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FULL INTRODUCTION

AKTYaJbHOCTh HccJienoBaHus. lcropuueckass oAexaa Kak OOBEKT
KyJbTYpPHOTO HacjleAusi MOXET OBbITh OlICHEHA B MOJHOM 00bEeME TOJbKO Ha
YeJI0oBeUYEeCKON (pUTrype, UMEIOIIEeH XapakTepHbIe aHTPOMOMETPUUYECKUE U HHBIC
MMUJIKEBBIE TPU3HAKK TOTO K€ BpPEMEHU. Pa3Hulla MexXIy HCTOPUYECKOU
OJICKJION, IMOMECIIECHHOM Ha MAaHEKEHE M JTOH K€ MOJCIbI0 OACKIbI,
M300paKEHHOW Ha KapTUHE WM 3amnedaTiieHHo Ha doTtorpaduu B BHjE
cuctembl "durypa-oaexaa'’, orpoMHa Mo MPUYUHE TOTO, YTO BHEIIHUN BUJ U
00BbEMHO-TIPOCTPAHCTBEHHbIE ~ (POpMBI  OyAyT  SIBISTHCA  pe3ysibTaTaMu
MPOSIBJICHUSI Pa3HOTO KOJIMYECTBA OTIUYAIOIINXCS APYT OT Apyra (pakTopos.

CoBpeMEHHOE COCTOSIHUE U BO3MOKHOCTH KOMITBIOTEPHBIX TEXHOJIOTHUH,
MPUMEHSIEMBIX JJISI TPOEKTUPOBAHMS COBPEMEHHON OJEXKIbI, IMO3BOJISIOT
pacuiupuTh 00JIaCTh HMX HCIOJb30BAaHUS M BKJIIOUUTH B HEE TE€ OOBEKTHI
Ju3aifHa, KOTOpble OBUIM TOJYYEHbl paHee MCKIIYUTEILHO Ha OCHOBE
HEKOMIBIOTEPU3UPOBAHHBIX JEHUCTBUI U PYydHOro Tpyaa. B Takux oOmactsx
HAKOIJICH OTPOMHBIN OIBIT, KOTOPBIM HE (QopMaln30BaH U OKOHYATEIHLHO HE
CUCTEMATU3UPOBAH, HO KOTOPHIM TPEACTAaBISICT OTrPOMHBIM HMHTEpEC s
Pa3BUTHSI COBPEMEHHOTr0 au3aifHa. Takoi MepCHeKTUBHOM 00JaCThIO SBISETCS
PEKOHCTPYKIIUSI B BUPTYaIbHOU CpeJie UCTOPUUECKUX KOCTIOMHBIX KOMILJIEKCOB
(MKK) kak OOBEKTOB XYJO0KECTBEHHOIO M HWHXKEHEPHOTO TBopuecTBa. Jlis
Pa3BUTHS TOTO HAMpPaBICHUS CYHIECTBYIOT HECKOIbKO OOBEKTUBHBIX MPUYMH:
HEOOXOJIUMOCTh COXPAHEHUS U IIHPOKOTO HCHOJb30BAHUS KYJIbTYPHOIO
HacleUs; CI0KHOCTH C MaTEepUaIbHON PEKOHCTPYKIMEH M SKCIIOHUPOBAHUEM
UKK; gactoe oOpaienue coBpeMeHHbIX au3aiiHepoB Kk MKK kak mcToyHuKy
TBOPYECTBA; BAXKHOCTh COXPAHEHUS HAIIMOHAIBHON UACHTUYHOCTH.

[lepeuncnennble  (pakToppl MOryT OBITH peaJM30BaHbl 3a CYET
ud@poBU3alMM M 3aMEHbl MATEPUAbHBIX KOCTIOMOB HUX IU(PPOBBIMU
neoiHukaMu (L1J[), 9TO MO3BOJMUT MOBBICUTH JIOCTYIMHOCTH HCTOPHUUYECKOTO

KOCTIOMA JIJIsl M3y4YEHHsI, JeMOHCTpauun 1 npumeHenus. Boccozmare LJI MKK
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MOXHO C MPUMEHEHUEM CHCTEM aBTOMATHU3UPOBAHHOTO MPOEKTUPOBAHUSA H
KOMIBIOTEPHO-IpaUueCKUX MaKEeTOB, KOTOpPbIE 00JIalal0T MHCTPYMEHTapueM
JUISL  BBIIOJHEHUSI BCEX OTANOB  XYJOXECTBEHHOTO U  WHXXEHEPHOIO
MPOEKTUPOBAHUS OJICK/bI B BUPTYalIbHOU cpeje. BupTyanbHas peKOHCTPYKIIUS
HUKK - 310 reHepupoBaHue (BOCCO3JaHUE) KOMIIBIOTEPHBIMU CpPEACTBAMHU
doropeanmnctunbix  I[J[ cuctem "durypa - KocTioM" Ha  OCHOBE
COXpaHMBIIUXCS M300pa)KEHMM, ONMHCAHUN BHEIIHErO0 BHUJA, XYJIO0XKECTBEHHO-
KOHCTPYKTOPCKUX pEIICHUN MaTepuaibHbIX apredakToB (MOTHBIM  HWIH
(bparMeHTapHbIM).

Crenensb paspadoranHocTH TeMbl. HayuHble mpoOiemMbl BUPTyaabHOU
PEKOHCTPYKIIUU SIBIAIOTCA OOBEKTOM HCCIEIOBAHUS MHOTHX 3apyOeiKHbBIX
yuenbix. Kang (FOxnas Kopes) pazpabotan nudpoBble KONMUH HUCTOPUUECKUX
KOCTIOMOB JIJISI CO3/IlaHUsI BUPTyaidbHbIX sKkcno3unuii. N.Magnenat-Thalmann u
P. Volino (Switzerland) 3amoxund NOpUHIUNHATIBHBIE MOAXOJABI K
BUPTYaJbHOMY MPOTOTUIMPOBAHUIO HMCTOPUUYECKON OJIEKIbI pPa3HBIX CTHIIECH
COTJIACHO XapaKTEPUCTUKAM TEKCTHJIbHBIX MaTepuanoB. B Hamiell cTpaHe Takue
uccnenoBanus BeIMONIHAIOT A.FO.MockBun u M.B.Mocksuna (CIIOI'YIIT/) u
kadenpa KL UBITIY. K nactosiemy BpeMeHU pa3padaThiBalOT HAay4HbBIE,
METOJI0JIOTUYECKHE U TEXHOJOTUUYECKHUE OCHOBBI BUPTYaJbHONU PEKOHCTPYKIIUH
UKK, npoBomdTr akTUBHYIO palbOTy MO BKJIIOYEHHUIO B COCTaB MY3€HHBIX
skcniosuiuii [1JI. 3amokeHHBIE B 3THX MCCICAOBAHMSAX 0a30BBIC MPUHIIUIIBI
PEKOHCTPYKIIMM TO3BOJIAIOT YBEJIUYUTh KOJUYECTBO BHJIOB BUPTYaJIbHOU
OJICKIBI.

OnHako MHUPOKOMY MPUMEHEHHUIO TAaKOTO IMOJX0Jla MEIIAeT OTCYTCTBHUE
CHUCTEMAaTU3UPOBAHHOU u rapaMeTPU30BAHHOM uHpopManu 0
KOHCTPYKTUBHOM YCTPOMCTBE HUCTOPUYECKOM OJEKIbI, KOTOpasi SIBISETCS
00sI3aT€NIbHBIM ~ YCJIIOBHUEM  MONy4eHUss  (OTOPEATUCTUYHBIX  HHUPPOBBIX
NBOMHUKOB. CTpyKTypa HCTOPHYECKOTO rapaepoda mpeacTaBicHa Ha YpPOBHE
BepOaIbHOro OnmucaHusi 0e3 aHTPONOMeTpuyYecKor "mpuBs3ku" K Mopdoiaoruu

¢urypsl. HenmocpencTBeHHOE HCMOJb30BAHUE COXPAHUBIIMXCS HCTOPUUYECKHUX
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YepTeKell COMpsiKEHO C OONBIIMMH MpoOJIeMaMH BBHAY IMOJTHOTO OTCYTCTBUS
uHpopMalMu O pa3MEpHOW NPUHAICKHOCTH, MpUEMaX KOHCTPYKTHUBHOIO
dhopmooOpazoBaHus, 3aJ0KEHHBIX KOHCTPYKTUBHBIX mHpubaBkax. Kpome Ttoro,
cTerneHb GopMaIn3alii U NTyOUHA U3YYEHUS MYKCKOTO KOCTIOMa 3HAUUTEIILHO
HIUKE, YEM KEHCKOTO.

Crnemnasi MOMBITKA U3TOTOBUTH MO MUMEIOIIUMCSI YepTEKaM HUCTOPUUECKON
onexnapl (UMO) kom0 UCTOPUYECKOM  OACKAbl U chHOpPMUPOBATH
HUCTOPUYECKYIO CHUCTEMY HE MOXKET CUMTAThCA YCHEIIHOM NpU OTCYTCTBUU
yTpaueHHbIX 3HaHWU. ba3pl MaHHBIX, HEOOXOAUMBIE [JIsl  aJEKBATHOM
pexkonctpykiuu UKK, nomxubl coaepxkath nHOOpMAaIIHIO, ¢ TOMOILIBI0 KOTOPO
OyIlyT pacKpbIThl MEXaHU3MbI JICUCTBUS pa3HbIX (PAKTOPOB U JIaHbl OTBETHI HA
BOIIPOCHI, OTHOCSIIIIMECS] K YCJIOBHSIM TOBTOPHOTO MPOCKTUPOBAHUS U
M3TOTOBJICHUS:

- Ha 3Tane usmepernusi GUrypbl

1. PexoHCcTpyupoBaTh 3HAUEHUS PAa3MEPHBIX MPU3HAKOB M OCOOEHHOCTHU
Mopdonoruu Gurypsl, s Kotopoit os11 npeaHaznaues YN O.

2. BocCcTaHOBUTH YCIIOBUSI U3MEPEHUS PA3MEPHBIX TPU3HAKOB.

- Ha 3Tarne KOHGeKYyuoHUuposaHus MaTepuaIoB

3. PekoHCTpyupOBaTh NOKA3aTENN CBOUCTB TEKCTUIBHBIX MAaTEPHUAJIOB.

- Ha ATare Gopmoobpazosanus OJCK bl

4. Boccoszmats rapaepo6 HMKK, a wuMeHHO KOJWYECTBO U BUJBI
OJHOBPEMEHHO HOCUMOM OHEXK/IbI.

3. dopmanu3oBaTh KOJINYECTBEHHBIE MIPU3HAKU 00bEeMHO-
MPOCTPAHCTBEHHOU POPMBI, KOTOPYIO IPUOOPETET OJCHK A BOKPYT (PUTYPHI.

6. BoccTaHOBUTH KpUTEPHH, C MOMOIIBI0 KOTOPBIX OLICHUBAIU KAYECTBO
MOCAJIKK OJICKbI Ha Urype.

[Ipu orcyTcTBUM TmepeyUCICHHOW HHGPOPMAIMUA CIIOXKHO OIEHUTD
MPaBUWIbHOCTh KOHCTPYKTOPCKHUX pelleHuil u BbIOOp Tuna ¢urypsl. [loatomy
pekoHcTpykimn HMKK no wmeromummces YMO pgomkeH mnpeamecTBOBaTh

KOMIIJIEKCHBIN aHAJIN3 BCEX MEePEUUCICHHBIX (haKTOPOB.
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OTO  HCCIEOBAaHWE TO3BOJIMUT  3AJI0KUTh  HAyYHO-OOOCHOBaHHBIE
MPUHIUIIBL BUPTYAJIBHBIX MNPUMEPOK HCTOPUUYECKOM OAEKIbl M BBECTU B
KyJbTYpHBII 000pPOT yTpaueHHbIE UCTOPUYECKHUE KOCTIOMBbI Ha OCHOBE uX 2D
n3o0paxeHul (kaptusbl, QoTorpaduu), KOJUYECTBO KOTOPHIX HEUZMEPUMO
0oJIbllle 10 CPABHEHUIO C COXPAHMBIIUMUCS MaTepuadbHbIMU OObekTamu. L[]
UKK mno3Bonuiau Obl 3KCIOHUPOBATH 3pPUTENI0O HE TOJBKO BHEIIHUN BUJ
OJCXKIbl, HO YBHUJETh BHYTPEHHEE KOHCTPYKTHUBHOE YCTPOMCTBO, CIOXKHOE C
WHXKCHEPHOW TOYKHM 3pPEHUS] U 3HAHHWE KOTOPOTrO YCHIIMIO Obl TOJIHOLIEHHOE
Bocnpusatne UKK. Ucnonb3oBanue nudpoBbIX peryiik BMECTO MaTepHUaIbHBIX
AHAJIOTOB, TMOJBEPKEHHBIX CTAPECHUIO0, IIO3BOJIUT B HEKOTOPBIX ClIydyasx
COXPAaHUTh  HATYpPAJbHBIE  TEKCTWIbHBIE  MATEPHUANIbl, MUCKJIIOYATh  HX
MOBPEXKJCHUE U PEIIUTh MNpodiieMy My3eiHbIX (OHIOB, KOTOpbIE IOKa
HEJIOCTYIHBI Il 3puUTeNied BBUAY BETXOro WU (PAarMEHTAPHOIO COCTOSHUS
JKCITOHATOB.

PabGora BeimonHeHa Ha kadeape KOHCTPYMPOBAHUS IIBEUHBIX H3AEIIHM
NBaHOBCKOr0 TOCYyIapCTBEHHOTO MOJUTEXHUYECKOrOo yHHBepcutera B 2018-
2020 rr. B paMKax HAay4yHOro HampaBieHUs Kadeapbl "AHanu3 U CHUHTE3
MaTepUalibHBIX U  BUPTyaIbHBIX cUCTeM "durypa-omexna" u  AByX
MEXIYHAPOIHBIX  IPOEKTOB: "PazpaboTka UHUQPPOBBIX JBOMHUKOB
HCTOPUYECKOTO  KOCTIOMAa C  MOMONIIBIO  TEXHOJOTHM  PEBEPCUBHOIO
WHXXUHUPUHTA" npyu noAAepkke MHUHUCTEpCTBA HAYKM H  BBICIIETO
oOpazoBanus P® wu IlaptHepckoit mporpammel KObGepa Kroprena - A.H.
Konmmoropoa ¢ ywactuem YnuBepcutera Bepxnero Onb3aca, @Dpanuus
(YHUKaNbHBIN UHJICHTU(UKATOP MPOEKTA: RFMEFI61619X0113);
"BupryanbHas peKOHCTPYKLHS UCTOPUUYECKUX KOCTIOMOB Poccumn u CiioBeHun"
MpyU  MOJJICPKKE AreHTCTBA HAay4dHbIX HcciaegoBaHui  CIOBEHHH C
Yuusepcuterom Mapubop (nHomep npoekrta BI-RU/19-20-023).

PaGora  BbIMONHEHAa B COOTBETCTBUMM C MmyHKTamu mnacrnopta BAK
HayyHou crnenuanbHoct 05.19.04 — TexHonorus IIBEHUHBIX W3ICIINU

(texunueckue Hayku): 2. "CoOBepIIeHCTBOBaHHME IMpolecca U METOJIOB
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MPOCKTUPOBAHUS  OJECKIbl HAa OCHOBE WCIIOJb30BAHUSA  PALMOHAJIBHOU
pasMepHOM TumoJiorTun HaceieHus, TpeboBanuit ECK]J[ u mmpokoro
NIPUMEHEHUS COBPEMEHHOMU BBIYHUCIIUTEIBHOU TEXHUKH'". 5
«COBEPIIEHCTBOBAHME METOJIOB OLIEHKM KAa4eCTBa U MPOEKTUPOBAHUE OJEKIbI
c 3aJIaHHBIMH MOTPEOUTENHCKUMU u TEXHUKO-3KOHOMUYECKUMU
MOKAa3aTesIMMIY. 12. "Pa3paboTka METOAOB TOJYYEHHUS ONTUMAaTbHBIX
TEXHOJIOTUYECKUX PEIICHUNH MNPUMEHUTENIbHO K OJEXKIe pPa3sHOOOpa3HOro
aCCOPTHUMEHTA, OOECIEYUBAIOIIUX MPUMEHEHHE COBPEMEHHOW TEXHOJOTHUH,
palMoHaIbHOE UCTIOIb30BaHUE 000pYA0BaHUS U JIp.".

Heab0 auccepTAMOHHOM PadOTHI SBISIETCS CO3AaHUE METOJUKHU
noyuyeHus: (HOTOPEATUCTUYHBIX HUPPOBBIX PEIUIMK MY>KCKUX HCTOPUUYECKHUX
KOCTIOMOB Ha OCHOBE T€XHOJIOTMU PEBEPCUBHOTO NHKUHHUPHUHTA.

Jns  JOCTWMIKEHHUS TIOCTaBJICHHOM IIEMM B JAUCCEPTAIMOHHOM padoTe
HEOOXOJIMMO PEUIUTH CIAEAYIOUIME 3aJa4un:

1. CpopmupoBath 06a3zy NaHHBIX O CTPYKTypE MYXKCKOro rapjaepoda u
MIPUMEHSIBIIUXCS JIJIs1 €M0 U3rOTOBJICHUSI TEKCTUIILHBIX MaTepuaiax koHna XIX -
cepenuHbl XX BB.

2. W3yuutb mpueMbl (PopMooOpa3oBaHUS, HCHOJb30BABIIMECS IS
MOJIYy4YEHUs] 00BEMHO-ITPOCTPAHCTBEHHOU (DOPMBI UCTOPUYECKOU OACKIBl MPU
€€ MPOEKTUPOBAHUU U MPOU3BOJICTBE.

3. IIpoBecT aHTPOIIOMETPUYECKUE HCCIECAOBAHHUS COBPEMEHHBIX MYKCKHX
¢buryp s popmupoBaHusi 06a3bl JaHHBIX, HEOOXOAUMOM JUIsi TEHEPUPOBAHUS
U(PPOBBIX ABOMHUKOB MY KCKHX MOJIHBIX HCTOPUUYECKUX PUTYP.

4. Pa3paboTaHbl aJIrOpPUTMbl T€HEPUPOBAHUS BUPTYAIBHOTO JBOMHUKA
HUCTOPUYECKON MYKCKOU (DUTYyphI, HAXOXKICHUS TOJIIMHBI MaKeTa MaTepHUalioB
HOCUMOW OJICKJbl W BEIUMYMH KOHCTPYKTHUBHBIX MPUOABOK K pa3MEpHBIM
npu3HaKam Quryp.

5. Pa3pabortaTh MeTOAMKY mapaMeTpusanuu, rpadoaHaTuTUIECKOTO

AHAJIN3a U UJICHTH(PHUKAIIMH Pa3MEPHOTO BapuaHTa YepTeKel NCTOPUIECKOHN OIEKIbI.
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6. PaspabGorate wmeTOA agantauuu YMO kK aHTponmomMop@HBIM
OCOOEHHOCTSIM COBPEMEHHBIX (UTYD.

7. Pa3paboTarh TEXHOJOTHIO TIIOJIyYEHHS BHPTYQJIbHBIX  JIBOMHUKOB
HCTOPHUYCCKUX KOCTIOMHBIX KOMIIJICKCOB Ha OCHOBC COXPAHUBHIMXCA MATCPHAJIBHBIX
MIPOTOTHUIIOB UJIM UX N300PaKEHUN.

8. BBIMOJHUTH 3KCTIEPUMEHTAIBHYIO MPOBEPKY pa3zpadOTaHHBIX METOJIUK
Ha IPUMEPE MATEPUATIBHON U BUPTYAJIbHON PEKOHCTPYKIIMHU CIEAYIOIINX BHUJIOB
MYKCKOU OJI€K]Ibl: MYHJIUP POCCUUCKOTO Mpodeccopckuil mapaaHblidi CIOPTyKa
XIX Beka, pycckas HaponHas pyOaxa XIX Beka, CIOBEHCKUH KOCTIOM
MOJIOZIC)KHOTO ABM>KEHHST "COKOJIBI' TepBOM TMOJOBUHBI XX B., €BPOIEHCKOE
MOBCEAHEBHOE NMaNbTO KOHIA XIX - Havama XX BB.

OO0beKThI HCCIeIOBAHUS — MYKCKHE UCTOPUUYECKUE (PUTYPBI, MYKCKHUE
UCTOPUYECKHE KOCTIOMBI (MyHAHp poccuiickoro mnpodeccopa XIX Beka,
CIOBEHCKHI MY»XCKOM KOCTIOM MOJOAEKHOro nBHXeHHUS "COKosbl" mepBOM
nosoBuHbl XX B., pycckas HapoaHasi pybaxa XIX Beka, eBponenckoe My CKoe
noBceHeBHOE naybTo KoHIAa XIX - Hayana XX BB.), NpoIecC NPOCKTUPOBAHUS
MYKCKOU OJEXKBI.

IIpeamer wucciaegoBaHus — pa3MEPHBIE IPU3HAKK TOPCA MYKCKOU
burypsl, TOKa3aTeIU CBOWCTB TKAaHEW, KOHCTPYKTHMBHBIE IapaMeTpPhI
HUCTOPHUUYECKHUX YEPTEIKEM.

MeTtoasl U cpeacrBa ucciaeaoBanusi. s uccienoBaHHs OTAEIbHBIX
AJIEMEHTOB W BCeU cHUCTeMBbl "MyxXckKas (urypa - ucropudeckas ojexnaa'
WCMOJIb30BAIM METOJl PEBEPCUBHOIO HWHKUHUPWUHIA, METOJ AaHaJIUTHYECKOU
PEKOHCTPYKIIUU HCTOPUYECKOU OJCKAbl, OCCKOHTAKTHBIA METOJl HU3MEPEHUS
MYXCKMX (QUryp ¥  TOJUIMHBI TEKCTWIbHBIX MAaTE€pUANIOB, METObI
T€HEPUPOBAHUS MHOTOCIOMHBIX BUPTYaJIbHBIX OOBEKTOB.

JI1s mpoBeIeHHs SKCIIEPUMEHTANIBHBIX HCCleI0oBaHuM ObLT chopMUpOBaH
anmapaTHO-IPOTPaMMHBIM KOMILUIEKC MOJ YCJIOBHBIM Ha3BanueMm 'LludpoBas
periuKa HUCTOPUYECKOM OACKAbl", 00eCreYrBaONIMi TI'E€HEPUPOBAHUE U

nepenayy 1uudpoBoil  uHOpManuMM, TMOIyYaeMOM Ha  KaXJOM  dTare
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UCCIIEIOBaHUM, B KOTOPBIM BOUUIM IIECTh KOMMIOHEHTOB: (1) mnazepHblit
oeckoHTakTHblii 3D Oomuckanep VITUS Smart XXL nmns nomyuyenus
CKaHaTapoB MYKCKkux ¢uryp cormacHo cranaapty ISO 20685-2010(E); (2)
nporpamma Anthroscan  (Human Solutions, ['epmanusi) st 0o0paOoTku
antponomerpuueckoi undpopmanuu; (3) CAIIP (BUYI Technology, Kuraif)
JUtst oli(POBBIBAHUSI UICTOPUUECKUX YEpPTEke; (4) KOMIBIOTEpHAS] MporpaMmma
CLO 3D, Bepcus 5.0.156.38765 (CLO Virtual Fashion, Pecnybnuka Kopes),
JUTSl TEHEPUPOBAHUS CTATUYHBIX U IMHAMUYHBIX BUPTYAJIbHBIX 0OBEKTOB.

CrarucTudeckyro 00pabOTKy pe3yJdbTaTOB H3MEPEHUN MPOBOAWIA C
nomoisio nporpammel SPSS (IBM, CIIA).

Ilo10:xeHUs1, BBIHOCUMBbIE HA 3a1INUTY:

1. 3akoHoMepHOCTH (HOPMHUPOBAHUSI MOJHBIX MYXKCKHUX HCTOPUUYECKHUX
(buryp noj BIUSHUEM KOpCETa.

2. Meroauka wuAeHTU(UKAIUM pa3MEPHON MNPUHAMICKHOCTU U
3alpPOEKTUPOBAHHBIX KOHCTPYKTHUBHO-TEXHOJIOIMYECKUX pUEMOB B
HMCTOPUYECKHUX YEPTE)KAX MY>KCKOU IIIEYEBOU OJICHKIBI.

3. Meroanka OECKOHTAKTHOIO U3MEPEHUs B BUPTyalIbHOU cpele
TOJIIMHBI MaKeTa TEKCTUJIbHBIX MAaTEpPUAIOB, MPUHAMJICKAIIUX OJTHOBPEMEHHO
HOCHUMBIM HECKOJIbKUM BUJAM OJCHK/IbI.

4. AaropuTMm mepecueTa KOHCTPYKTHBHBIX MPHUOABOK, COJAEpKAIIUXCS B
UCTOPUYECKUX YepTekax, ISl PEKOHCTPYKIMU HCTOPUUYECKUX KOCTIOMHBIX
KOMILUIEKCOB C YYETOM THUIIOJIOTUU COBPEMEHHBIX (pUryp.

Hayynasi HoBH3Ha paboThl B pa3pabOTKE COBOKYMHOCTH METOIMK
PEKOHCTPYKIIMM W TEHEpUPOBAaHMUS aBaTapoB (UTYp, KOHCTPYKTHUBHOTO
yCTpOMCTBa U MpuUeMoB (PopMOOOpa3oBaHUs, HEOOXOIUMBIX U JOCTATOUYHBIX
JUIsL TEHEepUpoBaHUA HUGPOBBIX JABOMHUKOB HCTOPUYECKUX KOCTIOMHBIX
KOMILJIEKCOB.

IIpakTHyeckass 3HAYUMOCTb Pa0OThl COCTOUT B CO3JaHUM HOBBIX 0a3
JAHHBIX,  METOJMKH  WACHTU(DUKAIMK  pa3sMEpPHON  MOPUHAIJICIKHOCTH

HUCTOPUYECKOTO YepTe’ka, TeHEPUPOBAHUU LUQPPOBBIX JBOWHHKOB C BBICOKOM
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CTENEHbI0 peanucTuyHocTH. Paszpaboran amroputm agantanuun YO «
COBpPEMEHHbIM (Urypam ¢ I1EIbl0 TEHEPUPOBAHUS OCHOBHBIX MPU3HAKOB
00BbEMHO-TIPOCTPAHCTBEHHON  (opMbl  cucTemMbl  "Mykckas  ¢urypa -
ucropudeckass ognexnaa". Pe3ynbrarel paboThl MPONIUIA MPOBEPKY IyTEM
BUPTYQJIBHOM PEKOHCTPYKIMU TPEX KOMIUIEKCOB M3 Pa3HbIX MaTEepUAIIOB,
OTJIMYAIOIINXCS KOHCTPYKTHUBHBIM YCTPOWCTBOM M PAa3HBIMH MOKA3aTEISIMU
00bEMHO-TIPOCTPAHCTBEHHOUN (POPMBI.

Teoperuueckast 3HAYUMOCTh COCTOUT B YCTaHOBJIEHHBIX
3aKOHOMEPHOCTSX MpeoOpa3oBaHus MaTEPUATbHBIX UCTOPUUYECKUX KOCTIOMHBIX
KOMIUIEKCOB U MX M300pa)kKeHUU B BUPTYyalbHbIE€ JTBOWHHKUA CUCTEM 'MYKCKas
¢burypa-ogexnaa'.

[Tonyden maTeHT Ha mpoMbilUIeHHBIH 00pazen Ne 123089 "Mynaup as
TOp>KecTBeHHBIX ciayudaeB" (3asiBka Ne 2019505136 ot 18.11.2019).

CreneHb 10CTOBEPHOCTH Pe3yJabTATOB NOATBEPKICHA UACHTUYHOCTHIO
BHEIIHETO BHUJIA MCTOPUYECKHX KOCTIOMHBIX KOMIUIEKCOB M HMX BHUPTYAJIbHBIX
JBOMHUKOB OJiarofapsi MPUMEHEHUIO JBYX Tpymn UHQOpMaluu: NEepBOH -
MOJYYEHHOW TIOCIE AaHAJWTHYECKUX HuccieaoBaHuil 70 OpakTHYECKUX
PYKOBOJACTB MO KOHCTPYHPOBAHUIO HCTOPUYECKOW MYKCKOW Onekabl, 17
WCTOPUYECKUX W3JAHUM MO TEKCTWIBHOMY MAaT€pUAIOBEACHHUIO, BTOPOU -
MOJIY4YEHHOU Mocie rpadoaHaTuTUYECKOro aHainu3a 47 KOHCTPYKIIMN MYKCKHX
MaabTO, OECKOHTAKTHBIX AHTPONOMETPUUYECKUX HcclenoBaHuil 41 MyxcKoit
(burypsl, UCTIBITAHUSAM 16 COBPEMEHHBIX TKaHEH, BUPTYaJIbHBIX AKCIIEPUMEHTOB.
[IpoBepka o0eux rpynn uH(GOpMalMK MPOBEICHA BO BpEMs BUPTYaJIbHOU
PEKOHCTPYKIIMMA YETBHIPEX BUJAOB MCTOPUYECKUX KOCTIOMHBIX KOMIUIEKCOB,
OTJINYAIOIINXCS KOHCTPYKTUBHBIM YCTPOMCTBOM, 00bEMHO-CHITYAITHON (popMoit
u ipueMamu GopmMooOpa3oBaHUsL..

