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MapameTtpunsauma umdpoBOM aHTPONOMETPUYECKOMN
uHcpopmaumm ansa 3D-NPOEKTUPOBAHUA LUBENHbIX U3OeNuin

Lndposmrsaums oxsaTbiBaeT BCe CTaAUN COBPEMEHHOTO NPOM3BOACTBA OAeXKabl. CoBepLUeH-
CTBOBaHME MHHOBALMOHHbLIX TEXHOOMMIA NPOEKTUPOBAHWSA HaMpaB/eHO Ha NOBbIWEHME Ka-
4ecTBa KOHCTPYKTOPCKMUX PaboT, TOUHOCTM MOAENMPOBAHUA U BO3MOXKHOCTU 3KCMEepPTHOM
OLEHKM Pe3yNbTaTUBHOCTU NPOEKTA B TPEXMEPHOM BUPTYa/IbHOM MPOCTPAHCTBE.

OnbIT OCHALLEHWA CneLnann3MpoBaHHbIX CUCTEM aBTOMATU3MPOBAHHOMO MPOEKTUPOBAHMA
oaeXabl PasnYHbIMU MoAUDUKALMAMM MOAYNEN TPEXMEPHOTO NMPOEKTUPOBAHNA NOKa3arn,
YTO NO/Ib30BATE/IbCKMIN UHCTPYMEHTAPUA HEKOTOPbIX MPOrPaMm HyKAAETCA B COBEPLUEHCT-
BoBaHUKU. OCHOBHaA 3ajaya TPEXMEPHOro NPOEKTUPOBAHWA — OLEHKa KavyecTBa MOCAAKMU
NPOEKTUPYEMBIX U3AENMIN N YCTPAHEHME BM3YaNN3MPOBAHHbIX AedeKTOB Ha CTaauU KOHCT-
PYKTOPCKOM npopaboTku. MNpun HegoCTaTOYHOM HAMOJIHEHHOCTU 6a3bl CUCTEMbI TPEXMEPHbI-
MW aBaTapamMu WU HEBO3MOMKHOCTU MX MEPCOHANN3UPOBAHHOM KOPPEKLMU BUPTyasibHbIE
NPUMEPKN MOTYT BbITb HeAOCTOBEPHDI. [103TOMY NpoLLecC TPEXMEPHOTO KOHCTPYMPOBAHUSA B
60/bLlMHCTBE coBpemeHHbIX CAIMP — 3To NULIb UMUTALUMOHHOE NPOeKTUpoBaHue. basbl gaH-
HbIX OTKpbITbIX CAMNP neproanyeckn NONONHATCA BUPTYabHbIMU GUIypamK, NOAYYEHHbIMM
C UCMO/Ib30BAHMEM CKAHMPYIOLLErO MHCTPYMEHTapUSA. B 3aBUCMMOCTM OT KauyecTBa BbIXOAHOM
MHPOPMALMM CO CKAHMPYIOLWMX YCTPOMCTB MOXKET noTpeboBaTbCca A0MNONHUTEbHBIN 06bem
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paboT no npeobpasoBaHMIO BUPTYabHOro 06beKTa B NapameTpUYECKUit MaHEKeH, Npuroa-
HblIl A1 KOHCTPYKTOPCKOM NOArOoTOBKM MPOM3BOACTBA OAEXKAbl.

