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Abstract

Many applications in computer graphics require complex and highly detailed models. However it is often
desirable to use approximations in place of excessively detailed models in order to control the processing time.
Thus, we aim to develop a notion of optimal matrix to simplify surface which can rapidly obtain the high
quality 2D patterns flattening 3D surface as follows. Firstly, two 3D bodies are modeled based on existing Size
Korea data. Secondly, each model is divided by shell and block for its pattern draft. Thirdly, each block is
flattened by grid and bridge method. Finally, we selected the optimal matrix and demonstrated the efficiency
and quality of the proposed method. This proposed approach accommodates surfaces with darts, which are
commonly used in the clothing industry to reduce the deformation of surface forming and flattening. The
resulting optimal matrix could be an initiation of standardization for pattern flattening. It is expected that this
method could facilitate much better approximation in both efficiency and precision.
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1. Introduction

Many industrial processes require that a two-
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dimensional raw material is taken and made to
assume a three dimensional surface. Unless the 3D
surface is a developable surface, the material will
have to distort in some particular way so that a satis-
factory fit can be achieved. If the 3D surface deviates
from the developable property severely or if the
material is relatively inelastic, then incisions have to
be made in the 2D pattern so as to enable material to
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be removed or additional material to be inserted
(McCartney et al., 1999).

The worldwide clothing industries are preparing for
various insurances in order to be ready for the future
according to the speedy development of IT times.
Furthermore, there have been a lot of studies in the
areas of MIM and E-tailoring. Also, the measuring
programs and virtual fitting programs are being
developed and utilized. However, it is not easy to con-
vert the 3D body figures to the 2D flat patterns since
the human bodies are composed of the various com-
pound curves. And even the kinds of the software that
are supplied by ‘MTM’ of an American company,
‘Gerber’, and ‘FitNet’ of a French company, ‘Lectra’,
which provide the mass customization by using 3D
scan data, are adopting the methods drafting by sam-
pling 2D measures rather than 3D ones.

Recently, many foreign and domestic researchers
are studying automated pattern making. Masuda and
Imaoka(1998) abstracted data which needed on 2D
pattern making through calculating curvatures of gar-
ment surface. McCartney et al.(2005) studied how to
make 3D apparel pattern by using draping. Kim and
Kang(1999) researched the way to get several infor-
mation about necessary pattern making by parametric
body obtained. And they developed similar pattern
with 3D scan reconstructing garment model by con-
vex hull used in draping.

Miyoshi(2003) calculated position and amount of
darts using cross sections under 3D scan data. But it
wasn't applying 3D scan data directly. Jeong et al.
(2005) presented triangle patch arrangement in the
principle as Runge-Kutta Method and developed
tight-fitted basic block for men's body. Suh(2001)
changed 3D surface into triangle mesh data using slice
data which eases surface flattening. She arranged 3D
mesh data on the focus of anthropometric base line,
and changed 3D data information into flattening infor-
mation. But, these studies can't connect apparel pat-
tern in approximation of 3D scan data. Accordingly,
approximation method is required that it put 3D scan
data to 2D pattern and 2D pattern to 3D body form.

The mesh models of 3D scan data are proposed for
the simplified models by adjusting the levels of
details needed to the users in the Graphics and the
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figure modeling areas since they are the detailed
models having the big volume of data, which are dif-
ficult to deal with easily. Since those simplified
methods are effective on storing, transmitting, visual-
izing and modifying are suggested.

However, those simplified methods are related to
the compression of data and it is true that the clothing
industries have a long way to go in order for them to
apply the needed 3D data for the 2D flattening. Espe-
cially, since there are the figural differences in the
human bodies according to each body's features and
the age is an essential factor of the changes in the
body figures(Choi, 1997) the standardized criteria
are required that can embrace the figural differences
according to the age.

In the flattening of 3D figure, remeshing technique
is used considering the processing speed of flattening,
even more correct figure can be displayed by more
mesh. Usually to measure the quality of remeshing
mesh is very difficult, and because the optimal stan-
dard is not existed, the situation can decide the stan-
dard. The quality of mesh is highly evaluated when
the quality of mesh maximally supports the figure of
the object, the number of vertex is less, and the range
among vertexes is regular(Garland & Heckbert,
1997). Grid method which flattens 3D data creating
curves ,usually different from remeshing, has a merit
when it has the less curves, the regular interval
among curves. It is suitable to the standard of Surface
Flattening that has completely the figure difference
because it flattens the body figure by equally subdi-
vided compound curves.