AnpobGanuss  padorbl.  OCHOBHBIE  pe3yJNbTaTbl  HCCIEHOBAHUS
JOKJIAJbIBATUCh U OOCYXKIanuch Ha cieayronmx koHdepenmusx: 17th World
Textile Conference AUTEX 2017- "Textiles - Shaping the Future", 21-23 urons

2017 rona (Kopdy, I'pennsi); XXIV mexayHapo/Hass Hay4YHO-TEXHUUYECKOU

22



koHpepenuuu "MHpopmanmonHas cpega Byza', 22-23 HosOpsa 2017 rona
(MBI'I1Y, UBanoBo); Aegean International Textile and Advanced Engineering
Conference (AITAE 2018), 5-7 centrsi6ps 2018 (Mytilene, Greece);
Bceepoccuiickass (€ MEXIyHapOJHBIM ydacTHEM) MOJOJAEKHAS HAy4YHO-
TeXHUYecKass KoH(epeHuus "Monojble ydeHble - Pa3BUTHIO HAIMOHAIBHOM
texHonornyeckor wuHunmatueel [IOMCK 2019", 24-26 anpens 2019 rona
(MBI'I1Y, UBanoBo); XXII mexayHapoJHOM Hay4YHO-NPAKTUYECKOM (popyme
"®uzuka BOJOKHUCTBHIX MarepuanoB", 25-27 centsiops 2019 (MBIILY,
NBanoBo); 2019 3rd International Conference on Advanced Education and
Management Science AEMS2019, 24-25 nos0ps 2019 roga (Ilekun, Kuraii);
6th ICAET 2020 International Conference on Advanced Engineering and
Technology, 13-15 nexabps 2019 roga (Muuxon, IO:xkuasa Kopes);
HallMOHAJIbHAsl MOJIOAEKHAS Hay4YHO-TeXHUUYeckas KoHdepeHius "Moiomsie
YYEHBIE - PA3BUTHIO HALIMOHAIBHOM TexHoJormyeckod mHunuatusbl [TOMCK-
2020", 22-24 anpens 2020 roma (MBI'TIY, HBaHoBO); MexayHapoHas
koHpepenuus "TexHuka, TexHoimorun u oOpazoBanue" (International
Conference on Technics, Technologies and Education) ICTTE 2020, 5-6 nos0ps
2020 r. (SAm060.41, Boarapus).

Marepuanbible U BHUpPTyaldbHble OOBEKTHI, IMIOJIYYECHHBIE B XOJE
BBITIOJTHEHUS JUCCEPTAlMOHHOM paloThl, OBLIM MPOJEMOHCTPUPOBAHBI Ha
nepBoM BceepoccuiickoM KOHKypce MoobIx nu3aiinepoB "Moga 4.0", nekaOpb
2018 (MBanoBO); BeicTaBke "McTOprueckas peKOHCTpyKIus. [IpoMbIIIeHHBIHI
mu3aitn onexbl. [{udpossie TexHnonoruu B moae", 27-28 Hos6pst 2019 roxa,

MuHHCTEPCTBO HAYKH M BeIcIiero oOpaszoBaHus Poccuiickor Peaepanuu,

(MockBa). B kommabopamuu ¢ YHuBepcutretom Mapubopa u  My3seem
HannonaibHOTO  OCBOOOKIIEHHSI  BBIMIOJHEHA PEKOHCTPYKIUSL  MYXCKOM
yuudopmbr 1937 r. (Mapubop, CiaoBenusi), a c ['aBpunoso-Ilocaackum
KpaeBEIUECKUM MY3€eM - PEKOHCTPYKIIMS MyxkKCKoi pyOaxu koHna XIX Beka
(MBanoBckas obaactb, ['aBpuiioB Ilocan). AHanutuueckas peKOHCTPYKIIUS

podeccopcKoro MyHIHpa 3aHsuia mepBoe Mecto B HomuHaruu "Koctiom" Ha
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KOHKypce #Y3Haul Poccuro. [JoHckoe cimoBo B pamkax II MexayHapoaHoro
KOHTrpecca BOJIOHTEPOB KyIbTypsl U Menua, 2020 (PocTtoB-na-/lony).

Hyoaukauuu. Ilo pesynbraram JQUCCEPTAMOHHOTO HCCIENOBAHUS
onyOnukoBaHo 11 medaTHbIX pabOT, U3 HUX JBE CTaTbu B )KypHanue "M3BecTus
BY30B. T€XHOJOTHUSI TEKCTWJIHBHOW IMPOMBIIUIEHHOCTH'", BXOAIIEM B MEPECUYCHBb
BAK, wu4erbipe cTaThu B 3apyOeXHBIX HW3JAAHUSAX, HWHIECKCUPYEMBIX B
MEXKIyHAPOJHBIX I[UTATHO-aHATUTHUYECKUX Oazax naHHbix Web of Science u
Scopus, msATh MarepuanoB KOH(epeHUUd U (HOPYMOB pa3IUUYHBIX YPOBHEH,
OJIHOM TMMAaTEHTE Ha MPOMBIILICHHBIA 00pa3ell.

Crpykrypa u 00beM [QUCCEPTALMOHHON padoTrsl. [luccepranus
COCTOMT W3 BBEACHUS, IATH TJIaB, 3AKJIIOYCHMS, COUCKA JIUTEPATYpPbl H
npunoxkenuit. Coxepxkanne paboTel  u3nokeHo Ha 204  crpaHuiax
MAIIMHOIIUCHOTO TEeKCTa, BKIOYas 87 pucyHkoB u 35 Ttabmui. Croucok

HUCIOJB30BAHHBIX UCTOYHUKOB HACUUTHIBAET 168 HAUMEHOBAHUM.
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BRIEF INTRODUCTION

As an object of cultural heritage, historical costume can be only
appreciated on the human body with characteristic anthropometric and other
image features at the same time. The difference between historical costume
dressed on a mannequin or the same model of clothing depicted in a picture or
captured in a photograph in the form of a body-clothing system is enormous
because the appearance and spatial forms will be the result of the manifestation
of a different number of factors that differ from each other.

The current state and functionality of computer technology for designing
modern clothes allow us to expand its scope of use and include those design
objects which were previously obtained based solely on non-computer
operations and hand-making. In such areas, lots of experience has been
accumulated, which has not been formalized and not systematized ultimately but
is greatly interested in the development of modern design. Such a promising
field is the reconstruction of historical costume in the virtual environment as an
object of art and engineering work.

There are several objective reasons for the development of this direction:
the need to preserve and extensively use the cultural heritage; difficulties in
material reconstruction and exhibiting natural objects; modern designers
advocate historical costume as a source of creativity; the importance of
maintaining national identity.

These factors can be achieved through digitalization and the replacement
of historical costume with their digital replicas, which will increase the
accessibility of research, display and application. Digital twins of historical
costume can be reconstructed by using computer-aided design system and
computer-graphic packages, which have the tools to perform all stages of the
clothing art and engineering design in a virtual environment. Virtual
reconstruction of historical costume is the reconstruction by computer by

computer means of photorealistic digital replicas of "body - clothing" systems
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based on preserved images, descriptions of appearance, artworks and design
solutions of material artifacts (complete or fragmented).

The scientific problem of virtual reconstruction is the subject of many
foreign scientists. To date, as a part of the “Historical Figure Avatar - Historical
Clothing” system, the scientific, methodological, and technical foundations have
been developed for the virtual reconstruction of historical costume, and active
work is been done to include virtual objects with material prototypes together in
the museum exhibition. These studies have laid the basic principles of
reconstruction and increase the types of virtual clothing.

However, the lack of systematic and parametric information about the
construction of historical costume has hindered the widespread use of this
method, which is a prerequisite for obtaining realistic reproductions. The
structure of the historical wardrobe is presented by verbal description without
anthropometry "attached" to the morphology of the body. Using the preserved
historical patterns directly will encounter many problems due to the complete
lack of information about the size, methods of shaping, and the layer of
garments. In addition, the degree of formalization and depth of study of men's
clothing is much lower than women's.

The aim of this research is developed a method for obtaining
photorealistic digital replicas of historical men's clothing by meanings of reverse
engineering. This research is devoted to the development of theoretical and
methodological foundations of the virtual reconstruction historical men’s
clothing by meanings of reverse engineering, which a promising field is the
reconstruction of historical costume in the virtual environment as an object of

art and engineering design.
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CHAPTER 1. THE DEVELOPMENT ABOUT VIRTUAL
RECONSTRUCTION PROBLEM OF HISTORICAL MEN'S CLOTHING

“Material culture is the conventional name for the tangible yield of
human conduct. We have things to study, and we must record them dutifully and
examine them lovingly if the abstraction called culture is to be compassed.”
“The design is a record of the process of design and ... of the designer’s mind
and provides a resource for the historian and scholar created in time and shaped
to cultural pattern [1].” Historical clothing not only offers a rich source of
inspiration for contemporary fashion designers, but also provides opportunities
for sociologists, anthropologists and historians to study fashion design from
concept to realization; the social environment in which clothing is produced and
worn; and the evolution of body type and posture. For now, however, full
appreciation of historical clothing still affected by many restrictions, such as the
costume were usually exhibited on the mannequins in museum instead of on real
human bodies. At the same time, the historical clothing were difficult to
preserve with modern technology, even in the optimum environment, it degrades
by the influence of light, temperature and humidity, pressure and other factors.
Therefore, we urgently need a new way to permanently protect these cultural
heritages and to convey the material and spiritual culture of each era [2]. Virtual
clothing simulation is the result of a vast array of technologies developed over
the past 25 years which not only on the realistic simulation of fabric mechanical
properties but also virtual garment on the synthetic avatar.

However, this technology was extensively used in contemporary
industrial garments currently and seldomly used in historical clothing, which is
causing by lack of awareness of relationship between historical male body
morphological features, historical pattern block structure, historical textile
material, etc. This review is aimed to analyze the current scientific research
situation in real and virtual clothing reconstruction and to enlighten a new

method to reconstruction of historical costume with high precision, which will
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have a huge impact on the historical costume and its related branch industries,
and will push the traditional professional treasure to a higher level.

The results obtained in this Chapter published in three papers [158-159].

1.1. Scenario technologies for obtaining 3D HCC based on their 2D images

In the contemporary fashion market and industry, the historical European
costume has been one of the most essential inspiration of designing. Especially
on the runways of yearly fashion weeks in Paris, Milan, New York, London, the
relevant elements and features of historical clothing have been appeared in many
notable brands’ designs [3]. Meanwhile, some luxury brands also showing
digital fashion show to express their brand characteristic. Such as Alexander
McQueen and Burberry who showed the holographic fashion show, and even
Ralph Lauren showed the 4D style to feel the smell and the wind, unlike the
previous 3D fashion show. In addition, Ecole de Paris, Fnc. Kolon, new designer
Harriette Kim, etc. used the same costume as a real one to implement a 3D
digital fashion show on a virtual model with image effect [4-6].

N. Magnenat-Thalmann and P. Volino reviewed the development of
virtual clothing scenario simulation technologies from 1994 to 2004 and detailed
a framework for meeting the needs of the fashion industry of virtual clothing
design and prototyping. Virtual simulation would greatly help fashion designers
not only to speed up their creative work, but also to bring their creations to life

through high-quality mechanical simulation on animated characters (Fig. 1.1)

[7].
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a b c d
Figure 1.1 — Recreating animated haute couture garments based on 2D
sketches: a — 2D sketches from Marc Bohan in 1946; b — 3D analogue; ¢ —
Hubert de Givenchy in 1946; d — 3D analogue [7]

In addition, they developed a system to reproduce haute couture
garments from the 1940s based on sketches. The system successfully simulates
garments close to the body as well as loose and complex garments with realistic
folds and localized rigidities (Fig. 1.2). The result obtained shows the versatility
and the robustness of the Fashionizer software for the creation and simulation of

fabric in various contexts.
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Figure 1.2 — Creating a 3D garment based on sketch of Serge Guerin in
1950 [7]

J. Juanfen initially studied the method of generating three-dimensional
clothing based on two-dimensional hand-drawn drawings in the same structure,
with the purpose of creating a three-dimensional virtual clothing CAD suitable

for clothing designers system [8].
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With the popularization of virtual scenario technology in women fashion
design, the reconstruction of HCC has been optimized consequently, virtual
scenario of historical costume can be applied to movies, theaters and online
museums. To increase access to and conserve their collections many institutions
are creating websites that do more than advertise the physical collection but
provide images and data for selected pieces from their collection. K. Martin
described an evolutionary prototype for a historic clothing archive project that is
developing a process to incorporate these standards into an online searchable
database, so that the high quality images and brief archival data about the
objects in their collection online meet their defined user groups’ requirements as
well as conserving the garments from undue handling and conserving the
curator’s time [9]. In order to achieve this, many researchers have conducted the
researches about 3D virtual reconstruction of historical men’s clothing
according to the 2D images.

Kang et al. did the exploration about virtual and real reconstruction of
historical clothing [10-12]. They presented the development process of digital
costumes and an application using 3D apparel CAD and new media. The process
of digital costume generation went through several stages:

(1) preparation: clothing object selection as Fig. 1.3, a and data
collection, pattern revision and mount preparation;

(2) digitization: virtual model generation and virtual clothing
reproduction;

(3) 3D data development: static and dynamic simulation and

deconstruction simulation.
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a b
Figure 1.3 — Evening dress in 1920: a — sketches [11]; b — stages of the
digital double generation scenario [12]

Based on these, digital clothing with static and dynamic simulation and
deconstruction simulation were generated through a process as follows: (1)
pattern drafting; (2) pattern positioning; (3) assembly; (4) drape simulation; (5)
mapping and rendering as Fig. 1.3, b. Moreover, two 19th-century Rococo HCC
were generated based on 2D photography, which is considered as an example of

the period with the most 3D glamorous dresses in history (Fig. 1.4).

b C d

Figure 1.4 — Digital reproduction of historical costumes in Rococo era
based on 2D photo: a — woman’s 2D photo; b — 3D analogue;
¢ —man’s 2D photo; d — 3D analogue [10]
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This study examined the capabilities of two programs - DC Suite and
Maya Qualoth-to create digital clothing, which can be a reference experiment
for improving social services and online clothing museums. DC Suite was used
for creating drawings and virtual sample tests, while Maya Qualoth was used for
simulation and rendering. In the above-mentioned study, the developers
encountered some difficulties. For example, woman's dress was decorated with
Watteau pleats at the neck line at the back and waist line, but the function of
generating such pleats was not included in the software. Therefore, the Watteau
pleats were omitted, and the pleats at the waist were replaced with an assembly
[10].

Kuzmichev V.E. et al. made significant contributions to the virtual
reconstruction of historical clothing, this research team applied 2D and 3D CAD
to reconstruct the historical pattern block and get the virtual image in
accordance with the prototypes. The conformity between the style of several
HCC and their DT from two resources — images silhouette and pattern block —
has been achieved. Here is diagram of the reconstruction of this research group
for three groups of clothing, based on the image of the clothing and the adapted
pattern (Fig.1.5)

= 2. Preparation of initial database 3. 2D reconstruction =
z :
Choosing of <« -

i Equal 7]

‘g historical Not equal l | d o
- pattern Pattern block Adapting of Comparison of 3D Z
S | drafting indexes pattern block and prototype E
£ system g
Z e

=]

u — 1
™ : . A
RS Generating of Adaptation the e

| —

] avatar avatar poster to ©
] Choosing of Body Virtual try-on prototype E
'; size chart measures S
: g
- 4. 3D reconstruction -

Figure 1.5 — Flowchart of virtual reconstruction of historical costume [13]
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The first group and HCC are the men's full-dress suite of the XIX
century. This method involves five steps to transform historical image into a
virtual “avatar — clothing” system: 1) a 2D image of clothing (Fig. 1.6, a); 2)
preparing the source database; 3) 2D reconstruction; 4) 3D reconstruction; 5) 3D

virtual “avatar-clothing” system (Figure 1.6, b).

a b
Figure 1.6 — Reconstruction of the costume of Prince Albert of Saxony:
a — technical drawing based on a painting by William Ross, 1840;
b — virtual double [13]

The second group of HCC - skirts of the 1850s - 1860s. They developed
a method for generating numerical copies of skirts based on photographs, as
shown in Fig. 1.7, a. They used two-dimensional and three-dimensional
software to parameterize all the elements of skirts and reconstructed the
structure of all the layers of the petticoat (Fig. 1.7, b). The simulation of the DT
of the historical women's skirt was performed and the similarity between the

historical prototype and its DT was proved [14].
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. b ¢ d
Figure 1.7 — Virtual DT based on 2D image: a — 2D photo of woman’s
HCC; b—-3D DT [14]; ¢ — 2D image of man’s trousers; d — 3D DT [3]

The third group is the men’s trousers of XIX century. They reconstructed
the historical pattern block and got the virtual image (Fig. 1.7, d) in accordance
with the prototypes (Fig. 1.7, c) by means of CAD. Finally, they proposed
scheme for testing the results of the virtual fitting, which helped to determine
the differences between the HCC selected as a prototype and the DT
reconstructed using 3D CAD [3].

1.2. Database for reconstruction of historical clothing

Compared with 2D CAD, 3D virtual technology is an innovative
technology for historical costume reconstruction and redesign, which allows
researchers to use simulation in the virtual environment of “body-clothing”.
Draping and fluidity of the fabric are delicately imitated in the work at 3D CAD.
In order to reconstruct the HCC , it is necessary to create databases that include
the morphological characteristics of the historical male figure, the structure of
the wearable wardrobe, indicators of the properties of historical fabrics, methods
of shaping clothes, etc. Otherwise, the simulation of replica of historical men
clothing will not be the “digital twin” with the prototype. For example, Y. Kim

et al. used 2D pattern block from historical pattern manuals to reconstruct three
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style men’s coat in the second half of 19th century directly as shown in Fig. 1.8

[15].

AR A

Figure 1.8 — Three groups of simulated DT [15]

It can be seen that their virtual DT are not similar to the prototypes.
Obviously, it 1s impossible to get DT HCC based on historical pattern without

additional databases.

1.2.1. Historical male body

To accurately reconstruct the HCC and improve the efficiency of
construction, the primary factor is to establish the identical avatar which is
consistent with the historical male body. In the virtual system ‘“historical
costume-body”, the avatar should be as an exact replica of historical prototype.
That 1s to say, the real-looking image, the anthropometric indicators, and
morphological features of the reconstructed virtual avatar should be the same as
the original fashionable European body [13].

N. Magnenat-Thalmann et al. described body modeling techniques about
how to assist the designers effectively locate joint centers by reusing existing
bone-to-skin data (i.e. converting it to an animatable model) based on a surface

model from any external source. Fig. 1.9 shows two groups of their results [16].
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Figure 1.9 — Transform the stationary source avatar (left) into a mobile one
by leveling the surface (middle), and localizing bone formations (right) [16]

Additionally, they investigated that the body shape of the average
woman of the 1940s was different from today’s. The post-war period was
characterized by the typical wasp waist. In virtual environment, it became
possible to model a shape according to the parameters of fashionable shapes of
different time periods, since the shape is just a shell of polygons. Ranging
between a very realistic and a more abstract body, they created a combination of
both was chosen for the virtual mannequin for the Robert Piguet exhibition. The
waist is overly slim, mixed with a typical feminine curved body from the 1940s
[7].

K. Martin et al. did the exploration about 3D simulation of historical
costume, particularly on creation of virtual humans[17, 18]. Because of no
photographs of the original owner of the garment, they created a 1930’s virtual
model (Fig.1.10) inspired by the iconic 1930’s film star Carole Lombard in
collaboration with Dave Mauriello, Digital Media faculty, Drexel University,

and his students.
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a b
Figure 1.10 — 3D avatar reconstructed by Dave Mauriello: a — virtual
actress Carole Lombard’s body; b — virtual 1930’s body [17]

In Kang et al. earlier research, they reconstructed men and women body
which was imitating the appearance of people in the 18th century. In order to
express the huge shape of a women dress with a skirt, the waist of the women

figure is attached to a panier - shape object (Fig. 1.11) [10].

Figure 1.11 — Virtual body generation in Maya [10]

This team developed a new method which can use 3D scanning system
to generated 3D model objects. Thus, the virtual model may have the same
volume and size as the torsos physical mannequin. Next, modeling the head,
arms and legs and attach them to the scanned object to form the body character.

In addition, facial features, hairstyles, shoes and other auxiliary items such as

37



crinoline were modeled based on actual objects or historical illustrations of the

time to reflect the authenticity of history (Fig.1.12) [12].

Figure 1.12 — 3D virtual model: a — for day dress in 1860; b — for day dress in
1920 [12]

1.2.2. Structural of Wardrobe

The HCC includes the appropriate undergarments to support the
silhouette of the full dress suite. Additional deforming characteristics, created by
layers of garments and underlying support garments [2]. Meanwhile, in contrast
to the offline museums, using DT opens the possibility to presenting each item
of costume from underwear to outer clothing, as well as the way of wearing it
[10]. Therefore, in the process of generating DT HCC, the layers of
undergarments and the wearing ways is also needed to investigate.

K. Martin et al. introduced the world class Drexel Historic Costume
Collection from the Civil War era. In addition to the uniforms and gowns, both
Collections have the complex undergarments worn with these ensembles. They
chose the pattern specifications from selected collections, and then create 3D
avatar to adapt the costume, dress them from the inside out in complete
ensembles of the period and demonstrate how the bodies moved in this dress

during [2].
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To reconstruct delicate and elegant costumes of the 18th century Rococo
period using three-dimensional technology, Kang et al. made a complete men’s

suit of coat, waistcoat, breeches, cravat, etc., as shown in Fig. 1.13 [10].
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Figure 1.13 — Wardrobe of clothing of the Rococo period in the XVIII century
[10]

Moskvin A. Y. et al. coped the order of Prince Albert' dressing for the
selected garments (shirt - trousers - vest - coat) and simulated the interactions
between the garments under virtual try-on. Fig. 1.14, a shows the virtual systems
"avatar - full dress suit 1840" formed on different layers of wearing [13]. Fig.
1.14, b shows the sequence of studies of clothing and elements for simulating a
woman's dress of the 1860s from six 6 layers: 1) pantaloons or breeches
(underwear shorts); 2) chemise (underdress worn under a corset and crinoline);
3) round or elliptical crinoline; 4) petticoat (one or more petticoats placed on top
of the crinoline cage); 5) lining (this layer was used to extend the life of the skirt

and get the desired shape); 6) upper skirt.
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a b
Figure 1.14 — The structure of the HCC: a — the DT of the men's suit,
completed in layers [13]; b — the structure of the women's skirt in 1860 [14]

For most of the 19th century, clothing on the streets of Boston, New
York, Philadelphia, or Washington was no different from clothing in London,

Paris, or Berlin due to the emergence of international styles [19] .

b c d
Figure 1.15 — Men suit in XIX century: a — 1815-1820 [20]; b— 1852 [21]; ¢ —
1890 [22]; d —1895-1915 [23]

From the beginning of XIX century, a variety of coat styles, with

flamboyant accessories and in a wide color range, showed how untrimmed cloth
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could command its own distinctive style. Men would wear a high-collared shirt
with stock and sometimes with a bowknot. Generally, shirts were made of
cotton or linen with flat front. Waistcoats were usually worn the fashion waist
length and the standing collar was seen until 1830. Men wore long trousers and
flat shoes. The tailcoat was of different colors, and black was the standard of
elegance. The top hat was the most popular type of headdress [19, 24, 25]. In
Fig. 1.15, and shows the men's dress suit of 1815-1820, which was in one of the
collections of the Victoria and Albert Museum, museum No. T. 118-1953, in
1815-1820 [20].

From 1850 to 1890, named the dawn of modern clothing. The
Romanticism (1850-1890) is a mixture of the three early styles of the
Renaissance, the Gothic and the Rococo [26]. During this period, although
women's clothing were becoming more complicated, men's wear has begun to
simplify and emphasize functionality. Standard and international styles of
clothing began to appear [19]. During these 40 years, uniformity, quiet elegance
and adherence to standards were very important in men's clothing. High-quality
fabrics distinguished better clothing and revealed the wealth and social status of
the wearer. They preferred costume in dark colors, such as black, dark blue,
brown and gray. A standard suit was composed of shirt, trousers, waistcoat and
coat. The shirt had detachable collars and sleeves turned tightened slightly
ending in a buttoned cuff. There were many forms of neck wear including four-
in-hand ties, stocks, ascots, string ties, bow ties, and lavalieres. The trousers
were slightly loose around the hips, with pleats at the waist and tapering at the
bottom, created a fitted and slim effect. Double-breasted waistcoats little below
the natural waist line were popular. The tight, smooth fit was achieved through
precise cutting and a strap and buckles or ties in the back. The coat had revers
and turned down collar, looser fit and less material in the skirts gave it a much
straighter line [24, 19, 25]. Fig. 1.15, b shows men coat and trousers in 1852,

which was one of the collections in Los Angeles County Museum of Art [21].

41



At the late of 19th century, men’s costume had become practical and
uniform, the everyday suits are similar to contemporary styles, emphasized
quality tailoring, practicality and well-dressed. Men’s suit usually consists from
shirt, drawers, trousers, waistcoat and coat. And men started to wear corset to
achieve “soldierly bearing.” Shirts were usually white with stiff detachable
collars and were cut quite high on the neck from 1900-1910. The trousers were
narrowed, with flat fronts and a sharp central crease. Some had cuffs, customary
length was fairly short and ends above the instep. The coat did smarten up again
with more fitted with body and long skirts which looks in slim silhouette. Both
single-breasted and double-breasted coats were extremely cut with nipped-in
waistlines and narrow sleeves. A well-groomed mustache and monocles slung
on long ribbons. Fig. 1.15, ¢ presents men suit, 1890, which was one of the
collections in The Metropolitan Museum of Art [22].

At the turn of century, named Art Nouveau (1890-1914) and after the
First World War (1918), the rapidly development of science and technology has
affected people’s lifestyle in all aspects depending on different purpose and
occasion, kinds of fabrics, colors and styles could be chosen. No man who was
properly dressed without an appropriate hat, well-polished shoes and a
distinctive walking stick [26], as shown in Fig. 1.15, d.

For example, men usually wear fitted suit during daytime and dress
tailcoat for official evening events. The structure of a fashionable men wardrobe
included five garments - shirt, drawers, trousers, waistcoat and coat [24, 25, 26]:

1. Corset. Men started to wear the corset to achieve “soldierly bearing”
sometimes.

2. Shirt. The shirt was usually made of white cotton or linen fabric with a
detachable collars which were cut quite high on the neck. Sleeves were covered
with small pleats over the sleeve crown and ending with a buttoned cuff.

3. Drawers. Length of drawers were near the knee horizontal line.
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4. Trousers. Trousers were cut narrowed and structure changed slightly,
with flat fronts and a sharp central crease by using the iron. The trousers had a
silhouette of stovepipe and ends above the instep.

5. Waistcoat. Waistcoat was the second most important garment in
men’s suit, usually plaid wool for front and silk for back were popular. The
differences between popular styles were created by length under waist level,
single or double-breasted and collars.

6. Coat. There were many kinds of coats since the second part of the
19th century. Among them, as for a daily wear, frock coat was the most
prevailing, they did smarten up again with more fitted with body and long skirts,
emphasizing a slim silhouette. The coats were extremely cut with nipped-in

waistlines and narrow sleeves.

1.2.3. Textile materials

Cultural heritage consists of many forms: material, such as objects,
buildings, landscapes; intangible, such as memories, emotions, values, and
customs [27]. However, to date, the full evaluation of historical clothing is still
subject to many limitations, for example, HCC have a relatively short service
life, since clothing is usually composed of organic fibers that are vulnerable to
the environment and degrade rapidly compared to other relics [28]. To this end,
many scientific researchers are working on the reconstruction of historical
clothing using 3D technology, which is based not only on a realistic simulation
of the mechanical properties of the fabric, but also virtual clothing on a synthetic
avatar and some other aspects.

The 3D CAD system reproduces not only the appearance of the fabric
surface, but also indicators of its physical and chemical properties, such as the
bending coefficient, bending stiffness, density, internal damping, bending,
etc.Kang et al. created accurate DT of women's dresses from historical resources

and developed them for online exhibitions. However, the database they obtained
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was not enough to accurately reconstruct the clothing. They did not take into
account the features of historical fabrics. It can be seen that the folding of the

tissue 1s more rigid in the modeled CD result than in the real material, as shown

in Fig. 1.16 [10].

An overview of academic collections of historical textiles and clothing
and recommendations for the management of such collections is presented in the
monograph of Welters L. M. [29]. Kang et al. demonstrated the way about how
to created design and fabric image in Photoshop CSS5, used shader and lighting
in DC Suite and MAYA to naturally express surface detail and adjusted the
capabilities of different fabrics in simulation tab of DC Suite [4, 11]. Cybulska
M. conducted a study of the properties possessed by archaeological textiles in
the past, and developed a method for virtual reconstructions of textiles [30, 31].
The details of the fabric, such as textures, prints, structures or decorations, as
well as physical parameters (such as tensile stiffness, mass density), which are
important elements for physical reproduction in the works of Seoul National
University, are established [2]. The research team, led by N. Magnenat-
Thalmann, has made substantial contributions on the virtual modeling approach,
especially the elaboration of simulation techniques for historical garments, they
developed a method of 3D modeling and simulating for different styles of

historical costume according to the characteristics of textile materials [32].
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Moskvin A. Y. et al. chosen the same rare fabric as the XIX century and
pre-adjusted the physical and chemical properties of the fabric, such as bending,
buckling ratio, buckling stiffness, internal damping and density to ensure that
virtual costume will consistent with the prototype. In addition, they also
considered the position of supportive trims and accessories [13]. And in their
research the DT of historical skirts, they selected 13 contemporary fabrics of
type, weight and fiber content similar to historical fabrics in software library of

CLO 3D and Marvelous Designer as shown in Fig. 1.17.

Properties
Weight Stretch-weft  Stretch-warp Bending-weft Bending-warp Buckling Buckling
(density)  Thickness stiffness stiffness stiffness stiffness ratio-weft ratio-

Fabric id Type (g/m?) (mm) (9/59) (9/5%) (g/mm?/s*/grad)  (g/mm?/s*/grad) (0-1) warp (0-1)
Skirt, silk

SS001 Crepe de Chine 66.1 0.18 17,315 21,157 156 195 0.70 0.70

S007 Taffeta 66.1 0.15 700,000 700,000 1406 153 0.01 0.01

S002 Charmeuse 81.1 0.19 9672 48,714 156 375 0.01 0.01

S003 Duchess Satin 1133 0.26 709,685 518,307 3500 2500 0.90 0.90

S009 Faille 129.3 0.23 1,700,000 1,700,000 17,500 1094 0.85 0.85
Lining, cotton

Mo008 60s Muslin 746 0.19 87,354 138,904 586 1602 0.90 0.90

Mo007 30s Muslin 113 0.28 188,301 147,113 1132 2226 0.90 0.90

co10 Cotton Sateen 136.9 0.27 594,694 1,600,000 742 1601 0.90 0.90

M006 20s Muslin 143.5 0.35 356,725 467,417 1367 2773 0.90 0.90
Petticoat, cotton

C004 40s Chambray 103.1 0.23 378,944 486,772 750 1078 0.90 0.90

C003 50s Cotton Poplin 105.3 0.21 280,769 356,091 938 1289 0.90 0.80

C009 40s Cotton Poplin 125.8 0.24 1,363,880 877,343 976 1445 0.90 0.90

MO005 Oxford Muslin 217.5 0.52 674,371 459,432 14,101 18,242 0.90 0.90

Figure 1.17 — Properties of digital textile materials in CLO 3D library [14]

According to Emanuel (1920) [33], Grace (1923) [34], Dyer (1923) [35],
Waugh (1964) [27], Cole and Deihl (2015) [25], the fibers and type of typical

fabrics for each item of men's clothing are presented in Table 1.1.
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Table 1.1 — Textile material for men’s suit in the late of 19 century

Garment Type

Classification

Shirt & Cotton,

Madras, percale, oxford, white cambric, linen-cotton
mixed half bleached plain

drawers linen

Trouser Wool

Usually lighter in weight than for the coat, high quality
wool, jersey-weaves, merinos, doeskins, cassimere,
kerseymere, ratiné.