B cTaTbe paccMOTPEH MEXaHU3M WM3BJIEYEHWUA aHTPOMOMETPUYECKON MHOOPMALMK C TPex-
MepHOro obbekTa — BUPTYaNbHOrO aHanora MHAMBUAYANbHON GUrypbl YenoBEKa U ero
reoMeTpUYecknx MNpPoeKuMin — NPoJo/ibHbIX abpuUCOB, MOJIYYEHHbIX CKAHWPOBAHWEM
cybbekTa noptatMBHbiM 06opyaoBaHMem. [poaHanM3MpoBaHbl OCHOBHbIE 3Tanbl 0bpa-
60TKM BM3yanbHON MHPOPMaLMU, UHTEHCUBHOCTb KOTOPbIX 3aBUCUT OT TEXHUYECKMX Xa-
paKkTepucTuK obopyaoBaHua. MNpeanorKeH MHHOBAUMOHHbLIN cNocob onuMcaHua Tenocno-
KEeHUA, NPONOPUMI U OCAaHKN MHAUBUAYANbHOM GUrypbl B CPAaBHEHUWU C aHANOTMYHbIMU
TUMNOBLIMW XapaKTEPUCTUKAMU.

CucremaTtmsauma uccnegyemon MHbopmauum ¢ TPEXMEPHOro BUPTyasibHOro obpasa npeg-
HasHayeHa A4/19 NOMnoAHeHWs 6a30BbIX MACCMBOB BXOAHbIX AAHHbIX A1 MPOMbILLIEHHOTO
NPOEKTUPOBAHWUA U U3TOTOBNEHUA KOHKYPEHTOCMOCOOHbIX LBENHbIX U3AEUIA.

KnioueBble €noBa M CNOBOCOYETAHUA: NMPOEKTUPOBAHME OAENKAbI, LMdPOBas aHTPONOMETPU-
yeckan MHbOPMaLMA, NO3ULUMOHMPOBAHME BUPTYasbHbIX GUryp, aBaTtapbl, BUPTyabHblE MPO-
TOTUNbL.

M.A. Guseva

V.V. Getmantseva
E.G. Andreeva

I.LA. Petrosova

The Kosygin State University of Russia
Moscow. Russia

Parametrization of digital anthropometric information
for 3D-projection of sewing products

Digitization covers all stages of modern clothing production. Improvement of innovative de-
sign technologies is aimed at improving the quality of design work, accuracy of modeling and
the possibility of expert assessment of the project's performance in a three-dimensional vir-
tual space. The experience of equipping specialized clothes design systems with various modi-
fications of three-dimensional design modules has shown that the user tools of some pro-
grams need to be improved. The main task of the three-dimensional design is to assess the
quality of the fit of the designed products and the elimination of visualized defects at the de-
sign development stage. If the base of the system is not fully filled with three-dimensional
avatars or the impossibility of their personalized correction, virtual fittings may not be reli-
able. Therefore, the process of three-dimensional design in most modern CAD systems is only
a simulation design. Databases of open CAD systems are periodically replenished with virtual
figures obtained using scanning tools. Depending on the quality of the output information
from scanning devices, an additional amount of work may be required to transform a virtual
object into a parametric dummy suitable for design preparation of clothing production.

The article describes the mechanism for extracting anthropometric information from a three-
dimensional object obtained by scanning a subject with portable equipment — a virtual analog
of a human figure and its geometric projections — longitudinal outlines. The main stages of
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visual information processing are analyzed, the intensity of which depends on the technical
characteristics of the equipment. An innovative way to describe the constitution, proportions
and posture of an individual figure in comparison with similar typical characteristics is pro-
posed.

The systematization of the information under investigation, obtained from a three-
dimensional virtual image, is intended to supplement the basic arrays of input data for indus-
trial design and manufacture of competitive garments.

Keywords: clothing design, digital anthropometric information, positioning of virtual figures,
avatars, virtual prototypes.