Therefore, this study is intended to suggest the cri-
teria of the standardization of the process that flattens
the 3D body figures to the 2D patterns by setting up
the optimal matrix, which can cover the differences
of the body figures according to the age by using the
Grid method.

II. Methods

1. Shell Partitions of the Representative Body
Figures

In this study, the young and the adult group of peo-
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ple in the age brackets of 18 to 24 and 35 to 49
respectively were selected as the targeted objects on
the basis of the measured data by ‘Size Korea’ in
2004. And the representative female body figures of
both groups coming under the each KS name, 82-66-
91(165) and 88-74-94(160) were modeled. Thus,
those ones were standardized for the body surface
developments after naming them as YA82 and A88
models respectively. The descriptive data of repre-
sentative models and corresponded groups in Size
Korea database are shown in <Table 1>. The repre-
sentative body figure were partitioned to front, side
and back shells. For partitioning the body figure, we
used waist plane in horizontally, and anterior axillary
fold line and posterior axillary fold line in verti-
cally(Fig. 1-3). In this study, we partitioned upper front
shell by 3 shells and wanted to found a standard for
generate triangled in upper front shell.

2. Block Subdivision of the Upper Front Shell
Since the human bodies are composed of the vari-

ous compound curves, it is required to subdivide
each shell in order to flatten a shell according to the

Tabie 1. Size of representative models and corresponded groups

features of the body figures. The upper front shell
was partitioned into 9 blocks by segmenting it on the
basis of the bust line, the under-bust line, the princess
line and the lower cup line according to the feature
points of the bodies as shown <Fig. 4>.

3. An Analysis of the Area Differences of the
Blocks and the Pieces by the Surface Flat-
tening of the 3D Figures

The curves are made by using the Grid method and
Bridge method through the combinations of the
matrix according to the stages of the blocks of YA82
and A88 models. The Grid method is to arrange the
curves on the figures by dividing the width and
height of the block into the numbers of the rows and
columns. And the Bridge method is to make the
radial curves by connecting the curve points, which
was made by the Grid method and are adjacent to the
parent block, with a basic point(Fig. 5). The curves
were made after dividing the width and height, which
comprise of the maximum block, equally on the basis
of the matrixes(Table 2).

(unit: mm)

model & group Age 18~24
: YAS82 v A88
model . Stature 165 model

o e mean S.D. e
Bust circumference 819.93 820.26 8.91 917.75 882.61 9.23
Waist circumference 653.48 658.19 21.96 752.58 742.83 29.99
Hip circumference 903.43 921.56 2352 945.31 929.30 3321
Waist back length 378.01 379.07 16.44 368.99 374.30 18.44
Shoulder slope 26.49° 28.04° 3.40 22.01° 24.17° 3.10

YAS2 A8 A82

Fig. 1. Upper front shell.

Fig. 2. Upper side shell.

A88 YAR2 U ABg

Fig. 3. Upper back shell.
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Shoulder line

eck-base line

Anterior
axillary fold

Fig. 4. Block subdivision of the upper front shell.

Table 2. Matrix complex(row*column) by block

344 347 4%8 4%9 4%10
UF2 24 25 26 27 28 29 3%6 37 3+8 3%
UF3 3#3 3%4 43 44 45 54 5*5 56 6*5 66
UF4 3%3 3%4 43 44 45 5%4 55 56 6*5 6%6
UF5 3#3 3%4 3 44 45 5% 5%5 56 65 6%6
UF6 33 3%4 #3 44 45 54 55 5%6 6*5 66
UF7 1%1 %2 13 1%4
UFs 2% 23 24 3#3 3%4 3%5 3%6 444 45 46
UF9 ) ) 24 33 34 3%5 36 o 45 46

Grid method

Bridge

Fig. 5. Curves by grid method and bridge method
(Choi et al., 2006).

