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Annomayua. AxmyanbHocms TEMBI HCCIIETOBAHNS 00YCIOBJICHA OCTOSIHHBIM POCTOM HH-
Tepeca K TeMaTuke nuppoBoit TpanchopManuu odIIecTBa U BeeX cdep AeATETBHOCTH, B KOTO-
poe oHO BoBieueHO. OHIM 13 BaXKHBIX 3TANOB Pa3BUTHS JIIOOOTO COIMyMa SIBISIETCS H3yde-
HUE ero UCTOPHH, COXPAaHMBIIIEHCS B apTe(akTax HHKCHEPHOI MBICIH COOPY)KEHHUH MPOLIIBIX
nokosieHui. ITockonpKy Kaxcaas 31oxa OTIMYACTCS XapaKTEPHBIMU OCOOCHHOCTSIMH, TO 3aKO-
HOMEPHO MEHSJIUCh U apXUTEKTYpHbIE UJIeH, KOTOpbIe HEPa3pbIBHO CBA3BIBAIOT OIpE/ENICH-
HYIO 310Xy CO CTHJIEM MOCTPOEK 3aHUI M COOPYKEHHH.

Ocnoenas yenv UCCICTOBAHUSA — Pa3pabOTaTh MPOrPaMMHOE PEIIeHHe, KOTOPOe B aBTOMa-
TH3UPOBAHHOM (hOpMaTe CMOXKET OMPENEISITh CTHIIb apXUTEKTYPHOIT MOCTPOMKH 31aHNSI.

Jlnst mo0oro MHTepecyIomerocsi HCTOpHel deloBeka, BHE 3aBHCHMOCTH OT II0JIa M BO3pac-
Ta, TOPOM HEJOCTATOYHO H3YYNTh MATepHAbl MCTOPHYECKMX KHHUT, YTOOBI 0e30mMO0YHO
OTIPENEIIATh APXUTEKTYPHBIN CTUIIb 3aaHus. Kak u B OONBIIMHCTBE APYTUX oOnacTei 3HaHWA,
OUYEHb Ba)KHA NPAKTHKA, BOCIIOJIHUTH HEAOCTATOK KOTOPO IIOMOXKET pa3paboTaHHasi aBTOpaMU
MHTEIUIEKTYabHas MOJIENIb HA OCHOBE METOJIOB HCKYCCTBEHHOTO MHTEIIEKTA.
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ORIGINAL ARTICLE

INTELLIGENT MODEL FOR AUTOMATED
IDENTIFICATION OF ARCHITECTURAL STYLE
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Evgeniya A. Nikolaeva!, Tat'yana A. Shalygina?

'Gorbachev Kuzbass State Technical University, Kemerovo, Russia
*Tomsk State University of Architecture and Building, Tomsk, Russia

Abstract. The growing interest to the digital development of the society stipulate studies of
its history described by the artifacts of structures of past generations. Since each epoch has its
own characteristics, architectural ideas inextricably linking certain years to the architectural
style of buildings, have changed.

Purpose: The aim of this work is the software development for the identification the archi-
tectural style of architectural a building.

Research findings: For anyone interested in history, regardless of their gender and age, it is
sometimes not enough to read historical books in order to determine the architectural style of
a building. The artificial intelligence model is proposed to fill this gap.

Practical implications: The proposed model can be used to supplement the practical expe-
rience in the field.

Keywords: artificial intelligence, computer-aided learning, architectural style
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CoBpeMeHHBbIe HH(POPMAIIMOHHBIE TEXHOJIOTHH HAXOAAT HIMPOKOE MPHMEHe-
HHE BO Bce OOJBIINX c(hepax MOBCEIHEBHOM YEIOBEYECKOM e TeNbHOCTH. CBSI3aHO
3TO B INEPBYIO OYEpeab C TE€M, YTO YCKOPEHHE HAay4HO-TEXHHYECKOro Iporpecca
IIO3BOJIMJIO YACHICBUTL pCalU3alliiO0 BbIYHUCIHMTCIIBHBIX LECHTPOB, HA OCHOBE KOTO-
PbIX QYHKIIMOHHPYIOT HHTEIUICKTyalbHbIe CUCTEMBI [1].

WHTENeKTyallbHbIE CUCTEMBbI, KOTOPBIE 3MKIYTCS Ha MOJEISAX MAIIMHHOIO
00yueH¥Us, TIO3BOJISIIOT ABTOMATU3HPOBATh 33/1a4d, PAHEE CUMTABIINECS HCKIIOYH-
TEJILHO MPEeporaTuBOi yenoBeka [2].