MupoBOii OMBIT BHEJPEHHS B MPOM3BOJCTBCHHBIH MPOLECC MPOSKTUPOBAHUS
OJICIKIbI TEXHOJIOTHI BUPTYaAIbHOM pealbHOCTH MOKa3all, YTO PeaMCTHUHBIC [IHU(PO-
BbIC MOJICITH (PUTYp U 00Pa3IOB M3ICIHI YCKOPSIOT Pa3pabOTKy KOHEYHOTO MOHOTO
npoaykra [1; 2]. ludposuzamms mporecca MPUMEPKH MO3BOJSET MOITAMHO OICHUTD
MOBEJICHHE MAaTepHaoB MPH BapbHPOBAHUU KOH(EKIIMOHA M CBOWCTB makeTa [3] Ha
HOPOCTPAHCTBEHHYIO (OpMy H3zenus B cTaThke W auHamuke [4; 5)]. JlokazaHo, 4To
TpeXMepHasi TeOMETPHUsi ONESKIbl HecTaOWJIbHA W 3aBUCHT, B TEPBYIO OYepelb, OT
KOH(UTypaluy Teja 4YeiOBEKa, a B BUPTYAJbHOM IPOCTPAHCTBE — OT T'€OMETPHH
OIMOPHBIX YYaCTKOB IH(PPOBHIX GHUryp [6] ¥ MaTeMaTHUECKOro omucaHus aedopMmaru-
OHHBIX CBOMCTB 00010UKM (MaTepraia H3/IeIIHs).

Ha moctoBepHOCTh IU(POBBIX aBaTAPOB BIUSAIOT BBIXOIHBIC MapaMeTphl CKaHH-
pyroiero o60pyI0BaHus. AHaIN3 TEXHOJIOTHH CKAHUPOBAHMUS MMOKA3all, YTO KOHCUHAsI
MOJICNTb BUPTYAITbHOW (PUTYpHI, KaK MpaBmiIoO, coOdupaeTcs u3 GpparMeHTOB, MOTyICH-
HBIX C HECKOJIbKUX ycTpoucTB (puc. 1). [Ipuuem, dem OoJibilie CKAHEPOB U MEHBIIIE
BeNMYKMHA 00pabaTeiBaeMOro (parMeHTa, TEeM KayeCTBEHHEE MOJIYyYacTCsl KOHECUHOEe
n3o0pakenue. IlepBoHavanbHas BUPTyajibHass MOJENb Tejla YeJOBEKa IMOABEPracTcs
MHOTOKpaTHOU 06paboTKe: KOPPEKTUPOBKA 03Bl JIMHEHHBIM cMemmmBanueM (via lin-
ear blending skinning)eTpaboTka riagKOCTH MOBEPXHOCTH HAa OCHOBHBIX T'OPH30H-
TaJIbHBIX YPOBHSX, PEKOHCTPYKIHSI CHMMETPUYHOCTH B TPEXMEPHOM IPOCTPAHCTBE C
HaJIO’KEHHEM CETKH TpeyroibHuKoB (present a slice-based method for the symmetriza-
tion of the 3D mesh) [7].

Ovimmes or ranusians
T
P ——— -

T

Puc. 1. Mnnroctparust TeXHOJIOTHH 00pabOTKM CKaHUPOBAHHOM MH(OpMAaLIUH:
a — [IepBOHAYAJIbHAS TPEXMEpHast CMEIaHHasi MOJETIb Tena, O — pparMeHT peKOHCTPYKIHU
MOJIEJIH, B — aBaTap ¢ HAJOKEHHOU TPEXMEPHON CETKOU
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Ha npuromHoCTs BBIXOJHOW OTCKAHWPOBAHHOW WH(pOPMAIUH JUIS JalbHEHUIIen
00pabOTKH BIIUSIOT:

— (u3HYeCKHE OTPAHUYCHHS CHEMKH (HEOOXOMMMO HCKIFOYUTH U3 30HBI PaboT
3epKaJbHBIC MTPEAMETHI, YBEIUUUTh MPUIITYIIEHHOCTh BHEITHETO OCBEIICHHMS, NCKITIO-
YUTh YSPHBIN LBET B OJCKIC);

— HEePCHEKTHBHBIC HCKAKCHHs (ONTUMANbHAsI JUCTAHIS OT CyObeKTa 10 060opy-
JIOBaHUS ONPECIIICTCS] TCXHUUECKUMHU XapaKTEePUCTUKAMH CKaHEPOB);

