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The article presents new approach how to apply computer-aided design for trans-
formation 2D historical costume images into 3D digital twins. Three historical cos-
tume with different methods of shaping from the XIX century — 1840s men dress
suit, 1860s women visiting dress and 1887s women sidesaddle riding habit — were
taken as the examples for generating its digital twins. Developed reverse engineering
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method which was enriched by new data bases related to costume structure, textile
materials properties, and conditions of garment production was applied on the base
of computer parametric 3D modeling, automated pattern drafting, and virtual fit-
ting. High accuracy of 3D digital twins of all historical prototypes obtained was
proved after comparison its silhouettes with its 2D images.

B cmamuve onucan noewlit n00xo00 K ucnonvzoeanuto CAIIP ona npeoopazosa-
HUA NJIOCKUX U300PAadCceHUil UCMOPUYECKUX KOCIIOMO06 8 mpexmepHble Uupposole
osoutnuku. Tpu ucmopuueckux kocmioma 19 eexa c paznuunvimu memooamu gop-
Moobpazoeanus — myxcckou kocmwm 1840 2., rscenckoe noeceonesnoe niamove
1860 2. u scenckuit kKocmwm 01: 6epxo6oit €306l 1887 2. — Oviu 63aMbL 6 KAUecmee
npumepos 013 2eHepuposanus Uu@posvlX 08OUHUKOB. YCO8EPUIEHCMBOGAHHBLIL
Memoo pesepcusHO20 UHICUHUPUHZA 8 COYEMAHUU C HOBLIMU Oa3amu OAHHBIX O
CHpYKmype KOCHIOMO08, NOKA3AMeNAX CEOUCME MeEKCHMUIbHbIX MAMeEpPUaios u
YC08UAX U320MOGNIEHUA ObLII RPUMEHEH 011 KOMNbIOMEPHO20 NAPAMEMPUYECKO20
MpexmepHozo MOOeUPOSaAHUsA, ABMOMAMUYUECKO20 ROCHMPOEHUA Yepmedicell U
eupmyanvHoil npumepku. Boicokas mounocms mpexmepnovix yugpossix 080linuU-
K06 6cex C2eHepupoeaHHbIX UCHMOPUUECKUX HPOMOMUNOE Oblid NOOMEeEPIHCcOeHa
CPagHeHUeM UX CULYIMOG C UCXOOHBIMU U300PAHCEHUAMU.

Keywords historical costume, reconstruction, virtual reality, digital twin, tex-
tile materials, pattern block.

KiroueBble cj10Ba: HCTOPUYECKHIT KOCTIOM, PEKOHCTPYKIIHS, BUPTyaJIbHasi pe-
aJIbHOCTD, HU(PPOBOIi IBOIHNK, TEKCTHIbHbIE MATEPUAJIbI, YePTEK KOHCTPYKIUH.

Historical costumes can be transferred into
virtual reality (VR) due to development of
computer technologies. This new direction will
allow to enrich and increase the area of histor-
ical costume presentation. A lot of historical
costumes were lost and only a paintings, pho-
tos and engravings saved its 2D images. Of
course, these images contain limited infor-
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mation about costume shape, structure, and
specific features. For this reason, computer-
aided design (CAD) can be considered as a
technological basis to obtain digital twin of
historical costume (DTHC) and to enrich con-
tent of virtual museums. Due to CAD, 3D
DTHC can been generated with high accuracy
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Aim of research

The aim of this study is to develop an algo-
rithm of the men trousers and women skirts 3D
DTHC generating from published 2D images.
To obtain DTHC, new algorithm which is join-
ing computer technologies, data bases of hu-
man body dimensions, textile materials, and
pattern block drafting, have been created. Fig-
ure 1 shows the algorithm of DTHC generating
from the initial 2D image "body - historical
costume”.

Fig.1 shown, that the algorithm of 3D
DTHC generating includes five steps.

1. Choosing of 2D image of historical cos-
tume and its digitization by AutoCAD.

2. Creation of data bases on historical body
dimensions, costume construction, and pattern
blocks. The content is based on parameteriza-
tion of 2D and 3D objects by AutoCAD.

3. Parametric modeling of 2D pattern
blocks and 3D digital twins (DT) of historical
bodies by means of AutoCAD, Clo3D, Auto-
desk Inventor, and 3DS MAX.

4. Choosing of digital textiles, methods of
shaping body twins and virtual garments, and
establishing a relationship between them dur-
ing virtual fitting in Clo3D.

5. Evaluation of adequacy between silhou-
ettes of DTHC and real historical prototype in
AutoCAD.

To realize the algorithm, three key technol-
ogies were chosen:

1. Parametric 3D modelling.

2. Automated pattern drafting. This tech-
nology requires two data bases: first, body
sizes, and second, parameters of pattern block.

