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Jlna ynyyuwenua eupmyanbho2o npoeKmupo8anus 00excobl U RoGbLULEHUA RPO-
Uedypol OUeHKU Kauecmea nocaoKku Ovliu UCC1e006aHbl Yepmedcu KOHCMPYKYUIl
HCEHCKUX ONY30K, GUPMYaibHble 08OUHUKU MUNOGHIX uzyp U OJIY3KU C PA3HOU
00vemMHO-cunyImuoil popmoii. 132 uepmesrca ovi1u napamempu3zo6ansl u c2pynnu-
posanwt ¢ X, H, A cunyamul kak npunezaroujue, nonynpunezaroujue u c60000Hble.
Bupmyanvusie 0soiinuku sncenckux gueyp ceenepuposanst ¢ npozpamme CLO3ID
5.2 ¢ ucnonv3osanuem pe3ynomamos IKCHEPUMEHM AIbHBIX AHMPONOMempuye-
ckux usmepenuil. CKn1a0Ku Ha CRUHKAX OJIY30K 0bliu 63ambl 8 Kauecmee UHOUKA-
mMopo6 NOCaoKu u Ovliu NAPaAMEempuU306ansbl ¢ NOMOULLIO WIKAIbL CEPO20 Ueema u
mexHo102uu 00padomku uzoopasrcenuil. Pazpadomanvt Kpumepuu Kauecmea no-
caoku. Cxema npoeepku uepmedsiceil KOHCMPYKYUIL nepeod 6UPpmyaibHoil npumep-
Koil paspadéomana ¢ ucnoab3oeanuem npouedypvl OUeHKU Kauecmea noCaoKu u
ananu3a u3o00pascenull CKi1a0OK U Moycem Oblmb npUMeHeHa 014 pa3padomku
KOHKPEMHbIX PEKOMEHOAUUIL O pa3padomKu yepmediceil.

To improve virtual try-on of clothing and an efficiency of fit checking procedure,
the sewing pattern blocks of women blouses, virtual twins of typical bodies and
blouse styles were taken as research objects. 132 sewing patterns were parameterized
and classified between X, H, A styles as fitting, semi-fitting and loose ones. Virtual
twins of women bodies were generated in CLO3D 5.2 by adding experimental an-
thropometrical measurements. The folds on blouse back were taken as the indicator
of fit and were parameterized by means of grey - white scale and image processing
technology. Fit criteria were established. The scheme of pattern blocks checking be-
fore virtual try-on was developed by using the blouse fit evaluation and folds image
analysis and can be applied for providing concrete recommendations for pattern
making.

KiroueBble ciioBa: skeHCKasi 0.1y3Ka, MOCAAKAa, BUPTYaJbHAsi CHUMYJISIIIUS,
BHPTYaJibHbIE IBOMHUKH, aHAIU3 U300pakeHNii, IKAJIa Ceporo nBeTa.

Keywords: women blouse, fit, virtual simulation, virtual twins, image analy-
sis, grey scale.

* UccrnenoBanue BHIIONHERO NpH (rHaHCOBOM noaiepixkke PODU u ViBaHOBCKO#H 001acTH B paMKax Hay4HOTO MPo-
exta Ne 20-47-370006.
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1. Introduction

Nowadays, the accuracy of pattern block is
widely regarded as an important way to influ-
ence an appearance and comfort of virtual
clothing. In the meantime, there are many
manuals of sewing pattern blocks making and
some of them aren't good for the customization
in virtual reality [1]. Well-known virtual tech-
nologies are CLO3D, Optitex, 3D Vidya, DC
Suite, etc [2]. which are showing their own
structural problems related to misfit, such as
unreasonable distribution of ease allowance of
pattern blocks, imbalanced clothes and so on.
In addition, the existing criteria of patterns val-
idation are still inadequate in predicting the fit
in virtual reality.

In real practice many patternmakers are us-
ing own non-formalized workmencraft to im-
prove the fit of clothes but these unique meth-
ods aren't included in program modules of
CAD. Many CAD systems are applying sim-
plest approach to patterns drawing without
specific and very important know-how.

Therefore, in order to improve virtual try-on
of women blouse and an efficiency of checking
procedure, the sewing pattern block was taken
as research object.

The main goal of research is to develop the
scheme of patterns preparation for virtual try-
on.