— aMIUTUTy1a MUKPOJBIDKeHUH deoBeka [8—10] B pesysbrare (yHKIIMOHHPOBa-
HHS OPTaHU3Ma;

— BO3MOYKHOCTh UMITIOPTHPOBAHUsI (paiiJIOB B Cpely YHHBEPCAIBHBIX WU CIICIHA-
nu3upoBaHHbIX rpadudeckux 3D-mporpamm  (AutoCAD, MeshLab, Sketchup,
Rhinocerosu ap.) mis u3BiedeHHs: TOCTOBEPHO# LU(POBOM aHTPONOMETPHUYCCKOI
uH(pOopMaLUK C BUPTYAIILHOTO aHAJIOTa CyObeKTa.

TexHonorus npeodpazoBaHus H300pakeHU GUTyp B BUpTyasbHble 3D-MomenH,
HE 3aBHCHMO OT BBIOPAHHOTO CKaHMPYIOLIETO OOOpYAOBAHUS, BKJIIOYACT THIIOBBIC
JICUCTBHS: HAaHECEHUE CHCTEMbI TOPU3OHTANBHBIX wieHeHuil (Project Curve)ammpox-
cumarust koutypoB (Rebuild Curve non-Uniform)ssipaBHriBaHie CTOPOH ISl CUM-
metpudHocTH aBatapa (Split, Trim, Tween Between, Mirror, LoftyacurrabupoBanue
JUTSL KOPPEKTUPOBKH pa3MepoB MaHekeHa (puc. 2).

Puc. 2. nnroctparniyist TUIOBBIX 3TarnoB 00pab0TKH OTCKaHWPOBAHHOTO N300pakeH st (PUTypbI

[Iporpammuoe obecneuenne GonpmuacTBa CAIIP, B yacTHOCTH MOAynel BUPTY-
QIBHBIX MPUMEPOK, MO-TIPEKHEMY, HECMOTPSI Ha HOBEHIINE TEXHOJIOTHH, HAXOAUTCS
Ha JTane CTAHOBJICHHA. 3apyOe)KHbIe CHCTEMbI OCHAICHBl aHNMHPOBAHHBIMU aBaTa-
paMu, HO TPU ITOM pa3paboTYMKaMH IPOrpaMM HEJOCTATOYHO OTPabOTaH IMPOLECC
nepcoHu(UKAIMN THIMOBBIX MaHekeHOB [11; 12]. ABToMaTH3MpOBaHHOE H3rOTOBIIC-
HHE OJIC’K/Ibl Ha 3aKa3, BHEAPEHUE MacCOBOW KaCTOMU3ALUH B OTPACIIH TPEIIOIAraroT
OPHOPUTETHOCTD JOCTHKEHUS UICATbHOM MOCAIKH MPOCKTHpyeMbix m3aenuii (well-
fitting), He 3aBucuMO OT ocobeHHOCTEH Tenocaokenus knuenta [13]. s hpopmupo-
BaHUsI 0aHKa JaHHBIX 00 OCOOCHHOCTSX TENOCIOKEHHsI, OCAHKU U TPOTIOPIMIA UH]U-
BUIyanbHBIX Quryp [14] aBTOpamMu TPOBEICHBI HCCIIEMOBAHUS MPOCTPAHCTBEHHBIX
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¢dopm 685 xeHCKUX (HUTYp € UCTIONB30BAHUEM TTOPTATHBHOTO CKAHUPYIOIIETO HHCT-
pymenTapus — cucteMsl cencopoB Kinect. CucremaTtusanusi moiaydeHHO# nHdopma-
IIMH TI03BOJIMIIA TIPEUIOKUTH MHHOBALMOHHBIN CIIOCO0 MPOCKTUPOBAHMS KOHCTPYKIHIA
OJICK/IbI, OCHOBAHHBII Ha M3BJICYCHUM NapaMETPHUYECKUX MTAHHBIX C COBMEIICHHBIX
BUPTYaJIbHbIX 00Pa30B THIOBBIX ¥ MHIMBUIYAIBHBIX aBaTapos [15]. J{ns noBbImieHus
JOCTOBEPHOCTH TPOIIECCa KOPPEKTHPOBKU BHPTYaIbHBIX (DUTYp MPEII0KEHA METOIHU-
Ka cOopa MH(OPMAIMH O TPOCTPAHCTBEHHOM PACHOJIOKCHUH OCHOBHBIX U JIOTIOJHH-
TEIBHBIX aHTPOIIOMETPUYECKUX TOYEK Ha IMOBEPXHOCTH Tena cyowekra (puc. 3). Tou-
HOE MO3MLIUOHUPOBAHNE CUCTEMBI aHTPOIIOMETPUYECKHX MapKEepOB MO3BOJIUT JOCTO-
BEpHO MpeoOpa3oBaTh 1000 TunoBoii aBatap u3 6a3sl CAIIP, ncnons3ys kak mioc-
Koe poTonzoOpakeHue uccieayeMon GUTypsl, Tak U TPEXMEPHBIHN aHAIIOT.

