOAAMH TIPOSKTHPOBAHUS, 00eCTeyn-
Bast [IPEEMCTBEHHOCTh PELIEHUH Ha BCEX ATAIax PeKOH-
CTPYKIIHH.

PE3VIBTATHBI HCCIEJOBAHUA

IIpusoxkenue 1is1 H3BJIeYEHHS JAHHBIX
B ¢popmar IFC

Paccmorpum rpaduueckuii maTepdeiic pazpado-
TaHHOTO MPWIOKECHHS U €r0 BO3MOXXHOCTH B PaMKax

7 IFC Analyzer - Temeparop onucaruii BIM-mogenes
; 7 &8
S|P vV se

Sarpyska IFC daiina Onucarme

Dpwibpats IFC dasin. ..
Boibpan daiin: 20160414office_model_CV2_fordesign.ifc

HacTpoiia1 rerepaym

Tian spamms: AsToOnpeaenerme X

P> Crenepiposats onucariie
Ynpasnerue pesynsTaram

o KoruposaTs & 6ydep | kel Coxparure k... | | [E)3xenopr & Excel

Puc. 2. I'padudeckuii mHTEpEiic MporpamMmbl

3D Npoarotp

MEepBOTO dTamna KOHIENIIUU — H3BJIICUCHUE JaHHBIX
u3 Renga (puc. 2, 3).

Pa3paboTanHOe MPHIIOKEHHE TTO3BOIISET MEPEBO-
muth [FC-Monens B MammmHOYNTAaEeMBINA (pOpMAT U T10-
Jy4aTh CTCHEPHPOBAHHOE OMMMCAHKE MOAETH (puc. 4).

Taxoke nmeercss BO3MOXKHOCTb 3KCIOPTA OIMCAHUS
U XapakTepucTuk mMozenu B ¢popmar Excel. Ha puc. 5
MIpeACTaBIeHA BU3YyaIn3allis poliecca BRITPY3KH JaH-
HBIX JIJISI OTYETOB U3 MOJEIH.

Knaccudukarms BIM-moneneii mpoBoanuTcs Ha 0c-
HOBE OIICHKH MX Ka4eCTBa 10 YSTHIPEM OCHOBHBIM KpH-
Tepusm [5-8]:

* TOJIHOTa TeOMETpUIECKor HH(POPMAIMU — OTIpe-
JeNnsgeTcs KOJTUYECTBOM M Pa3HOOOpa3ueM IJIEMEHTOB
Mozenu (CTEHBI, MePEKPHITHI, KOJIOHHBI, OKHA, TBEPH
HT.J.),

* MOJIHOTA aTpUOYTUBHON WH(pOpMAaHH — oIIe-
HUBAETCS HAJIMYNE KIFOUEBBIX XapaKTePUCTHK 3IaHHUS
(Ha3BaHMe, TUI, OTIMCAHUE, ITAXHOCTH), a TAKXKE 3a-
TMOJTHEHHOCTh JaHHBIX TI0 TIOMEMIEHUSIM U MaTepHa-
nam;

* MPOCTPAHCTBEHHAS CTPYKTypa aTpHOyTHBHOU
WH(POPMALINU — YCTaHABIUBACTCS KOPPEKTHOCTHIO He-
papxuu ATakel U MOMEeLeHUH;

* JIeTaJau3alns MOJCNIH — 3aBHCUT OT KOJIMUECTBA
BTOPOCTETICHHBIX 3JIEMEHTOB (MeOenb, OrpakIeHNs,
JIECTHHIIBI, MH)KEHEpHBIE ceTH) [9].

AHanmu3 KauecTBa MOJEIN aBTOMAaTH3UPOBAHHON
CUCTEMOW TIPOM3BOAUTCS B J[BA dTAra: Ka) bl U3 KPH-
TepueB HopMUpyeTcs o mkazue ot 1 go 10 u onpene-
nsercs ero oneHka Q.. COOTBETCTBEHHO, YeM 0O0JIbIIIE
AJIEMEHTOB COACPIKUT MOJIENIb U YeM pa3zHOoOOpa3Hee
€e THUIOJIOTHS, T.e. YeM BBIIIC YPOBEHb JETATU3ALNN

XaparTepucTini
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MOJIENIH, TEM BBILIE OLEHKA (), IO COOTBETCTBYIOIEMY
KPUTEPHUIO; JlaJiee ONPEeIIieTCsl UTOroBasl OLIEHKa MO-
nenn Q. comtacHo (opmyie (3).