Wool,

Waistcoat | cotton,
silk

The front was wool (in plain colors, checks, tweed, or
plaid) or cotton pique. Back was silk satin or brocade,
and cotton in different weaves and finishes.

Wool,
Coat silk

Black or blue-black superfine wool, worsteds,
cassimere, tweeds, vicunas. Velvet and silk facings to
collars and revers.

Linings silk,

Wool,

Mohair, serge, flannel, khaki, satin, drill and sateen,
cotton and silk, silk and linen mixtures.

for t
or coa cotton

1.2.4. Method of shaping

Kang et al. used the pattern block from the published books directly

without consider the methods of clothing shaping during pattern block drafting

and sewing in history. Fig. 1.18 shows their steps of garment production in DC

Suite.
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Figure 1.18 — Garment production in DC Suite: a — pattern making; b — avatar;
¢ — positioning; d — 3D simulation; e — textile and texture mapping [10]

In Fig.1.18 there are visible defects in the fit on the back and area of the
shoulder.

N. Waugh pointed out how to change the proportions of virtual clothing,
make it longer, reduce the volume in the waist area with the help of darts, pads
in the chest area, around the armhole and sleeve head [24]. Scott et al. provided
a brief description of working with the shoulder girdle to demonstrate the
various clothing modeling techniques and their respective capabilities to
produce an expressive and well-proportioned belt [36]. K. Ryu identified the
patterns, sewing, and design techniques by examining the pattern books on
men’s clothing in the early 19th century, and analyzed the preserved costumes to
restore the selected models. Table 1.2 presents their database of shaping and
sewing photos of one coat in 1840s, which is took from the Museum of
Decorative Arts, Paris. Table 1.3 shows their way of 2D production making by
hand [15].
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Table 1.2 — Method of shaping and sewing in the 1840s [15]

Front and Collar and Pocket and

back . lapel | button hole | Sleeve lining

Photo

Table 1.3 — Techniques for sewing each part of the coat of the 1840s [15]
Collar

I
Back tail | Sezin-l line

between body
part and collar

Back center

. Cut the
connection

angle

Moreover, N. Waugh also indicated the tailor's iron was used with great
skill and the cloth and canvas molded by stretching and shrinking throughout the
whole process of making a coat [24]. This process was also mentioned by
W.D.F. Vincent [37]. Moskvin A. Y. et al. considered this technics in 3D
simulation research, replaced it with darts, which were added in the areas of
intensive heat-moisture treatment. To evaluate the precision of method, they
compared three contours of 3 objects as shown in Fig.1.19. 1) DT with
moisture-heat treatment; 2) DT without moisture-heat treatment; 3) HCC. After

measuring and comparing six horizontal and vertical distances between the
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contours (X1-X6), they came to the conclusion that the DT generated from the
drawings with simulated deformations during steam pressing has a greater

similarity to the original HCC [13]

a b C
Figure 1.19 — The contours of the suits: a — with simulation of
deformations during heat-moisture treatment; b — without simulation of
deformations during heat-moisture treatment; ¢ — combination of contours
and measurement scheme [13]

In order to reconstruct historical costume with high-precision, it is
essential to know the methods of pattern drafting, sewing and shaping, including
the special knowledge related to craftsman skills which have been lost in the
past. For example, in the 1830°s and 40’s the fronts of waistcoat were padded
and a small dart into the armhole and another under the lapel helped to give the
fashionable rounded-chest look [24].

In the first half of the XIX century, woolen fabrics were used for
fashionable coats. The central parts of the shelves, sometimes the backs on the
shoulder girdle and the collar were reinforced with linen or other sides. The
collar was reinforced and molded, reinforced with a canvas lining cut out at the
slant and set up on the collar of the coat with many small "padding stitches".
Around 1818, fashion demanded that the tailcoat should have a longer length
and a tighter fit in the waist area, called the “fish”. When the waistline dropped

again, the tucks were used to fit in the hip area and below the armhole, and by
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1840 the tucks were laid in relief seams. The upper part of the coat consisted of
six separate parts and had five vertical seams. This method of shaping was also
used in all coats of the XIX century, which had a tight bodice and a separate
skirt or tails. The sleeves were usually reinforced with white linen, and the front
parts of the skirt with dense cotton, and sometimes with a richer material of the
same or contrasting color as the coat. The back of the coat and skirt were
unlined: the skirt was always open at the back, and the front of the skirt had a
slight crease [24].

Since the middle of the XIX century, manufacturing and finishing
technologies have made great progress. In the 1880s, the lower edges of the
dress and the back tails began to be wrapped inside [24]. Fig. 1.20, a shows a
tailcoat made before the First World War [38].

a b C
Figure 1.20 — Schemes of shaping of men’s costume in the late of XIX
century: a — view from the front side [38]; b —view from the inside out
[39]; c — the areas of heat-moisture treatment [13]

In order for the tailcoat in the chest area to have a convex shape, the
shelf was reinforced with a side gasket and a cut-off edge of the side was
designed. Armhole coat was free, so the size of mill lining and the lining of the
sleeves were enlarged, cotton lining, echoing the shape of the shoulder area,
were placed around the back and the front of the armhole, shoulder seam
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supported shoulder pad triangular in shape, made of two or three layers of
canvas, and podomatic placed in the sleeve head. This treatment of the shoulder
girdle was known as"American shoulders". Men's coats were completely lined,
for the front part usually used the fabric of the top. Heavy fabrics were used for
the sides, skirts, and tails. Silk, satin, or light cotton was used for lining the
sleeve. Fig. 1.20, b shows a man's evening coat turned inside out [39].
Moreover, the tailor's iron was used with great skill by stretching and
shrinking throughout the whole process of making men’s coat [24, 37]. Fig.
1.20, ¢ shows the places of wedges which would be shaping by iron of men’s
coat. The length of edges would be elongated or shorten after the heat moisture
treatment. The range of area 1 was 0 to 0.9cm, area 2 was 0.6 to 1.3cm, area 3
was 0.6 to 6.4cm, area 4 was 0.6 to 2.5cm [13]. So, without these values, the DT

which is exactly same with the HCC can not be reconstruction.

1.3. Dimensions measuring of historical male body

To build the avatar for historical costume and compare the dimensional
typologies and sizes of dimensional characteristics of typical body between the
second half of the 19th century and modern times, the sizing system, content and
conditions of body dimensions measuring, collecting body dimensions which
were used to draft the pattern block during that time should be known.

Since the middle of the 19th century, with the continuous development
of urbanization, the garment industry has grown stronger by the day. The
number of tailors in Europe, the USA, and the Russian Empire had been
increased significantly between 1841 to 1871. Early drafts were very important,
because tailors ideas and methods of approaching the problems of sizing system
for pattern making formed the basis for the later more sophisticated methods and
created the technical means to provide the mass-produced clothing of the
twentieth century [40]. Bespoke tailors published a huge number of size charts

for men. For example, this dissertation investigated more than 70 pattern
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manuals which were published in Europe, the USA, and the Russian Empire
from 1809 to 1979 has been explored [24, 36, 37, 41-108].

To better understand the method of body measuring for each garment in
men’s suit and definition of historical anthropometric database, it also should to
know tools used by tailors during the period. Every dressmakers had special
tools for drafting system in the 19th century. They were produced of various
materials in diverse forms and made of paper, cardboard, wood, metal or a
combination of these. They took the form of nearly square rectangles,
rectangular strips, squares (similar to carpenter's squares), irregular curves or
combinations. They could be perforated, adjustable and/or compliant [101].

Fig.1.21 shows the special tools of tailor’s system in the XIX century.
The inch tape measure was the first and most significant improvement upon the
strip of notched parchment used by generations of tailors (Fig. 1.21, a) [43]. The
square was probably the next to become common (Fig. 1.21, b) [101]. Some had

a level or plumb line as an important feature (Fig. 1.21, c) [43].

Figure 1.21 — Historical measuring tools: a — tape [43]; b — square
[101]; ¢ — plumb line [43]

Fig. 1.22 shows the measurement schemes of body in the XIX and XXI

centuries [13].
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a b

Figure 1.22 — Measurements over clothes and body: a — used in XIX
century [13]; b — W. Aldrich' system [109]

Fig. 1.22, a shows the body measurements from the drafting system
1840, 1867 and 1891 [41 - 43]. Fig. 1.22, b shows the contemporary
measurements of W. Aldrich's drafting system [2]. Similar measurements are
indicated by solid lines and belong to historical and contemporary
anthropometric dimensioning systems; outdated measurements are indicated by
dotted lines. Contemporary anthropometric programs do not include some
historical measurement data, such as 5, 15-20, 22-26, 28, 29, 31, (the numbers 1,
2,3 ... 32 are following Fig. 1.22).

The men’s shirt was made up with surplus width and length. Fig. 1.23
shows the schemes of body measurements for men’s shirt from Vincent and

Gibson’ drafting systems 1898,1913 [77, 93].

53



ot WLl

Figure 1.23 — Content and conditions of male body measurements for
shirt designing

Table 1.4 contains the anthropometrical measurements used in the XIX

century and its contemporary analogues for men’s shirt.

Table 1.4 — Measurements for men’s shirt designing

Measure .
No. Historical | Contemporary ltem Definition
Neck Round the neck, across back neck
1 ieth Neck girth | Line 1 | point, side neck point and front
& neck point
) Chest Bust girth | Line 2 Round the breqst, up to the
girth armpits
3 Walst Waist girth | Line 3 Round the waist, over the smallest
girth part
4 Front o Line 4 Back neck point over the front
shoulder shoulder to the bottom of armhole
5 Over o Line 5 Point G over the front shoulder to
shoulder the bottom of armhole
6 Across- - Line 6 The front armhole on the one side
chest to the other side armhole
7 Back Back length AB Back neck pom.t to the central
length waist
Full Back neck point to the bottom of
8 length Full length AC shirt
Shoulder Shoulder : . :
9 width width DE Side neck point to shoulder point
Sleeve :
10 length Sleeve length | EF Shoulder point to bottom of cuff
1 Depth of Armscye AG Length of AG which point G is
scye depth the central of back
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Fig. 1.24 shows the schemes of body measurements of men’s trousers

from the drafting systems 1841 [36], 1871 [59], 1898 [79], 1913 [93].

_—— ‘I“‘r Jis
Figure 1.24 — Content and conditions of male body measurements for
trousers designing

Table 1.5 contains the anthropometrical measurements used in the XIX
century and its contemporary analogues for men’s trousers.

Table 1.5 — Measurements for men’s trousers desining

Measure .\
No. Historical | Contemporary ltem Definition
12 Outside Side seam | Line 7 Top of the hip bone to the sole of
length shoe, not from top of trouser
13 Inside Crotch height | Line 8 Crotch to the sole of shoe
length
Waist o ) Raise the vest, round the waistband,
14 girth Waist girth | Line 9 up above the hip bone
15 Upper hip o Line | Waist at the smallest place between
girth 10 the lower rib and hip
. . Line Put heel and toes together, round
16 | Seat girth Hip girth 11 the hip, over the largest part
Thigh : : Line .
17 girth Thigh girth 12 Round the thigh at fork
Knee . Line
18 oirth Knee girth 13 Round the knee
. : Line
19 | Calf girth Calf girth 14 Round the calf
Taken over the shoe, from just
Bottom Line above the sole on the heel to in
20 . Ankle e
girth 15 front, the tape meeting in front over

the instep the width desired
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The trousers cutting systems used a set of body measurements named
“widths” and “lengths”. Fig. 1.25, a shows how the tailor measured the body
dimensions of the male body. Fig. 1.25, b shows how the measured dimensions

were used in pattern block drafting [3].

Length to
eat li
seat

Length to bottom

ofa

Length to sole of foot (Side length)

Leg length (Inside seam length)

Figure 1.25 — Body dimentions for drafting trousers pattern: a — body
measurements; b — for drafting trousers pattern [3]

Fig. 1.26 shows the schemes of body measurements for men’s waistcoat
from the drafting system 1841 [36], 1871 [59], 1891 [43], 1898 [77, 78], 1913
[93].

Figure 1.26 — Content and conditions of male body measurements for
waistcoat designing
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Table 1.6 contains the anthropometrical measurements used in the XIX
century and its contemporary analogues for men’s waistcoat.

Table 1.6 — Measurements for men’s waistcoat desining

Measure

No. Historical | Contemporary Item Definition
2 (;lllri;t Bust girth | Line 2 | Round the breast, up to the armpits
3 Walst Waist girth | Line 3 Round the waist, over the smallest
girth part
Strap /

Back neck point over the front

4 Front o Line 4 shoulder to the bottom of scye
shoulder
5 Over L Line 5 Point G over the front shoulder to
shoulder the bottom of scye
6 Across o Line 6 The front of scye on the one side to
Chest the other side scye
Full Line Back neck point over front and
8 length Full length 16 down to the bottom of vest
9 | Ovini Line Back neck point over front and
PIINg B 17 down to the first button
Depth of Armscye Length of AG which point G is the
11 AG
scye depth central of back

Fig. 1.27 shows the schemes of body measurements for pattern drafting
of men’s coat 1841 [36], 1871 [59], 1891 [43], 1892 [74], 1898 [77], 1906 [88],
1913 [93].

.\
w b
/
=

designing
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Table 1.7 contains the anthropometrical measurements used in the XIX

century and its contemporary analogues for men’s coat. The manner for the coat

are the same as for the shirt and waistcoat. However, there are additional

measurements: arm length internal poverhnosti, the distance from the middle of

the back to the front corner of the armpit, back length to natural waist level and

fashionable Tali, height, etc. [43].

Table 1.7 — Measurements for men’s coat desining

Measure "
No. Historical Contemporary Item Definition
Neck Line Round the neck, across back
1 . Neck girth neck point, side neck point and
girth 1 .
front neck point
Chest . Line Round the breast, up to the
2 girth Bust girth 2 armpits
Waist . Line Round the waist, over the
3 girth Waist girth 3 smallest part
Strap / Line | Back neck point over the front
4 Front —
4 shoulder to the bottom of scye
shoulder
5 Over - Line | Point G over the front shoulder
shoulder 5 to the bottom of scye
Depth of Length of AG which point G is
1 scye Armscye depth AG the central of back
) . Line | Put heel and toes together, round
16 | Seat girth Hip girth 11 the hip, over the largest part
Natural | Neck to waist center Back neck point to the hollow of
21 ! AW .
waist back waist
Fashion According to the style of coat,
22 ) — AF usually about 2 inches lower
waist :
than natural waist
From the cross-mark in front
- Line | (point O), measure under the arm
23 Blade 18 in a straight line over the blade
to the center of the back
Full Back neck point and down to the
24 length Full length AC bottom of coat
75 Back - AE Measure from the centre of
width back to the shoulder joints
Upper :
26 | sleeve to - Al Back neck point to tl.le. elbow,
neck across shoulder joints
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Sleeve . :
27 | length to - AT Back neck point to the WI:lS.'[,
across elbow and shoulder joints
neck
Elbow Line
28 oirth — 19 Round the elbow
Wrist L Line :
29 girth Wrist girth 20 Round the wrist
30 Inside - Armpit to the root of thumb and
sleeve deduct 1 inch
31 | Height Height H Overhead to the ground

Obviously, the dimensional features measured in this way cannot be
directly used to generate an avatar in 3D software.

For pattern block drafting in 2D CAD, all mentioned measurements will
be used. However, some of the historical measurements (4 - 6, 9, 15, 22, 23, 25 -
28, 30) which were involved in the above tables do not the analogues in
contemporary anthropometrical system.

Moskvin A. Y., Kuzmichev et al. analyzed the relationship between
body measurements and pattern block parameters. They presented the common
rules of rectangular net drawing after comparison of all methods of pattern
drafting which were existed in the XIX century as shown in Fig. 1.28, which are
important to ensure the relations with contemporary methods of pattern drafting

[13].
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Figure 1.28 — The adaptation of historical coat patterns to contemporary
pattern drafting rules [13]

Moskvin A. Y. et al. compared the size typologies and typical body
dimensions of the second half of the XIX century and modern times. The main
differences between modern dimensional typologies and the principles of
formation of their historical analogues are determined. In addition, the values of
deviations of historical and modern figures were obtained. It is determined that
for any typical figure of the XIX century, such a modern figure can be chosen
that the deviations of its leading dimensional features will not exceed the
interval of indifference of modern dimensional typologies [110]. They found
that it is possible to compare each typical male body of the XIX century with
modern typical counterpart, the deviation of the value of the leading body
measurements (bust, waist, height) does not exceed half the interval of these

measurements lessness in modern typology (+2 cm).
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1.4. Software and hardware for virtual reconstruction

1.4.1. 3D body scanning technology

With the advancement of technology, anthropometric instruments and
techniques are constantly improving. Body measurements was mainly measured
by tailors or consumers with tape both in history and in modern daily life. One
of the biggest problems is that the accuracy of measurement highly depends on
their experiences. Besides, some special instruments and methods have been
invented, such as Martin anthropometer, cross-section anthropometer, plaster
method, Moir¢ interference fringes [111].

Nowadays, the introduction of 3D human body scanners revolutionized
the way of capturing anthropometric data because they can collect data
automatically, quickly and without contact [112, 113]. Compared with historical
and traditional manual anthropometric measurements, these significant
advantages have led to numerous anthropometric surveys worldwide [114, 115].

For example, VITUS Smart XXL laser non-contact 3D body scanner
with four laser sensors and two cameras in each column for obtaining scanned
male body according to ISO 20685-2010 (E) , more than 100 key dimensions of
the body could be measured automatically.

Anthroscan software is specifically designed for 3D body scanning
image, data processing, development and design. Its main functions include
scanner scanning control, clone generation, automatic measurement of body
size, arbitrary extraction of body image cross-section and analysis, input and
output CSF, STL, OBJ. Anthroscan is based on interactive measurements of the
human body. Fig. 1.29 shows the 3D body scanner and interface of Anthroscan
software [111].
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Figure 1.29 — Hardware and software of 3D body scanner: a — VITUS Smart
XXL 3D body scanner; b — Anthroscan software user interface [111]

As a result, the number of anthropometric databases based on 3D
scanning data is constantly growing. Therefore, it is particularly important that
these data have a high degree of accuracy [116]. ISO 20685 is the standard for
3D scanning methods for internationally compatible anthropometric databases,
which defines the accuracy, that is, the degree to which measurements extracted
from 3D scans are close to reference values [117].

Most manufacturers offer their 3D body scanning systems as packages,
including scanners, controllers for operating scanners, and IT for data
processing and storage. In most cases, they also offer proprietary software
packages dedicated to data acquisition, anatomical sign detection and automatic
measurement of body dimensions [118].

The usual practice that the scanner operator verbally instructs the
subjects how to adopt the scanning posture. According to the research work by
Lu and Wang, Han et al., to achieve higher accuracy in body scan data capture,
the main focus should be on the replication of consistent postures [114, 116,
119, 120].

However, few researchers use 3D body scanners for historical costume
virtual reconstruction. In fact, 3D body scanning technology is very useful in
this research. For example, it helps to study the parameters of system “body-

clothing” between historical costume and the human body, to study the changes
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of the human body under the pressure of the corset and so on. Thus, 3D body
scanning technology brings many new possibilities not only in anthropometric

work but also historical costume virtual reconstruction.

1.4.2. CAD technology

Computer-aided design (CAD) refers to the use of computers and its
graphics devices to help designers create, modify, analyze or optimize. As an
outstanding engineering technology achievement, CAD technology has been
widely used in various fields of engineering design. At present, CAD technology
research hotspots include computer-aided conceptual design, computer-
supported collaborative design, massive information storage, management and
retrieval, design method research and related issues, and support for innovative
design [121].

2D CAD systems have been developing rapidly for several decades.
There 1s a gradation of CAD for several generations: the first, converting manual
drawing into computer graphics, with simple instrumental functions; the second,
linking a single application software into an organic whole, supporting and
calling each other; the third, intelligent.

The commonly used 2D CAD software includes Assyst (Assyst GmbH,
Germany), AccuMark (Geber Technology LLC, USA), PAD System (Pad
System International Limited, Canada), Richpeace (RICHPEACE AI CO.
China), TUKACAD (Tukatech, USA), ET SYSTEM (BUYI Technology,
China), Modasoft (Liu Hesheng Technology, China), etc.. Fig. 1.30 shows the
representative technology of the latest intelligent era, ET CAD invented by
China Shenzhen BUYI Technology Co., Ltd. [122].
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Figure lgz)iThe u.serldin}j[e;faﬂce" 0; th1rd géﬁefﬁtibﬁ of intelligent
clothing 2D CAD system — ET CAD [122]

In general, 2D CAD has functions such as creation design (style, color,
clothing accessories, etc.), sampling, grading, and layout. Using this technology
to draft pattern block will greatly reduce the manual labor of the designer, and
the professional level requirements of the designer can also be relatively
reduced. The fashion design information is stored in the computer and can be
called up at any time for easy management. Information can also be transferred
through the network.

The clothing industry quickly turned to virtual simulationin nowdays. 3D
clothing and virtual try-on are the most interesting topics in textile engineering,
3D clothing CAD and computer graphics areas [123, 124]. 3D clothing
simulation is currently being used in various fields such as film, game,
animation and fashion industry. 3D clothing simulation is a technique that
creates 3D clothing shape by applying various sewing conditions to flat patterns
pieces [125].

The popular 3D CAD software for clothing virtual try on are CLO 3D
and Marvelous Designer (CLO Virtual Fashion Inc., Korea), 3D Vidya (Assyst
GmbH, Germany), AccuMark 3D (Geber Technology LLC, USA), Assol
(Russia), etc.. Fig. 1.31 shows the computer program CLO 3D, version
5.0.156.38765 which invented by CLO Virtual Fashion, Korea.
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Figure 1.31 — The user interface of CLO 3D Standalone 5.0

The general process of 3D CAD and its corresponding main functions
are:

a. Avatar: edit style, size, pose and arrangement point of avatar, skin
offset, make body measurement;

b. 2D pattern design: create/edit pattern block, Al curve,
symmetric/instance design, dart/pleats fold, notch, trace, symbol/annotation,
seam allowance, reference lines;

c. 3D arrangement: gizmo, arrangement point, direct positioning, fold
arrangement, arrange as flat/curved, flip patterns, superimpose, smart
arrangement,

d. Sewing & tacking: segment sewing, free sewing, M:N sewing, sewing
notch, symmetric sewing, tack on garment/avatar, pleats sewing;

e. Fabric: fabric kit, emulator, image open/save, edit color swatch,
physical properties, nonlinear simulation, set fabric thickness;

f. 3D simulation & layer: real time sync/simulation and garment move,
high-definition garment, pattern layer and sublayer, sewing layer, fold pattern
and seam lines;

g. Fit check: 2D pattern measure, 3D garment measure, check 2D sewing
length, transparent map, pressure points, strain/stress map, fit map, 1:1 view, 3D

state history;
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h. Animation (runway): record, play, edit, animation video capture.

Many foreign scientists use 2D and 3D CAD technology to reconstruct
historical costumes in virtual environment. As our previous introduction, Kang
(Korea) developed digital replicas of historical costumes for virtual exhibitions
[10-12]. According to the characteristics of textile materials, Nadia Magnenat-
Thalmann and Pascal Volino (Switzerland) laid the foundation for virtual
prototypes of historical clothing in different styles [16]. In Russia, this type of
research is conducted by Moskvin A. Y. and Moskvina M. V. of the St.
Petersburg State University of Industrial Technology and Design and the
department of Ivanovo State Technical University [3, 13, 14]. In conclusion,
CAD technology laid methodology and technical foundation for the simulation

of replica of historical men costume.

1.5. Application of reverse engineering method

Engineering is the process of designing, manufacturing, assembling, and
maintaining products and systems. It is the one that efficient, reliable and useful
to human beings with the shortest time and the least manpower and material
resources. There are two types of engineering, forward engineering (FE) and
reverse engineering (RE). FE is the traditional process of moving from high-
level abstractions and logical designs to the physical implementation of a
system. In some situations, there may be a physical part/ product without any
technical details, such as drawings, bills-of-material, or without engineering
data. Oancea et al. presented the process of duplicating an existing part,
subassembly, or product, without drawings, documentation, or a computer
model is known as RE [126].

A common explanation of the phase "reverse engineering" , was first
used in publications in the 1970s revolves around copying originals [127]. The

process of digitally capturing the physical entities of a component, referred to as
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RE, is often defined by researchers with respect to their specific task [128].
Abella et al. described RE as, “the basic concept of producing a part based on an
original or physical model without the use of an engineering drawing” [129].
Yau et al. define RE, as the “process of retrieving new geometry from a
manufactured part by digitizing and modifying an existing CAD model” [130,
131].

Generally, material articles deteriorate over time, a particular artefact
may represent its last one, and history shows that unique and authentic parts are
not always reserved for future generations. Reverse engineering can be easily
used to preserve inanimate objects of anthropological or cultural importance in
virtual or replicated form. The comprehensive 3D digital archive is durable and
immutable, so it can be used as a reference for monitoring the degradation or
restoration of works [127]. According to Vinesh et al. here are several reasons
for using RE 1in our research:

* The original manufacturer no longer exists or no longer produces the
product, but HCC to enrich the profession treasure is needed.

* Part of the original HCC design documentation has been lost.

* Creating data to refurbish or manufacture a part for which there are no
CAD data, or for which the data have become obsolete or lost.

» Fitting HCC [131].

As the application of RE becomes more extensive and diverse, it is
widely used in many applications such as manufacturing, industrial design,
computer arts, cultural heritage and reproduction. Kevin et al. introduced a
general process of RE and redesign methodology is a three-stage process, as

shown in Fig. 1.32 [132].
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Figure 1.32 — Overall process of RE and redesign methodology [132]

Realistic visualization of cloth has many applications in computer
graphics. Kai et al. put forward a pipeline for fabric by using RE and estimate
the parameters from a single image of the cloth model. Fig. 1.33 explicates the

key steps [133].

PR ey — )
(" Active Yarn \
| Model
" Image \ [ Coarse | | Fine Symmetry- | [Weave Pattern) /g > \
) i f | [ Synthetic Model '\ { ;
| Capturing ) e Regularlzattom Regulanzatlon Aware NCC '-‘"“.‘ l:*snmatlon ] > ‘1 + Flow Fields | | Edit

Figure 1.33 — Algorlthm for obtaining the DT of fabric from its image
(visual prototyping) [133]

Several examples of their research proved that they are able to simulate
the appearance of the original samples (Image-based reverse engineering and
visual prototyping of woven cloth). Italy is a hot bed for European art and
historical sculpture, the IBM T.J. Watson Research Center involved the nightly
set up a portable scanning system to produce Michelangelo’s Florentine Pieta
[134]. Based on an original algorithm, Pescaru et al. developed a new method

for designing of the shoe by using RE [135].
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RE provides possibilities for virtual reconstruction of historical male
costumes. In this strategy, must perform the following main steps: digitization of
male body and costume, processing of acquired database such as textile
material, pattern block etc., costume redesign, 3D reconstruction and verifying
the physical product. RE and redesign methodology will be helpful to accurately

exhibit the features of historical costumes.

Aim and steps of research

Historical clothing as cultural heritage can be evaluated only on human
body with similar morphological and image features as historical prototype. The
difference between two objects - first system "manikin + clothing" forming from
and second system "body - clothing" pictured on photo or painting will be very
huge because two outline and 3D shapes are the results of various factors acting.
If copy the historical pattern block to sew the clothing, the result couldn't be
successful without special knowledge related to craftsman skills which have
been lost in the past.

The main aim of this research is to develop a method for obtaining
photorealistic digital replicas of historical men's clothing by meanings of reverse
engineering.

To do the adequate reconstruction of historical clothes, the special data
bases and create the method of historical clothes adapting for contemporary
male bodies and to get the similar image nowadays as in the past was needed. In
order to achieve this, the necessary tasks should be conducted following the
framework of this research:

1. Create a database on the structure of men's clothing and the textile
materials used for its manufacture in the late XIX - mid XX centuries.

2. Study the method of shaping which used to obtain the three-

dimensional form of historical costume in its design and production.
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3. Conduct anthropometric studies of contemporary male body to form a
database which is necessary for generating digital twin of men's fashionable
historical body.

4. Develop an algorithm for generating of virtual twin of historical man
body, find the thickness of the package wearable garments and values ease
allowance to the dimensional characteristics of shapes.

5. Develop a method for parameterization and graphic analysis of the
HCP.

6. Develop a method for identifying the size variant of the HCP which
was developed for men.

7. Develop a method for adapting HCP to the anthropomorphic features
of contemporary body.

8. Develop an algorithm and method for obtaining photorealistic digital
replicas of the "male body - historical costume" system based on preserved
material analogues or their images.

9. Develop a method for evaluating the photorealism of virtual replicas
of historical costumes.

10. Perform an experimental test of the developed methods on the
example of material and virtual reconstruction of the following types of men's
clothing: the uniform of Russian professorial formal coat of the XIX century,
Russian folk shirt of the XIX century, European frock coat of the late XIX -
early XX centuries, Slovenian uniform of the youth movement "Falcons" of the
first half of the XX century.

By completing the above steps and tasks, this research will make it
possible to lay down the science-based principles for the virtual simulation of
historical costume, and introduce the lost historical costume into cultural
circulation based on their 2D images (painting, engraving, photos) the number
of which is immeasurably greater in comparison with the preserved material
objects. Virtual replicas of clothing would allow the viewer to not only

appreciate the appearance of the clothes but also to see the internal structure,
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which is complex from an engineering point of view and knowledge of which

would enhance the full perception of the historical costume.
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CHAPTER 2. DEVELOPMENT OF A DATABASE OF BODY AND
TEXTILE MATERIAL FOR VIRTUAL RECONSTRUCTION

Up to now, historical costume is still affected by many limitations in
preservation. Therefore, the new knowledge to restoration or reconstruction
these cultural heritages was urgently, so that can better convey the material and
spiritual culture of this period. This knowledge also creates database that will be
useful for creating digital counterparts of the HCC as part of a virtual museum.

The results obtained in this Chapter published in three papers [160-161].