.

Puc. 3.T103MIMOHUPOBAHHE AHTPOIIOMETPUUCCKUX MAPKEPOB Ha aOprCcax MHAUBULYAIBHOM
¥ THIOBOH (TEHEBOI KOHTYP) Guryp

JlokasaHo, 4yTo HU(POBOE MPEACTABIEHHE TPOEKTHPYEMOTO M3JENUs Ha JOCTO-
BEPHOM BUPTYAJIbHOM aBaTape 3HAUMTEIBHO YCKOPSAET KOHCTPYKTOPCKHUIA dTar MpoeK-
tupoBanus. [Iporecc GopmupoBanus UPPOBLIX JAeTaNel paspabaTbiBaeMO MOIETH
OJIEK/Ibl PAa3sBMBAETCA B JIBYX HANpaBie€HUSAX: 1) TPaJWIMOHHOE MAPaMETPUUECKOE
2D-IpOEKTUPOBAHKE C MCIIOJNL30BAHMEM MEXAHW3Ma IPaJallii M TeHepaluy mabio-
HOB C MTOMOIIIBI0 HCKyccTBeHHOTO MHTewekTa (artificial intelligence/ Al); 2)nomyue-
HHE TUIOCKHUX Pa3sBEPTOK C TPEXMEPHOrO O0BEKTA — BUPTYAIbHOTO HM3/ICIHS, CO3/IaH-
Horo Bokpyr 3D-aBatapa MpOTATMBaHUEM YEPE3 OCHOBHBIE TOPU3OHTAILHbBIE YPOBHH
MOBEPXHOCTH CIIOKHOW KOH(UIypalu, OTCTAIOIEH OT BHENIHErO KOHTYypa (GHUIyphI
Ha BEIMYHHBI IPOEKIIMOHHBIX prbaBok [16]. B 3aBucuMocty 0T KOH(EKIMOH-TIAKeTa
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M3/IeNNs TPOCKINOHHbIE IPUOABKH MOTYT OBITh CKOPPEKTUPOBAHBI C YYETOM TOJIIIH-
HBI IOA0AekKHOTO ciiost [17].