4. An Analysis of the Area Differences of the
Blocks and the Pieces by the Surface Flat-
tening of the 3D Figures

2D Triangle was generated from the length of 3D
curves. A pair of triangle became a grid. Each grid
was arranged to maintain the lengths of the external
angles of the block curves(Fig. 6). The grids of one

block became a piece. After getting dimension of the
piece, analyzed ‘Difference ratio’ between the block
and the piece and the ‘Ratio by triangle’, and then, the
optimal intervals of the matrixes, which can include
the figural features of each group according to the fig-
ures of the graphs, were selected. Rapidform2006
(INUS Technology, Inc, Korea)was employed for
partitioning development parts and creating curves by
a block. AutoCAD2005(AUTODESK, Inc) was uti-
lized for the surface flattening of a 3D scan data.

5. Selecting the Optimal Mesh for the Surface
Flattening of 3D Scan Data

Although an experiment to find out the optimal
matrixes in each block was conducted by partitioning
each block in this study, the curves of the blocks,
which belong to a shell, should be made on the basis
of the same matrix instead of making them separately
in each block during the flattening process of the
whole shell or model. Therefore, the optimal matrix
should be selected not by the most efficient combina-

-1828 -
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3D curve

2D curve Triangle

. !
Flattening 'v

Grid Piece Pattern

Fig. 6. Flattening process(Choi et al., 2006).

Table 3. Size of subjects

(unit: mm)

[ ,',:; Wam B :
| Circumference -

Subject 1 26 1580 782 618 853 359 24.0°

Subject 2 33 1604 883 698 900 375 26.9°

Subject 3 20 1664 1146 1018 1144 396 22.04°

tion in a block, but by the best combination in the
whole shell while considering the connectivity of a
block with the other ones. In this reason, the optimal
matrixes were selected in all the blocks after setting
up the optimal intervals, which satisfy the exactness
and efficiency of each of the 9 blocks. Also, both
equally-dividing methods in making the curves, such
as one to divide the maximum area of a block equally
by the numbers of the rows and columns and the other
is to divide a block equally considering the curves of
the other blocks, were used. The regenerated curves
of the upper front shell by using the optimal matrix
were surface-flattened and the compatibility was veri-
fied by comparing the optimal intervals with ‘Differ-
ence ratios’. The data of YA82 was cited from priority
research of Choi et al.(2006).

6. Verification of Optimal Matrix

This study was held using 3D scan data of specific
size and age group by representative body model.
However, verification is needed using various shape
and size to be inspected to generalize same results for
body figures. At this point, verification has results
from processes about optimal interval on each block
decided in researching 3D scan data from subjects of
various body shape selected and scaned by laser
scanner. For scanning subjects, WB4 in Cyberware
was used. Verification of the optimal mesh was accom-

plished flattening 3D scan data which had various
shape and volume(Table 3).

II1. Results

1. Analysis of the Area Differences and Se-
lecting Optimal Interval

Area difference was examined by creating curves
and flattening them following the matrix steps divid-
ing 9 blocks of Upper Front shell. The change of
matrix complex was searched in <Fig. 7-15> display-
ing the Different ratio of block. Mostly the more
number of triangle has, the more detailed 3D patterns
decreased the area difference, needed to control the
difference of triangle using the Ratio by triangle.

Flattening by the length of curves showed the
dimension increased in most of the blocks extending
the area of piece except UF3 block and UF4 block.

According to <Fig. 7-13>, range difference between
YAS82 models and A88 models in all blocks is shown
but graphic tendency is approximated.

In UF1 block, the difference ratio has a tendency to
get down by subdividing the matrix, especially the
effect of subdividing the matrix is almost not shown
thereafter 4*7 matrix, the optimal interval was decided
on 4*7, 4*8, 4*9, and 4*10. In UF2 block, in the case
of 2 rows, the difference ratio was dropping and then
in the case of 3 rows, it steps up and shows down-
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~ Y82 / Diff. ratio (%) —#~ A88 / Diff. ratio (%)
=4~ Y82 / Ratio by tri (%) =¥ A88 / Ratio by tri (%)

800 045
700 ~‘ 1040
600 \ 035 -
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o 10255
F 400 ®
o 0202
k=]
& 30 015 8
200 0.10
100 005
000 ; : . : 2000
2% 2% 34 3*S 36 3T 4% 4%8 4%9 4*10
Fig. 7. Difference analysis of UF1 block.
- Y82 / Diff. ratio (%) ~# A88 / Diff. ratio (%)
—*~ Y82 / Ratio by tri (%) =% A88 / Ratio by tri (%)
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Fig. 8. Difference analysis of UF2 block.