3. Virtual try-on. Because the physical and
mechanical properties of historical materials
are unknown, traditional methods of virtual
try-on should be modified to evaluate an ade-
quacy between contemporary and historical
textile materials. In addition, methods of his-
torical costume shaping should be considered
during 3D modelling to get a realistic look of
historical materials and clothes.

Objects and methods of research

The costumes of the XIX century were cho-
sen as the objects of reconstruction because
many pattern drafting systems and sizing ta-
bles were published [3]. Figure 2 shows three
chosen historical costumes. Their shapes re-

flect different methods of cutting, shaping and
producing.

Fig. 2

1. Men full dress suit of Prince Albert of
Saxe-Coburg and Gotha (Fig. 2-a) [4]. The suit
includes following garments: a dress coat, a
vest, a shirt, a pair of trousers, and a pair of
undergarment drawers. Shape of men suit cop-
ied the body morphology by means of special
method of pattern drafting and textile fabrics
deformation under heat-moisture treatment.
So, this suit is an example of historical cos-
tume which is following body morphology.

2. Women visiting dress (Fig. 2-b) [5]. The
visiting dress consists of a pair of drawers, a
chemise (chemise is a historical type of wom-
en's undergarment), a corset (corset is a gar-
ment worn to deform the torso into a fashiona-
ble shape), a crinoline (crinoline is a stiff pet-
ticoat made up of steel, whalebone or cane
hoops connected by textile ribbons and de-
signed to support a skirt), a petticoat (petticoat
is an undergarment worn under a skirt to soften
the edges of crinoline’s hoops and achieve the
fashionable volume of skirt), a lined skirt, a
blouse and a jacket. The bodice has been fitted
after torso compression by a corset. A hidden
crinoline formed a shape of draped skirt by in-
creasing the dimensions of body. So, the
woman’s visiting dress is an example of histor-
ical costume which was reshaping a body by
means of upper and down garments hidden un-
der shell fabrics.

3. Women sidesaddle riding habit (Fig. 2-c)
[6]. The riding habit included a jacket, a skirt,
a pair of riding-breeches (breeches are a type
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of trousers made for riding and worn under a
riding skirt) and a blouse. The riding habit is
an example of historical costume which shape
is produced by draping of fabrics and their
ability to follow a morphology of body.

These images do not allow to say exactly
which textile fabrics were used, which body
measurements and which methods of pattern
drafting and garment production were applied
to get the final shapes. To answer, next re-
sources about historical costume were used:

tailor's systems of pattern drafting;

sizing tables;

pattern blocks;

instructions and manuals of garment pro-
duction;

historical and contemporary manuals and
handbooks about fashionable costume;

images of historical costumes;

sidesaddle riding manuals;

pattern blocks from historical cutting sys-
tems.

14 pattern blocks of garments from which
each costume consisted were drafted.

Because pattern blocks were designed in
accordance with hade-made technologies of
garment producing, three new methods to
carry out virtual try-on were developed. These
methods have special functions that mirrored
the historical technologies of costume produc-
tion:

1) duplicating historical shaping under pro-
ducing of the trousers (Fig. 2, a).

2) applying the mechanism of covering a
crinoline by historical skirts (Fig. 2, b).

3) finding a relationship between the body
posture and draping of textile fabrics for
sidesaddle riding skirt (Fig. 2, c).

Results and discussion

To form historical costumes, all historical
methods were divided into two groups.

In first group, 3D shape of historical gar-
ments relies heavily on shrinking and stretch-
ing textile fabrics during the ironing. Contem-
porary software programs have not functions
to shrink or elongate the edges of sewing de-
tails and to transform an areas locating inside
the details from 2D to 3D. Therefore, the re-
sults obtaining by hand-made treatment - de-
formation of textile fabrics by shrinking and
stretching several areas - were replaced by spe-

cial means of virtual pattern drafting such as
the darts which were oriented as the perpendic-
ulars to the edges of details. The sum of darts
was equal to the shrinking and stretching de-
formations.

In second group, 3D shaping of historical
skirts was influenced by crinoline and draping
properties of textile fabrics which were located
on the crinoline. To copy historical shaping in
VR, a number of layers of textiles which cov-
ering a crinoline and their draping properties
should be known. Digital fabrics can be gener-
ated after testing similar real fabrics, for exam-
ple, by means of KES-F or FAST.

Firstly, the digital fabrics from Clo3D li-
brary were chosen as contemporary analogies
of historical prototypes with similar fiber con-
tent and weight [7]. According to historical
books and results of museum collections stud-
ying, cotton and wool fabrics were chosen for
men full-dress suit; for women visiting dress -
silk fabrics for shell skirts, hard cotton fabrics
- for lining skirts, and light cotton - for petti-
coats [8], [9]; for women sidesaddle riding
habit - cotton and wool fabrics. Because the
women visiting dress has more complex struc-
ture, it was taken as example. Figure 3 shows
the fabrics chosen for the ensemble of skirt.