[Mpumepamu TBOpUYECKUX 3aJla4 MOTYT CIYXKHUTh 00pabOTKa TEKCTOB, Kilac-
cuukanus u300pakeHHUH, ONpeaeIeHHe KOMIIO3UIINK HA OCHOBE MPOUTPHIBAHHUS
MEJIOJTUH.

Ormpe/iesieHue apXUTEKTYPHOTO CTHJISL 3aHHUsS — TakkKe TBOpUYECKas 3ajadya,
MOCKOJIbKY OHa TIO/Ipa3yMEBAeT aHAU3 Pa3IUYHBIX KOMIIOHEHTOB COOPYXEHHS,
ONPELEICHUE JIIOXH ITOCTPONKH U €€ IPUHAJICKHOCTH K KOHKPETHOMY CTHIIIO.

Kpome Toro, pemmTs NoA00HYI 337a4y METOAaMHU HPSMOTO MPOTrPaMMH-
pOBaHUsI HE MPEICTABIISETCS BO3MOXKHBIM [3], 4TO OrpaHHYMBAET BHIOOP MHCTPY-
MEHTapus Ul PELICHUs 33Ja4l Ha MOJEINSAX NMPHUKIAJTHOTO MCKYCCTBEHHOTO HH-
TEJUICKTA.
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Omnpenenumcs ¢ LeIb0: HEOOXOAUMO, YTOOBI MOJETh MAIIMHHOTO 00ydYe-
HUSl MOIJIa CAMOCTOSITEJIBHO ONPEAEATh APXUTEKTYPHBIH CTHIb 3AaHUS IO €ro
dhororpadum.

s perieHus: MpakTHUECKHUX 3a7ay aHATUTUKU M300paKeHUH OTINYHO 3ape-
KOMEH/IOBaJI ce0sl CBEPTOUHBIC HEHPOHHBIE CETH, T. K. OHU MO3BOJISIIOT abcopoupo-
BaTb Ha CHMMKAaX HH3KO-, CPEJHE- U BBICOKOYPOBHEBBIE NPU3HAKU, YTO JAET BO3-
MOKHOCTH C()OPMHPOBATH BHICOKYIO 0000IIAOITYI0 CITIOCOOHOCTh MH(POPMAIIOHHOH
MOJIETI UCKYCCTBEHHOTO MHTeJUIeKTa [4]. OJJHaKO CTOMT OTMETHTH, YTO KaxKasl pH-
KJIa[Hasl 3a/1a4a He MOKET OBbITh pellieHa Ha OCHOBE OIHOTUITHOM apXUTEKTYphI CBEp-
TOYHON HEHPOHHOU CETH, MOCKOJIBKY TaKOW MOAXOJ HETaTUBHO OTPAXKAETCSl HA UTO-
TOBOH TOYHOCTH MOJIETH MAITMHHOTO O0YYEHHUS.

KpaeyromnpHbplM KaMHEM JOOOH MOJENH MAIIMHHOTO OOYYEHHs SIBISIOTCS
UCXOJHBIE NaHHbIe. IMEHHO moa HUX pa3palaThIBacTCsl MOAENIb, T. K. OHA JOJDKHA
YUUTHIBATh MPUPOAY BBIOOPKH, THUII €€ MaTeMaTHYECKOTO paclpeieieHUst © MHOTHE
npyrue (GakTopbl, KOTOphIe M3MEHSIOTCS TIPU MEPeXo/e OT OJHOU MPEeIMETHOH 00-
JacTH K apyroi [5].

B kauecTBe OCHOBBI [UIl aBTOMAaTHU3MPOBAHHOI'O ONPEAETICHUS apXUTEKTYyp-
HOTO CTHJIS 3J1aHUS MHTEJUICKTYaJIbHOM CHCTEMOM ObUT BRIOpAaH HA0Op JaHHBIX, CO-
OpanHblii aBTOpamm ucciaenoBanusi «Architectural Style Classification Using
Multinomial Latent Logistic Regression»®.

ABTOpBI Hay4HOU PabOTHI MCIOJB30BAIM B KauecTBE 0A30BOr0 alrOpHTMa
MOJIE€TIb JIOTUCTUYECKON perpeccuu, T. K. JKeJald MaKCUMajJbHO CHU3UTH YPOBEHb
TpeOOBaHUI MOJIENH K almapaTHBIM PECypcaM AIIEKTPOHHOW BBIYUCIUTENHHON Ma-
mmHbl (OBM), Ha KOTOPOH alrOpUTM CMOXKET (DYHKIHOHHUPOBaTh. OTMETHUM, UYTO
OpUTHHAJbHASA CTaThsl aBTOPOB BbIIIa B cBET B 2014 r. u ¢ Tex mop He OOHOBIIA-
JIaCh, TIPH 3TOM TOYHOCTH MOJIeNn cocTaBmia 69,17 %.