- Y82 / Diff. ratio (%) ~m~ A8 / Diff. ratio (%)
=i Y82 / Ratio by tri (%) -~ A88 / Ratio by tri (%)

002
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.8 o
e 004 s
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140 , 008
»1 .m ..

-1.80 -0.10

Fig. 9. Difference analysis of UF3 block.

ward curve. This showed that the figure of UF2
block has a more influence not by the number of
rows but by the number of columns, and it displays
the optimal interval in 2*8 and 2*9. In Upper front
shell, the lower part of the breast(UF3 and UF4
block) is the most curved block, so they needed to

- 1830-

= Y82 / DIff. ratio (%)  ~m~ A88 / Diff. ratio (%)
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Fig. 10. Difference analysis of UF4 block.
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g 120
B 600 100 &
Gt
A 080 8
400 060
200 040
020
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Fig. 11. Difference analysis of UF5 block.
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) 4,00 B
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000 000

33 3R 43 4% 4*5 5F4 5*5 5% 6*5 6%
Fig. 12. Difference analysis of UF6 block.

array creating the darts. If we arrayed the blocks not
setting the darts by keeping up the length of the
curves, we wouldn't have the real figure for the area
change created by piling in pieces. The graph in UF3
block has a upward curve by the increasing number
of triangle, and the optimal interval was set up to the
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Fig. 13. Difference analysis of UF7 block.
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Fig. 14. Difference analysis of UF8 block.
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Fig. 15. Difference analysis of UF9 block.

matrix of 4*5, 5%4, 5*%5, 5%6, 6*5, 6*6 by a differ-
ence closely to zero. The optimal interval of UF4
block was set up to the matrix 4*4, 5%4, 5%5, 5%6,
6*5, 6%6 on the ratio by triangle closing zero. In the
UF5 and UF6 block, the curves made by the bridge
method depended on the curves of lower cup line
using the grid of UF3 and UF 4 block. The more

divided the lower cup line by grid, the less got
change of the different ratio. But because UF3 and
UF4 blocks made a direct influence to the curve of
UFS5 and UFG6, it needed to select the proper division
in the optimal matrix of UF3 and UF4 block in the
optimal interval of UF5 and UF 6 block. The optimal
interval of UF5 block is the matrix 4*5, 5*4, 5%5,
5%6, 6*5, 6*6 and the optimal interval of UF6 block
is the matrix 4%4, 4*5, 5%4, 5*5, 5%6 6*5, 6*6. The
optimal interval of UF7 block is the matrix 1*3, 1*4
by the decreasing different ratio from the increasing
number of divided grids. We set up the matrix 2*4,
3%3, 3%4, 3%5 3%6 4%4, 4*5, 4%6 to the optimal inter-
val, the more divided numbers have the increasing
different ratio, which has the lack of the difference
about 0.3%, the graph of UF8 block shown the three
divided sections of 2*2~2%4, 3*%3~3%6, 4*4~4*6 by
the number of rows. However UF9 block has the
same tendency to UF8 block on the graph of the
three divided graph in 2#2~2%4, 3¥3~3%6, 4*4~4*6
by the number of rows, the different ratio decreased
by more divided. The optimal interval of UF9 block
was set up the matrix 2*3, 2*4, 3%4, 3%5, 3%6.

2. Verification of Optimal Interval

The results, we mentioned above, limited to the
representative models. So, it's difficult to generalize
therefore we need repeat this process to various body
shape and volume.

For verification of the results, we selected 3 sub-
jects which had various shape and volume, as you
can see, and scanned them with cyberware wb4.

We repeated not the whole matrix complex, but the
optimal interval. In all the blocks, as shown in <Fig.
16-24>, the graphs had shown similar tendency.
According to <Fig. 17 and 20>, the result of S1, S2
and S3 shows some differences with the result of
YAS82 and A88 model. But to explain the relations
between 3D figure data and the area differences,
there are more needed cases.