2. Research methods

2.1 Pattern blocks

132 women blouse sewing patterns were
collected, digitized by using ETCAD software,
and classified between X (71 patterns), H (29),
and A (22) styles. The sewing patterns were
further subdivided into fitting, semi-fitting and
loose styles. The grouping of patterns were
made in according to unique combination of
the fitting effect, on one side, and an ease al-
lowances to bust, waist, and hip girths, on the
other side [3]. The patterns were measured in-
cluding the dimensions and the ease allow-
ances.

2.2 Virtual twins

Virtual twins of women bodies were gener-
ated on the base of experimental anthropomet-
rical measurements to get full schedule of body
measurements. New data base is necessary to
add important body measurements to develop
an existing avatar data base in CLO3D. This

approach guarantees the adequacy between
Chinese body types and its digital twins. 154
females aged 20 to 35 year measured by 3D la-
ser scanner body VITUS Smart X XL and soft-
ware Anthroscan were grouped as Y, A, B, C
body types in accordance with the Chinese
standard sizing systems [4] (GB/T 1335.1-
2008). Based on an average measurements of
Y, A, B, C body types, the software of CLO3D
5.2 were applied to establish virtual twins of
each body types.

To get a virtual twin of blouse, the patterns
were virtually stitched on the virtual twins of
bodies [5].
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2.3 Detection and evaluation of folds

Afold is an important factor which visually
reflects the ease allowance and clothing fit. To
evaluate the folds, the image processing tech-
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nology was used to analyze the change of grey
value of image. It is known that under constant
light conditions, the reflection effect of con-
cave and convex parts of fold is different, and
this difference can be represented by grey im-
ages. If the grey value is large, the fold is
raised. The grey value is small, then the fold is
concave. If the grey value is stable and un-
changed, there is no fold in this part [6].

Figure 1 shows the fragment of established
database of virtual women blouse with differ-
ent defects.

As Fig.1 shown, the folds views (direction,
location, concentration) differs from one body
type to other. For example, the folds on the
back of A body type are located in sloping di-
rection, but for C body type - in horizontal di-
rection. This conclusion indicates significant
role of body type (drop) in clothing shaping
and this influence of body contribution can be
used for an identification of body morphology
under wearing clothing.

To analyze the folds and its distribution,
the horizontal cross-sections were made on
waist level (WL), upper WL (WL+3, WL+6)
and below WL (WL-3, WL-6, WL-9). Figure
2 shows the location of cross-sections.

b)

Fig. 2

3D Rhino CAD was used to establish the
folds database by intercepting the horizontal
cross-sections mentioned and the fold depth
measuring [7]. Figure 3 shows the scheme of
fold depth measuring as distance from highest
point to lowest point.

ImageJ software was used to perform grey
processing to calibrate the grey values in pixels
at above six horizontal cross-sections. Each
pixel of image has 256 grey levels ranging
from 0 to 255. Minimum level O represents the

darkest part of grey image, that is black. Max-
imum level 255 represents the brightest part in
grey image, which is white. Since the grey ma-
trix takes into account for the both characteris-
tics (fold position and fold parameters), the
data of these grey values are accurate and reli-
able [8].

a) b) )

Fig. 3

3. Results and discussion

When the fabric folds are not obvious or
close to situation yes-no folds, its grey charac-
teristics will maintain a relatively stable value.
When the fabric has folds, its grey value will
fluctuate accordingly. The part with a large
grey value represents the raised area of the
fold, and the part with a low grey value repre-
sents the recessed place of the fold. The crests
(valleys) in the grey curve represent the num-
ber of folds. The more crests or troughs that
appear, the denser the number of folds. The
difference between the maximum and mini-
mum grey values of adjacent peaks and
troughs represents the depth of the folds, and
the distance between two adjacent peaks or
troughs represents the width of the folds. Be-
cause the folds are not evenly distributed, the
fit can be evaluated by two aspects: width and
depth. Each fold can be evaluated by means of
the width and depth. Among them, the uneven-
ness of fold is smaller, the fold is more uni-
form. The unevenness of fold are defined by
the following formulas:

Z‘VDi - \_/D‘

VD= 100 -———, 1)
Vb
Z‘VHi - \_/H‘
Vh=100——, 2
VH
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where Vpi is the width of the i-th fold, pixel,
Vi is the depth of the i-th fold respectively,
grey value. Vp is the average width of fold,
pixel; Vy is the average depth of fold, grey
value [9].
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The extracted grey values were exported to
Excel. The grey curves as an examples from
horizontal level WL-6 and two values of EgL
are shown in Fig. 4. The grey value difference
20 was taken as set as the fold discrimination
threshold [10].