Skirt, sitk

Crepe de Chine (SS001)
Taffeta (S007)
Charmeuse (S002)
Duchess Satin (S003)

Lining, cotton

60s Muslin (M008)
30s Muslin (M007)
Cotton Sateen (C010)
20s Muslin (M006)

Petticoat, cotton

40s Cotton Poplin (C009)
Oxford Muslin (M005)

Crinoline
6 hoops
16 hoops
32 hoops 1
60hoops @& s 3

Fig. 3

For skirt of women visiting dress, the iden-
tity between real and digital fabrics was evalu-
ated by next criteria: smoothness; an invisibil-
ity of hoops contour; an absence of unneces-
sary folds and creases [10,11]. To evaluate an
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applicability and combination of chosen fab-
rics, four crinolines with 6, 16, 32 and 60
hoops were generated. Secondly, three DTHC
were generated from shell skirt, lining, and
petticoat (Fig. 3 — the list of Clo3D possible
digital fabrics and number of crinoline hoops
(a); structure of skirt including a crinoline and
three covering layers of textiles (b); parameters
of shell fabric buckling (c)):

(1) DT + crinoline + shell skirt (one fab-
ric).

(2) DT + crinoline + petticoat + shell skirt
(two fabrics gathered).

(3) DT + crinoline + petticoat + lining +
shell skirt (three fabrics gathered).

Thirdly, the inward buckling of shell fabric
between two neighboring hoops have been
measured for each system obtained as Figure 3

shows. The points where the hoops and shell
fabric were contacted were marked as points 1,
2 and 3 and joined as NURBS curve (solid
lines). The indicators of deviations have been
measured along front Q1-Q10 and back P1-
P10 contours separately several times.

So, after testing the fabrics by KES-F, an
examination all possible combinations in ac-
cording with established criteria of identity be-
tween real and digital fabrics, the system "crin-
oline with six hoops + shell skirt “Taffeta”
(S007) + lining “20s Muslin” (M006) + petti-
coat “40s Chambray” (C004)" was chosen for
generating of DTHC of visiting dress in ac-
cordance with its 2D image (Fig. 2, b).

Table 1 shows the properties of chosen dig-
ital fabrics in Clo3D for reconstruction of other
costumes.

Table 1l
Properties
Buck- | Buck-
- - Buck- | Buck-| 7 :

Gar- Fabric Con- Weight Thick- Stretch | Stretch Bending weft | Bendingwarp | ling | ling I|_ng I|_ng

ments | YP® | tent | (@8N | agg | WPt | warp stiffness stiffness ratio | ratio | SUf- | Suff-

and ID sity) (mm) stiffness | stiffness (g/mm2/s2igrad) | (g/mm?/s?/grad) | weft | war ness ness

(g/m? (g/s? /s> |9 g g g o1 | (0 1p weft | warp

(') (') (0_1) (0_1)

Men full-dress suit

Drawers | Cotton |Cotton| 136.9 | 0.27 | 594694 | 1600000 742 1601 0.90 | 0.90 | 0.20 | 0.20
sateen
(C010)

Shirt | Cotton |Cotton| 125.8 | 0.24 |1363880| 877343 976 1445 0.90 | 0.90 | 0.20 | 0.20
poplin
(C009)

Vest | Cotton |Cotton| 189.0 | 0.35 |1700000 | 1700000 2200 4500 0.10 | 0.10 | 0.80 | 0.80
gabar-
dine
(C003)

Dress | Coat- | Wool | 345.0 | 0.84 | 368706 | 489034 29052 1300 0.00 | 0.00 | 0.20 | 0.20
coat and | weight
trousers | twill
(W002)

Women visiting dress

Chemise | Cotton |Cotton| 105.0 | 0.21 | 280769 | 356091 15120 938 0.90 | 0.80 | 0.50 | 0.50
and | poplin
drawers | (C003)

Corset |D_Cot- |Cotton| 189.0 | 0.45 | 150000 | 150000 1700 1700 0.50 | 0.50 | 0.30 | 0.30
ton

Dress |Taffeta| Silk | 66.1 | 0.15 | 700000 | 700000 1406 153 0.01 | 0.01 | 0.80 | 0.80
(S007)

Lining | Muslin [Cotton| 143.5 | 0.35 | 356725 | 467417 1367 2773 0.90 | 090 | 0.20 | 0.20
(M006)

Petticoat | Cham- |Cotton| 103.1 | 0.23 | 378944 | 486772 750 1078 0.90 | 0.90 | 0.30 | 0.30
bray
(C004)
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Continuation of table 1