Pabortast ¢ WHAMBHAYaJbHBIMH TPEXMEPHBIMH (QUIYpaMH, IW3aldHEp AOJDKEH
MOMHHTbB, YTO MOJHAs NMPOCTPAHCTBEHHAs] KOHPHUIypanus NPOEKTHPYEMOTO H3IETHS
JIOJDKHA OBITH COXpaHeHa Ha (Gurypax JIoObIX THIOB. [y BU3yaau3aluy OTKIOHEHUH
UHIUBUIYaIbHOTO TEIOCIOXKEHUS OT TUIIOBOI'O 11€1€C000pa3HO IPOBOJUTH COIOCTaB-
JICHUE BHUPTYAJIbHBIX AHAJOTOB (pUTYp M aHAIHM3 B3aMMOPACIOJIOKEHUS KOHTYPOB Ha
3D-MoemnsIX ¥ TIOCKUX adprcax CEYeHHI 0 OCHOBHBIM ypOBHSIM (pHc. 4).

YPOEEHE 0OXEaTa meH

YPOBEHb 0DXBATa rpyaH TPETBEro
Q-‘ ypoBeHs obxBarta rureda

Puc. 4. VlutocTpaiyst Mpolecca aHaTHTHYECKOT0 HCCIEJOBaHHUSI KOHTYPOB
MO3UIIHOHUPOBAHHBIX QHUTYp [15]

MaccoBasg kacTromMu3anysi B IIBEHHOW OTpaciu
HE BO3MOXKHa 0€3 JIOCTOBEPHBIX BUPTYAIbHBIX IPH-
Mepok. [Ipuuem KIMEHT caM OIIGHMBAeT ITOCAAKY
BBIOPAaHHOTO W3JAETHS Ha MEePCOHUPHUIIPOBAHHOM
aBarape. BupTyaibHbIE TPHMEPOYHBIC COKPAIIAIOT
JUTUTEIBHOCTh HATYPHBIX TPHUMEPOK, BU3YaIHU3UPY-
IOT MPOSIBJICHUE SBHBIX IE()EKTOB MOCAAKU €Ile Ha
JTamne MpOeKTUpOoBaHus (puc. 5), CHMKAIOT Mmate-
PHAIOEMKOCTh TIpoIlecca MPOSKTHPOBAHUs, OJaro-
Japsi BOBMOXKHOCTH HCKJIIOUEHHS HPH Packpoe J0-
MOJTHUTENNBHBIX TIPUIYCKOB Ha yToyHeHHe. Kpome
TOTO, OHJAWH-IPUMEPKH TO3BOJSIFOT OLCHUTH MPO-
MOPITUY U3JICNUS | 1IeJIECO00Pa3HOCTh €ro Mpruoope-
TCHHUS KIINCHTOM.

Takum o0pa3oM, cucTeMaTu3alusi IMPOBEICH-

Puc. 5. BupryanbHas
IpHMepKa MEXOBOTO MOIYHaIbTO

HBIX HMCCJICAOBAaHMHM II0Ka3aja IICPCICKTUBHOCTL U Ha BUPTYaIbHOM CHMYIISITODE
HaYIHYIO 000CHOBAaHHOCTD Inponecca HM3BJICUYCHUA CLO 3D,BH3yaHH3pr}oma;{
nuGpPOBOH aHTPONOMETPUYECKOH MH(pOPMALUU VIS nposiBieHUEe OanaHCOBOrO
COBCPIICHCTBOBAHUS BHUPTYaJIbHBIX aBaTapOB THUIIO- nedexra Ha urype

C BBINIPAMIICHHON OCaHKOH

BBIX (GUryp. YcmnemrHas peajgu3anusi CTpaTeruy Kac-
1 BBICTYIIAOIIUMHU ATOAULIAMHA

TOMHU3ALMM B OTEYECTBEHHOW IIBEWHON OTpaciu
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BO3MOJKHA MPU HAINYUH JOCTYITHOH OSCKOHTAaKTHOW aHTPOIIOMETPHH, HHTETPaliOH-
HOTO HMHCTpYMEHTapusl st oOpaOoTKM CKaHMpOBaHHBIX u3o0pakeHuii B CAD-
cucTeMax, UHTePakTUBHOHW 3D-TeXHOIOTHH MTPOEKTUPOBAHUS IBEHHBIX W3ICITHIM.
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