3a mpoueqmuii ¢ MOMEHTa MyOJMKALMKM CTaTbU MEPUOJ TEXHOJIOTHUHU HIICK-
TPOHHOH MPOMBIIIJICHHOCTH IIATHYJIN JANEKO BIIEPE, TIOATOMY JlaXke Ha OroJDKeT-
HBIX Bepcusix OBM ceituac MOryT yHKIIMOHMPOBATH MOJETH OOYUYEHHBIX HEHPOH-
HBIX ceTeli [6].

ABTOpBI HACTOSIIEH CTaThU B Ka4eCTBE OCHOBOIIOJIATAIOIIEH HJIEU paccMart-
PHUBAIOT pelIeHne 3a/la4uM OINPeNeTeHNs] apXUTEKTYPHBIX CTUJIeH 37JaHMii Ha OCHOBE
MOJICPHU3UPOBAHHON CBEPTOYHOW HeWpOHHOW ceTH. Kak OBUIO OTMEYEHO BHIIIE,
JUIsl KOHKPETHOW NPUKIAIHON 3a7aud He00X0IMMO pa3paboTaTh COOCTBEHHYIO ap-
XUTEKTYPY MOJEIH MAIIMHHOTO OOydYeHHs, TI03TOMY aBTopamu Obula pazpaboTaHa
CTPYKTypHasi CXeMa MOJIEIH MAalIMHHOTO 00y4eHus (puc. 1).

IIpoBepka s dexTHBHOCTH pa3paboTaHHOIN apXUTEKTYphl OblIa IPOU3BEACHA
Ha OCHOBE COIIOCTaBJIEHUS TOYHOCTH CIPOEKTHPOBAHHON MOJENH CBEPTOYHOI
HelpoHHOH ceTH (puc. 1) u «0a30BOIH» TOYHOCTH JIOTUCTHYECKOH PErpeccuu, KOTo-
past cocrasiset 69,17 %.

DKCIEPUMEHTHI TTOKA3aJTH, YTO HAMMEHbBINAs TOYHOCTh MOJIEITH MAITMHHOT'O
oOy4eHus, MPeICTaBICHHON B paMKaX JaHHOM cTaThH, coctaBuna 74 % (puc. 2).

1 Zhe Xu, Tao D., Ya Zhang, Wu J., Tsoi A. Architectural Style Classification Using Multinomial
Latent Logistic Regression. URL: https://www.semanticscholar.org/paper/Architectural-Style-Classifi-
cation-Using-Latent-Xu-Tao/bf6fd53680c5ec7b998c60bd75243d5b7cf7f93f?p2df
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input: | [(Nome, 2586, 256, 3)]

il t_1: InputLas
|'“"“* PULAYCT | utput: | [(Nome, 256, 256, 3]

input: | (Nome, 256, 256, 3)

sequential: Sequential
eau eau output: | (Nome, 128, 128, 64)

iput: | (None, 128, 128, 64)

sequential 1: Sequential
e I Sequ output: | (None, 64, 64, 128)

N | input: | (None, 64, 64, 128) \
- | output: | Nome, 32, 32, 256) |

input: | (Nome, 32, 32, 256)

tial 3: S tial
Sequentials: Sequential o tputs | (None, 16, 16, 512)

| input: | (None, 18, 16, 512) |
| output: | (Nome, 8, 8, 512) |

i [ imput: [ (None, 8, 8, 512) |
- [output: [ (None, 4,2, 512) |

input: | (None, 4, 4, 512)
output: | (Nome, 2, 2, 512)

sequential 6: Sequential

[ imput: | (Nome, 2, 2, 512) |

‘ il 2! [ outputs | Mone, 1, 1, 5121 |
input: | (None, 1, 1, 512)
8
- ‘output: \ (None, 2, 2, 512) \
[ mput: | [(None, 2, 2, 512J, (None, 2, 2, 5121 |

| output: | (None, 2, 2, 1024) |

. . [ mput: | MNone, 2,2, 1024) |
- |outpul= \ (None, 4, 4, 512) \

i [[nput: T(None, 4, 4, 512), (None, 4, 4, 512)1 |
- | output: | (None, 4, 4, 1024) |

input: | (None, 4, 4, 1024)

sequential 10: Sequential
equentia10: Sequ output: | (None, 8, 8, 512)