Women sidesaddle riding habit
Corset |D_Cot-|Cotton| 189.0 | 0.45 | 150000 | 150000 1700 1700 0.50 | 0.50 | 0.30 | 0.30
ton
Drawers | Cotton |Cotton| 105.0 | 0.21 | 280769 | 356091 15120 938 0.90 | 0.80 | 0.50 | 0.50
poplin
(C003)
Blouse | Cotton |Cotton| 125.8 | 0.24 |1363880| 877343 976 1445 0.90 | 0.90 | 0.20 | 0.20
poplin
(C009)
Jacket, | Coat- | Wool | 345.0 | 0.84 | 368706 | 489034 29052 1300 0.00 | 0.00 | 0.20 | 0.20
skirt and | weight
breeches | twill
(W002)

Fig. 4

After finding digital textile fabrics, DTHC
were generated with different levels of prepar-
edness as Fig. 4 shows:

1) DTHC of men full-dress suit: DT +
drawers, DT + drawers + trousers +shirt, DT +

Dress coaf No. 1
5 Dress coat No. 2

. Y8

As shown in Figure 5 (d), developed
method provides smaller deviations between
3D DTHC and its historical images then the
known method in 1,8 - 6,6 times. The average

.j‘\ “\‘ \ " /.‘ ‘\ ’
\ A\ v Crinoline sklrt No 1 //
W\ £ _Crinoline skirt No. 25

i /

drawers + trousers +shirt + vest, DT + drawers
+ trousers + shirt + vest + dress coat;

2) DTHC women visiting dress: DT + crin-
oline + petticoat + lining + shell skirt;

3) DTHC of sidesaddle riding habit was
generated in standing posture and sitting pos-
ture.

Fig. 5-a shows three overlapped contours
for all generated DTHC: first contour belongs
to initial prototype (solid fill), second contour
belongs to DTHC obtained by developed
method (No.1dashed lines), and third contour
belongs to DTHC obtained by known
algorithm realized by CLO3D (No.2, dash-
dotted lines).

Fig. 5-b shows the values of deviation be-
tween the overlapped contours.

Average values of contours deviation
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values of deviation are (for developed method
and known method respectively):

1) for men dress coat - 10.6 (No. 1) and
19.2 (No. 2) mm,
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2) for women crinoline skirt - 15.3 (No. 1)
and 35.4 (No. 2) mm,

3) for women riding skirt - 9.9 (No. 1) and
65.3 (No. 2) mm.

The higher adequacy of men dress coat No.
1 in comparing with dress coat No. 2 was got
due to improvement of virtual try-on by apply-
ing new method of virtual shaping which al-
lows to use the darts instead of shrinking and
stretching the edges of coat parts. For men
dress coat No. 2, values of X2 and X6 (-21.9
and 19.5 mm respectively) reflect the absence
of heat-moisture shrinkage along front edge,
and values X7 and X8 (42.2 and 34.6mm re-
spectively) reflects the similar shrinkage in hip
area. But for men dress No.1 these deviations
X2, X6, X7 and X8 are smaller (-7.7, 9.4, 4.5
and 28.8 mm respectively) due to taking into
account the heat-moisture treatment, shrinking
and stretching fabrics in new method of virtual
shaping.

To get 3D DTHC of women crinoline skirt
No. 1, the contemporary analogies of historical
fabrics were used which allowed to obtain
right location and position of the shell skirt on
the crinoline. Known methods of virtual fitting
didn't allow to recognize an analogies of his-
torical fabrics and by this reason default fabric
from Clo3D library to create the crinoline skirt
No. 2 was used. For the both crinoline skirts
No. 1 and No. 2, the biggest deviations took
place at the bottom of front contour (Y3 and Y4
parameters) and back contour (Y7 and Y8 pa-
rameters). The reason of this effects is the in-
creasing of air gaps between the crinoline and
skirts which push digital fabrics to drape and
fold in different ways.

For riding skirts No. 1 and 2, the average
deviations are 9.9 mm and 65.3 mm respec-
tively.

Thus, developed methods of virtual shap-
ing based on deeply knowledge about histori-
cal costume heritage - pattern blocks, technol-
ogies of garment production, textile fabrics,
costume structure - allow to generate realistic
looking digital twins. These methods of step-
by step reconstruction of 3D costume from
their 2D images in VR will allow to increase
a number of historical artifacts in cultural area
of many countries.

CONCLUSION

1.The universal approach based on com-
plex application of different types 2D and 3D
CAD, new methods and data base were devel-
oped for generating digital twins of historical
costume presented by 2D images.

2. Three new virtual try-on methods related
to "body - historical costume” systems with
different ways of shaping - by copying and
covering an anthropometrical morphology of
human body in static posture, by covering the
shape of human body which was deformed by
corset and crinoline in static posture, and by
covering the deformable shape of body in dy-
namic posture - were developed.
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