3. Selecting Optimal Matrix

As mentioned above, even the optimal matrix of
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Fig. 16. Verification of UF1 block.
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Fig. 17. Verification of UF2 block.
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006

008
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Fig. 18. Verification of UF3 block.

each block was determined, the blocks in the same
shell would rather create the curves on the basis of
the same matrix than create curves in several for the
flattening process of the whole shells or models.
Because the purpose of this study is to make the opti-
mal matrix of each block set up to standardize the
matrix requiring on flattening 2D of the body figure.

Y AR el ARS e Sl =D = S3

Ratio by tri. (%)

010 f |
012
014 o

-0.16

Fig. 19. Verification of UF4 block.

=Y A8 -~ ABR mhe=S] -8 %53

2.00
1.80
1.60
140
120
100
0.80
0.60
040
020
000

Ratio by tri. (%)

3*3 3% 4*3 4% 4*5 5% 5*5 5% 65 6%

Fig. 20. Verification of UF5 biock.

—-YARD ~t ABS = S] w32~ S3

160

Ratio by tri. (%)

000

3*3 3% 4*3 4% A5 5% 5%5. 5% 6%5 6%

Fig. 21. Verification of UF6 block.

So the optimal matrix was selected rather the count-
ing minimum, considering the connection with the
other blocks than the efficient matrix in each block
(Fig. 25).

In this study, we set up the optimal matrix per
another block of Upper Front shell to UF1 block 4*9,
UF2 block 2*7, UF3 block 5*4, UF4 block 5*4, UF5

-1832 -~
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Fig. 22. Verification of UF7 block.
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Fig. 23. Verification of UF7 block.
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Fig. 24. Verification of UF9 block.

block 5*4, UF6 block 5*4, UF7 block 1*3, UF8
block 3*4, UF9 block 2*4.

In the UF1, UF2 and UF7 block, the number of
columns of optimal matrixes was selected to relate
with each block even they are next to in width, they
have a difference in the height of blocks. In the pairs
of UF3, UF4 block and UF8, UF 9 block, the number

Fig. 25. Diagram of row and column among blocks
{Choi et al., 2006).

of column was selected in same because the blocks
are next to width, In the pairs of UF1, UF8 and UF2,
UF9, the number of row was selected continuously
because they are not close in the length, but related to
each other. We consider that UF1, UF3 and UF2,
UF4 have the difference in the width, which they are
close in the length, and UFS, UF6 block follow the
optimal matrix of each UF3, UF4 block.

In <Table 4>, we can see the different ratio and
ratio by triangle of flattening blocks into the optimal
matrix. Except UF5 and UF6 blocks, we can not find
the distorted appearance in the area by the different
ratio of YA82 model about -0.37~1.22%, of A88
model about -0.29~1.50%. The bridge method is
suitable to UF5 UF6 blocks considering the feature
of the block figure and the connection with the next
blocks, even they have much dimension difference
creating the radiated curves on the basis of one point
differently to the other blocks.

The different ratio by the optimal matrix was close
with minimum in the range the different ratio by
whole matrix, and the length of the curves are pre-
served on 99.9%. We have the difference in the resuits
of the surface flattening in the whole matrix section
and the optimal matrix section, that is divided in the
largest section in each block, and this is divided con-
sidering the connection with the other block, in case

~1833 -
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Table 4. Result by optimal matrix