[ mput: |T(None, 8, 8, 512), (None, 8, 8, 512)] |

["output: | (None, 8, 8, 1024) |
. - | input: \ (None, 8, 8, 1024) \
- | output: | (Nome, 16, 16, 512) |
[ imput: | [(None, 18, 16, 512), (Nome, 16, 16, 5121 |

[[output: | (None, 16, 16, 1024} |

input: | (None, 16, 16, 1024)

sequential_12: Sequential
equ 12 sequ output: | (None, 32, 32, 256)

[ ‘mput: | [None, 32, 32, 256), (None, 32, 32, 256)] |
|‘output: | (None, 32, 32, 512) |

[ input: ] (None, 32, 32, 512) |
\ output: | (None, 64, 64, 128) |

[ input [ [(None, 64, 64, 128). (None, 64, 64, 128]] |
- [‘output: | (None, 64, 64, 256) |

input: | (None, 64, 64, 256)

sequential 14: Sequential
equentia 14: Sequ output: | (None, 128, 128, 63)

[ mput: [[(None, 128, 128, 64), (None, 128, 128, 64)1 |
= [output: | (None, 128, 128, 128) |

conv2d_transpose_7: Conv2DTranspose

Puc. 1. ApxuTtexTypa MOJEIH CBEPTOYHONH HEWPOHHOW CeTH AJIsl ONpEAETeHUsT CTHIS apXu-
TEKTYpbI 31aHus. M300paskeHne creHepupoBaHO Ha OCHOBE NPOrpaMMHOM OHOIMOTEKH
sklearn

Fig. 1. Model architecture of convolutional neural network for identification of the building
architectural style. The image is generated by the sklearn library
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i

Puc. 2. Ouenka TOYHOCTH pa3pabOTaHHOI MOIENN CBEPTOYHOHN HEHPOHHOM ceTH
Fig. 2. Accuracy estimation of the proposed model of convolutional neural network

BruiBOABI

Pa3zpaboranHast B paMKax HACTOSIIEH CTaThbH MOJIENb CBEPTOYHON HEHpPOH-
HOM ceTHu AJi1 aBTOMATHU3UPOBAHHOI'O OMPEICICHUS CTUIS apXUTEKTYphl 3JaHUN
MO3BOJIMJIA JIOCTUYh TOYHOCTH, KOTOpas MPEBOCXOAUT BEIUYNHY IPEHHU3UNOHHOCTH
0a30BOI MOJICIIN JIOTHCTHYECKON PErPECCHH.

[IpuunHBI TAKOTO MPEUMYIIIECTBA ABTOPHI CTAThH HAXOJIAT B BBIOOPE MOJIEIH
MIPUKJIATHOTO MCKYCCTBEHHOT'O MHTEJUIEKTA: JIOTUCTUYECKAs! PETrpeccusi OTHOCUTCS
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K TUITy MOJIJICH MAIIMHHOTO OOYYeHUs, B TO BpeMs KaK CBEpTOYHAs HEHpOHHAs
CeTh SBJISCTCS APKUM MPECTaBUTEIEM Ki1acca IyOoKoro o0yueHusl.

Hecmotps Ha pasHHIy B TOYHOCTH, TJIaBHOM IENbI0 paOOTHI OblIa pa3padoT-
Ka MHTEJUICKTYaJTbHOTO PEIISHUS, KOTOPOE MOTJIO Obl aBTOMAaTHUYECKU ONPEACIISIThH
ApPXUTCKTYPY 3/aHus, 3arpy’kaeMoro B Mmojenb B Buue (ororpadpuu. B pamkax
HACTOSIIEH CTaThU IIeNh ObIIa JOCTHTHYTa MPU UCIOJL30BAHUU 0Ooliee CIOKHOU
MOJIEJI MCKYCCTBEHHOTO WHTEIUICKTA, OJHAKO 3TO HE O3HAYaeT OCTAHOBKY Jallb-
HeHmiel pa3paboTku Apyrux mozeneil. HampoTus, mpejpcraBicHHAs apXUTEKTypa
MOJET OBITh YCOBEPIICHCTBOBaHA JAPYTHMMHU HCCIICAOBATEISIMH, YTO MO3BOJHT pe-
MIaTh 3a/1a4y OTPeICICHUs CTUIIS 37aHuH enié OoJiee TOYHO U MOJTHO.
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