2.1. Material of research

2.1.1. Instrument and software

To conduct experimental research, a system of hardware and software
was established under the conditional name "Digital replica of historical
clothing", which provides generation and transmission of digital information
received at each stage of research.

To measure and analyze the body measurements of male body, the
scanning was performed with a VITUS Smart XXL contactless 3D scanner
(Human Solutions GmbH, Germany).

The compatible, powerful, professional Rhinoceros software for 3D
modeling on a PC, developed by Robert McNeel & Assoc (USA), was used.
This is not only a set of professional software for creating 3D models, but also
the tools provided can accurately obtain cross-sections of the scanner and
measure the necessary length, height, volume, etc. Adobe Photoshop for image
processing. CLO 3D was used to compare the properties of digital counterparts

of modern textile materials with their historical counterparts.
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To study the materials of historical men's clothing, thickness gauge was
used to measure the thickness of fabrics and 8-fold fabric analyzing glass was

used to analyze the weave and count the threads in the fabric.

2.1.2. Subject of research

41 young men (average age 22) were selected for measuring by using

Human Solutions scanner (Germany).

2.1.3. Object of research

As HCC for the formation database selected four types of historical
men's clothing: Professor's formal coat of the nineteenth century, Russian male
folk shirt XIX century from the collection of Gavrilovo-Posadsky Museum of
Ivanovo region, the Slovenian youth uniform 1937 from the Museum of
National Liberation of the city of Maribor (Slovenia) and European men's frock
coat of the late XIX - early XX centuries from the collections of the Department

of designing of garments, Ivanovo state Polytechnic University.

2.2. Method of formation of fashionable male historical body under the

influence of the corset

For virtual visualization of historical clothing and the construction of
avatars of historical body, modern solid-state digital twins (DT) of real body
cannot be used. The DT of a historical body should be soft, since in different
historical periods men resorted to correcting the plasticity of their torso with the
help of corsets. To date, there are no scientifically based principles for
generating soft-body avatars, but thanks to computer technologies, the problem

of their formation can be solved at a new level [3, 13, 14, 136].
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The purpose of this work is to develop an algorithm for constructing
avatars in the form of soft digital twins of historical body.

The reconstruction of DT requires additional databases that combine
historical and contemporary database. The algorithm should includes the
sequence of formation of the DT of the historical body using the initial database,
studying the features of deformation of body using body scanning technology
and integrating the results into the software environment for performing a virtual
fitting.

Historical pattern manuals for clothing design contain recommendations
for measuring dimensional features on the surface of the clothed body, rather
than on the nude body [137]. Therefore, the measurements include the
dimensional feature, the thickness of the underlying clothing, and in the case of
wearing a corset, and the original dimensional feature could be increased or
decreased under the influence of compression and displacement of soft tissues.
In general, the value of the true dimensional feature DF, which was used for
pattern block drafting, can be written as:

without corset:

DF = Mp - [Ty + In, 2.1)

where Mp - the result of measuring the clothing pattern block of the
selected historical period, cm; I'Tm - an increase in the thickness of the material
of underlying layers of clothing (corset, linen), cm; In — ease allowance to the n-
th dimension, cm;

when under corset:

DF = Mp— 1.57 - T + ADF + In, (2.2)
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where Twm is the thickness of the package materials, cm; ADF — changes
in the girth of the chest, waist and hip, under the influence of compression effct
of the corset, cm.

Thus, in order to determine the DF value from the pattern block, it is
necessary to know the values of the four components.

The second component - the thickness of Tm material packages which
was calculated based on database from published sources about the structure of
the package formed by the lower shirt, upper shirt, vest, drawers and trousers,
and the thickness of the materials used [138]. It was adopted as follows, cm: at
the level of the chest 0.5, waist 1.1, hips 0.6.

The third component - the change in the dimensional features of ADF
was calculated from the results of body scanning. For the study, selected the
bodies of contemporary Chinese and Russian men, marked according to the
current Chinese standard [139] by the difference between the bust and waist as
Y types (difference 17...22 cm), A (difference of 12...16 cm), B (difference of
7...11 cm). These groups are analogous to Russian full-length groups. To study
the compression effect of the corset on the plastic of men's body, measured 41
young men (the average age is 22 years old) using body scanner. With the
consent of the subjects, scanned them twice in the main anthropometric
position-without a corset and in a corset to the maximum tightening of the waist
area, which was determined by the subjective sensation of each wearer. The
corset was made of non-stretchable material and the thickness was 0.32 cm.

Fig. 2.1 shows the combined outlines of scanned Y - type body as an
example of the effect of corset on plastic 187.4 — 104.6 — 85.2, oriented relative
to a vertical plane parallel to the centerline through the center of gravity, at

distances of 1, 2, 3, respectively, at the chest, waist, and hip levels.
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. 1)
) |——Without corset
===With corset ,'

— Without corset
=== With corset

A

a
Figure 2.1 — Combined outlines of male body scanned without corset
(black solid line) and in corset (red dotted line): a — front view;
b — side view showing the projection measurements required for the
correct positioning of the DT in space

Fig. 2.1 shows that under the influence of the corset, soft tissues move
up and down from the waist area, which leads to a change in posture, diameters
and profile contour.

The fourth component-the value of In - can be calculated using the
methodology of the Department of Garment Design of Ivanovo State
Polytechnic University [140].

Thus, all the components included in (2.1) or (2.2) can be measured or
determined experimentally.

The algorithm for modifying the original standard shapes available in the
modern CAD library into the avatar of historical body is particularly difficult.
To set the DT of a typical avatar in space, it is necessary to know the
coordinates of points located in the middle sagittal plane, and changes in the
position of the body Py, diameters of transverse du. and anteroposterior dan under
the influence of the corset and the position of the body center of gravity. To
determine the coordinates of such points for typical body, obtained cross
sections for each scanned body in the Rhinoceros software, combined them in a
single center of gravity, and then built averaged horizontal cross sections [141].
Fig. 2.2 shows the sets of combined cross-sections at three anthropometric

levels, the scheme for finding the coordinates of the points at the intersection of
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the rays from the center of gravity of the body, and the average girths obtained
from them for typical body. The coordinates of the points and the values of
random errors € were determined according to [141] for a 95% confidence
probability for the sample size n = 35 bodies. The cross sections are given for a
typical male body Y / 180 (height) - 92 ( CG) - 84 (WG) - 95.4 (HG) at the level
of the chest (a), waist (b) and hip (c).

€==+0.95..0.28 cm €=%0.25...0.43 cm €=%0.19...0.79 cm
a b C
Figure 2.2 — Averaging scheme for horizontal cross-section for typical male
body Y / 180 (height) - 92 (CG) - 84 (WQG) - 95.4 (HG) at three level: a — chest;
b — waist; ¢ — hip

ADF for girths, transverse and anteroposterior diameters at the same
levels and the position of the body P, under the influence of the corset was
measured. The measurement results are presented in Table 2.1 and Table 2.2,
detail information in Appendix A.

Table 2.1 — Changing in the girth of men's body under the influence of the corset

Change in the dimensional feature under the influence of the
Bod corset ADF (in the numerator) and the interdimensional interval
No. t;pg according to the Chinese standard [148] (in the denominator), cm
cG 1'mportant WG 1'mportant HG 1'mportant
influence influence influence
1.76 / -1.26/ 2.65/
LY | o ] 1 ’ 0.8 -
2.33/ -2.36/ 1.24/
21 A - 1 ’ 0.8 -
3.20/ -1.13/ 0.86/
3B i 1 i 0.7 i
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Table 2.2 — Changes in the transverse and anteroposterior diameters of male

body and the position of the body under the influence of the corset

Change in diameters ADF under the influence of the corset, cm (in the
numerator-without the corset, in the denominator - with the corset)

B}(:d Chest level Waist level Hip level Position
type CG =92cm WG = 84cm HG = 95.4cm body Py
dusn | A dans |A duaw | A dnw |A deant | A [ dann |A P | A
A 357" 254 7| 208 || 28 " et | 261 78 | 062
B | 317" 358 1" 26 || 225 || 347 | * |55 83 | 0%

Table 2.1 shows that the change in body measurements under the
influence of the corset in eight cases out of nine exceeds the values of inter-
dimensional intervals, which is certainly important for the design of the DT of
soft avatars. Under the influence of the corset, all diameters has changed in the
direction of increase or decrease (Table 2.2), and a decrease in diameters is
characteristic of the waist area. Knowing the changes in the diameters, then
combining the original and modified contours for deforming and adjusting the
solid avatar, as shown in Fig. 2.1 (b).

Thus, the formed anthropometric database of men's body, which includes
the values of changes in girth under the influence of the corset, the shape of their
cross sections and the coordinates of the points of the spinal contour, is
sufficient to build DT and its transformation into soft DT in the CLO software.

Fig. 2.3 shows the examples of Y, A, B three body typies DT in the CLO
software, which the body contour a is under corset, body contour b is without

corset.
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C
Figure 2.3 — Digital twins of historical male body: a— Y type; b — A type; c — B
type

2.3. Graphic structure of men's clothing simultaneously worn in the

late XIX - first half of the XX centuries

According to previously researched literature and real clothing from
museums, it is possible to collect the database needed for a 3D simulation. The

real historical men's clothing as shown in Fig. 2.4.
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C

Figure 2.4 — HCC: a — Russian men's folk shirt; b — European men's coat;

¢ — Slovenia young men's uniform consists of shirt, waistcoat, trousers and
jacket

Fig. 2.5 shows the researchers analyzed and measured the unique

geometric structure, textile materials, and technics.
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a b
Figure 2.5 — Data collection: a — Russian men's folk shirt; b — Slovenia young
men's uniform

Fig. 2.6 shows the location and structure of the professor’s formal coat.

Top fabric

4.Coat {Collar

Top fabric

Collar } 1. Shirt

Top fabric

Collar

Top fabric
Collar “ ¢ 4.Coat

}1. Shirt
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_____________ Waist line

A\
Waistband / Top fahric\
3. Trouser{ Top fabric 2. Drawers{ Waistband
2. Drawers { Walsthar'ld et |
Top fabric 3. Trouser4 Top fabric
Waisthand

Figure 2.6 — Structure of the package materials of the HCC “Professor's formal
coat”
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Fig. 2.7 shows the location and structure of Russian men's folk shirt.

4, Shiri{ Lifih Top fabric | 1, Undershirt

Top fabric }l. Undershirt

% Lini"L_-— } 4. Shirt

3. Trouser{ Top fabric /
2. Drawe{rs { "P;'_OM/
Figure 2.7 — Structure of the package materials of the HCC “Russian men's folk
shirt”

3. Trouser { Top fabric

Fig. 2.8 shows the location of four garments which were formed the

Slovenia young men's uniform.
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Figure 2.8 — Structure of the package materials of the HCC “Slovenia young
men's uniform”
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Fig. 2.9 shows the location of five garments which were formed the

HCC European men's frock coat.

Liming
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Figure 2.9 — Structure of the package materials of the HCC “European
men's frock coat”

2.4. Textile materials for men’s clothing

It 1s very difficult to find modern prototypes of historical textile
materials for the selected HCC. In order to choose the perfect substitute for
historical textile materials, it is necessary to conduct a study in the following
order. First, the design and layer of each piece of men's clothing should be
analyzed. Secondly, it is necessary to establish information about textile
materials from books and historical prototypes to search for modern substitutes
in the DT. Thirdly, it is necessary to select the DT of textile materials in CLO

3D to prepare for virtual reconstruction. This approach will be useful not only
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for traditional museums, but also for 3D clothing technology and new digital
media.

2.4.1. Type of textile materials

Information about the professor's formal coat was very limited, except
for the type of basic material (cloth).

The Russian men's folk shirt was made of one fabric of the top and one
lining fabric (for the waist, sleeves and collar).

As shown in Fig. 2.8 and Fig. 2.9, the Slovenian Youth uniform and
men's frock coat were made of many types of fabrics, such as cotton, silk, wool,
etc., which can allow each garment to have different functions. Throughout this
century, the shirt, trousers, vest, and coat were of various colors and materials.
[24].

To reconstruct HCC, the virtual fabrics were selected according to the
historical fabrics. For example, cotton - for a shirt, cotton pique-for the front of
the vest, silk satin-for the back of the vest, wool-for trousers and coats. In
addition to the fiber composition, it is necessary to take into account the
thickness and physical and mechanical properties [14]. The thickness of the
fabric was different around the torso, so to get a real-looking DT, it should be
known that the construction of each garment and the properties of textile fabrics
used. For example, Slovenian HCC has eight types of upper fabrics.

According to the research of the structures of the selected four HCC, 16
types of textile materials should be studied, as shown in Table 2.3.
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Table 2.3 — Types of historical textile fabrics for selected HCC

HCC No. Type of clothing Fabrics
Professor’s formal coat | 1 Coat Top fabric
. . 2 _ Top fabric
Russian men's folk shirt Shirt —
3 Lining
4 Shirt Top fabric
5 |Trousers, waistcoat, coat Top fabric
Slovenia young men's 6 Trousers, coat L_mmg on trousers
uniform waist and coat sleeves
7 Waistcoat Lining
8 Jacket Lining on bodypart
9 Shirt, drawers Top fabric
10 Trousers Top fabric
11 ) Front
Waistcoat —
12 Back, lining
European men's suit 13 Top fabric, lining on
forepart
14 Paddings on forepart
Coat . : .
Lining on Side, skirt
15 )
and tail
16 Lining on sleeve

2.4.2. Methods of determining the properties

For each textile material of HCC in XIX century, the information could

be find was limited. Here are two methods for us to speculate the contemporary

fabrics which are similar with historical fabrics:

1. Finding properties from report of museum or historical books (fiber

content, type and density).

2. Simple testing and measuring of real historical men’s clothing such as

fiber, thickness, weave and thread count (linear density).
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Results from the 1°" method

According to the report of museum, the information of textile materials

of Slovenia young men's uniform was shown in Table 2.4. (the number of each

fabric are same with Table 2.3.

Table 2.4 — Information about historical textile materials for the Slovenia young

men's uniform and its contemporary substitutes

Contemporary
Historical prototype analog from CLO
3D library
HCC No. Weieh
i Thickness, c1g t Fibre,
Fibre mm (density, density. o/m>
g /mZ) Yy, &
4 Cotton 0.6 163 Cotton, oxford, 165
5| Wool | 1957 | 1922 |Wool worsted, 160

- 200

Slovenia young

men's uniform | 6 | Cotton 0.478 120.8 Cotton, poplin, 125
Cotton 0.475 192.3 Cotton, twill, 191
Cotton 0.474 193.4 Cotton, twill, 191

The density of the tissues was calculated using the Emanuel method

(1920) [33]. Based on these three main properties (fiber composition, thickness,

density), similar modern textile materials were selected.

Information about the textile materials of European men's clothing can

be found in historical books. Table 2.5 shows the results of choosing modern

fabrics instead of historical ones (the numbers of each fabric coincide with

Table 2.3).
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Table 2.5 — Information about historical textile materials for the European men's

suit and its contemporary substitutes — Part 1

Contemporary
Historical prototype analog from
CLO 3D library
HCC | No. Weight
Fibre Type (density, F.1bre, 5
o/m?) density, g/m

Linen, half-bleached,
madras, percale,
oxford, white

Cotton, linen,

9 | Cotton/Linen 107.39 percale,

: 103~113
cambric
Usually lighter in
weight than for the
10 coat,. high quality Wool, worsted,
& Wool wool, jersey-weaves,| 337.85
. ) 150~337.84
11 merinos, doeskins,
cassimere,
European Ferseyrnere, ratiné
men's suit Silk sa;clm or brocade, o .
) and cotton in Silk, brocade,
12 S fifferent weaves and| 5207 83.33
finishes
Superfine wool, Wool, worsted
13 Wool worsteds, cassimere,| 506.79 melton,
tweeds, vicunas 300 ~ 506.67

Canvas, cotton and

14 Linen . ) - -
linen mixtures

15 Cotton - - -

16 Cotton - - -

* Results from the 2" method

Indicators of the properties of the five fabrics (No. 1- No. 3, No. 14 - No.
16, Table 2.3) cannot be determined using the first method, so they used
instrumental methods to determine the fiber composition, thickness, weave, and

fabric count.

87



Fig. 2.10, a presents the cloth thickness gauge for measuring the fabric
thickness. This tool has an error of = 0.01lmm. Fig. 2.10, b presents the 8-fold
fabric analyzing glass for observing the weave and fabric count. Cotton and
wool fabrics are expressed in terms of metric density, that is, the number of
warp or weft yarns within a width of 10 cm [142]. For example, 236%220 means
that the fabric has a warp density of 236 threads/10 cm and a latitudinal density
of 220 threads /10 cm.

Figure 2.10 — Tools for measuring: a — thickness gauge; b — fabric
analyzing glass

Table 2.6 presents the results of No. 1 to No. 3 and No. 14 to No. 16
historical fabrics and their modern analogues.
Table 2.6 — Information about historical textile materialsfor the Russian men's

folk shirt and European men's frock coat and its contemporary substitutes — Part
2

Contemporary analog from CLO

Historical prototype 3D library
No. Fibre Thickness Weave L1ne.ar Fiber, thickness, density
(mm) density

2 |Cotton 0.45 Plain | 100x110 | Cotton, canvas, 0.46mm, 227 g/m?
3 |Cotton 0.19 Plain | 320%260 | Cotton, muslin, 0.19mm, 100 g/m?

55% linen, 45% cotton, plain,
0.35mm, 162.5 g/m?

15 |Cotton 0.34 Twill | 320290 |Cotton, twill, 0.35mm, 189.19 g/m?
16 |Cotton 0.21 Plain | 320x260 | Cotton, plain, 0.21mm, 100 g/m?

14| Linen 0.34 Plain | 130x110
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2.4.3. Selection of textile material in CLO 3D for virtual reconstruction

After comparing historical information about textile materials with
modern analogues in virtual software, the DT were determined. The selected DT
textile materials from the CLO 3D library as shown in Table 2.7.

Table 2.7 — Properties of digital textile materials in CLO 3D

Weight Thickne|repgile strength, g/s? Bendng stzlffness,
No.| Type | Nameof DT | (density, Ss g/mm? /s? /grad

g/im?) (mm) | Warp Weft Warp Weft

1 | Knit Ponte Knit 330.9 | 0.86 |112,983 | 286,453 | 3000 2500
Jersey

2 | Cotton | Cotton Canvas 238.9 0.46 | 823,217 | 613,716 | 10000 5000

3 | Cotton | 40s Chambray 103.1 0.23 | 486,772 | 378,944 | 1078 750

4 | Cotton | Cotton Oxford 165 0.37 | 440,584 | 217,880 | 1289 1445

5 | Wool [Super 120s Wool 157.5 | 1.9 | 182216 165263 | 976 976

6 | Cotton | 40sStretch 15 5 1 653 | 502405 | 114,036 | 1835 | 585
Poplin

&78 Cotton | Cotton Twill | 190.8 | 041 |493.986| 231271 | 3000 | 1800

9 | Cotton | 08 Cotton 105 | 021 |356,091| 280,769 | 1289 | 938
Poplin

10

& | Wool [Coatweight Twilll 345 0.84 | 489,034 | 368,706 | 1300 1300
11

12| Silk |Silk Charmeuse | 81.1 0.19 | 48,714 | 9672 375 156

13| Wool |Coatweight Twill 345 0.84 | 489,034 | 368,706 | 1300 1300

14| Linen Linen 1734 | 036 |799,917 | 215456 | 1500 850

15 | Cotton Cotton 189 0.35 |1700,000| 1700,000| 4500 2200
Gabardine

16 | Cotton | 50s Cotton Poplin 105 0.21 | 356,091 | 280,769 1289 938
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2.5. Structural arrangement of clothing

In order to reconstruct historical costume with high-precision, it is
essential to know the methods of pattern drafting, sewing and shaping, including
the special knowledge related to craftsman skills which have been lost in the
past.

Professor’s formal coat

The main material for making coat 1s knitted. When building a structure,
should take into account the features of the fabric. For better shaping, the main
parts were duplicated with serpentine. Lining was used on the collar and sleeve
cuffs.

Russian men's folk shirt

Fig. 2.11 shows the inside-out of the shirt. The lining was used on collar,

sleeves, front and back body part. All seams are hidden by exquisite

craftsmanship.

a b C
Figure 2.11 — Inside-out of Russian men’s folk shirt of the XIX century: a —
front view; b — collar; ¢ — armpit

Slovenian youth uniform

The shirt of the uniform is light grey with long rever. The neckline with
a trim should be closed to the chest with three red buttons on each side (Fig. 2.4,
a). The back is longer than the fore and is etched in a arc at the bottom. There's a

crack in the bottom on either side.
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The inside of the trousers is lined with a striped cotton fabric in the
waist.

The waistcoat is lined with a cotton fabric of grey color, and both sleeve
and collar cuts have gold-grey colour binding tape (Fig. 2.4, b).

On each side of jacket has breast pocket, which is made of linen of
natural color. Fig. 2.12, a shows the inside-out of the jacket. It coud be seen that
the body part was lined with a cotton cloth of dark grey colour, the sleeves was
lined with a striped cotton cloth. There is a linen base in the bottom of the sleeve

between the top fabric and the lining of the sleeves, and many parallel stitches

on the collar as shown in Fig. 2.12, b.

a b
Figure 2.12 — Slovenia young men's jacket: a — inside-out; b — stitches on half
collar

European men's frock coat

To study the methods of frock coat shaping under influence of pattern
block drafting and sewing technique, the real history men’s coat which were
made in 1900s from Garment Design Department (IVGPU) collection has been
borrowed to obtain the knowledge about the technique. It should be noticed that
the coat has shoulder pads, sleeve head and the 2~3 layers of interlining to adapt
the shape of frock coat to male body in a good look.
Combining with the previous investigated in subchapter 1.2.4., method of

shaping for each garment of European men's suit could be get.
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Conclusion after Chapter 2

1. Using body scanning technology, an anthropometric database was
created for converting solid-state avatars into soft-body digital mannequins. The
database includes sections of the chest, waist and hip, their diameters, and the
size of changes in the position of the body for typical bodies under the
compression influence of corsets.

2. The historical database of selected HCC has been developed,
including information on clothing design, historical textile materials, and their

modern counterparts.
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CHAPTER 3. METHODS OF IDENTIFICATION THE DIMENSIONAL
ACCESSORIES, HIDDEN PROJECTED DESIGN AND
TECHNOLOGICAL TECHNIQUES IN HISTORICAL PATTERN

The results obtained in this Chapter was published in two papers [162-

163].
3.1. Material of research
3.1.1. Software
Software used in this research:
- ET CAD (BUYI Technology, China) for drafting historical men’s coat
pattern block.

- CLO 3D and Marvelous Design the visualization of HCC.
- Rhinoceros for measuring the thickness of clothes textile fabrics and

anthropometrical data of the avatar.

3.1.2. Objects of reseaech

The objects of the research were taken as:

- preserved HCC in the form of coat in the late XIX - early XX
centuries;

- 47 patterns of real HCC based on man's coat;

- digital twins of textile fabrics from 3D CAD library;

- five patterns of the historical men's coat for working out the technology
of calculating ease allowance to body measurement;

- pattern of man's coat of the 1740s for checking the technology of

dimensional identification.

93



3.2. Method of pattern reconstruction of partly saving HCC

In this subsection, method for reconstructing pattern based on the
preserved HCC (Figure 2.4, b) was developed. This method does not affect the
integrity and safety of historical clothing, which is useful for reconstructing the
history of clothing.

There are three method for reconstructing clothing pattern [143-145]:

1. The disassemble and iron method, disassemble the whole prototype
clothing, spread each piece and iron it flat, the pattern could be duplicated
completely. Although this method with high precision, but it is not applicable to
precious historical clothing;

2. The rub-off method, with the help of tools such as calico, pin, wax
flake, tailor’s chalk, etc., cover the calico on the prototype clothing and rub, to
duplicate the pattern of each piece the clothing without taking it apart, and
record clothing details. This method will not destroy the prototype clothing, but
low level of precision.

3. The plane measurement method, measure the size of each piece (width
and length) of the prototype clothing, and then drafting the pattern based on
them. However, this method has two problems. Firstly, the pattern drafting
method of the original clothing should be known. Secondly, even if a similar or
same size pattern could be drafted, it is still difficult to draft the exact shape and
line of the prototype clothing as well as the shape and structure;

4. The masking tape method, put the prototype clothing on a flat desk,
use masking tape and paper to paste each part of clothing. After that, remove
them from the clothing, and place them on the paper with the adhesive side
facing down, thus the pattern of each part could be obtained. This method takes
a short time and simple to operate, can mark the exact seam line.

After comparing the above four methods, the fourth method was chosen
for duplicating the pattern of real history men’s coat, and a new coordinate

measurement method was developed for simultaneous work. To develop the
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method, a historical men's coat made in the late XIX - early XX centuries was
taken from the collection of the Ivanovo State Polytechnic University (Fig. 2.4,
b). Before starting the work, the original shape was carefully studied. This coat
has a straight silhouette, does not have complex draperies, the direction of the
warp thread and weft can be easily identified on the fabric, and its structure is
easy to mark. The style is completely symmetrical, so the pattern can be
reconstructed only one half, but to improve the accuracy of the reconstruction,
the left and right parts were scanned. The masking tape with a width of 1.5 cm
and 2.5 cm, A4 paper and millimeter paper were used.

The duplication algorithm was as follows. First sheet of paper slightly
smaller impose on the item; then duct tape the correct width (in accordance with
the portion size and the curvature of the edges) fixed it, just focusing on the
seam line on the outer edge of this part. The edges of the adhesive tape should
be superimposed on each other, so that it is easier to remove it later, without
tearing it apart. When the paper is attached around the perimeter, the paper part
is separated from the coat, laid with the sticky side down on the millimeter paper
in a smooth state. Turn the paper over and use a polishing tool to remove all air
pockets.

Fig. 3.1 shows, as an example, the positions of the side piece of coat and

its paper counterpart, laid on the plane of the table.
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a b
Figure 3.1 — The side piece of coat, duplicated with paper and
masking tapes, during working and after laying the paper on the plane:
a - tracing the coat; b-placing the twin on millimeter paper

According to the characteristics of the under sleeve pattern, the Cartesian
coordinate system was established by defining the point bo as the starting point

and two lines through it - the Y and X axes (Fig. 3. 2).

Y,

an
47.5
a / \\ bis

as / /b‘
a i’ /hn
a f /h-.
] &
ol 4

[ - 0O (bo)
| x

a b C
Figure 3.2 — Method of duplication: a — masking tape; b — coordinate
measurement method; ¢ — the final pattern after averaging the measurement
results of left and right pieces
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To accurately reconstruct the pattern of the piece of the HCC, parallel
reference lines were plotted on the coordinate grid with an interval of 2.5 cm.
The intersection of the left and right contours and the parallels were marked as
reference points ai, ax..., a9, b1, ba..., bio, respectively. The four vertices were
marked as ao, bo, ¢, d, respectively. In addition, the concave point of the hemline
e was marked. The coordinates of each point were obtained by measuring the
distance between the point and the X, Y axes. Therefore, the structure of the
piece can be transferred to millimeter paper by connecting adjacent reference
points with smooth curves, as shown in Fig. 3.2, b.

Thus, the two patterns - left and right, generated with masking tape (with
the reference points indicated, Fig. 3.2, a) and coordinates-were superimposed in
the same coordinate system by combining both lines of the bottom of the
sleeves. The final pattern was reconstructed from the average coordinates of the
reference points on each parallel of the two drawings, as shown in Fig. 3.2, b.
Thus, the pattern of each part of the historical men's coat could be duplicated bt
using this method with increased accuracy.

According to this scheme, scans of all the details of the coat were
obtained. The resulting parts were digitized and Fig. 3.3 shows the complete set

of men's coat pattern in CAD.
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Figure 3.3 — Screenshot of the complete set of pattern of the coat in CAD:
a - details of the top fabric; b - details of the lining; ¢ - paddings

3.3. Method of non - contact measuring of the fabric thickness during

virtual reconstruction

The aim of this research is to develop a method by using three-
dimensional visualization programs to determining the thickness of the textile
fabrics. The study used patterns of shirt, drawers, trousers, and waistcoat from

the historical manual [93].

3.3.1. Generation of the avatar of historical male body

To determine the body measurements of avatar as the historical male
body, the following experiment was conducted. From the historical pattern
manual for clothing design, the most common typical male body was selected,

for which the pattern drafting method was given, with the following
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measurements used in calculating the pattern: height 66 inches (167.64 cm),
chest girth 36 inches (91.44 cm), waist girth 32 inches (81.28 cm).

However, these measurements need to be adjusted for two reasons:

1) the influence of undergarments textile fabrics, since measurements of
male body were took over waistcoat and trousers at that time, From these
measurements, it 1S necessary to remove the increase in the thickness of the
package of materials: at the level of the chest circumference -5.25 cm, waist
circumference -7.06 cm

2) changing of male body due to wearing corset. Under the influence of
the corset, according to previous research (see subsection 2.2), the average chest
girth increases by 2.33 cm, and the waist girth decreases by 2.36 cm (data were
obtained for body type A according to Chinese typology).

Thus, the avatar of historical male nude body with height 167.64cm,
chest girth 88.52cm and waist girth 71.86 cm was finally generated,
corresponding to the Y type. The avatar of historical male body was
reconstructed according to the main body measurements, and the values of all
measurements, including those used in historical manuals (No. 8-10, No.13,

No.14) as shown in Table 3.1.
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Table 3.1 — Body measurements of the avatar of historical male body

No. Body Scheme Symbol Value, cm
measurements

1 Chest girth; b CG: 88.52

Waist girth; EL_» WG, 71.86
3 Hip girth; | i ) HG 87 44
4 Arm girthy ¥ B AG 28.32
5 Back width; ' l BW, 31.99
6 | Back length BL, 36.41
7 Front width; FW, 33.76
8 Front shoulder; FS: 26.85
9 Over shoulder; (ONT 39.77
10 Blade; B 27.89
11 | Neck diameter ne=T ND; 12.09
12 | Shoulder length; TR SL, 12.46
13 Depth of scye - DS; 11.02
14 Width of scyei WS, 12.04

Notes. 1. No.8 “Front shoulder;” is the length from the back neck point to front armpit
through side neck point; 2. No.9 “Over shoulder;” is the length from the center of back chest
to front armpit through shoulder; 3. No.10 “Blade;” is the length from the center of back chest
to front armpit through profile torso; 4. No.13 “Depth of scye;” is the vertical distance
between the shoulder point to the axilla; 5. No.14 “Width of scye1” is the horizontal distance
between front and back armpit.