* 7—8 0as10B — XOpOIIee KaueCTBO, IPUTOTHOCTh
JUTS. OOJTBIITITHCTBA MPOCKTHBIX 33]1a4;
* 5-6 6amIoB — cpeaHee Ka9ecTBO, He0OXommuma

B pabory aBTOMaTH3MpOBAaHHON CHCTEMBI MOJIO-  J0paboTKa;
JKEHa cieayromas Kiaccupukanus Mojesiel B COOTBeT- * 3-4 6ajuta — HU3KOE KaueCTBO, 3HAYUTEIbHBIC
CTBUH C MOIy4eHHOH onenkoii [10, 117]: poOeIBI;

* 9-10 6a/I0B — BBICOKOE KAa4eCTBO, COOTBET-
creue BIM Level 2;

R drmyaee - Fomtprep snatsrd Bl wastred
rwp

3> WV 5

Seprma e dainn

Dintpare 20 gaiie

Bt Quin 3504 eler model £7 Serdssgn B

|
rpesre cenmTEE

= S——— || P——— || T——

* 1-2 Oamma — OYeHb HU3KOE KauyeCTBO, HE PEKO-
MEHJIyeTCsl K HCTIOJIb30BAHHMIO.

Ormase | TP aowrmee

sy Grepmay Gy M oo
P ereleantra o)
L T Nips Fantimew i iy
Caar sepymen 240 T lePie_modd_ OV fordegado
Puc. 3. Moaynb TpexMepHOW BU3yalU3alnd
®7 IFC Analyzer - Fenepatop onucanuii BIM ] = (=] x
|
P
=N 2 D J e
3arpysxa IFC daiina Onmcanme 3D MNpocHoTp XapaKTepucTikK

DBuibpats IFC daiin...
Buibpar daiin: 201604 14office_model_CV2_fordesign.ifc

100%

Narinan urdopHaLmonnan Moaens NpeacTasnneT coboi mrorodyrkumonansHoe 3aanme Building', sxmouarouiee 4 sTaxei
W CNPOEKTHPOBAHHOE C YUETOM aKTYaNbHSIX HODH W CTaHAAPTOS.

CTPYKTYPHAR OPraH13aMa BKNOYAET 4 STaKER PasHON QYHKLIMOHANBHOCTM: HIDKHIA ypoBeHs (3Tax 1) oTeedeH noa
obWecTBEeHHbIe 30HB! M BXOAHBIE TPYNNGI, cpearme yposHi (3Taxm 2-3) conepXaT ocHOBHbIE dyHKLIOHANLHBIE
NOMEULEHA, BEPXHIMIT YPOBEHS (3Tax 4) NPEAHA3HAYEH NG BTIOMOraTENLHLIE M TEXHUYECKHE NOMELIEHIS,

HacTpoiiku resepalym
B MOAENH ONPEAEneHD 14 hYHKLIMOHANEHEIX NPOCTPAHCTE, BKAYAA KOMMEPUECKIE NoMewweHna (4), kabuxeTsl (4), obwume
ey T = u oblwecTeeHHbIe 30HbI (2), TEXHUHECKIE W BCNOMOraTeNbHbIe (1), cnyxeb (1), npoume
: nomewerma (2). N obecr or y1o by Y10 OPraHU3aLI0 303HHA.
P> Crenepyposats onucare KOHCTPYKTMBHAR CMCTEMA 30aHMS NPEACTABNEHS 71 MOAENMDOBAHHLIMU SAEMEHT MM, B TOM HMCNE! HECYLLME KOHCTPYKLIMN
BKMIOYIOT 10 KONOHH; OrPaKASIOWME KOHCTPYKLIM BKAIOYSIOT 8 3neMeHTos nepexpsmi M 33 cTeH; BepTukansHsie
KOMMYHMKALIM BKAIOYAIOT 3 NECTHMLL; PacanHan UCTEMa BKNIOUAET 8 OKOH, NPENMYLLECTBEHHO € SHEProcheperaiouLM1
Yrpaenerse pesyreTaTa CTeKnonaxkeTamu AnA ofecnederia sHeprosdbeKTMBHOCTH.
u Kor B Bydep u Coxp KaK... :EBKC”W" B Excel WHTepbepHbie pelweHns BI0YAIOT 9 ABepei pasamHLIX THNOS (B TOM YMcne 1 aBTOMATHHECKHX ANA obecedeHms

fesbapsepoii cpeas).