UFI 4%9 115 62 0.02 1.44 64 0.02
UF2 2%7 0.15 28 0.01 0.15 28 0.01
UF3 5*%4 -0.12 37 0.00 -0.29 37 -0.01
UF4 5%4 -0.37 33 -0.01 0.06 33 0.00
UF5 5*%4 742 9 0.82 7.65 9 0.85
UF6 5*%4 5.76 9 0.64 5.57 9 0.62
UF7 1*3 0.66 5 0.13 0.30 5 0.06
UF8 3*4 0.11 24 0.00 0.53 24 0.02
UFS 2*4 1.22 16 0.08 1.50 16 0.09
Total 0.86 223 0.00 1.06 225 0.00
-Max, - Min. WO, -Max. - Min. B Opt,
1200 1200
1000 1000 T
800 % 800 %
% 600 T F g; 600 L
£ 400 B 4w
g 20 ; : ] l & 20 . z o’
000 P - - 000
900 |UFL_UR2 4 UFS URS UF7 U UM 00 | UEL_UR2 k4 URS UF UF UR U
-400 400
Fig. 26. Position of diff. ratio using optimal matrix- Fig. 27. Position of diff. ratio using optimal matrix-
YA82 model. A88 model.
BYS2 wAS3
900
500
700
600
g sw
£
% 300
200
100
00 =
-1.00
UFI UR2 UF3 UF4 UF5 UF6 UF7 UF8 UF9 Srell
Fig. 28. Diff. ratio of upper front shell using optimal matrix.
with the same rows and columns(Fig. 26 - 28). in order to satisfy the exactness and efficiency of the
surface flattening by using the Grid method with the
IV. Conclusions 3D figure data of the female groups of the age brack-
ets, such as 18 to 24 and 35 to 49, and to standardize
In this study, the following conclusions were made the matrix of the automation process of the surface
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flattening of the 3D figure data that can show the fig-
ural differences according the age.

1. As the ultimate objective that surface-flattens
the 3D figure data is to acquire the flat patterns,
which represent the 3D figures, the standards of the
various incision lines, can be prepared by flattening
the block representing the features of a figure after
partitioning it.

2. Since each of the 9 blocks comprising of the
upper front shell have the different radiuses and fea-
fures, the optimal matrixes for flattening are different
each other and the combinations of the optimal
matrixes are related to the radiuses of the figures
rather than to the dimensions of the blocks.

3. Considering the areas are increased in most of
the processes flattening the blocks, the flattening by
the Grid method can be used for the productions of
the nude patterns closely related to the bodies and it
is considered that the increased areas can be used as
the ease.

4. In spite of the figural differences between YA82
and A88 models, the standards for the block setting
and the Grid method are reasonable as the basis of
the standardization for the simplification of 3D figure
data since the optimal intervals and the matrixes are
agreed each other.

In conclusion, it is judged that the methodology
adopting the Grid method in this study is appropriate
for the standardization for the data approximation,
which enables the transformation of two-way data,
such as the remodeling and the pattern developments
between 3D data and 2D patterns. And the suitability
of surface flattening criterion was confirmed because
the verification using 3D figure data in various size
and shape showed the similar tendency. Because this
stady targeted only the upper front shell, bodice pat-
tern and fitting evaluation was unable to be accompa-
nied. The subsequent study is required.

In this study, YA82 model of size 82-66-91(165) in
the age brackets of 18 to 24 and A88 model of size
88-74-94(160 in the age brackets of 35 to 49 were
selected as the targeted objects and 3 subjects of vari-
ous body shape were selected for verification. In this
way, the age and the size of the research objects are
limited and the verification objects stays on a small

number so that it is difficult to generalize the
research result. Therefore, a content needs to be rein-
forced with the continued data acquisition. More-
over, it is insufficient in order to be presented as the
standard suggests the criteria of the standardization
for flattening 3D body figures to verify the feature
reflection whether the human body shape with the
difference of the length or the dimension and the
wearing evaluation should be accompanied or not.

In this study, the wearing evaluation for verifica-
tion was not accompanied, because only the upper
front shell of the 3D body figure was aimed to stan-
dardize for flattening. Therefore, the subsequent
study should be progressed for the whole body.
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3R QA FAel Agst o8 Hele AFs] fi5le AA 4L FAAMSS ARHEE 4]
A% GFe A7-Eo) 1AL Utk E A7 Grid methodE o] &3 oJ A Aubal ohde] PHANE
sl FA D= 7EL AR AL BR o2 4t Grid methode 1A AL Edd AHE
AL 2t AR Zolg FRH e o st 331 F4E HHAIN Wgelrh AA, Young &
43 Adult 290 sidshes F /9 3319 BT &S Alo|zE ot olele] 71 xEte] RAHE &
A, Zkzte] mdg 3219 EA A 23t shell# blocke. 2 AlE3tatdth AA, 2H2+2] blocke ohdgt
aA=FY 2 95ty FAAMHAD. s oz, 7Y £&72 2FE M st RN 7]
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