3.3.2. Recalculation of the textile fabrics thickness

Since the XIX century, human body were measured with tape over
clothes, the measurements included the sum thickness of the textile fabrics and
air gaps which formed between types of clothes with different volumetric-spatial

shapes. Therefore, the measuring results of the body girth took by tape
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contained three values at least: body measurements + sum thickness of the
textile fabrics, including possible folds that occur when the body is measured

with measuring tape, + air gaps, so the measurement results could be written as

BMo = BM + 3T + TAG, (3.1)

where BMo is the result of girth measuring by tape around the body in
underwear and some clothes such as waistcoat; BM 1s body measurement; ) Ttr
is the sum of thicknesses of textile fabrics, cm; ) AG is the sum of air gaps
which formed between body and undergarments, as well as between the layers
of textile fabrics, cm.

In general, ) Ttr could be defined as follows:

1) summing the thickness of single textile fabric ) Ttr1 measured
separately according to subsection 2.4;

2) measuring the thickness of all textile fabrics ) Ttr2 simultaneously.

Obviously, ) Ttr1 <) Ttr2 is due to the influence of the surface texture
and air gaps, it was not equal to simple arithmetic sum. The both methods
cannot be applied to obtain initial data and subsequent visualization of historical
clothes, because the formation of four types of clothes with different spatial
volume, and the thicknesses of clothes which worn simultaneously cannot be
calculated by simple summation directly. Fig. 2.9 shows the scheme of forming
the total thickness (O Ttr + ) AG) about all types of clothes - shirt, drawers,
trousers, waistcoat - dressed up in sequence.

To measure the thickness of textile fabrics, virtual environment was
chosen, in which the procedure for measuring the male body with tape was
simulated with slight compression of clothes. Four types of clothes were worn
on the generated digital twin, and in this position, all fabrics were compulsorily
compressed until it fit snugly against the surface of the avatar, pressed against
with each other, and maximally removed air gaps from all layers. As analogues

of historical fabrics, contemporary fabrics were taken from the library of the
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Marvelous Designer software. The procedure was performed using the
“Pressure” function in the following modes: Thick Textured Surface and
Transparent Surface.

Fig. 3.4 shows the stages of transformation for virtual twin, first to

transparent fabrics, and then to the version with minimal air gaps ) AG.

a C
Figure 3.4 — Stages of sequential transformation: a, b — basic virtual twin and
transparent form with air gaps; ¢, d — systems without air gaps

As shown in Fig. 3.4, c, d all layers of clothes were tightly fit to the
avatar due to the compression of textile fabrics. The last virtual twin (Fig. 3.4, d)
can be considered as an analogue of a real historical body during its
measurement by the tailor. The horizontal cross-section at the main
anthropometric levels of this virtual twin were obtained. Fig. 3.5 shows the
variants of the initial section which prepared for measuring the girth of each

level.
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— Body

— Drawers
—— Trousers

Figure 3.5 — Cross-section of the "avatar + HCC" system after pressing the textile
fabtics to the surface of avatar with minimal air gap: a — chest; b — waist; ¢ — hip

The perimeters of the obtained sections were measured in Rhinoceros
software, and the results were presented in Table 3.2.

Table 3.2 — Avatar’s body measurements over waistcoat with minimal air gaps

No Increment from
Measurement Symbol Value, cm original nude avatar
CG2- CGy
1 Chest girthy CG2 95.05 6.53
2 Waist girth, WG, 78.39 6.53
3 Hip girthy HG2 93.93 6.49
4 Arm girth, AG2 31.09 2.77
5 Back width» BW, 34.49 2.5
6 | Back length, BL» 38.02 1.61
7 Front width» FW» 35.24 1.48
8 | Front shoulder FS> 30.02 3.17
9 | Over shoulder OS2 43.08 3.31
10 Blade> B 30.25 2.36
11 | Neck diameter ND> 14.01 1.92
1o | Shoulder SLa 12.79 0.33
length,
13 | Depth of scyez DS> 12.58 1.56
14 | Width of scye» WS 12.74 0.7

It is clearly to see that the biggest increment is the girth measurement.
According to the data from Table 3.1 and 3.2 the sum thickness of the textile

fabrics can be calculated by the formula

S Tres = (CG2— CG1) /2 m (3.2)
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where CQ 1s the girth of nude avatar, CQG: is the girth of the "avatar +
tight-fitting clothes with minimal air gaps" system.

To get the sum thickness of the textile fabrics under other measurements
- widths, arcs - instead of the angle value 2 &, the central angles could be use.

The sum thickness of the textile fabrics was measured using the
Rhinoceros software at the same time. Sections of the avatar and the airless
system with known girths and perimeters (Fig. 3.5) were converted into
cylinders with the same perimeters in the CLO 3D software, for example, CG,
WG@G:, HG3, and the selected textile fabrics were simulated around the cylinder.
Saved files in the format .obj was exported to the Rhinoceros software, in which
the sum thickness ) Ttr2 was measured, equal to the difference between the radii
r2-rl.

The cylinder in the Marvelous Designer software and the scheme for
measuring the sum thickness of textile fabrics with predefine minimum air gap

as shown in Fig. 3.6.
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Figure 3.6 — Method of measuring: a — a cylinder with the same textile fabrics at
the waist level; b —measuring the the sum thickness of textile fabrics and
minimum air gap in the program Rhinoceros

Table 3.3 shows the results of calculating the thickness of textile fabrics
by different methods:
1) > Ttr1 by addition the thicknesses of flat samples of raw textile fabrics

according to subsection 2.4;
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2) ) Ttr2 was measured in Rhinoceros software;

3) > Ttrs was measured in Marvelous Designer, Rhinoceros software and

calculating by the formula (2).

To simulate the thickness of multilayer textile fabrics with air gaps,

which can be used to reconstruct historical costume complex, the coefficient of

filling the textile fabrics with air gap K was proposed, which shows the increase

in the thickness of multilayer textile fabrics due to the air gaps formed inside. It

can be calculated by the formula

Ka=) Tt/ ) Ttr

(3.3)

Table 3.3 — Thickness of textile fabrics measured by different methods, cm

Thickness of textile fabrics for Coefficien
different calculation methods, cm | Thickne | t of filling
Structure and taking into account the | ssof | the textile
Level | thickness of ZTTFI. air gaps the air fabrics
gap
textile fabrics exclqdln Rhinoceros | ) Ttez by | gap, with air
gat program | equation cm gap Ka,
£4ps > TR (2) cm/cm
Shirt (0.021) 0911+
Chest | + lining of 0.124= 1.04
waistcoat 1.035
0.019) + 0.124 1.0375 8.37
e 0911+
Waist . 0.124= 1.04
waistcoat 1.035
(0.084)) '
Shirt (0.021)
+ drawers
Hip (0.021) + 0.126 0'996+0'12 1.03 1.031 8.18
6=1.032
trousers
(0.084)
drawers
: (0.021) + 0.631+0.10
Thigh N 0.105 5-0.736 0.74 0.738 7.03
(0.084)

From Table 3.3, it could be seen that the values of textile fabrics

thicknesses calculated in the virtual environments ) Ttz and ) Trtr3 are very
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close to each other, therefore these value could be averaged. However, they have
significantly different from the sum thicknesses of ) Ttr1 from the publications,
which does not contain air gaps.

Table 3.3 shows the values of the coefficient Ka were 7.03 for two-
layers fabrics, and 8.18 ... 8.37 for three-layers fabrics.

The obtained results were extremely important for virtual reconstruction
of realistic digital twins. Only use the thickness of textile fabrics in the software
library as the source data for the reconstruction of multi-layered historical
clothes, the sum thickness will not contain air gaps and less than the real one. It
will lead to distortion of the three-dimensional shape of the virtual twin of the
costume complex and discrepancy with the shape of the historical prototype.

To evaluate the effectiveness of this approach, a virtual twin was
previously reconstruted from the same textile fabrics, and using the Ka
coefficients from Table 3.3 to form air gaps between them. Both virtual twin are

shown in Fig. 3.7.

a b C
Figure 3.7 — Virtual twins of the historical costume complex obtained by
forming all textile fabrics: a — simply summing the thicknesses of the original
fabrics; b — adding air gaps between each layer; ¢ — Overlapped two contours,
the twin is highlighted in red of (b)
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Obviously, the second virtual twin (Fig. 3.7, b) looks more realistic due
to the increased proportionality of the clothes and the reduction of air gaps.
Thus, calculated the thickness of textile fabrics by using the Ka coefficient could
increase in the degree of realism of virtual twin as shown in Fig. 3.7, b.

Combining the silhouettes of both twins, quantitative differences could
be established, which due to the increasement of the all types of clothes volume.
It could be found that there was increase in the seat depth of the trousers by a =
1.5 cm and smoothing of the side contour by b = 0.7 cm. After making detail
adjustments to the silhouette in several places, the identity between the virtual
twin and its historical prototype could be achieved.

Consequently, the thickness of the textile fabrics and air gaps should be
considered when the multilayer clothes was reconstructed in virtual
environment, which can be calculated by using the coefficient of filling the

textile fabrics with air gap Ka.

3.4. Methods of graphic-analytical reconstruction of constructive methods

of shaping, designing in historical pattern

An ease allowances and an indicators of the textile fabric property is the
main type of digital information for parameterization and simulation of the
three-dimensional shape of historical clothes. Ease allowance is indicator of
artistic and design features of individual sections of the three-dimensional form
of clothes, its construction and, as shown above, the content of the textile
fabrics. Therefore, according to the thickness of textile fabrics, increments in the
patterns are most important initial data for reconstruction and verification of its
validity.

To 1illustrate the effect of ease allowance in the variability of the
historical clothes shape, the selected patterns of coat were overlapped as
follows: detail of the back - at the top of the middle line, coinciding with the

spinous process of the seventh cervical vertebra (BNP), and detail of the forepart
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and skirt - along the front middle line at the point corresponding to the cervical
point in front (FNP). Fig. 3.8 shows the overlap of back and front parts of the

historical men’s coat pattern.

Gibson 1913
Gibson 1913

Selden 1895

Figure 3.8 — Schemes of patterns of men's coat (the time of drafting was
indicated on the skirt)

As shown 1n Fig. 3.8, the patterns which were drafted almost at the same
time but have significant differences in silhouette and internal lines: shoulder,
armholes of the forepart, neck, connections of the forepart and skirt. The
different arrangement of five coat patterns relative to the anthropometric points
of the male body is associated with the sewing technics, especially the method
of shaping during heat-moisture treatment. Feature of the lines can be described
by the relationship with anthropometric points - shoulder, back neck, front neck,
armpit front, and others - with the help of ease allowance. It is clear to see that
in Fig. 3.8, in additions to the slope of shoulder lines, the neck width of the
forepart, the width of the chest and the depth of scye was also different.
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3.4.1. Ease allowance for shaping historical men's coat in the late

XIX - early XX centuries

To calculate the ease allowance, the method of anthropometric net (AN)
was used to analyze the [146]. The surface of the avatar's torso was marked with
anthropometric points and the lines of the chest, waist and hip, on the basis of
Flatten function in Marvelous Designer software to obtained AN. Fig. 3.9 shows

the screenshot of avatar and generated scan of its torso in Marvelous Designer

software.

Figure 3.9 — The screenshot of the avatar and flat scan of its torso - AN

The selected patterns were drafted in scale 1: 1. The location of
anthropometric points and lines of the AN and corresponding ease allowance as

shown in Fig. 3.10.
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Figure 3.10 — The location of anthropometric points and lines: a — back;
b — front; ¢ — armhole
Table 3.4 presents the marking points, lines which were used in Fig.
3.10.
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Table 3.4 — Symbols of AN in Fig. 3.10

Groupe of

Symbol Definition
symbols
BNP Back neck point
SNP Side neck point
Anthropometric FNP Front neck point
points APB Armpit back
APF Armpit front
SP Shoulder point
al, a2, a3 Width along the chest level
bl, b2, b3, b4 Width along the waist level
cl,c2 Width along the hip level
Back length Distance between BNP to waist level
Back lengthl Distance between SNP to waist level
Back width Distance between APB to the central of back
Body Shoulder
measurements Distance between SNP to SP
length
Front width Distance between APF to the central of front
Bag?;ﬂ?g:k Girth between SNP to BNP
Depth of scye Distance between SP to axilla
Width of scye Width between APF to APB
Patterns Neck diameter Width between left and right sides SNP
measurement
EBack length To the distance between BNP to waist level
To the distance between APB to the central
EBack width
of back
Ease Eshoulder length To the.distance between SNP_ to SP
allowances ENeck diameter To the width between left and right SNP
To the distance between APF to the central of
EFront width fi
ront
EDepth of scye To the distance between SP to axilla
Ewidth of seye To the width between APF to APB

The patterns which were drafted from the end of the XIX - beginning of

the XX century and measured by applying historical and contemporary body

measurements. The wearer’s body measurements as shown in Table 3.1. Table

3.5 shows the measurement results of the coat patterns.
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Table 3.5 — Results of measurements of men's coat patterns

Position of

Dimension of pattern, cm

No. measurements Symbol
4 PBl | PB2 | PB3 | PB4 | PB5
| Widthalongthe | pp 03 8110632 | 101.78 | 109.87 | 103.80
chest level
o | Widthalongthe | pp 1 930> | 9699 | 91.81 | 99.56 | 92.43
waist level
3 | Widthalongthe | pp o153 94| 128,10 | 117.50 | 118.64 | 113.01
hip level
4 Back width PBsw | 38.73 | 40.43 | 38.04 | 39.74 | 39.23
5 Front width PBrw | 43.95 | 42.55 | 42.46 | 45.67 | 43.31
6 Back length PBs. | 42.67 | 45.03 | 42.75 | 42.87 | 41.43
7 | Neck diameter | PBwp | 16.03 | 15.10 | 15.65 | 15.26 | 14.06
8 | Shoulderlength | PBs. | 15.23 | 16.16 | 15.03 | 18.34 | 17.80
9 Depth of scye PBps | 16.69 | 18.19 | 16.17 | 15.48 | 15.93
10 | Width of scye PBws | 12.85 | 13.37 | 13.07 | 11.96 | 12.76
11 | Armholelength | PBar | 44.92 | 4939 | 43.79 | 41.19 | 42.70
Front shoulder
12 CARFVE) PBrs | 34.32 | 36.18 | 33.38 | 32.73 | 32.62
Over shoulder
13 (BW-+ZK) PBos | 47.20 | 51.04 | 46.24 | 44.01 | 45.29
14 Blade (BK) PBs | 30.91 | 32.85 | 30.51 | 32.37 | 30.79

Among these measurements, No.9 cannot be measured directly on the

pattern, it needs to imported the digital twin of “avatar - costume” system into

Rhinoceros to measure the vertical distance between the shoulder point to the

axilla of coat. As for historical measures, No.12 front shoulder is arc through the

shoulder ramp in front (AR+VK), No.13 over shoulder is arc through the
shoulder ramp in the back (BW+ZK), No. 14 blade is BK as shown in Fig. 3.11.
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Figure 3.11 — Measurements used in the end of the XIX - beginning of the XX
century

The total value of ease allowance, which contains all types of increases -
for the sum thickness of textile fabrics, air gaps, fashionable - can be calculated

by the formula, for example for the ease to the chest girth:

Ecc =PBcg — CGi (3.4)

where Ecc is the total ease allowance to the chest girth, PBcc is double
width of the pattern along the chest line, and CG; is the body measurement
“chest girth” measured by the nude avatar’s body. Such scheme of ease
calculation is using in modern design and it can be used for the purpose of
reconstruction.

The historical ease allowance which was used by the tailors to draft the
patterns and it can be calculated by the formula, for example for the ease to

chest girth:

Ecch =PBcc — CG2 (3.5)

where Ecacn 1s the historical ease allowance to chest girth, PBcg is the
doubled width of the pattern along the chest line, and CGa is the “Chest girth”,

measured over clothes that worn under the coat.
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According to formulas (3.4, 3.5), the ease allowance of both type and

calculated for all body measurements. The detail values of ease allowance of

Ecc and Ecgh was shown in Appendix B.

Table 3.6 — Values of ease allowance

Average value of ease

historical total amount Ratio Related
1s. orical, which can be between | Difference
.. which was tol cm
No. | Position used for ease A
used by L length
i historical allowance
the tailors ) A/BMhn
reconstruction | Ecg / Ecn
Ecacn E
CG
p | Tochest 10.08 16.6 1.65 6.52 0.074
girth
o | Towaist 16.37 22.9 1.40 6.53 0.091
girth
3 | Tohip 26.27 32.8 1.23 6.53 0.075
girth
4 | Toarm | 44 16.1 121 279 | 0.099
girth
5 | Toback /-, 72 1.52 246 | 0.077
width
¢ | Toback 4.93 6.5 1.32 1.57 0.077
length
7 | To front 8.35 9.8 1.17 1.45 0.043
width
g | Tofront 3.83 7.0 1.83 3.17 0.118
shoulder
g | Toover 3.68 7.0 1.9 3.32 0.083
shoulder
10 | To blade 1.24 3.6 2.9 2.36 0.083
11 | Toneck 121 3.13 2.59 2.9
diameter
To
12 | shoulder 3.72 4.1 1.1 0.38
length
13 | Todepth | 5, 5.5 1.41
of scye
14 | Towidth |5 ¢ 0.8
of scye
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Table 3.6 shows that the average difference between the ease allowances
1s quite significant.

To check the accuracy of the influence of the obtained results, based on
the historical pattern drafting method of PB1 [93], reconstruction of the men's
avatar coat with dimensional features from the Marvelous Designer program
was performed. Images of virtual coat doubles and their combined outlines are

shown in Fig. 3. 12.

a

Figure 3.12 — Digital twins of the coat generated based on PB1: a — ease
allowance by formula (3.5) used by historical tailors from manuals; b — ease
allowance by formula (3.4) used to reconstructed for contemporary body; ¢ —

overlapping contours of two types of ease allowance

Ecc calculated by equation (3.4) is bigger than Ecgn calculated by
equation (3.5), so the coat with Ecagn (Fig. 3.12, a) 1s tight and the coat with Ecg
(Fig. 3.12, b) is loose.

Thanks to the use of transparent materials in Fig. 3.12. it was possible to
find that due to different values of increments, air gaps of different sizes were
formed between the avatar and the coat. Obviously, for a nude avatar, using
formula (3.4) for reconstruction will provide better conditions for
proportionality and a balanced fit. This digital twin has broad shoulders, narrow

waist, and accentuated longer and more muscular torso (Fig. 3.12, a). From the
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superimposed contours, it was possible to see the differences between the side
contours and the inner lines, especially in the configuration of the lapels and
collar, which arise under the influence of the thickness of the textile fabrics and

air gaps.

3.4.2. Algorithm for recalculating the main ease allowance in historical

pattern, taking into account the typology of modern body

In general, historical reconstruction is performed on contemporary body
of different sizes, and not only on the pattern which from historical manuals
directly. Therefore, the gradation of ease allowance is very important, which
increase or decrease were depended on the body size.

The method of adjusting historical ease allowance for men's shoulder
clothes (overcoat, tailcoat, frock coat) design, which based on the recalculation
for a new body dimensions was proposed. For calculation, the size variants of
historical and modern body, the recommend design ease allowance from
historical manuals, and a coefficient that takes into account differences between
the same body measurements should be known. The coefficient can be

calculated by the formula

k=A/BMn, (3.6)

where k is the coefficient of quantitative differences between the same
body measurement in different anthropometric software; A - the difference
between the body measurements measured by historical and modern
anthropometric software, for example, A = Ecc — Eccn; BMh - the body
measurement of the historical body, cm.

The values of the coefficients k as shown in Table 3.6.

The coefficients k can be used to develop new patterns which were
needed for reconstruction of historical clothes. For contemporary male body
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with different body measurements from the historical analogue, the new ease

allowance can be calculated by the formula

Em=En+BMn (A/BMh), (3.7)

where Em is ease allowance to body measurements of contemporary
male body, m - measurements, cm; Ep - ease allowance to body measurements
of the historical body, BMy from the historical manuals for design clothes, cm;
BM, - body measurements of contemporary male body, cm.

For example, a contemporary male body with chest girth of 100 cm. The
historical pattern was designed for body with chest girth of 88.52 cm. It can be
found that the coefficient k, which quantitative differences in chest girth 1s 0.074
Substituting values in (3.7), the value of the ease allowance of 10.08 + 100 -
0.074 = 17.48 cm could be calculated. Thus, the basic net width of the coat
pattern for reconstructing should be (100 + 17.48)/2 = 58.74 cm (in the historical
initial pattern, the width along the chest line was (PB1 + PB2 + PB3 + PB4 +
PB5 ) : 2= 52.57 cm). Thus, for modern body, the width of the base grid of the
historical pattern must be increased by 58.74 - 52.57 = 6.17 cm.

The formula (3.7) can be used to calculate and check all structural
sections and, first of all, those for which outdated body measurements were
used. In formula (3.7), sign “+” should be used when the body measurements of
the contemporary male body bigger than the historical analogue, and sign “-” if

less.

3.5. Identification of the body measurements in historical pattern

In the pattern manuals which published before the 19" century, which
lack of many relevant information for pattern drafting. Although the patterns
and its concrete indexes are accessible, the anthropometric features of the

corresponding historical wearer are not mentioned. To optimize the virtual
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reconstruction of historical costume, most researchers investigated only the

clothing itself without considering the vital impact of body in the virtual

environment [10][18]. Thus, to precisely reconstruct the historical clothing and

improve the efficiency of construction, the primary factor is the establishment of

identical avatar which is consistent with the historical male body. Namely, in the

virtual system “historical costume-body”, the appearance, morphology, and

anthropometric indicators of the reconstructed virtual avatar should be the same

as the ones of the cotemporaneous European body [13].

Fig. 3.13 show the algorithm for calculating the body measurements

hidden in the historical pattern.

Phase 1: Prototype of clothes

Phase 2: Informatins of
historical costume

Phase 3: Choosing the
parameters for real
dimensions calculation

Phase 4: Adapting of
vertical measurements

Phase 5: Adapting of
circumferences

Phase 6: Choosing the avatar

Picture |
2D historical costume
Patternblock |
Underwear |
) Fabric Coat |
Analysing elements of o |
historical costume e
Manufacturing Without heat-moisture treatment I
technology With heat-moisture treatment |
; ]
Parameterization of Coat |
deformations Trouser |

BNP-WL - Height 1 |

Height of the avatar

BNP-WBL - Height 2 |—»/

Average height |

WL-WBL - Height3 |

Yy
establishing cross-section Calculating the wearer’s
on bust level bust girth
¥ v 1
Combining with the height,

attaing other body measurements

A

Using the avartar editor
in clo 3D software

Figure 3.13 — Flowchart of the calculating the body measurements hidden in the
historical pattern block
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3.5.1. Object of research

In this subsection, the virtual male body of the 1740s was reconstructed
by identifying the height of the body corresponding to the historical pattern. Fig.
3.14 shows caftan with a wide skirt with pleats. The folds fanned out below the
waist [24]. Since the middle of the century, camisoles (vests) could be worn

directly without a shirt [78]. This caftan was made of silk, brocade and damask.

Figure 3.14 — Men's caftan with a wide skirt: a — prototype of the 1740s;
b — drawing of the caftan; ¢ — drawing of the camisole (vest) [24]

3.5.2. Adapting the height of avatar in CLO 3D

Taking the 1740s’ clothing as an example, algorithm for computing
growth of the historical body were as follows (Fig. 3.15):

1. Mark the landmarks of BNP (back neck point), bust line (BL) and
waist line (WL) on the back pattern.

2. Measure the distances from BNP to WL, from BNP to BL and from
BL to WL on the pattern, respectively recorded as L1, L2 and L3.

3. Performed virtual fitting of the kaftan on the avatar in CLO 3D.

4. Measured along the surface of the kaftan distance from BNP to WL,
from BNP to BL to BL and WL, respectively, written as L.1°, L2 'and L3".

5. These adjustments Rostov avatar, which are equality

L1=L1",L2=12and L3 =L3". (3.8)
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6. Calculated the average value, which would have been initially applied

in the construction of the historical pattern. In this example, Hmean = 181.5 cm.

e
_;;J'\

/ \A /

Figure 3.15 — Variants of virtual systems of a digital male body with different
anthropometric data: H; — 180.5cm, H> — 183.5cm, H3z — 180.5cm

Thus, the reconstruction of the DT of the historical body was calculated
based on the photograph of the HCC and pattern block of man's caftan in the
1740s (Fig. 3.16).
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The algorithm considered on the example of this HCC was adopted as

the basic one for identifying the growth of body from historical pattern.
3.5.3. Calculating the bust and waist girth of avatar

The male caftan of 1740s was reconstruted in CLO 3D with the height
181.5cm of European male avatar, was used further to identify the remaining

body measurements. Fig. 3.17, a shows the upper part of its 3D image.

i

a
s
E]
"
L]
£
s
L]
s

a
Figure 3.17 — The scheme for calculating the bust and waist girth of the

avatar: a — the image of the DT of the kaftan;
b — cross-sections at bust level
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The cross-sections of the avatar and kaftan shown in Fig. 3.17, b were
obtained at the chest and waist level. The historical owner's chest and waist

girths were calculated using equations (3.9) and (3.10), respectively:

Ll= (CG - a) + Zﬂt(waistcoaﬂr coat) (39)
L2 = (WG - b) + 27'Ct(waistcoat+ coat) (3 10)

where L1 is the circumference of the caftan at bust level (indicated in
green in Fig. 3.17, b); a is the distance between the edges of the sides of the
caftan at bust level (indicated by the red line in Fig. 3.17); t is the thickness of
the package of materials of the caftan and camisole (vest).

The measurement results in the CLO 3D software were: L1 = 97.61 cm,
a=3.78 cm, t = 0.5 cm separately. Thus, the bust girth is 98.25 cm, and the
waist girth is 74.35 cm.

Thus, using the above algorithm, the values of the bust and waist girths

of the DT of the historical body could be calculated based on its height.

3.5.4. Evaluation of avatar’s body measurements

The avatar with the main body measurements (height 181.5 cm, bust
girth 98.25 cm and waist girth 74.35 cm), reconstructed in CLO 3D, was
imported into Rhinoceros. 49 body measurements were measured according to
the typology of male figures accepted in Russia, as the most complete in
comparison with the Chinese typology [147]. Fig. 3.18 shows the measurement
schemes of the shapes in this system.

Using formulas (3.9) and (3.10), the bust and waist girths of the avatar
were calculated. It can be confirmed that the morphological characteristics of
this avatar correspond to the 4th full group of the typical male bodt, that is, the
bust girth is between 88...104 cm.
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Fhigurf; 3.18 — The scheme of measuring the body measurements of male body
[147]

Table 3.7 contains the results of comparison of 49 body measurements,

(the designations of body measurements are shown in Fig. 3.18).
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Table 3.7 — The difference between body measurements of the generated avatar

in CLO 3D and typical male body, cm

No. Measurement Difference | No. Measurement Difference
1 Height 0.50 27 Crotch height 0.20
98 Neck height front 0.93 104 | Waist to lower hip -0.39
4 Neck height side 0.20 77 Crotch length -0.70
5| Shoulder point height | -0.06 | 49 | Distance erotehto g 1
6 Nipple point height -3.54 28 Upper arm girth 1.12
7 Waist height 0 29 Wrist girth 0.33
9 Knee height 0 30 Hand girth 0.10
10 Neck height back 0.2 31 Shoulder width 0.35
11| Armpitheightback | -0.58 | 32 | Upperamlength | g
to neck
87 Breast height 0 33 | Arm length to neck 4.56
12 Thigh height 0.1 | 9o | Handlengthto 5.77
neck
13 Neck girth 058 | 34q | UPperbustlevelto | 5,
neck
14 Upper bust girth 2.18 35a | Bust point to neck -0.39
15 Bugt girth 2.55 36a | Waist to neck front 0.50
(horizontal)
16 Under bust girth 0.40 38 Armhole girth 0.38
18 Waist girth -0.35 39 | Neck to back width 0.04
Hip girth (with Neck to waist
19 abdomen) 0.60 40 center back 0.19
20 Hip girth 0.56 43 | Neck to waist back 0.08
21 Thigh girth 0.80 44 36a +43 0.58
22 Knee girth 0.74 45 Width armpits 0.80
23 Calf girth 0.80 46 | Bust points width 0.60
24 Ankle girth 006 |47 | Backwidth 0.06
(armpit level)
51 Foot girth 020 |57 | ‘Amdiameter 0.37
(armpit level)
75 Side seam 3D 0 48 _ Head 0.23
waistband circumference
Waistband front
26 height 0

As shown in Table 3.7, the large variation for only five measurements,

and were mainly related to the upper extremities. It was also found that five
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traits are identical, with minor differences for 39 traits, but they do not exceed
half of the indifference interval for these traits in modern Russian typology. It is
shown that it is possible to accurately generate an avatar with the main
measurements of historical body and additional features of typical body, which

is necessary for further parametric analysis of historical pattern.

3.6. Graphic reconstruction of technological methods of shaping, projected

in historical pattern

In this section, the method of transformation of technological techniques
for shaping clothing sections when performing heat - moisture treatment of

clothing parts and assemblies, developed by A. Yu. Moskvin [149].
3.6.1. Pattern preparation

In parallel with the selection of patterns, the main coat styles were
studied for the subsequent grouping and selection of typical pattern of each

style. Fig. 3.19 shows five variants of the coat style solutions.

=
|

DR e 5 \Q

Il

Sack coat Cutaway coat Dress coat Frock coat - single breast Frock coat - double breast

Figure 3.19 — Technical drawings of coat options
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Sack coat also named lounge jacket, H type, which was an informal
garment. Notched collar with lapels, with or without pocket flaps, length was
reached above the thigh. This type of coat has become the dominant style of
menswear in nowadays.

Cutaway frock also named morning coat or riding coat, A type, less
formal than frock coat because it used the sloping front edges replace the
straight front cut. Cutaway frock has narrow sleeves with cuffs.

Dress coat, V type, which was the prior garment for evening. It was
cropped horizontally along the waist level in the front and tails to the back of
knee. The front was always open to display the shirt, cravats and waistcoat.

Frock coat - single breast, H slim silhouette, had a suitable body
extending to the bottom of skirt that generally above the knee. The special
features were stand or revers collars and small dart seamed at waist level called
“fish”.

Frock coat - double breast, H type, retained stiffened and high waist, the
body part looks similar with the military coats and the skirt was long and slight
loose fitting [24, 25].

For Simulating of historical clothing, digitized patterns that can be edited
in CAD environmen was needed [3].