WridhopMaLMOHHAR MOAEND 30aHUA 06ENEUNBAET BLICOKYIO TOUHOCTS NPOEKTHUPOBAHMS, NO3BONRET BLIABUTE M YCTPaHUTL
MOTEHLMANLHBIE KOHGNMKTEI MEXAY PASAMUHBIMIA CACTEMAMIA 1 SNEMEHTAMU 0 HAYANA CTPOUTENLCTEA
MHOTOGYHKLWMOHANEHOMO KOMNNEKCa.

O VCMELLHO Cri

Puc. 4. Omucanne IFC-monenn
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ANS pa3paboTKK MPOEKTOB M0 PEKOHCTPYKLMU 3AaHMM

NN EE NN NS N EEE MR TEEER e

e

et s pun e

OBuan mgopsnses | e | Deeueewsgie | Mowses

Puc. 5. BI/I3yaJII/I3aHI/I$[ JAaHHBIX, BBII'PYKA€MbIX U3 MOICIIN: d — 06111&5[ I/IH(i)OpMaHI/ISI; b— OTAXHU; ¢ — SJIECMCHTBI MOACIIU;

d— Marepualibl; € — aHaJIu3 Ka4€CTBa

Takol OAXO/ MO3BONIAET HE TOJIBKO JaTh KOJIHYE-
CTBEHHYIO OLICHKY MOJICJIH, HO M KJIacCH(UIMPOBATh €e
M0 YPOBHIO KauecTBa JUIsl MOCIIEAYIOIEro IPUMEHEHHS
B aBTOMATH3MPOBAHHBIX CHCTEMaX peKOHCTpyKmnu [12].

Kpowme Toro, MeTonnka HHTETPUPYETCS C IKCIIOP-
ToM naHHbIX B Excel, e hopmupyrorcst oTuersl 1o sra-
JKaM, JICMEHTaM, IOMEIICHUSIM 1 MaTepuaiaM. B Tadmnu-
I[[aX aBTOMATHYECKH BBIICIISIOTCS KITFOUEBBIC TOKA3aTeNn
U CTPOSTCS THarpaMMBI PACTIPEICIICHUS SIIEMEHTOB.

Pe3ynbraThl OIEHKH MOTYT OBITH UCIIOJIb30BaHBI
JUIS. aBTOMAaTHYECKOTO ()OPMUPOBAHMUS ITPOSKTHOM J10-
KyMEHTAIlNH, BKJIfouas rpaduku padoT, pecypcHBIC Be-
JIOMOCTH ¥ TEXHOJIOTHUYECKUE KapThI [ 13].

Takum o6pazom, kinaccudpukanus BIM-moneneit
06’I)CJII/IHH€T KOJIMYCCTBCHHBIC MCTPUKH, SKCIICPTHBIC
MpaBHjIa ¥ BU3YAIH3alUI0 JaHHBIX, 00CCTIeYNBAast KOM-

IUIEKCHBIN MOJXO0/] K ONIPEAETICHUIO Ka4yeCTBA U IIPUTOI-
HOCTHU MOJENEH JUIsl IPOEKTUPOBAHUS U PEKOHCTPYK-
nuu. Pa3paborannas B paboTe METOAUKA SBISIECTCSA
YHHUBEPCAIBHON M MOXET IIPUMEHSTHCSI B aBTOMATH3H-
POBAHHBIX CUCTEMAX MOAACPHKKU IPOEKTHBIX PELLIEHUI
B CTPOHUTEIBCTBE.