Distance (pixels)
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Fig. 4

After the treatment of statistical data base
the number of folds, fold depth, fold width and
unevenness of fold for defects for all objects
explored were calculated. Table 1 shows the
part of this huge data base for Y body type (the

same tables were formed for A,B,C body
types).

The information about the folds located on
6 horizontal lines was calibrated, as shown in
Table 2.

Tablel
Unevenness of fold,
Folds parameter pixel/grey value
EgL, cm Cross-section Width (for
number each fo(ld), Depth (for ealch fold), width depth
bixel grey value
WL+6 0 0 0
WL+3 0 0 0
WL 0 0 0
3 WL3 3 2074130 33/42/45 5 191 .
WL-6 2 57/32 28.5/45
WL-9 1 45 40
WL+6 0 0 0
WL+3 0 0 0
WL 1 77 38
4 WL-3 3 35/60/25 29.5/68.5/60 3.69 2.32
WL-6 3 19/39/21 36/55/60.5
WL-9 2 21/30 39/39
WL+6 0 0 0
WL+3 0 0 0
WL 1 96 76
5 WL-3 3 36/49/24 36/73.5/29 3.92 3.59
WL-6 4 22/21/38/28 30/22/69/40
WL-9 2 21/34 53/40
Table?2
Depth of folds, depending on Eg.
Cross- EgL, cm
section 3 4 5
grey value cm grey value cm grey value cm
WL+6 0 0 0 0 0 0
WL+3 0 0 0 0 0 0
WL 0 0 38 1.9 76 3.8
WL-3 33/42/45.5 1.65/2.1/2.3 29.5/68.5/60 1.5/3.4/3 36/73.5/29 1.8/3.7/1.5
WL-6 28.5/45 1.43/2.3 36/55/60.5 1.8/2.8/3 30/22/69/40 1.5/1.1/3.5/2
WL-9 40 2 39/39 2/2 53/40 2.712
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The scheme of patterns checking before
virtual try-on was further developed based on
the fold analysis and calibration EgL. The num-
ber of folds and its depth and width and were

Back length
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compared and analyzed respectively, as shown
in Fig. 5.
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Unevenness of fold depth

As shown in Figure 5, a, EgL is bigger, the
number of folds is also bigger. The number of
folds for body type C is significantly larger
than other types. At the same time, when EgL
is 1 cm, the folds for each body type are absent,
which means that the blouses are very fit for Y,
A, B, and C body types. When Eg. exceeds 2
cm, the number of folds in clothing is greater
than five for each body types.

Figure 5, b, ¢ show that when Eg_ increases,
the width and depth of folds also increase, es-
pecially for C body type. However, for B body
type, the unevenness of fold width is smaller
than that of Y and A body types excepting
when Eg_ is within the range of 3-4 cm. In ad-
dition, in terms of fold depth unevenness, ex-
cept for EgL of 4 cm, the garment fold width is
smaller than the Y, A body type, and the rest
of the ease allowance is greater than the gar-
ment fold width of the Y, A body type.

Furthermore, according to the comparison
of the results of fold image analysis and Egy,
the fit criteria were established for X-style:

182
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Fig. 5
EBL, cm, arising the folds
body type and forming the fit
fit misfit
Y, A 0-2 more 2
B,C 0-1 morel

So, the obtained results are the recommen-
dation for pattern making and the prognosis for
fit identification. The similar limitations could
be established for other ease allowances such
as to front and back width, arm girth, which
depend on body morphology and should be
separated not only between body sizes but
body type also.

CONCLUSIONS

By means of virtual technology, grey-scale
image identification and pattern making, the
complex exploration of influence of body type
and ease allowances on women blouse fit was
done. The number of folds and its distribution
could be ruled during pattern making, on one
side. On the other side, some features of folds
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(location, direction etc.) can be applied for
identification of body morphological features
and body measurements.
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