Since the mid-nineteenth century, tailors have created a huge number of
patterns, including various measurement methods, body measurements, pattern
drafting based on scaling, proportionation, and the use of special techniques.
Based on the pattern cutting methods published from 1891 to 1913 [43, 82, 83,
87, 88, 93, 94, 100], 47 objects were selected for parameterization (17 cutaway,
11 tailcoats and 19 frock coats) has been drawn for parameterization in total.
According to the explanation of pattern cutting methods, the following original
information has been collected:

- cut system (sizing system, method of measuring, content and condition
of measuring, body measurements);

- pattern blocks;
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- complete pattern drafting algorithm;
- methods of clothing shaping during pattern block drafting and its

manufacturing.

3.6.2. Parameterization of pattern block

After drafting the patterns in 1:1 scale in CAD, three groups of
parameters were chosen for measuring:

1. For finding out the relationship between pattern block parameters,
body measurements and ease allowance in accordance with the full algorithm of
pattern block drafting: depth of arm scye /A-B/, back length /A-C/, back width
/B-M/, and position of fashion waist /A-D/, etc. should be measured (Fig. 3.20);

2. For determine the body measurements (chest girth and waist girth) of
the wearer: /B1+B1+B3/, /W1+W2+W3/ (Fig. 3.21);

3. For calculating the deformation of sewing edge under heat-moisture
treatment: the length of each pair of seam lines (a & b, ¢ & el, rl & 12, etc.)
should be measured (Fig. 3.21).

Exploration for I*' groups of parameters

Based on the original database, the body measurements were measured
and full algorithm of pattern block drafting have been collected. The relations
that existed between the parameters of the historical pattern, the ease allowance
and the body measurements of the real owner were calculated. Fig. 3.20 shows
examples of three patterns of different styles (cutaway coat, tailcoat, frock coat)
with the same size characteristics, respectively. The patterns were selected from
manuals published by L. Gibson, E. L. Streiff, S. S. Gordon, J. J. Mitchell. Co.,
and N. Holmes [93, 94, 100, 83, 88, 2].
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DIAGRAM 25 —~ CUTAWAY FROCK

a

b

DIAGRAM 28 DRESS WITHOUT REVER

———— . {8

|

i

|

|

|

: I

Iy : -
PP I

DIAGRAM 31 DOUBLE-BREASTED FROCK

C

Figure 3.20 — Diagrams of patterns of men’s coat:
a — cutaway coat; b — dress coat; ¢ — frock coat

Table 3.8 shows the equations relating to the three style coats.

Table 3.8 — Relationship between pattern block parameters, body measurements

and ease allowance, cm

Item | Measurement Relations Item | Measurement | Relations
AB | Depthofseye | 0069 | BK | Blade + case | Drade
+ ease 3.18
Position of (Blade width V%Zfi
AC | natural waist H/4 + 0.64 BM + ease)/2 +
(back length) ease 3.18)/2+
& 3.18
AD | FPositionof a6 gy i CG/4
fashion waist
AE Full length - BH - CG/2
AR - CG/24 +3.81 HI Ease 5.72
SR Depthof | 016 163 | Ge | €G/32 + ease | €932 7
neckline 3.18
BW | Over shoulder | Over shoulder
+K | distance + ease +2.54 4~ ) WG/

Note. CG-chest girth, WG-waist girth, H-height, natural waist - the length of the
back neck point to the waist, the fashionable waist is usually lower than the natural waist by

3.17 cm.
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Due to the difference between the styles of men's clothing, the increases
in chest width and waist were different in several patterns. The difference in
chest width ranged from 0.64 to 2.54 cm [43, 87].

Exploration for 2" groups of parameters

Fig. 3.21 shows the scheme of parameterization of the patterns (cutaway

coat, dress coat, frock coat and sleeve).

o d
Figure 3.21 — Scheme of pattern blocks measurements of men’s coat:
a — cutaway coat; b — dress coat; ¢ — frock coat; d — sleeve

(/B1+B1+B3/, /W1+W2+W3/) were measured in CAD. These data help
to find the appropriate wearer’s body measurements for the XIX century

patterns or real prototypes without sufficient initial information in next way:
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1. Determine the coat style of pattern or real prototype;

2. Measure the length of natural waist and fashion waist of the pattern or
real prototype, calculate the wearer’s height according to the relations in Table
3.8;

3. Generate avatar according to according to subsection 3.5.3;

4. Determine the chest and waist girth of the potential owner according
to the width of the patterns along the chest and waist of the patterns

The results was shown in Table 3.9 to Table 3.11.

Table 3.9 — The ease between the chest and waist girths of the reconstructed
avatars and the width of the patterns along the chest and waist lines for 17

cutaway coats

Body Average value
measurements, Pattern parameters, cm of the ease in
No. of cm girth
tt
PUE| Chest | Waist | Chestwidth | Waistwidth | | .
girth girth | 2/B1+B1+B3/ | 2/W1+W2+W3/
46 08.16 86.24
17 86.36 76.2 96,3 2576 11.12 9.8
1 101.04 91.62
19 101.44 91.38
26 112.88 101.26
35 91.44 | 81.28 105.22 94 5 13.37 | 13.73
44 104.5 97.52
45 103.8 93.76
28 102.68 96.32
36 99.06 88.9 110.22 96.12 7.39 7.32
14 111.4 103.52
16 115.08 105.74
3 101.6 88.9 119.06 119.56 13.16 | 18.19
41 113.48 99.52
2 106.68 | 102.87 127.38 119.82 20.7 | 16.95
3 1143 | 115.57 127.32 122.72 13.02 | 7.15
33 111.76 | 101.6 123.56 105 11.80 3.4
Average eases | 12.94 | 10.93
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Table 3.10 — The ease between the chest and waist girths of the reconstructed

avatars and the width of the patterns along the chest and waist lines for 11 dress

coats, cm
Body Average value
measurements, Pattern parameters, cm of the ease in
No. of )
pattern cm . . . . girth
Chest | Waist Chest width Waist width Chest | Waist
girth girth 2/B1+B1+B3/ | 2/W1+W2+W3/
4 101.4 91.62
5 98.66 84.14
22 91.44 81.28 109.88 99.22 12.06 9.06
25 107.68 92.68
34 99.86 84.04
30 91.44 110.14 98.82
31 99.06 83.82 111.44 98.88 11.4 9.01
40 91.44 109.8 96.04
15 112.28 98.9
18 101.6 88.9 113.62 99 82 11.35 | 10.46
6 106.68 | 102.87 113.16 109.18 6.48 6.31
Average eases | 10.32 | 8.71
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Table 3.11 — The ease between the chest and waist girths of the reconstructed

avatars and the width of the patterns along the chest and waist lines for 19 frock

coats, cm
Body Average value
No. of measurements, Pattern parameters, cm of the. ease in
pattern S . . . . girth
Chest | Waist Chest width Waist width Chest | Waist
girth girth | 2/BI+B1+B3/ | 2/W1+W2+W3/
7 103.88 92.44
8 102.52 92.1
10 99.32 84.46
11 102.38 91.52
12 106.32 96.24
13 9144 | 81.28 10178 9112 12.81 11.8
20 104.46 95.44
21 109.88 99.22
24 108.2 96.54
38 103.8 91.72
29 86.36 106.18 95.38
32 9398 81.28 102.76 93.02 10.49 1 10.38
42 96.52 | 81.28 110.34 91.14 13.82 9.86
27 88.9 103.64 101.46
39 99.06 81.28 107.72 90.8 6.62 11.04
17 88.9 116.6 106.52
37 101.6 | 99.06 113.3 110 12.49 | 12.56
43 91.44 112.38 100.56
9 106.68 | 102.87 112.48 107.46 5.8 4.59
Average eases | 10.34 | 10.04

Exploration for 3" groups of parameters

The differences between each pair of sewing seam lines (a & b, ¢ & el,

rl & 12, etc.) for the selected coat styles were calculated to determine the

projected deformations. The results are shown in Table 3.12 to Table 3.14.

Detail information in Appendix C.
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Table 3.12 — Differences between each pair of sewing seam line for 17 cutaway

coats
The difference between the lengths of each pair, cm, for shaping
Under On the On
the back in Or.l the the Along | Along | Along
skirt in | front | On the
No. of armhole | the area the along | sleeve the the the
pattern bon the of the buttock | the edge frqnt elbpw shoqlder
ulge of | shoulder . sections | sections | sections
the chest | blades area | waist
seam

a-b c-el d-e2 ( ftl:g) gﬁ;ﬁg pl-p2 | o2-0l | g2-ql

1 0.73 2.1 -0.05 1 0.76 | 3.16 0.01 0.32 -2.43

2 0.44 2.48 0.28 | -1.81 | 1.74 0.11 0.35 0.78

3 1.19 2.64 0.09 | -138] 2.13 0.11 0.35 1.04
14 0.12 2.48 0.97 | -124| 2.06 0.01 0.32 -0.11
16 -0.29 2.42 0.52 |-1.26 | 1.52 0.05 0.37 0.27
19 0.67 1.54 -0.04 | 046 | 2.13 0.11 0.37 1.23
23 0.52 2.18 0.36 | -0.56 | 1.57 0.05 0.34 0.44
26 -0.08 0.55 0.57 | 1.68 | 1.73 0.05 0.37 -0.14
28 0.35 1.2 0.09 | -048 | 1.83 0.1 0.35 0.93
33 1.85 1.85 0.16 | 3.81 | 1.59 0.05 0.37 1.49
35 -0.09 1.78 0.48 0 1.82 0.05 0.34 -0.22
36 -0.1 2.24 -0.03 1 0.02 | 1.61 0.04 0.37 -0.03
41 0 2.26 0.1 -3.42 | 1.59 0.01 0.32 -0.27
44 -0.14 1.97 0.4 -2.2 | 2.17 0.05 0.34 -0.43
45 0.02 1.12 -02 |-032| 2.64 0.01 0.32 -0.13
46 0.01 1.62 0.55 | 2.11 | 2.13 0.11 0.35 -0.22
47 1.5 1.65 1.38 | 0.14 | 3.07 0.1 0.37 0.11
opverage | 039 | 1.89 | 033 |-022| 202 | 006 | 035 | 0.14
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Table 3.13 — Differences between each pair of sewing seam line for 11 dress

coats
The difference between the lengths of each pair, cm, for shaping
Under | Under | Under | Under | Under | Under | Under | Under On
the the the the the the the the the
armhol | armhol | armhol | armhol | armhol | armhol | armhol | armhol edge
No. of e on e on e on e on e on e on e on e on of
the the the the the the the the
pattern bulge | bulge | bulge | bulge | bulge | bulge | bulge | bulge bthe
ofthe | ofthe | ofthe | ofthe | ofthe | ofthe | ofthe | ofthe (()1ar
chest | chest | chest | chest | chest | chest | chest | chest
a-b c-el d-e2 ( ftl:g) Eﬁ;ﬁz; pl-p2 | o2-0ol | q2-ql |r2-rl
4 0.95 2.16 0.57 - 2.35 0.01 0.32 0.7 -
5 0.89 2.19 0.58 0.48 2.79 0.01 0.32 0.7 1.59
6 0.63 1.56 0.51 - 2.6 0.05 0.37 0.95 -
15 0.63 2.68 0.71 0.13 1.62 0.01 0.32 -0.3 -
18 -0.19 | 2.08 1.24 | -0.79 | 1.74 0.05 0.37 0.79
22 0.33 1.68 0.56 | -0.32 | 1.63 0.11 0.35 0.95 | -0.36
25 0.07 0.32 0.34 1.02 2.16 0.05 0.37 0.94 | 091
30 -0.08 0.8 0.06 0 1.63 0.11 0.35 0 0.59
31 0.05 0.79 0 0.51 2.02 0.05 0.37 | -0.14 -
34 0.57 0.64 0.37 0.09 2.34 0.1 0.37 0.33 | 145
40 -0.09 | 1.55 0.08 0.38 1.62 0.01 0.32 | -0.16 | 0.36
Average
deformatio | (.34 1.50 0.46 0.17 2.05 0.05 0.35 0.43 | 0.76
ns
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Table 3.14 — Differences between each pair of sewing seam line for 19 frock

coats

The difference between the lengths of each pair, cm, for shaping

Under | Under | Under | Under | Under | Under | Under | Under | Under
the the the the the the the the the
armho | armho | armho | armho | armhol | armho | armho | armho | armho
le on le on leon | leon e on leon | leon leon | leon
the the the the the the the the the
No. of bulge | bulge | bulge | bulge | bulge | bulge | bulge | bulge | bulge
pattern | ofthe | ofthe | ofthe | ofthe | ofthe | ofthe | ofthe | ofthe | ofthe
chest | chest | chest | chest | chest | chest | chest | chest | chest

(m+n
a-b | c-el | d-e2 ( fl—lk:g) (i-)F;' . | p1-p2 | 02-01 | q2-ql | r2-rl
k)

7 054 | 262 | 035 | 0.72 | 1.59 | 0.01 | 0.32 | -0.17 | 0.03
8 0.53 | 207 | 0.59 | -0.05 | 1.73 | 0.01 | 0.32 | -0.25 -
9 092 | 1.71 | 047 | -042 | 1.82 | 0.05 | 0.37 | 1.29 | -0.02
10 0.99 1.9 0.7 1.24 1.9 0.05 | 034 | 023 | 041
11 0.6 249 | -0.06 | 0.3 2 0.01 | 0.32 | 0.08 -

12 1.12 | 1.58 | 0.78 | 1.22 | 1.61 | 0.11 | 0.25 | 0.65 | 0.1

13 0.73 | 251 | 0.14 | 0.77 | 2.71 | 0.01 | 0.32 | -0.07 | 0.06

17 -0.21 | 2.61 | 0.78 0 1.74 | 0.11 | 025 | 0.6 | 0.04

20 0.15 | -033 | 0.66 | 0.39 | 1.83 | 0.11 | 035 | 0.94

21 0.37 | 0.04 | 0.8 |-0.33 2 0.01 | 032 | 0.73 | -0.09

24 0.04 | 037 | 091 | 1.71 | 2.01 | 0.05 | 037 | -0.1 | 0.34

27 043 | 1.19 | 0.76 | 2.58 | 1.61 | 0.05 | 0.34 | 0.73 | 1.38

29 -0.12 | 1.19 | 1.82 | -0.15 | 2.01 | 0.01 | 0.32 | 0.03

32 1.37 | 141 | 025 | 0.11 | 23 | 0.05 | 0.34 | 0.84 | 1.72

37 0.04 | 1.55 | 0.64 | 0.18 | 1.61 | 0.05 | 0.34 | -0.29 -

38 -0.09 | 1.28 | 0.15 0 1.94 | 0.05 | 0.34 | -0.29 | -0.17

39 -0.13 | 246 | 1.04 | -0.04 | 1.71 | 0.01 | 0.32 | -0.19 | -0.33

42 -0.14 | 1.77 1.3 1.05 | 228 | 0.01 | 0.32 | -0.22 | -0.16

43 001 | 1.67 | 0.77 | -0.39 | 2.03 | 0.04 | 0.34 0 0.16
Average

deformatio | 0.38 | 1.58 | 0.68 | 047 | 1.92 | 0.04 | 0.33 | 0.24 | 0.25

ns

These results will be useful for analyzing and correcting patterns,
equalizing the length of each paired seam line by making darts. For example, a
seam line that is longer should be deformed, using dart to shorten it during

virtual reconstruction.
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3.6.3. An example of using the databases

The pattern block of frock coat was selected for virtual reconstruction in
software CLO 3D 6.0 as an example of results application. Men’s suit with
modified frock coat which was adjusting the suture lines by making darts was
simulated. Fig. 3.22 shows the original and modified screenshot of the pattern,

as well as DT of the coats generated from different patterns.

d e f
Figure 3.22 — Get DT of men's coat: a — original image [148]; b — original
pattern; ¢ — modified pattern for virtual try-on; d — DT of original coat without
adjusting the suture lines; e — DT of coat, generated according to the modified
pattern; f — combined the contours of DT
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To prove the higher accuracy of the modified coat, the silhouettes of the
coats were compared, which were reconstructed in two ways (Fig. 3. 22, ).

The selected photo of real man's coat of the XIX century, has the same
style as the reconstructed DT, as shown in Fig. 3.22, a. To check the
correspondence between real and virtual DT, the avatar was generated in the
same pose as in the photo. Compared to the DT of the coat generated from the
original patterns (Fig. 3.22, b, d), the modified DT (Fig. 3.22, c, ) has a better
structure: the collar fits more tightly to the neck, the seam between the upper
front part and the skirt of the coat is smoother, it fits more tightly to the figure.
Thus, the new approach turned out to be quite effective.

Examples of the application of the developed methods and databases are
also used in the reconstruction of European men's suits in subsection 5.5 and

Appendix B.

Conclusion after Chapter 3

1. A new method for reconstructing the patterns of the details of the
historical men's clothing has been developed. This method does not damage the
HCC.

2. Algorithms for generating DT of a historical male body and finding
the thickness of a package of textile materials for wearable clothing have been
developed.

3. Databases of ease allowances to the body measurements used for the
construction of 47 patterns of coats are developed, and an algorithm for their
recalculation in the reconstruction of coats to modern body of other dimensional
variants is proposed.

4. A method and algorithm for identifying the initial body measurements
of the male body according to the historical pattern, taking into account the

pattern parameters, the thickness of materials, and air gaps were developed.
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5. In the future, the avatar will be formed in other software like Optitex,
MakeHuman, etc. and make comparisons. The changeable morphology of
virtual avatar will be considered when the corset is worn. This research
proposed and validated the method of obtaining body measurements from
pattern blocks and picture of historical costumes and virtual try-on technologies.

6. A method for obtaining DT of men's coat was developed, based on
measurements of historical body, pattern systems, design and shaping of

clothing in the production process.
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CHAPTER 4. TECHNOLOGY OF GENERATING DIGITAL TWINS OF
HISTORICAL CLOTHING WITH THE HELP OF REVERSING
ENGINEERING

Historical costume in the form of preserved rarities, drawings,
photographs, and diagrams of drawings is an inexhaustible source for finding
new and adapting time-tested artistic and design-technological solutions to the
possibilities of modern design [149]. The new form of historical costume is a
symbiosis and synergy of several factors: the morphology of human body -
original or changed to a fashionable standard; the design of the costume; a
special configuration of drawings parts; the textile materials used, including the
completeness of the underlying layers of clothing; manufacturing methods; the
manner of wearing [150]. When reconstructing historical costume, according to
the goal setting and expected results, information about all or part of the factors
are used. The source database of historical data may include existing systems of
dimensional features [151], drawings or diagrams of structures [152], realistic
images or photographs [153].

In order to generate high-precision DT of the HCC, at least three kinds
of information about the following components are required: the body, textile
fabrics, and the structural arrangement of the suit. Such information can be
obtained based on 3D real HCC, 2D image of the HCC, or pattern. However, for
different research objects, the amount of information which could be get is
completely different. The amount of information obtained after analyzing the 3D
real HCC 1is the most, followed by 2D image of HCC, pattern at the least. In
addition, three objects also different themselves. For example, few 3D real HCC
which saved completely, not only can show real costume, but also dummy
which 1s same as history human body; some 2D image of HCC was black-white,
some was colorful; some pattern do not cotain information about the technology

of sewing.
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In this chapter, the concept of the technology for generating digital twins
of components and HCC as a whole is formulated using the previously obtained
results:

- graphic structure of men's clothing worn simultaneously in the late XIX
- first half of the XX centuries for HCC of various purposes (subsection. 2.3);

- database of ease allowance for shaping men's historical coat in the late
XIX - early XX centuries. (subsection. 3.4.1),

- database of anthropometric data on the historical fashionable male
body deformed by a corset (subsection. 2.2);

- method of identification of the size accessories, the hidden projected
design and technological techniques in the historical pattern of men's coat
(subsection. 3.4.2 and 3.6);

- method of generating avatars by using the body measurements which
calculated from the pattern (subsection. 3.5);

- method of non-contact measuring in virtual environment of the textile
materials thickness belonging to several types of clothing worn simultaneously,
taking into account the air layers between each other (subsection. 3.3);

- algorithm for recalculating the ease allowance in historical pattern into
similar ease for constructing pattern on modern body (subsection. 3.42).

The technology for generating DT of HCC by using reverse engineering
includes four algorithms:

1) getting DT of historical body;

2) obtaining DT of the textile material;

3) obtaining DT of HCC;

4) assessing the accuracy and complexity of obtaining DT of HCC.

The results obtained in this Chapter was published in three papers [164-
165].
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4.1. Algorithm for obtaining digital twin of historical body

Fig. 4.1 shows the flowchart of the developed method for reconstructing

the historical male figure.

Historical data base “ontemporary data base
——————————— o S P e e e
H i H " i i i i :
- ' Pagem i Reak i I (... 2 | e 4
| sizing E: m i: looking i: [;ho:gl;uf A :mu_a.u_nm%mm» :;: Solid” avatars :: Real bodies E
tosystem ) i pictureof |1 “body- | i ofhistorical | | %3]3 (i i
i 1 1oclothes 11 clothes” ! i body  gq  SOlwEE b i
LA | SRR | AR | I | IR . | DA | I
| [
M ments of Cross-sections and main points
p‘éf‘l)erncsb o Clothes structure coondinates i inclitialpogu?uc
| I ]
Corset - Algorithm of male bodies deformation
| | l
ickne Cross-sections and main points
Ease allowance n‘!ﬁ‘éﬂ,"& o coordinates un crcmnprgs?s%n
Body measurements of historical body
Y
Software for designing of “soft” avatar
Variants of virtual

system “‘avatar-clothes”

Handmade work

Evaluation of
virtual system

Yes
Development of technglogy for
virtua rgons[mct%OL of historical

men's clothing

Figure 4.1 — Algorithm for generating digital twin of historical male body

Fig. 4.1 shows the steps for generating digital twin of historical body, the
relationship between all sources of information, and the technological means of

research for the detailed collection of data about the historical body.
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One of the main factors for building DT are the results of anthropometry
male body influenced by the historic corset for change in the plasticity of the
body. For the virtual visualization of historical clothing, the modern solid-state
digital counterparts of the real body can not be use derectly. Digital twin of the
historical body should be soft, as in different historical periods, men corrected
the plastic of their torso with corsets. As shown in subsection 2.2, to study the
compression effect of the corset on the plastic of the male body, an adequate
number of young men were measured using a Human Solutions Scanner
(Germany) and an anthropometric database was created to convert solid-state
avatars into soft digital models. A method of sequential approximation to the
true height based on the dimensional characteristics of "back to waist length"
and its derivatives is proposed and developed.

The collection of information about historical body includes the analysis
of three possible situations, depending on the type of initial information about
the HCC - the material fully or partially preserved, its visual image and patterns
of the structures of the parts (usually from the main material). Fig. 4.2 shows the
results - the proportions of the body, the maximum possible set of body
measurements, the values of the deformation of the body by the dummy,

available after analyzing the options presented by the HCC.
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Figure 4.2 — Information for body reconstruction and DT generation

In the lower part of Fig. 4.2, a three-level point scale 1s formulated,

which can be used to evaluate the three levels of accuracy of the virtual

reconstruction of the BODY in which: 1 - best, 2 - normal, 3 - worst. The

assessment can be obtained by objective and subjective methods, in particular,

using the neuropsychological method of eye tracking.
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4.2. Algorithm for obtaining digital twin of textile fabrics

The textile fabrics database includes information about historical textile
fabrics from published works. In order to reconstruct the texture of historical
material in a virtual environment with maximum realism, it is necessary to
provide detailed information about their characteristics, since in 3D CAD,
quantitative information about physical and chemical properties, such as
stiffness, bending ability, linear density, etc., is needed to generate digital twin.
To obtain DT, a new approach which can be implemented to select modern
analogues of historical fabric that are closest to historical ones, and parallel
selection of analogues from the CLO 3D library.

Fig. 4.3 shows the algorithm for obtaining information from different

sources to generate the data center of textile fabrics.
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Figure 4.3 — Information for textile fabrics reconstruction and DT generation
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4.3. Algorithm for obtaining the digital twin of the HCC

The algorithm is shown in Fig. 4.4.

Object of reconstruction in VR

3D real historical costume

complex (HCC)
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setting and expected results, the above information about all components should

Figure 4.4 — Information for costume reconstruction and DT generation

When reconstructing historical clothing in accordance with the goal

be used (Fig.4.1 —4.3).
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4.4. Algorithm for estimating the accuracy and complexity of obtaining the

DT of the ICC

Fig. 4.5 shows the scheme for evaluating the accuracy of the generated

DT of the HCC and the necessary technological support.

Accuracy of complex reconstruction in VR
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Figure 4.5 — Hardware and software for evaluating the accuracy of HCC
reconstruction

The A, B, C, D, E, F, G denote the same types of HCC or visual images
that can serve as sources of information. After generating the DT of the body
and textile fabrics and their synthesis in the DT of the HCC, the level of
complexity of the solved problem can be expressed quantitatively, as shown in

Table 4.1.
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Table 4.1 — Different reconstruct conditions and difficulty levels based on

different object
. Level O.f Example of HCC,
Conditions complexity
: Source of selected to check
Option . . for for
information : : the developed
reconstruction | generating technolo
DT HCC il
Real HCC,
completely
saving, with 1-1.9 -
A known hand robe 1 - best simple
content, on problem
historical
mannequin
1. Slovenian youth
uniform of the
“Falcons”
Real HCC, 17 - best 1-1.9 - movement, 1937s;
B completely ‘normal ’ simple 2. Russian folk shirt
saving problem of the XIX century;
3. European coat of
the late XIX - early
XX centuries
Real HCC, partly | 2.3 - normal, 2-3-
C ) complex
saving worst
problem
D HCC image, 2.7 - normal, 0031.171_
black and white worst piex
problem
: 2.3 - Professorial formal
E HCC image, 2.3 - normal, complex coat of the XIX
colorful worst
problem century
Pattern with
: 2.3 -
known sewing
F 2.7 - worst complex
technology of roblem
HCC P
Pattern with
G unknown sewing 3 - worst 3 - complex
technology of problem
HCC
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Conclusions after Chapter 4

1. Algorithms have been developed for generating digital twins of the
body, textile fabrics, and HCC, depending on the selected prototype: material,
its 2D image, and patterns of parts. The necessary database and the factors
influencing the content of the source database were investigated.

2. A scale has been developed to assess the content of the source
database and the difficulty of obtaining a realistic-looking DT. Software and
technological support for generating DT and verifying their compliance with

historical prototypes are proposed.
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CHAPTER 5. EXPERIMENTAL VERIFICATION OF THE
DEVELOPED TECHNOLOGY FOR OBTAINING DIGITAL DOUBLES
OF HISTORICAL COSTUME COMPLEXES

The study of prototypes and their photos, illustrations, descriptions HCC
from published books, internet and museum materials, it was concluded that
historical clothing should be evaluated only on the body with similar
morphology as historical bodies and compatible characteristics of the image. In
addition, for an accurate reconstruction of the HCC, it is necessary to take into
account the synergistic effect of body sizes, textile materials, drafting methods,
clothing shaping, etc..

In accordance with the databases developed in Chapter 2, the diagrams
from Chapter 1, and the results from Chapter 4, virtual reconstruction of four
men's clothing HCC was carried out. Photos and preserved HCC were selected
as objects, and their selection was carried out according to the following
principle: single-layer clothing (without taking into account the underlying
layers of clothing and materials), double-layer clothing (from the main and
lining fabrics), multi-layer clothing (taking into account several types of
clothing worn simultaneously).

The results obtained were published in two papers [166-168].

5.1. Material of research

5.1.1. Software

The following softwares were used in this research:
ET CAD (BUYI Technology, China) for darfting the historical pattern
blocks.
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Computer program CLO 3D, version 6.0, (CLO Virtual Fashion,
Republic of Korea) for generating static and dynamic virtual objects. This
software not only presents a realistic 3D view of historical clothing, but also a
3D virtual effect of the historical clothing dynamic fashion show.

iMovie is a video editing software written by Apple computers, it not
only can edit, add titles, and music, but also can add effects such as fade-in,

fade-out and slideshow and so on to the 3D fashion show.

5.1.2. Object of research

Four male HCC were selected for virtual reconstruction:
1) professorial formal coat of the XIX century,

2) Slovenian youth uniform of the 1937s;

3) Russian folk shirt of the XIX century;

4) European coat of the late XIX - early XX centuries.

5.2. Visualization of the Russian professorial uniform from preserved

images

The purpose of this experiment is to analyze the features of historical
professor’s formal coat and reconstruct both in virtual and real system in the
modern version.

A search of the official websites of the Top 3 universities in 15 countries
(Russia, Ukraine, Belarus, Uzbekistan, etc.) during the Soviet period showed
that it was impossible to tell exactly when the professor's formal suit appeared.
The earliest photo shows that professor’s formal suit who wore at the Moscow
State University of in 1771. Fig. 5.1 shows three examples of historical images
of professor's formal suit from the mid of XVIII century to the end of XIX

century.

151



C
Figure 5.1 — Historical images from official websites of Moscow State
University: a — Prof. Melissino Ivan Ivanovich, 1771-1795; b — President
Kachenovsky Mikhail Trofimovich, 1837-1842; ¢ — Prof. Tsvetaev Ivan
Vladimirovich, 1898 [154]

According to the collected images, features of historical professor’s
formal coat could be analyzed:

- The color of coat are mostly in dark blue, with stand-up collar and
cuffs, the button with special emblem on its surface.

- The color of the stand-up collar, cuffs, embroidery pattern on the cuff
and pocket flap, and the special emblem on the button surface all could be used
as signs for distinguish different universities. Take the collar and cuffs as an
example, they are crimson in Moscow State University, black velvet in Kharkov
State University, and navy blue in Kazan Federal University. As for embroidery
patterns on the cuffs and pocket flap, they are golden in Moscow State
University, silver in Kharkov and Kazan. What’s more, Moscow State
University used smooth yellow buttons, Kharkov and Kazan — smooth white
plain surface, without emblem.

- Different embroidery pattern represents the level of status of the
wearer. The uniform for teachers and students of Moscow State University and
its subordinate academy was changed. On crimson collar, cuffs, as well as on

pocket flap, decorated gold embroidery with the following description: "The
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edges of these are covered with embroidery which representing bay leaves.
Along... an oak branch extends on flap. On the front part of the collar are the
same branches, and on the cuffs these branches are surrounded by button loops."
Full sewing on the collar, cuffs, and pocket flap was required for those with VII
and higher classes; the ranks of grades VIII class were deprived of sewing on
the pockets, and IX and X classes-also sewing "branches on the cuffs"; the ranks
of the lower classes had only "embroidery of bay leaves" on the collar and cuffs.
Uniforms of employees who did not have ranks, and students of the University
did not have sewing [155].