3AKJTIOYEHHUE U OBCYXIAEHHUE

B maHHO# paboTe mpHUBeICHBI KOHIICIIIINS U TTOJI-
poOHOE OTICaHNe aBTOMATH3NPOBAHHOM CHCTEMBI, (hop-
mupyromeit yactu [TIOP ¢ momomsio metonos MU [14].
PaspabarpiBaemasi cucreMa M3BJIEKaeT HHPOPMALIUIO
n3 BIM-mozenu, 4To yxe peann30BaHO aBTOPaMH U IPo-
JNIEMOHCTPHUPOBAHO Ha IpHUMEpe B paMKax paspado-
TAHHOI'O NPUJIOKEHUA. B nanpHeleM Ha OCHOBaHUU
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[IPEJIOKEHHON KOHLIENIIMY aBTOMaTU3upOBaHHas CU-
creMa OyleT reHepupoBaTh ONTHMAJBHBIN IUIaH pe-
KOHCTPYKIIMH, BKJIIOUAIOIIMNA OCIEI0BATEIBHOCTD Jie-
MOHTAaKHBIX, [IOAIOTOBUTENIBHBIX U CTPOUTEIbHBIX ME-
pONpUATUI, TPOBOJUTH OLEHKY BO3MOXHBIX PUCKOB,
a TaKKe aBTOMATHYECKH (POPMHPOBATH MPOECKTHBIE BE-
JIOMOCTH, BKJIFO4asl TEXHOJIOTHIECKHE KapThl, rpapuku
IIPOMU3BOJCTBA Pa0OT U PECYPCHBIE PACUETBHI.
IIpumenenue metonoB MM 1 HaKOIUIEHHBIX JaH-
HBIX O PaHEe BBIIIOJHEHHBIX IIPOEKTAX II03BOJIUT MC-

IMOJIB30BAaTh MPOBEPECHHBIC PEHICHUSA JI1 HOBBIX 00BEK-
TOB, CHIKAsl KOJIMYECTBO OIIMOOK U yCKOPSist pa3padoTKy
MPOEKTa OpraHn3aluy PEKOHCTPYKIMU. KoMruiekcHbIN
MOAX0/1, OOBbEAMHSIONINHA aHAIN3 CBS3EH MEXIy dJe-
MEHTaMH 37aHHsl, IPOTHO3WPOBAHUE ONTHMAaJILHOTO
HopsiIKa pabOT M FeHEePALHI0 HEOOXOIHUMBIX TOKYMEH-
TOB, CO3JIaCT THOKYIO CHCTEMY, CIIOCOOHYIO HE TOIBKO
aBTOMATH3MPOBAaTh PYTHHHBIE NPOLECCH], HO U MOBbI-
cUTh 3P PEKTUBHOCTH BCETO MPOIecca PEKOHCTPYKIHH
B 1iesiom [ 15].
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INTRODUCTION

The reconstruction of construction projects requires
significant analytical and design work, including analysis
of the existing condition of the facility, engineering sur-
veys, and regulatory requirements. The use of artificial
intelligence (Al) to automate the development of a re-
construction project (RP) will reduce labour costs, mini-
mize errors and speed up the design process [1].

This paper proposes a concept for an automated
system that generates parts of the RP based on various
data sources:

* BIM model of the existing facility (IFC, Renga,
Revit formats);

* 3D model of the facility with proposed changes;

* engineering survey information (geodesy, geol-
ogy, hydrometeorology);

* historical data on construction and operation
(expenses, material costs, deviations from the plan);

* regulatory requirements (SNiP, CP, GOST, TKP);

* planning restrictions (urban regulations, neigh-
bouring buildings, construction zones);

» technical characteristics of machines and mecha-
nisms (for selecting the optimal set of equipment);

« actual work schedules (collected from similar
projects).

The architecture of the proposed automated system
includes several key modules. Generative Al models
provide the formation of a basic technological plan for
the execution of work. Recurrent neural networks (NN)
implement the function of optimal planning and distribu-
tion of material, technical and labour resources. Graphi-
cal NN analyze the relationships between the struc-
tural elements of a building, and natural language pro-
cessing technologies provide automatic extraction and
interpretation of data from regulatory and technical
documentation [2].

A set of mathematical methods is used to solve
the tasks at hand:

* multi-criteria optimization algorithms;

* evolutionary computing based on genetic algo-
rithms;

» methods of cluster analysis of information.

MATERIALS AND METHODS

To automatically generate RP, a data processing
pipeline must be set up to transfer information from
the BIM model (Renga) to the neural network. This in-
volves several key steps.

The first stage is to extract information from Ren-
ga. For integration, you can use IFC as a universal BIM
data exchange format, the Renga API for direct access to
the model, or Python scripts for working with IFC files [3].

Types of information extracted:

» geometric characteristics — dimensions, vol-
umes, areas;

* structural elements — walls, floors, columns,
foundations;

 materials — concrete, steel, brick and their proper-
ties;

 engineering networks — location of communi-
cations, load characteristics;

* defects and damage — if there are defect tags in
the BIM model;

» working loads and technical processes — data
on the current operation of the building [4].

After extraction, the information is converted into
a tabular or graph format for further analysis.

The model of the automated system can be repre-
sented as follows (as a set of functional modules):

S={P,G,V, U}, (D
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where P is the IFC file processing and analysis modu-
le (IFCProcessor); G is the description generation mo-
dule (IFCDescriptionGenerator); ¥ is the 3D model vi-
sualization module (IFCViewer); U is the user interface
(IFCAnalyzerUTI).

The integral model of the description generation
system is defined as follows:

F,.—(Q.F,T,C,8 —D— 0, )
where F . is the source model file; Q is the model qual-
ity; F'is the object characteristics; 7 is the building type;
C is the structural system type; S is the spatial structure;
D is the text description; O is the visualized result.

The model quality is assessed using the following
formula:

0, =Yn-2.0. ()

where O is the final model quality assessment; n is
the number of criteria assessed; O, is the model assess-
ment according to the i-th criterion.

The second stage involves preparing data for subse-
quent transfer to the system. This process includes several
steps: cleaning and normalization (removing duplicates,
correcting errors), converting information into a format
suitable for machine analysis, and supplementing the data
set with information from external sources, such as regu-
latory documents or archival data. As a result, the data can
be presented in tabular, graph or text form.

After preparation, the information is sent to the sys-
tem, which analyses the object and generates an RP.

The system includes three key modules:

1. The module for analyzing the current state of
the object and forecasting changes uses graph neural

Input data
Engineering Designed BIM model
surveys 3D model of the object
Historical - Regulations
data on objects IRestrictions and standards

networks to identify connections between structural ele-
ments; it determines emergency areas, potential defects
and the need to reinforce structures.

2. The reconstruction plan optimization module
uses recurrent neural networks to predict the optimal se-
quence of works; it applies genetic algorithms to build
the most effective reconstruction plan.

3. The documentation generation module analyses
regulatory documents using an NLP model and gener-
ates the text part of the RP; based on generative models,
it creates work schedules, cost estimates and resource
statements.

The system outputs a complete package of project
documentation: process charts (describing the stages
and necessary resources), work schedules (Gantt charts,
calendars), as well as lists of material, equipment and
labour requirements. All this is generated in accordance
with a specified template and represents a ready-made
reconstruction project. A block diagram of the proposed
solution is shown in Fig. 1.

Integration with project documentation

The extracted data is structured into JSON tem-
plates that automatically populate the following sections:

* historical reference;

* restrictions on design modifications;

* recommendations on materials.

The system highlights conflicting requirements
with a red marker, offering the engineer options for re-
solving the contradictions. For multi-page documents,
a cross-reference mechanism is implemented, linking
references to objects in the text with their graphical
representations.

Data preparation

Converting data into
a format suitable
for analysis and machine
| learning

Cleaning, normalization
and removal of duplicate
information

Presentation in tabular, graph or text form ‘

Operation of automation modules in the RP formation system

Module for analyzing the current state
and determining anticipated changes

I

Reconstruction plan optimization module

Documentation generation module

Fig. 1. Diagram of the proposed solution
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Integration with the system occurs through dynamic
templates. Each identified constraint automatically gen-
erates a label in the 3D model, and conflicting require-
ments are formalized as tasks for the engineer. When
the regulatory framework changes, the system reviews
archived documents, suggesting updates to the param-
eters of structures affected by the amendments.

Interaction with other modules

1. Genetic algorithms receive a list of protected ele-
ments from NLP.

2. Graph networks use the extracted material pa-
rameters to calculate loads.

3. LSTM models take into account regulatory ap-
proval deadlines when making forecasts.

4. The document management system generates
reports based on structured data.

Natural language processing becomes the link be-
tween historical information and digital design meth-
ods, ensuring continuity of decisions at all stages of re-
construction.