In accordance with these historical features, five variants of men's
uniforms designed for special occasions were redesigned on the basis of the
uniform of I. V. Tsvetaev (Fig. 5. 1, ¢).

The uniform is suitable for men of youth and middle age groups with
different body type. The main material for making men's coat is plain knitted
fabric in navy blue and black, yellow and red embroidery and lace for collar,
cuffs and front side, yellow and red cloth for collar and cuffs, yellow button.
When drafting the pattern block, the characteristics of this fabric should be take
into account. Thus the pattern block could be drafted in CLO 3D, as shown in
Fig. 5.2.
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Figure 5.2 — Basic patterns of two variants of the men's formal uniform:

a — basic design; b — after improving

As an analog of historical textile fabrics, their digital counterparts were

taken from the CLO 3D library, as shown in Table 5.1.

Table 5.1 — Digital twin of textile materials from the CLO 3D library —

professorial formal coat

Characteristic
Position Fabric | Type of Surface .
No. D DT Title density Th(ﬁ;‘)ess
(g/m?)
I | Main fabric | K001 | Knit | ~oMeKnit 330689 | 0.86
Jersey
Collar and Coatweight
2 cuff W002 | lepcth Twill 345 0,84
3 | Embroidery | HO001 Linen Linen 173.39 0.36

Based on the historical database developed, including the structure,

digital textile material in CLO 3D, and the shaping method from Chapter 2, the

3D design rendering was completed, as shown in Fig. 5.3, a - d. The video of the

3D catwalk is shown in Fig. 5.3, e.
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e
Figure 5.3 — 3D renconstructions: a-e — images of 5 men's formal coat;
f — screenshot of its 3D catwalk video [168]

Fig. 5.4 shows photos of ready-made men's formal uniforms made from

the knitted fabric of the company "Mirtex" (Furmanov, Ivanovo region).
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Figure 5.4 — Photos of men’s formal coat for special occasion in the modern
version

Thus, the modern design of the men's formal coat with elements of the
HCC was reconstructed and generated.

The material professorial formal coat and its digital counterpart were
shown at the exhibition at the Ministry of Science and Higher Education of the
Russian Federation (APPENDIX D).

5.3. Visualization of the Slovenian uniform according to the preserved HCC

The Slovenia young men's suit was existing in the "Falcons" movement
y

in 1937. However, with modern museum’s technology it is difficult to preserve
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these historical clothing. It can also be degraded by factors, such as humidity,
pressure, etc..
The aim of this experiment is to develop a DT of the historical form of

the young men of Slovenia for online museum exhibits. This costume was taken

from the Slovenian National Liberation Museum in Maribor as shown in Fig.

5.5.

c d
Figure 5.5 — HCC of young man of the Slovenian movement "Falcons" and its
components: a — HCC from the museum's collections; b — technical drawing;
c — shirt; d — waistcoat; e — jacket; f — trousers;
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After measuring the detailed length, width and other parameters of real
HCC, and obtained the necessary data for drafting according to the Slovenia
historical pattern manuals of same style of each garment, pattern block could be

drafted in CAD software, as shown in Fig.5.6.

Figure 5.6 — Pattern block of four garments of the uniform: a — shell of shirt,
trousers, waistcoat and jacket; b — lining of waistcoat and jacket

Combining with the Body Sizing System produced by Engineering
College of University of Maribor, the main body measurements of suitable
avatar corresponding to a typical body of the 1930s, cm: height 176, bust 94,
waist 72.

As the DT of the fabrics for reconstruction were selected, as shown in

Table 5.2 and Table 5.3:
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Table 5.2 — Digital twin of textile materials from the CLO 3D library -

Slovenian youth uniform — Part 1

Top fabric
Garment . Characteristic
No. Fabric | Type Surface Thickness
ID of DT Title density

1 Shirt CO11 | Cotton | Cotton Oxford 165 0.37

2 | Waistcoat Super 120s

3 | Trousers | W002 | Wool 157.5 1.9

Wool
4 Jacket

Table 5.3 — Digital twin of textile materials from the CLO 3D library -

Slovenian youth uniform — Part 2

Lining
Garment . Characteristic
No. Fabric | Type Surface Thickness
ID of DT Title density
() | (™™
1 Shirt -
2 Waistcoat C007 | Cotton | Cotton Twill | 190.778 |  0.41
3 Trousers -
Sleeve | CO13 | Cotton| 085Ut | 155 | 023
4 | Jacket Poplin
Bodypart | C007 | Cotton | Cotton Twill | 190.778 0.41

According to the historical database including structure, textile materials,

method of shaping developed in Chapter 2, the DT of Slovenia young men's suit

could be simulated layer by layer, the garment positioning and 3D simulation

were shown in Fig.5.7.
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Figure 5.7 — DT of Slovenia young men's uniform: a — undergarments consist of
shirt, trousers and waistcoat; b — full uniform

5.4. Visualization of the Russian folk shirt

Gavrilovo - Posad Museum of Local Lore was founded in the 1960s. The
textile stock is quite exciting and diverse. It was with the collection of folk and
urban women’s costume that the museum began. The most interesting are: a
collection of the folk costumes of the eighteenth and twentieth centuries. These
are sundresses of various cuts, women’s and men’s shirts, aprons, “couple”
dresses, headscarves, shawls, tablecloths, fabrics, weaving patterns, including

linen, bast shoes [156].
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The purpose of this experiment is to obtain a digital double of the
historical Russian folk shirt of the late 19th century. Fig. 5.8, a, b show photos
of the front and back of the shirt. It can be seen the shirt is made of the main

dense fabric "pestryad" and the lining of elastic cotton fabric.

C d e
Figure 5.8 — Photos of the real shirt (a, b) and reconstructed diagrams of the
patterns: ¢ — pattern of main fabric; b — pattern of lining; ¢ — dermatoglyphic
pattern of top fabric after retouched

To parametrize a unique geometric structure, a special algorithm was
developed and two types of parameters were measured: length and angle.
Drawings of the details of the historical shirt were built in 3D CAD. In Fig. 5.8,
c, d shows the diagrams of the patterns from the main fabric and lining. Figure
5.8, ¢ shows the appearance of the main fabric after editing the photo using

Photoshop.
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As the DT of the fabrics for reconstruction were selected, as shown in
Table 5.4:

Table 5.4 — Digital twin of textile materials from the CLO 3D library —
Russian folk shirt

Main Fabric | Type of Characteristic
fabric ID DT Title Surface density | Thickness
(g/m?) (mm)
Top
. C008 Cotton | Cotton Canvas 238.944 0.46
fabric
Lining | 004 | Cotton | 40s Chambray |  103.111 0.23

This historical shirt should be generated on an avatar with a morphology
similar to the historical one. According to the patterns, the body measurements
of the avatar were determined according to the previously developed algorithm
[13, 77]. According to the historical database, including the structure, textile
materials, the method of shaping developed in Chapter 2, and the studied sewing
technology and the scheme of assembling the shirt, the DT of the Russian men's
folk shirt was generated, the location of the clothing and the simulation were

shown in Fig. 5.9.

a b
Figure 5.9 — DT of Russian folk shirt : a — 3D arrangement; b — three views of
virtual shirt
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To evaluate the accuracy of the method developed in this dissertation,
the silhouettes of men's shirts was compared, which were reconstructed in two
ways. In the first method, cut details were used only from the main fabric
(which is typical for most of the practiced approaches to virtual reconstruction,
discussed in Chapter 1). In the second method took into account the presence of
a lining (lining on the front and back, padded sleeves, body measurements and
methods of their connection).

Fig. 5.10 shows two variants of the DT. The DT in Fig. 5.10, a was
simulated directly without taking into account the methods of shaping the shirt,
the presence of lining, and did not take into account the characteristics of
historical fabrics. The DT in Figure 5.10, b was simulated based on all the
databases collected after the analysis of the people's shirt.

& €

b

Figure 5.10 — Virtual reconstruction of folk shirt in two ways: a — without
consideration method of shaping and textile material; b — after combining all
database
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It is clearly seen that the DT in Fig. 5.10, b has the same silhouette and
design features as the historical prototype, which indicates the high accuracy of

the reconstruction according to the developed algorithm.

5.5. Visualization of the coat according to the preserved HCC

The purpose of this experiment is to obtain the DT of a historical men's
coat based on a real HCC. A set consisting of a shirt, trousers, waistcoat and
frock coat was chosen for the reconstruction. Taking into account the structural
arrangement of the components, a method was developed for forming the
shoulder of the coat by adding shoulder pads, the sleeve head by adding a
podokatnik and non-woven parts, and adjusting the seam lines by making darts
instead of cutting in relation to the other.

47 men's coat were reconstructed using this method, three examples of
DT of three style men's coat as shown in Appendix D.

As an example, consider the algorithm for reconstructing the selected
coat of the late 19th century to prove the level of accuracy of the DT.

Fig. 5.11 shows the appearance of the HCC being reconstructed in a

virtual environment.

Figure 5.11 — Appearance of the male HCC eing reconstructed in a virtual
environment
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According to the database of body measurements and methods of pattern
block drafting from published books, chosen the male suit that combined shirt
[77], drawers [157], trouser [93], waistcoat [93] and coat (No.7 pattern block in
subchapter 3.4.2.) which were all in same size: height 167.6, chest 91.4cm, waist
girth 81.3cm, hip girth 94cm.

To calculate body maeasurements from historical pattern manuals and
reconstruct digital twin of historical body in CLO 3D, the sizing system, the
content and conditions for measuring dimensional features, and collecting the
dimensions of the body that were used to pattern drafting need to be known. As
noted above, at that time bodies were usually measured by shirt, trousers, and
waistcoat, with the tendency to include the size of the naked body, the thickness
of the fabric, and the air gap. Thus, the fabric thickness and air gap were first
investigated in order to calculate the size of the nude figure to build the avatar in
CLO 3D.

After detailed measurement of all types of clothing, their CAD patterns
were obtained. Fig. 5.12 shows the patterns of each item of clothing that was

combined by the DT HCC.
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Figure 5.12 — Pattern block of five garments of the suit: a — top fabric of shirt,
drawers, trousers, waistcoat and coat; b — lining of waistcoat and coat;
¢ — paddings of coat

The following are taken as digital counterparts of historical materials, as

shown in Table 5.5 and Table 5.6:
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Table 5.5 — Digital twin of textile materials from the CLO 3D library —

European men’s suit — Part 1

Top fabric
Characteristic
No. Garment Fabric | Type Surface :
ID of DT Title density Th(lr(;lknlzi 5
(g/m?)
. Shirt C003 | Cotton | 208 Cotion |5 0.21
Drawers Poplin
Back | S002 | Silk Silk 81.1 0.19
3 | Waistcoat Charmeuse ) |
Front )
4 Trousers W002 | Wool | Coatweight | 5, 0.84
Twill
5 Coat

Table 5.6 — Digital twin of textile materials from the CLO 3D library —

European men’s suit — Part 2

Lining
Characteristic
No. Garment Fabric | Type Surface :
ID | of DT Title density Th(llik;;;: 5
(g/m?)
1 Shirt ]
2 Drawers
) ) Silk
3 Waistcoat S002 Silk 81.1 0.19
Charmeuse
4 Trousers -
Forepart | W002 | Wool | C02tweight | 34q 0.84
Twill
Paddings | HOO1 | Linen Linen 173.39 0.36
Side,
> | Coat | irtand | CO01 | Cotton | .COTOD 189 0.35
) Gabardine
tail
Sleeve | C003 | Cotton| 08 COHOM | 14503 0.21
Poplin

After simulated in first attempt, it could be found that the shape of coat
in this virtual system was not very fitted to the avatar and the skirts didn’t give a

straight line. So if copy the historical pattern block and sew the clothing in CLO
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3D directly, the result couldn't be successful without special knowledge related
to craftsman skills which have been lost in the past.

Then measured the length of each paired suture lines in CLO 3D and
found that there are differences between each other, as Table 3.14 showns in
subchapter 3.6.2.. Fig. 5.13 shows, a is 5.4mm bigger than b, ¢ + d is 29.7 mm
bigger than e, h is 7.2 mm bigger than r4 + f + g. The differences between other

suture lines were less than 5 mm so can ignore.

Figure 5.13 — The suture lines which need to be analyzed

After comparing the length of the sections of the same name, the
established difference between them was projected into darts according to the
method of A. Y. Moskvin along each section [13]. Thus, the length of the seam
line, which is longer, should be shortened by darts.

The DT HCC with corrected seam lines, inserted darts, shoulder pads,
filled sleeve head, reinforced with non-woven fabric was generated again, as

shown in Fig. 5.14.
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d
Figure 5.14 — Virtual reconstruction of Full men’s suit: a — shirt +
drawers; b — shirt + drawers + waistcoat + trousers; ¢ — shirt + drawers
+ waistcoat + trousers + coat; d — full suit

To evaluate the new method, the silhouette of men’s coats which have
been reconstructed in two ways was compared and overlapped these two
contours in same scale from the front view. To observe more clearly, the coat
was changed in grey color. Fig. 5.15 shows the combined silhouettes of the DT,
the dotted line of which is the patterns drafted from published book directly and

solid line is the patterns from our method.
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a b C d
Figure 5.15 — Silhouette of frock coat in two ways: a — without consideration
method of shaping; b — modified coat; ¢ — overlapping two contours of the
original and modified coat; d — the cross-sections of the original and modified
coat at the same level of bottom

The wvertical distance between the silhouettes of the original and
modified coat have been measured: shoulder point is 11 mm, waist level is 12
mm, front bottom level is 10 mm, back bottom level is 16 mm.

As shown in Fig. 5.15, b, the DT obtained taking into account the
shaping, in the neck, shoulder girdle, chest, waist, hips and bottom, more
precisely corresponds to the shape of the avatar, which was characteristic of the
sartorial art of the late 19th century. The lines of the shoulder point, waist and
bottom are raised, the left and right edges of the board are pulled up to each
other. DT HCC, obtained by the developed algorithm, has a fitted and muscular
appearance, soft shoulders and a narrower waist, favorably emphasizes the

plastic figure.

Conclusions after Chapter 5

1. The wide possibilities of the developed technology in obtaining digital

twins of HCC based on different source information: photographic images and

preserved artifacts with different structural devices are shown.
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2. Based on the analysis of visual information about the historical
uniforms of Russian professors of the 19th century, material uniform and its
digital counterparts in five versions were developed.

3. Based on the historical database and the preserved Russian folk shirt
of the XIX century, consisting of the main and lining fabrics, its digital twin was
generated, taking into account the techniques of shaping and framing the
influence of the linen lining.

4. DT of the preserved multi-layers uniform of the Slovenian youths of
the "falcons" movement of the 1930s was obtained.

5. DT of the multicomponent HCC, including the coat and the
underlying types of clothing, was obtained. When it was generated, the shaping
techniques were reproduced due to the choice of ease allowance, the

introduction of framing elements and cushioning materials.
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CONCLUSIONS

FINAL RESULTS OF RESEARCH

1. The technology of virtual reconstruction of HCC based on reverse
engineering, including the choice of material object or its image, the collection
of initial information about the features of artistic and constructive and
technological solutions, the reconstruction of missing data, the generation of
avatar of body, DT of textile materials, DT of the HCC, etc. assessment of their
similarity has been developed.

2. The method of identification of the size accessories, the hidden
projected design and technological techniques in historical pattern of men's coat
was developed, which allows to determine the body measurements of the body
and control the indicators of the three-dimensional shape.

3. The regularities of the formation of fashionable male historical body
under the influence of corset have been established.

4. Developed a method for selecting textile materials for historical men's
clothing based on published materials and prototype of clothing and achieving
similarity between generated digital twins and their material prototypes.

5. Method of non-contact measuring in virtual environment of the
thickness of textile materials belonging to several types of clothing worn
simultaneously, taking into account the air layers between each other, has been
developed.

6. The ease allowance to the body measurements used to draft patterns of
coat was developed, and an algorithm for the recalculation in the reconstruction
of coat to contemporary male body of other body measurements was proposed.

7. A virtual reconstruction method of historical men's clothing system
based on reverse engineering has been developed, including the selection of a

material object, the collection of initial information about the features of artistic,
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constructive and technological solutions, the reconstruction of missing data and
the generation of a digital twin.

8. The following types of men's historical clothing of the XIX and XX
centuries were reconstructed: Russian professorial formal coat, European coat, a
Slovenian uniform of the youth movement "Falcons", Russian folk shirt, which
confirmed the correctness of the results obtained, algorithms of methods and

databases.

RECOMMENDATIONS, PERSPECTIVES OF FUTURE
RESEARCH

1. The results obtained in the dissertation can be used as follows:

- in educational process of higher and secondary educational institutions
in studying the historical costume and design of men's clothing;

- as resource and source of designing historical costume for theatrical
productions and films;

- as resource for sociologists, anthropologists and historians;

- in the concepts of online museums;

- in the preservation of intangible cultural heritage.

2. In further research, it is necessary to use other HCC to form more

complete base for generating DT.
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APPENDIX A.

Results of men's body measurements without corset and in corset (for
Chapter 2)

Table A.1 — Results of male body measurements at chest level, cm

. Difference . Difference
Diameters Diameters
. between between
Bod S | Chest girth T deup and deup and
T;)’pz airll)p © | Height corset danp with corset danp
WlthOUt WIth dtra.B dan.B A dtraAB dan.B A
corset corset
Y Soldierl 183.50 | 97.50 97.20 | 34.73 | 23.15 11.58 35.92 | 22.98 12.94
Y Soldier2 | 177.70 | 99.70 | 101.80 | 35.36 | 24.24 11.12 35.57 | 24.71 10.85
Y Soldier3 | 187.40 | 104.60 | 105.60 | 37.46 | 25.28 12.18 37.84 | 25.92 11.92
Y Soldier4 | 186.70 | 100.80 | 104.50 | 34.46 | 25.24 9.21 36.74 | 25.75 10.99
Y Soldier7 | 177.70 | 101.10 | 103.10 | 36.18 | 24.47 11.70 36.34 | 25.07 11.27
Y Soldier8 | 177.70 | 108.30 | 109.90 | 38.98 | 26.54 12.44 37.17 | 25.62 11.55
Y Soldier9 | 171.50 | 105.60 | 106.10 | 37.40 | 26.96 10.44 35.52 | 27.40 8.12
Y Soldier10 | 176.90 | 109.50 | 112.90 | 37.70 | 26.90 10.80 40.41 | 26.79 13.62
Y Soldier13 | 184.20 | 104.50 | 106.20 | 34.82 | 26.83 8.00 37.50 | 27.43 10.07
Y Soldier14 | 174.80 | 102.60 | 105.10 | 35.79 | 25.15 10.64 37.25 | 25.81 11.44
Y Soldier17 | 180.20 | 92.00 90.80 | 32.22 | 21.73 10.49 32.64 | 21.13 11.51
Y Soldier18 | 176.20 | 97.50 | 101.10 | 33.73 | 24.42 9.31 36.59 | 23.83 12.75
Y Soldier20 | 180.20 | 102.10 | 109.10 | 36.57 | 24.31 12.26 38.54 | 25.31 13.23
Y Athlete23 | 18490 | 111.30 | 110.60 | 37.48 | 28.15 9.32 36.76 | 28.48 8.28
Y Athlete24 | 187.40 | 11590 | 117.30 | 39.67 | 29.22 10.46 39.65 | 30.26 9.39
Y Athlete25 | 170.40 | 116.00 | 117.00 | 40.29 | 29.27 11.02 39.88 | 29.23 10.65
Y Athlete26 | 169.70 | 104.00 | 106.00 | 36.42 | 25.35 11.07 37.31 | 25.88 11.43
Y Athlete27 | 168.30 | 94.60 97.30 | 32.42 | 24.44 7.99 33.06 | 25.16 7.90
Y Athlete28 | 179.50 | 104.30 | 106.00 | 36.90 | 26.18 10.72 37.33 | 26.50 10.82
Y Athlete29 | 165.00 | 107.60 | 107.40 | 36.76 | 26.45 10.31 37.46 | 26.29 11.17
Y Athlete30 | 174.80 | 116.00 | 116.70 | 38.22 | 31.03 7.19 38.32 | 31.16 7.16
Y Athlete31 | 181.60 | 123.00 | 126.40 | 40.17 | 31.62 8.55 40.97 | 32.67 8.30
Y Studentl | 173.00 | 92.20 95.70 | 31.62 | 22.71 8.91 32.31 | 23.99 8.32
Y Student2 | 176.20 | 98.60 98.40 | 35.65 | 24.79 10.86 34,78 | 25.30 9.48
Y Student4 | 188.10 | 93.40 97.50 | 34.90 | 21.59 13.32 37.39 | 21.75 15.65
Y Student5 | 184.90 | 89.60 90.00 | 31.38 | 21.15 10.24 31.30 | 21.84 9.46
Y Student13 | 173.80 | 94.40 97.10 | 33.68 | 22.45 11.23 34.07 | 23.96 10.11
Y Student14 | 181.60 | 95.80 95.30 | 34.03 | 21.94 12.09 3343 | 22.10 11.33
Y Studentl5 | 177.70 | 97.90 99.30 | 34.14 | 25.34 8.80 30.98 | 24.16 6.82
A Soldier5 | 180.20 | 99.30 | 101.40 | 35.00 | 24.13 10.88 35.75 | 24.27 11.48
A Soldier6 | 180.90 | 117.10 | 121.90 | 41.65 | 30.79 10.86 42.88 | 31.52 11.36
A Soldierll | 183.50 | 91.60 94.60 | 33.53 | 20.81 12.72 3427 | 21.61 12.66
A Soldier12 | 178.80 | 93.10 95.30 | 32.09 | 23.31 8.78 32.73 | 25.13 7.60
A Soldierl5 | 177.70 | 93.50 95.90 | 32.49 | 22.83 9.66 33.75 | 23.29 10.47
A Soldierl6 | 184.20 | 91.20 9340 | 33.16 | 21.20 11.97 34,17 | 21.88 12.29
A Soldier19 | 179.50 | 109.70 | 110.00 | 39.72 | 25.89 13.83 39.27 | 26.74 12.54
A Athlete22 | 179.50 | 115.10 | 116.40 | 38.14 | 29.90 8.24 37.43 | 30.56 6.87
A Student3 | 175.50 | 91.70 94.80 | 31.08 | 23.13 7.95 31.95 | 24.24 7.71
A Student12 | 175.50 | 94.60 96.50 | 33.32 | 24.14 9.18 3427 | 24.37 9.91
B Soldier21 | 177.00 | 91.80 95.30 | 31.61 | 23.04 8.57 32.61 | 24.66 31.61
B Studentl1 | 188.90 | 83.50 86.40 | 29.06 | 22.54 6.52 30.79 | 22.95 29.06
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Table A.2 — Results of male body measurements at waist level, cm

. Difference . Difference
Diameters Diameters
Waist girth setween between
. traB and diras and
Body | Sample Height without danB with corset danB
Type 1D corset
WlthOUt Wlth dtra.B danAB A dtra.B danAB A
corset corset
Y Soldier] | 183.50 | 78.70 78.20 | 28.56 | 20.61 7.95 28.65 | 22.29 6.35
Y Soldier2 | 177.70 | 79.60 77.40 | 29.28 | 20.42 8.86 28.93 | 21.01 7.92
Y Soldier3 | 187.40 | 85.20 83.40 | 32.03 | 21.54 10.49 30.89 | 20.80 10.09
Y Soldier4 | 186.70 | 79.00 80.60 | 28.10 | 21.50 6.60 28.30 | 22.16 6.14
Y Soldier7 | 177.70 | 80.60 78.60 | 29.30 | 21.39 7.91 28.09 | 21.47 6.62
Y Soldier8 | 177.70 | 86.50 87.70 | 32.29 | 21.39 10.90 30.51 | 24.28 6.23
Y Soldier9 | 171.50 | 86.60 85.50 | 30.16 | 23.57 6.59 29.20 | 24.25 4.95
Y Soldier10 | 176.90 | 90.10 88.30 | 31.75 | 25.06 6.70 31.80 | 23.84 7.96
Y Soldier13 | 184.20 | 82.40 85.20 | 29.06 | 22.89 6.17 29.55 | 24.17 5.37
Y Soldier14 | 174.80 | 79.50 78.00 | 28.28 | 21.38 6.89 28.06 | 21.06 7.00
Y Soldier17 | 180.20 | 74.30 77.10 | 27.32 | 19.25 8.07 27.47 | 21.24 6.24
Y Soldier18 | 176.20 | 77.30 79.30 | 27.28 | 21.16 6.12 28.25 | 21.10 7.15
Y Soldier20 | 180.20 | 79.80 80.70 | 28.35 | 21.13 7.23 29.09 | 21.92 7.17
Y Athlete23 | 184.90 | 85.60 83.60 | 29.74 | 23.42 6.33 29.10 | 23.69 5.41
Y Athlete24 | 187.40 | 91.90 89.00 | 32.74 | 24.57 8.17 31.93 | 23.44 8.50
Y Athlete25 | 170.40 | 93.50 90.40 | 33.23 | 24.69 8.54 31.88 | 24.92 6.97
Y Athlete26 | 169.70 | 87.70 85.10 | 31.59 | 22.20 9.39 30.37 | 21.98 8.39
Y Athlete27 | 168.30 | 75.70 7540 | 27.38 | 20.11 7.27 26.41 | 20.71 5.70
Y Athlete28 | 179.50 | 85.10 84.70 | 29.31 | 23.66 5.65 29.66 | 23.19 6.47
Y Athlete29 | 165.00 | 87.60 86.60 | 30.21 | 24.73 5.48 29.44 | 24.95 4.49
Y Athlete30 | 174.80 | 92.10 90.40 | 31.58 | 25.03 6.55 30.89 | 25.60 5.29
Y Athlete31 | 181.60 | 98.10 92.10 | 32.80 | 28.25 4.55 32.38 | 26.57 5.81
Y Studentl | 173.00 | 72.90 76.60 | 25.74 | 19.48 6.26 26.36 | 20.73 5.62
Y Student2 | 176.20 | 82.10 81.70 | 29.09 | 22.30 6.79 28.14 | 23.23 4.90
Y Student4 | 188.10 | 71.00 74.10 | 26.40 | 17.33 9.07 26.73 | 18.41 8.32
Y Student5 | 184.90 | 68.50 70.10 | 26.15 | 17.19 8.96 26.24 | 17.74 8.51
Y Student13 | 173.80 | 75.50 76.40 | 26.55 | 21.02 5.53 27.48 | 20.61 6.87
Y Student14 | 181.60 | 75.30 75.70 | 27.98 | 19.22 8.76 27.16 | 19.84 7.32
Y Studentl5 | 177.70 | 76.30 78.40 | 29.02 | 19.14 9.89 28.46 | 20.59 7.87
A Soldier5 | 180.20 | 84.00 82.30 | 31.01 | 21.80 9.21 29.22 | 21.95 7.27
A Soldier6 | 180.90 | 101.20 | 100.70 | 35.62 | 27.47 8.15 34.82 | 28.29 6.53
A Soldierll | 183.50 | 79.50 81.00 | 29.80 | 19.81 9.99 29.92 | 20.04 9.88
A Soldier12 | 178.80 | 78.30 76.00 | 27.74 | 21.77 5.96 26.49 | 21.13 5.36
A Soldierl5 | 177.70 | 80.30 80.30 | 28.57 | 21.73 6.84 28.71 | 21.74 6.97
A Soldier16 | 184.20 | 75.70 76.90 | 27.56 | 20.35 7.21 27.51 | 20.71 6.80
A Soldier19 | 179.50 | 94.50 91.50 | 32.66 | 26.42 6.25 31.89 | 25.16 6.73
A Athlete22 | 179.50 | 99.50 91.40 | 34.97 | 27.67 7.31 32.12 | 25.44 6.68
A Student3 | 175.50 | 78.20 76.30 | 28.28 | 19.99 8.29 29.11 | 21.09 8.02
A Student12 | 175.50 | 80.30 81.60 | 28.18 | 22.30 5.88 28.67 | 22.47 6.20
B Soldier21 | 177.00 | 83.10 86.20 | 28.92 | 22.63 6.29 29.32 | 24.78 4.53
B Studentll | 188.90 | 74.50 75.90 | 27.61 | 18.89 8.72 27.84 | 20.28 7.56
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Table A.3 — Results of male body measurements at hip level, cm

. Difference . Difference
Hip girth Diameters between Diameters between
Body | Sample | . .. h diraand h diraB and
Type ID €1g without corset danp with corset danp
WlthOUt WIth dtra.B dan.B A dtraAB dan.B A
corset corset
Y Soldierl | 183.50 | 97.10 9440 | 36.82 | 22.82 14.00 35.70 | 23.24 12.46
Y Soldier2 | 177.70 | 96.70 96.20 | 35.16 | 2491 10.25 36.06 | 25.56 10.50
Y Soldier3 | 187.40 | 103.60 | 101.60 | 38.07 | 25.81 12.26 37.04 | 25.84 11.20
Y Soldier4 | 186.70 | 97.20 97.10 | 35.59 | 24.96 10.63 35.50 | 25.70 9.80
Y Soldier7 | 177.70 | 97.20 96.20 | 36.11 | 23.72 12.39 35.82 | 24.33 11.49
Y Soldier8 | 177.70 | 100.30 | 99.70 | 36.18 | 24.49 11.69 34.52 | 25.55 8.97
Y Soldier9 | 171.50 | 100.40 | 100.10 | 36.20 | 24.73 11.48 35.50 | 25.53 9.97
Y Soldier10 | 176.90 | 100.90 | 98.80 | 35.57 | 27.14 8.43 36.01 | 26.58 9.43
Y Soldier13 | 184.20 | 96.90 95.90 | 33.68 | 25.44 8.24 36.06 | 24.08 11.98
Y Soldier14 | 174.80 | 96.60 99.00 | 28.28 | 21.37 6.90 35.51 | 24.96 10.55
Y Soldier17 | 180.20 | 87.60 87.70 | 32.90 | 21.71 11.20 3241 | 22.65 9.76
Y Soldier18 | 176.20 | 94.00 93.60 | 34.76 | 22.99 11.77 34.07 | 23.56 10.51
Y Soldier20 | 180.20 | 93.00 93.60 | 33.35 | 24.38 8.96 33.47 | 24.50 8.98
Y Athlete23 | 184.90 | 103.70 | 101.70 | 37.33 | 26.05 11.28 36.46 | 27.66 8.80
Y Athlete24 | 187.40 | 114.80 | 111.30 | 40.86 | 28.64 12.22 40.17 | 29.00 11.17
Y Athlete25 | 170.40 | 106.10 | 103.90 | 37.41 | 28.01 9.39 36.47 | 28.39 8.08
Y Athlete26 | 169.70 | 105.40 | 94.00 | 38.00 | 24.10 13.91 33.31 | 25.32 7.99
Y Athlete27 | 168.30 | 94.80 90.10 | 33.61 | 22.70 10.92 33.44 | 21.71 11.73
Y Athlete28 | 179.50 | 99.80 | 100.60 | 36.28 | 25.12 11.16 35.84 | 26.80 9.04
Y Athlete29 | 165.00 | 95.50 91.40 | 24.56 | 2491 (0.35) 3247 | 25.40 7.07
Y Athlete30 | 174.80 | 105.30 | 104.50 | 35.68 | 28.88 6.79 37.82 | 27.29 10.53
Y Athlete31 | 181.60 | 111.50 | 107.20 | 37.30 | 29.73 7.57 36.67 | 30.26 6.41
Y Studentl | 173.00 | 95.90 95.40 | 35.46 | 23.16 12.30 35.60 | 22.43 13.17
Y Student2 | 176.20 | 100.10 | 101.00 | 35.56 | 26.65 8.91 37.15 | 27.33 9.82
Y Student4 | 188.10 | 89.50 90.20 | 32.56 | 22.71 9.86 33.06 | 21.74 11.32
Y Student5 | 184.90 | 90.90 89.60 | 34.58 | 20.55 14.03 34.39 | 20.83 13.56
Y Student13 | 173.80 | 94.60 92.50 | 34.51 | 23.50 11.01 33.69 | 23.64 10.05
Y Student14 | 181.60 | 96.80 92.90 | 34.88 | 25.96 8.93 33.87 | 23.53 10.33
Y Student15 | 177.70 | 93.60 91.20 | 34.62 | 21.85 12.78 33.70 | 21.47 12.23
A Soldier5 | 180.20 | 99.70 98.70 | 35.75 | 24.87 10.88 37.28 | 29.39 7.89
A Soldier6 | 180.90 | 107.70 | 106.80 | 38.35 | 29.13 9.22 37.66 | 29.37 8.30
A Soldier1l | 183.50 | 95.40 96.20 | 36.42 | 22.96 13.46 36.67 | 23.95 12.72
A Soldier12 | 178.80 | 96.30 96.44 | 34.77 | 24.21 10.56 3441 | 25.40 9.01
A Soldier15 | 177.70 | 98.50 99.00 | 36.57 | 23.85 12.72 35.27 | 24.47 10.80
A Soldier16 | 184.20 | 94.80 93.20 | 35.19 | 22.66 12.53 35.56 | 21.58 13.98
A Soldier19 | 179.50 | 100.50 | 102.30 | 35.68 | 26.51 9.17 3597 | 27.87 8.10
A Athlete22 | 179.50 | 108.00 | 106.40 | 37.71 | 29.01 8.70 36.75 | 29.83 6.92
A Student3 | 175.50 | 98.80 99.60 | 35.71 | 24.98 10.73 36.23 | 24.93 11.30
A Student12 | 175.50 | 96.40 96.00 | 34.76 | 25.50 9.25 34.53 | 24.34 10.19
B Soldier21 | 177.00 | 97.80 98.28 | 35.09 | 26.34 8.75 34.84 | 26.90 7.95
B Student11 | 188.90 | 95.40 95.40 | 34.99 | 23.80 11.19 34.60 | 24.35 10.25
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Table A. 4 — Projection dimensions of body, cm

Results of the measurements

Without corset With corset
Bod Distance . Distance .
TypZ Sample ID Height back neck Distance A back neck Distance A
point to scapqla to point to scapqla to
vertical vertical vertical vertical
Y Soldierl 183.50 29.00 20.00 9.00 28.30 21.60 6.70
Y Soldier2 177.70 32.20 23.20 9.00 30.30 22.80 7.50
Y Soldier3 187.40 29.70 20.40 9.30 31.40 21.20 10.20
Y Soldier4 186.70 28.20 20.00 8.20 25.80 20.00 5.80
Y Soldier7 177.70 29.70 20.80 8.90 29.20 21.20 8.00
Y Soldier8 177.70 26.80 20.80 6.00 28.50 21.20 7.30
Y Soldier9 171.50 29.00 21.20 7.80 27.60 20.40 7.20
Y Soldier10 | 176.90 28.80 20.00 8.80 29.10 20.00 9.10
Y Soldier13 | 184.20 26.20 20.00 6.20 29.10 20.80 8.30
Y Soldier14 | 174.80 28.60 20.00 8.60 28.10 20.00 8.10
Y Soldierl7 | 180.20 29.00 20.80 8.20 29.10 21.60 7.50
Y Soldier18 | 176.20 26.50 20.00 6.50 25.30 21.20 4.10
Y Soldier20 | 180.20 28.10 20.40 7.70 28.20 20.60 7.60
Y Athlete23 | 184.90 29.60 20.00 9.60 30.20 20.40 9.80
Y Athlete24 | 187.40 33.10 22.40 10.70 33.30 24 .40 8.90
Y Athlete25 | 170.40 29.50 20.00 9.50 29.60 21.60 8.00
Y Athlete26 | 169.70 30.90 23.60 7.30 30.70 23.60 7.10
Y Athlete27 | 168.30 30.20 20.00 10.20 31.10 21.60 9.50
Y Athlete28 | 179.50 27.10 20.00 7.10 28.00 20.00 8.00
Y Athlete29 | 165.00 30.70 22.00 8.70 31.10 21.20 9.90
Y Athlete30 | 174.80 30.50 20.00 10.50 29.50 20.20 9.30
Y Athlete31 | 181.60 30.60 20.40 10.20 28.90 20.80 8.10
Y Student1 173.00 27.70 20.40 7.30 26.60 20.00 6.60
Y Student2 176.20 28.70 23.60 5.10 29.00 24.00 5.00
Y Student4 188.10 26.90 20.00 6.90 26.70 21.20 5.50
Y Student5 184.90 29.30 20.00 9.30 27.50 20.00 7.50
Y Student13 | 173.80 27.30 20.00 7.30 27.80 20.80 7.00
Y Student14 | 181.60 29.30 23.20 6.10 24.10 22.00 2.10
Y Studentl5 | 177.70 29.50 20.00 9.50 30.70 20.80 9.90
A Soldier5 180.20 29.00 22.00 7.00 31.30 23.60 7.70
A Soldier6 180.90 28.60 20.00 8.60 27.80 22.00 5.80
A Soldierl1l | 183.50 29.10 20.00 9.10 31.60 21.60 10.00
A Soldier12 | 178.80 29.60 20.00 9.60 30.10 20.00 10.10
A Soldierl5 | 177.70 26.70 20.40 6.30 24.90 20.00 4.90
A Soldierl6 | 184.20 31.50 23.30 8.20 31.70 24 .80 6.90
A Soldier19 | 179.50 28.40 20.00 8.40 28.50 20.00 8.50
A Athlete22 | 179.50 31.40 20.40 11.00 30.90 20.80 10.10
A Student3 175.50 30.70 22.80 7.90 28.80 22.40 6.40
A Student12 | 175.50 29.50 21.60 7.90 29.40 22.00 7.40
B Soldier21 | 177.00 31.90 24.00 7.90 29.30 21.20 8.10
B Studentl1 | 188.90 32.30 22.80 9.50 32.60 23.80 8.80
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Table B.1 — Value of ease allowance which can be used to reconstruct clothes for contemporary men, cm

APPENDIX B.

Value of ease allowance for the shaping of historical men’s coat (for Chapter 3)

No. | 1 | 2 | 3 | 4] 5 1 6 | 71 8 | 9 [ 10 | 11 | 12 13 14
Dimension of pattern
Symbol PBcg | PBwg | PBuc PBaL | PBew | PBaL | PBrw PBrs PBos PBs PBnp PBsL PBps | PBws
PBI 103.88 | 93.02 | 123.74 | 44.92 | 38.73 | 42.67 | 43.95 34.32 47.2 3091 16.03 15.23 16.69 | 12.85
PB2 106.32 | 96.99 | 128.1 | 49.39 | 40.43 | 45.03 | 42.55 36.18 51.04 32.85 15.1 16.16 18.19 | 13.37
PB3 101.78 | 91.81 | 117.5 | 43.79 | 38.04 | 42.75 | 42.46 33.38 46.24 30.51 15.65 15.03 16.17 | 13.07
PB4 109.87 | 99.56 | 118.64 | 41.19 | 39.74 | 42.87 | 45.67 32.73 44.01 32.37 15.26 18.34 15.48 | 11.96
PB5 103.8 | 92.43 | 113.01 | 42.7 | 39.23 | 4143 | 4331 32.62 45.29 30.79 14.06 17.8 1593 | 12.76
Dimension of body measurements
Symbol CGi WG HG; AG BW, BL, FW, FS; 0S; B ND; SL; DS, WS
I]j:)lg; 88.52 | 71.86 | 87.44 | 2832 | 31.99 | 36.41 | 33.76 26.85 39.77 27.89 12.09 12.46 11.02 | 12.04
Value of ease by formulas (4), Ecc = PBcc — CGi
To To
. To T(.) To hip To To To To To front | To over To To neck To depth | width
Position chest | waist . arm | back | back | front . shoulder
girth girth girth girth | width | length | width shoulder | shoulder | blade | diameter length S é);e . ((:);e
PBI 15.36 | 21.16 36.3 16.6 | 6.74 6.26 | 10.19 7.47 7.43 3.02 3.94 2.77 5.67 | 0.8l
PB2 17.8 25.13 | 40.66 | 21.07 | 8.44 8.62 8.79 9.33 11.27 4.96 3.01 3.70 7.17 1.33
PB3 13.26 | 19.95 | 30.06 | 1547 | 6.05 6.34 8.7 6.53 6.47 2.62 3.56 2.57 5.15 1.03
PB4 21.35 27.7 31.2 12.87 | 7.75 646 | 1191 5.88 4.24 4.48 3.17 5.88 446 | -0.08
PB5 15.28 | 20.57 | 25.57 | 1438 | 7.24 5.02 9.55 5.77 5.52 2.90 1.97 5.34 491 0.72
Average | 16.61 22.9 32.76 | 16.08 | 7.24 6.54 9.83 7.00 6.99 3.60 3.13 4.05 547 | 0.76




Table B.2 — Value of ease allowance which were used by tailors in history, cm

No. | 1 | 2 [ 3 | 4] 5 | 6 | 71 8 | 9 10 11 12 13 14
Dimension of pattern
Symbol PBcg | PBwg | PBug | PBar | PBew | PBeL | PBrw PBEs PBos PBg PBxp PBsL PBps | PBws
PB1 103.88 | 93.02 | 123.74 | 44.92 | 38.73 | 42.67 | 43.95 34.32 47.2 30.91 16.03 15.23 16.69 | 12.85
PB2 106.32 | 96.99 | 128.1 | 49.39 | 40.43 | 45.03 | 42.55 36.18 51.04 32.85 15.1 16.16 18.19 | 13.37
PB3 101.78 | 91.81 | 117.5 | 43.79 | 38.04 | 42.75 | 42.46 33.38 46.24 30.51 15.65 15.03 16.17 | 13.07
PB4 109.87 | 99.56 | 118.64 | 41.19 | 39.74 | 42.87 | 45.67 32.73 44.01 32.37 15.26 18.34 1548 | 11.96
PB5 103.8 | 92.43 | 113.01 | 42.7 | 39.23 | 4143 | 43.31 32.62 45.29 30.79 14.06 17.8 1593 | 12.76
Dimension of body measurements
Symbol CG2 WG, HG: AG, | BW; BL, FW» FS, 0S» B2 ND SL, DS WS,
Body over
\r’relisrtﬁvrg;lll 95.05 | 7839 | 93.93 | 31.09 | 34.49 | 38.02 | 35.24 30.02 43.08 30.25 14.01 12.79 12.58 | 12.74
air gap
Value of ease by formulas (5), Ecoh = PBcg — CG2
To To
.\ To T(.) To hip To To To To To front | To over To To neck To depth | width
Position chest | waist . arm | back | back | front . shoulder
girth girth girth girth | width | length | width shoulder | shoulder | blade | diameter length S é);e S ((:);e
PB1 8.83 14.63 | 29.81 | 13.83 | 4.24 4.65 8.71 4.3 4.12 0.66 2.02 2.44 4.11 0.11
PB2 11.27 18.6 34.17 18.3 5.94 7.01 7.31 6.16 7.96 2.6 1.09 3.37 5.61 0.63
PB3 6.73 13.42 | 23.57 12.7 3.55 4.73 7.22 3.36 3.16 0.26 1.64 2.24 3.59 | 0.33
PB4 14.82 | 21.17 | 24.71 10.1 5.25 4.85 10.43 2.71 0.93 2.12 1.25 5.55 2.9 -0.78
PB5 8.75 14.04 | 19.08 | 11.61 | 4.74 341 8.07 2.6 2.21 0.54 0.05 5.01 3.35 0.02
Average | 10.08 | 1637 | 26.27 | 1331 | 4.74 4.93 8.35 3.83 3.68 1.24 1.21 3.72 3.91 0.06
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APPENDIX C.

Length of each suture line (for Chapter 3)

Table C. 1 — Length of each suture line for 17 Cutaway coats, cm

No. 1 2 3 14 16 19 23 26 28 33 35 36 41 44 45 46 47
a 24.66 | 28.16 | 264 | 24.74 | 22.48 | 23.48 | 2331 | 2323 | 2479 | 2329 | 25.6 | 2637 | 23.62 | 25.67 | 26.94 | 25.02 | 24.74
b 2393 | 27.72 | 2521 | 24.62 | 2277 | 22.81 | 22.79 | 2331 | 2444 | 2144 | 25.69 | 26.47 | 23.62 | 25.81 | 26.92 | 25.01 | 23.24
c 38.67 | 453 | 42.55 | 3849 | 39.1 | 36.06 | 3744 | 3749 | 373 | 3821 | 41.17 | 4339 | 40.15 | 41.24 | 41.17 | 41.1 | 3643
el 36.57 | 42.82 | 3991 | 36.01 | 36.68 | 34.52 | 3526 | 36.94 | 36.1 | 3636 | 39.39 | 41.15 | 37.89 | 39.27 | 40.05 | 39.48 | 34.78
d 46.56 | 56.51 | 5349 | 57.19 | 48.7 | 4096 | 53.58 | 38.8 | 37.84 | 48.57 | 44.71 | 34.23 | 40.02 | 4495 | 44.95 | 4495 | 464
e2 46.61 | 56.23 | 53.4 | 56.22 | 48.18 41 5322 | 3823 | 37.75 | 4841 | 4423 | 3426 | 3992 | 4455 | 45.15 | 444 | 45.02
f 32.28 | 43.19 | 429 | 36.29 | 36.02 | 29.51 | 39.78 | 35.73 | 33.48 | 33.79 | 30.04 | 31.38 | 33.43 | 32.38 | 30.66 | 28.96 | 27.51
g 10.32 | 13.09 134 | 1195 | 12.73 | 13.43 | 1553 | 11.33 | 9.75 13.38 | 11.28 | 11.37 12.1 11.46 | 11.23 10.5 10.16
r4 - - - 5.8 - - - - - - - - - - - - -

h 4336 | 54.47 | 5492 | 52.81 | 4749 | 434 | 54.75 | 48774 | 42.75 | 5098 | 41.32 | 42.77 | 42.11 | 41.57 | 41.57 | 41.57 | 37.81
i 28.17 | 3335 | 3234 | 28.1 | 2942 | 23.6 | 2745 | 31.99 | 2924 | 2924 | 27.81 | 29.87 | 31.44 | 26.93 | 29.61 | 26.46 | 25.39
J 8.91 1049 | 11.27 | 848 11.33 | 8.06 8.34 9.59 7.54 | 12.46 | 9.73 10.55 | 9.57 9.94 9.42 7.14 8.62
k 6.26 8.75 8.59 7.87 7.28 6.72 7.28 6.24 4.58 6.36 5.28 6.26 391 5.6 4.84 4.78 6.11
m 32.37 | 36.86 | 36.86 | 32.37 | 3441 | 29.57 | 31.7 | 3441 | 30.99 | 34.41 31.7 | 33.53 | 32.37 | 31.7 | 3237 | 29.57 | 30.99
n 14.14 | 17.47 | 1747 | 14.14 | 15.14 | 10.94 | 12.94 | 15.14 12.2 15.14 | 1294 | 1446 | 14.14 | 12.94 | 14.14 | 10.94 12.2

pl 46.56 | 4832 | 48.32 | 46.56 | 4731 | 4548 | 4637 | 4731 | 46.1 | 4731 | 46.37 | 46.95 | 46.56 | 46.37 | 46.56 | 4548 | 46.1
p2 46.51 | 48.21 | 48.21 | 46.55 | 47.26 | 453 | 46.32 | 47.26 46 4726 | 4632 | 4691 | 46.55 | 4632 | 46.55 | 453 46
ol 59.92 | 63.55 | 63.55 | 59.92 | 61.13 | 56.09 | 58.61 | 61.13 | 57.74 | 61.13 | 58.61 | 60.24 | 59.92 | 58.61 | 59.92 | 56.09 | 57.74
02 60.24 | 63.9 63.9 | 6024 | 615 | 5649 | 5895 | 61.5 | 5834 | 61.5 | 5895 | 60.69 | 60.24 | 5895 | 60.24 | 56.49 | 58.34
ql 18.2 17.38 | 16.52 | 14.79 | 16.09 | 16.55 | 17.07 184 | 16.56 | 1545 | 17.61 | 18.01 15.9 18.27 | 17.66 | 18.74 | 14.47
q2 15.77 | 18.16 | 17.56 | 14.68 | 1636 | 17.78 | 17.51 | 18.26 | 17.49 | 1694 | 17.39 | 17.98 | 15.63 | 17.84 | 17.53 | 18.52 | 14.58
rl - - - 43.63 - - - - - - - - - - - - -
r2 - - - 44.95 - - - - - - - - - - - - -
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Table C. 2 — Length of each suture line for 11 dress coats, cm

No. 4 5 6 15 18 22 25 30 31 34 40
a 25.54 24.42 24.89 25.14 22.22 21.83 23.41 24.19 24.24 25.6 25.37
b 24.59 23.53 24.26 24.51 22.41 21.5 23.34 24.27 24.19 25.03 25.46
c 39.74 38.44 39.64 38.57 38.33 34.92 37.61 39.52 39.99 37.98 41.55
el 37.58 36.25 38.08 35.89 36.25 33.24 37.29 38.72 39.2 37.34 40
d 57.69 56.36 57.76 54.26 53.77 534 46.05 44.66 49.82 52.69 54.94
e2 57.12 55.78 57.25 53.55 52.53 52.84 45.71 44.6 49.83 52.32 54.86
f - 25.02 - 18.51 17.3 26.4 30.98 32.43 32.95 24.56 31.68
g - 10.39 - 11.89 12.55 13.19 11.16 12.23 11.38 11.18 12.32
h - 35.89 - 30.53 29.06 39.27 43.16 44.66 44.84 35.83 44.38
i 29.06 28.11 31.08 28.37 29.69 23.9 31.6 29.95 30.44 24.91 29.97
J 8.87 8.57 9.33 8.71 11.08 8.5 9.48 10.91 11.31 9.59 9.95
k 6.23 6.04 6.54 7.81 7.04 6.88 6.31 5.8 5.78 6.35 5.11
m 32.37 32.37 3441 32.37 3441 29.57 3441 33.53 3441 30.99 32.37
n 14.14 14.14 15.14 14.14 15.14 10.94 15.14 14.46 15.14 12.2 14.14
pl 46.56 46.37 47.31 46.56 47.31 45.48 47.31 46.95 47.31 46.1 46.56
p2 46.55 46.32 47.26 46.55 47.26 453 47.26 46.91 47.26 46 46.55
ol 59.92 59.92 61.13 59.92 61.13 56.09 61.13 60.24 61.13 57.74 59.92
02 60.24 60.24 61.5 60.24 61.5 56.49 61.5 60.69 61.5 58.34 60.24
ql 15.15 15.15 15.56 15.02 15.47 16.04 17.24 18.55 17.3 15.34 19
q2 15.85 15.85 16.51 14.72 16.26 16.99 18.18 18.55 17.16 15.67 18.84
rl - 47.63 - - - 46.8 46.7 51.47 - 48.34 50
r2 - 44.73 - - - 41.7 44.99 47.57 - 45.66 46.61
r3 - 4.49 - - - 4.74 2.62 4.49 - 4.13 3.75
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Table C. 3 — Length of each suture line for 19 frock coats, cm

No. 7 8 9 10 11 12 13 17 20 21 24 27 29 32 37 38 39 42 43
a 2541 | 25.42 | 2541 | 23.09 | 25.29 | 25.99 | 25.14 | 22.89 | 22.95 | 24.5 | 23.41 | 23.11 | 25.46 | 26.59 | 2549 | 2448 | 26.83 | 24.82 | 24.15
b 24.87 | 24.89 | 2449 | 22.1 | 24.69 | 24.87 | 2441 | 23.1 | 22.8 | 24.13 | 23.37 | 22.68 | 25.58 | 25.22 | 25.45 | 24.57 | 26.96 | 24.96 | 24.14
c 40.77 | 40.61 | 40.57 | 36.87 | 40.36 | 40.39 | 39.83 | 40.14 | 34.15 | 36.57 | 37.81 | 36.37 | 40.35 | 39.09 | 41.79 | 39.93 | 44.3 | 40.94 | 40.76
el | 38.15| 38.54 | 38.86 | 34.97 | 37.87 | 38.81 | 37.32 | 37.53 | 34.48 | 36.53 | 37.44 | 35.18 | 39.16 | 37.68 | 40.24 | 38.65 | 41.84 | 39.17 | 39.09
d 53.88 | 53.07 | 51.74 | 42.75 | 52.92 | 57.81 | 52.49 | 60.54 | 51.49 | 54.85 | 47.17 | 50.31 | 52.41 | 54.25 | 55.51 | 54.56 | 57.1 | 43.97 | 56.42
e2 | 53.53 | 52.48 | 51.27 | 42.05 | 52.98 | 57.03 | 52.35 | 59.76 | 50.83 | 54.05 | 46.26 | 49.55 | 50.59 | 54 | 54.87 | 54.41 | 56.06 | 42.67 | 55.65
f 30.81 | 35.22 | 35.64 | 27.02 | 34.97 | 31.33 | 30.38 | 354 | 32.61 | 31.8 | 32.1 | 32.18 | 34.49 | 32.27 | 39.07 | 30.19 | 30.21 | 31.37 | 33.44
g 10.24 | 10.17 | 11.84 | 10.73 | 996 | 11.31 | 996 | 1296 | 13.18 | 144 | 1191 | 9.01 | 11.3 | 11.04 | 13.41 | 11.27 | 11.22 | 11.17 | 12.25
r4 5.9 6.14 | 8.67 - 6.33 | 5.78 | 5.74 - 547 | 3.63 | 5.54 - 6.9 - 6.11 | 582 | 7.72 7.1
h 47.67 53.2 | 47.66 | 4523 | 50.19 | 46.89 | 54.1 | 46.18 | 51.34 | 49.35 | 49.31 | 45.64 | 50.32 | 52.66 | 47.57 | 47.21 | 51.31 | 524
i 27.62 | 45.34 | 30.38 | 26.75 | 27.61 | 32.31 | 27.23 | 29.96 | 23.7 25 3241 | 27.84 | 29.13 | 27.28 | 30.79 | 27.39 | 28.38 | 29.09 | 30.64
i 9.35 | 27.69 | 9.23 8 9.2 873 | 891 | 11.85 | 8.33 9.1 9.13 | 942 | 10.03 | 9.04 | 10.15 | 9.77 | 1042 | 9.85 | 9.87
k 795 | 9.18 | 812 | 7.99 7.7 836 | 7.66 | 746 | 6.65 | 7.09 6 577 | 534 | 6.02 | 5.65 | 5.54 6 529 | 545
m 3237 | 791 | 34.41 | 31.7 | 32.37 | 35.13 | 32.37 | 35.13 | 29.57 | 30.99 | 34.41 | 31.7 | 32.37 | 31.7 | 33.53 | 31.7 | 32.37 | 32.37 | 33.53
n 14.14 | 32.37 | 15.14 | 12.94 | 14.14 | 1588 | 14.14 | 15.88 | 10.94 | 12.2 | 15.14 | 12.94 | 14.14 | 12.94 | 14.46 | 12.94 | 14.14 | 14.14 | 14.46
pl | 46.56 | 14.14 | 47.31 | 46.37 | 46.56 | 47.68 | 46.56 | 47.68 | 45.48 | 46.1 | 47.31 | 46.37 | 46.56 | 46.37 | 46.95 | 46.37 | 46.56 | 46.56 | 46.95
p2 | 46.55 | 46.56 | 47.26 | 46.32 | 46.55 | 47.57 | 46.55 | 47.57 | 453 46 | 47.26 | 46.32 | 46.55 | 46.32 | 46.91 | 46.32 | 46.55 | 46.55 | 46.91
ol | 5992 | 46.55 | 61.13 | 58.61 | 59.92 | 61.94 | 59.92 | 61.94 | 56.09 | 57.74 | 61.13 | 58.61 | 59.92 | 58.61 | 60.24 | 58.61 | 59.92 | 59.92 | 60.24
02 | 60.24 | 59.92 | 61.5 | 58.95 ] 60.24 | 62.19 | 60.24 | 62.19 | 56.49 | 58.34 | 61.5 | 58.95 | 60.24 | 58.95 | 60.69 | 58.95 | 60.24 | 60.24 | 60.69
ql 15.31 | 60.24 | 15.29 15 152 | 15.83 | 15.06 | 16.14 | 16.87 | 17.82 | 18.44 | 1594 | 17.99 | 14.73 | 19.06 | 17.95 | 18.03 | 17.95 | 19.55
q2 15.14 | 1536 | 16.58 | 15.23 | 15.28 | 16.48 | 14.99 | 16.74 | 17.81 | 18.55 | 18.34 | 16.67 | 18.02 | 15.57 | 18.77 | 17.66 | 17.84 | 17.73 | 19.55
rl | 47.87 | 15.11 | 40.39 | 43.16 - 48.11 | 46.85 | 46.05 - 46.16 | 43.79 | 43.49 - 44.2 - 44.39 | 5091 | 47.19 | 47.41
r2 47.9 40.37 | 43.57 - 48.21 | 46.91 | 46.09 - 46.07 | 44.13 | 44.87 - 45.92 - 44.22 | 50.58 | 47.03 | 47.57
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APPENDIX D.
Examples of DT of three style men's coat

Men’s cutaway coat
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DIAGRAM 25 — CUTAWAY FROCK

C
Figure C. 1 — Simulation of men’s cutaway coat: a — historical pattern;
b — 2D pattern in CAD; ¢ — virtual system



Men’s dress coat
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DIAGRAM 28  DRESS WITHOUT REVER
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Figure C. 2 — Simulation of men’s dress coat: a — historical pattern;
b — 2D pattern in CAD; ¢ — virtual system
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Men’s frock coat
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Figure C. 3 — Simulation of men’s frock coat: a — historical pattern;
b — 2D pattern in CAD; ¢ — virtual system
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APPENDIX E.

Notice of exposition in Russian Ministery of High Education

MuHUCTEPCTBO HAYKU M BbICIIEr0 0Opa3oBaHus

Poccuiickoin ®enepanumn
€NnapTaMeHT rOCy/lapCTBEHHOM CIIy>KObI U KaipOB

27 - 29 Hos10ps

BBICTABKA JOCTUXEHUM OPTAHU3AIIMA MUHOBPHAYKH POCCUH
yn. Teepckas, 11 (7 arax)

NBAHOBCKHUIN T'OCYIAPCTBEHHDBIN
MOJUTEXHUYECKUN YHUBEPCUTET

NMCTOPUYECKAM
PEKOHCTPYKIOHUA

MPOMBbBINLJIEHHBIN

/ B
a:
1 :
1

e ey P—

Hay4ynas mKo/1a HCTOPHYECKOH PEKOHCTPYKIMH H NPOMBINLIEHHOrO H3aiHa OleX/bl (NapajHble MYHIHPbI
poccHiickux npodieccopoB, HCTOPHIECKHE KOCTIOMBI, MOJIHAN H BHICOKOTEXHOJIOHYHASN O[IeXK/a)
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APPENDIX F.

Copy of patent for industial design

POCCHACKAS MENEPA T

HA MPOMBINIJIEHHBI OBPA3EIL

Ne 123089

G

o
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APPENDIX G.

Certificate of contest award #Y3unainPoccuro

Bropon MexayHapoaHbii KOoHrpecc BONOHTEPOB
No3HaBaTeNbLHOTO Typu3ama, KynbsTypbl U Meana
«Kuoe Hacnegue manon PoauHbi»

JluteparypHbivi hecTmBans
#Y3Han Poccuto. [loHckoe crioBo

“The Living Heritage of the Motherland»

The Second International Congress of Volunteers for
Media, Culture and Cultural Tourism

Literature Festival #Discover Russia. Don word

®OHAA "
NPE3UAEHTCKUX Xiu.iﬁ?
FPAHTOB M B¥  pocrosckoit o6nact Poccuiickon deaepayum

MUHUCTEPCTH
POCCHICKOM

| MNpaeutenscrea n g"* Ay ‘
O6LiecTBeHHOI Nanathbl uneHoB O6LecTBeHHO nanartbl

AUNAOM NOBEAUTENS

MeXAYHapPOAHOT0 AHCTAHLMOHHOTO KOHKYpCa
npocseTuTeAbckoro npoekra # Y3HAU POCCUIO

Harpaxaaertcs

Yorcanu HHTuuao,
Kumaiickaa Hapoouasa Pecnybauxa,
3a nobedy 8 KOHKYPCe HA AYHWULL KOCIIOM
2epos AUmepamypHo20 NPouU3ee0eHUs
gbldarowuxes nucamesett u noamos Jfoxa u Ilpuasosws,
HANPABACHHO20 HA U3YYEeHUe U NONYASPUSAYLIO UX MEOPUecmaa

N.A. Wadupos /Qdﬂ’lll/ 3. M. BornoTosa

yneH ObLecTBEHHON NanaThbl BULe-NPe3NOEHT A%,
Poccuiickon depepauum OMOO «Accoumnauyus NEYETHLY
HacTaBHUKOB W TanaHTNVBOU A

2020 2.
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