RESEARCH RESULTS

Application for extracting data into IFC format

Let us consider the graphical interface of the de-
veloped application and its capabilities within the first
stage of the concept — extracting data from Renga
(Fig. 2, 3).

The developed application allows converting an [FC
model into a machine-readable format and obtaining
a generated description of the model (Fig. 4).

%7 IFC Analyzer - Teneparop onucarui BIM-mogeneit
. 7 &

=N S ™ Y 24

3arpyska IFC daiina SR

Dpwibpats IFC dasin. ..
Boibpan daiin: 20160414office_model_CV2_fordesign.ifc

o]
HacTpoiixm rerepawsm
Tun 3aaHms: AsToonpeaeneriie >
P> Crenepiposats onucariie
Ynpasnexue pesynbTaramu
o Konuposate & 6ydep el Coxparmrs kax... | |[E)3xenopr & Excel

Fig. 2. Graphical user interface of the programme

3D Npoarotp

It is also possible to export the model description
and characteristics to Excel format. Fig. 5 shows a visu-
alization of the process of exporting data from the model
for reports.

BIM models are classified based on an assessment
of their quality according to four main criteria [5—8]:

e completeness of geometric information — de-
termined by the number and variety of model elements
(walls, floors, columns, windows, doors, etc.);

» completeness of attribute information — assessed
by the presence of key building characteristics (name,
type, description, number of floors), as well as the com-
pleteness of data on rooms and materials;

* spatial structure of attribute information — de-
termined by the correctness of the hierarchy of floors
and rooms;

* model detail — depends on the number of sec-
ondary elements (furniture, fences, stairs, engineering
networks) [9].

The automated system analyses the quality of the mo-
del in two stages: each criterion is normalized on a scale
from 1 to 10 and its Q, rating is determined. According-
ly, the more elements the model contains and the more
diverse its typology, i.e. the higher the level of detail
of the model, the higher the Q, rating for the correspond-
ing criterion; then the final model rating Q,  is deter-
mined according to formula (3).

The automated system uses the following classifica-
tion of models according to the rating received [10, 11]:

* 9-10 points — high quality, compliance with
BIM Level 2;

XaparTepucTini
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Fig. 4. Description of the IFC model

» 7-8 points — good quality, suitable for most de-
sign tasks;
* 5-6 points — average quality, requires refinement;
* 3—4 points — low quality, significant gaps;
1-2 points — very low quality, not reccommend-
ed for use.
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This approach allows not only to give a quantita-
tive assessment of the model, but also to classify it by
quality level for subsequent use in automated recon-
struction systems [12].

In addition, the methodology is integrated with
data export to Excel, where reports are generated by
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Fig. 5. Visualization of data exported from the model: @ — general information; b — floors; ¢ — model elements;

d — materials; e — quality analysis

floor, element, room, and material. Key indicators are
automatically highlighted in the tables and element dis-
tribution diagrams are constructed.

The assessment results can be used to automatically
generate project documentation, including work sched-
ules, resource statements, and technological maps [13].

Thus, the classification of BIM models combines
quantitative metrics, expert rules, and data visualiza-
tion, providing a comprehensive approach to deter-
mining the quality and suitability of models for design
and reconstruction. The methodology developed in this
work is universal and can be applied in automated sys-
tems for supporting design decisions in construction.

CONCLUSION AND DISCUSSION

This paper presents the concept and detailed descrip-
tion of an automated system that generates parts of the RP
using Al methods [14]. The system under development ex-
tracts information from the BIM model, which has already
been implemented by the authors and demonstrated in
an example within the developed application. In the future,
based on the proposed concept, the automated system will
generate an optimal reconstruction plan, including a se-
quence of dismantling, preparatory and construction ac-
tivities, assess possible risks, and automatically generate
design specifications, including technological maps, work
schedules and resource calculations.
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The application of Al methods and accumulat-
ed data on previously completed projects will allow
proven solutions to be used for new facilities, reduc-
ing the number of errors and speeding up the develop-
ment of the reconstruction project. A comprehensive
approach that combines analysis of the relationships

between building elements, forecasting the optimal or-
der of work, and generating the necessary documents
will create a flexible system capable of not only auto-
mating routine processes, but also increasing the ef-
ficiency of the entire reconstruction process as a who-
le [15].
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