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Abstract— A yukata is a type of traditional Japanese
clothing. The designers have difficulty in drawing its
cutting pattern with texture alignment. In this paper,
we describe about a CAD systern for the yukata. First,
we developed image processing algorithms for achieving
the texture alignment. Second, we developed a mea-
surement system for the wearer’s body shape. Third, a
three-dimensional garment simulation was achieved. By
using this system, designers tailor easily the yukata re-
gardless of their skill.

I. INTRODUCTION

A yukata is a type of traditional Japanese clothing.
There are a wide variety of texture patterns for the
yukata. An alignment of its texture pattern becomes an
important factor for the design of the yukata, because
the yukata is the same shape regardless of the wearer’s
height or weight. However, designers have difficulty in
drawing its cutting pattern with texture alignment. In
this paper, we developed a CAD system that performs
the texture alignment automatically. Stripe and stencil
pattern are popular types of patterns. In order to per-
form the texture alignment, we detect the imbalance of
the texture. _

We developed image processing algorithms for the
texture alignment of the striped yukata and-the yukata
with stencil patterns respectively.

For achieving a garment simulation, we developed a
measurement system for wearer’s body shape.

II. METHODS
A. Basic of the kimono

Fig. 1 shows the basic kimono pattern. The kimono
consists of a right body, a left body, a right sleeve, a
left sleeve, a right overlap, a left overlap, and a collar.
The most immportant data of the kimono are wearer’s
body shape, such as height, sleeve plus shoulder and
hip. The size of the yukata various kimono parts such
as left body, left sleeve and so on is determined by these
data. A yukata is the same shape. Fig. 2 shows cut-
ting patterns of yukata. A yukata is made of a kimono
cloth. The kimono cloth is 1200cm in length and 36cm
in width. Before the texture alignment, there are no
scraps between the parts. After the texture alignment
is performed, there are some scraps between the ki-
mono parts{l]. The cutting pattern is automatically
estimated by this CAD system.

B. CAD system

Fig. 3 shows the display of the CAD system. A front
view, a rear view of the yukata and a texture pattern
of the kimono cloth are shown. We design the body
sections, the sleeves and the left overlap. The size of
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Fig. 1. Basic kimono pattern.
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Fig. 2. Cutting pattern of yukata.

the yukata is calculated automatically from the wearer’s
body dataf2].

This system performs automatic texture alignment
with a striped yukata or with a yukata with stencil pat-
terns. Fig. 4 shows the alignment order. As a first step
of alignment, the designer decides the yukata texture of
the right body section. The left body section and the
right sleeve are aligned to the right body section. The
left sleeve and the left overlap are aligned to the left
body section.

The striped yukata is designed so that its stripe
matches up with each other. The texture pattern of
the kimono cloth is inputted by a CCD camera. The
image has 256. The stripes are detected as parallel lines
by image processing such as median filtering, threshold-
ing, and labelling as shown in Fig. 5. We set a mark
Pr on the right body section. Fig. 6 shows the relation
between the gap of the stripes and estimated scraps.
The Py is detected on the left body section. If the left
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Fig. 4. Alignment order of the yukata texture.
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b) Texture pattern of the yukata

Fig. 3. CAD system.

body section matches with the right body section, Py
will align itself to P,. The gap with the left and the
right body sections is estimated from the distance be-
tween the P; and P,. The length of the scrap dy is
estimated.

The texture alignment with stencil patterns is as fol-
lows.

Fig. 7 shows the yukata with the stencil patterns.
The pixels of the stencil pattern are detected by the
image processing. The function f.(y) is the projection
of the pixels in the right body section on the y axis. The
value of f,(y:) is the count of the pixels in the left side
of the right body section minus the count of the pixels
in the left side. In order to align the left body section
to the right body section, the function fi(y) from the
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Detected stripes

Fig. 5. Detection of the stripe pattern.

left body section is estimated in the same way. A corre-
lation between f.(y) and fi(y) is estimated to evaluate
the balance of the stencil patterns. A correlation R is
defined as follows.
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Fig. 8 shows undesirable designs. We often feels
monotonous with the design as shown in Fig. 8 a). In
this design, the R is nearly equal to 1. The design as
shown in Fig. 8 b) is felt partial. The R is nearly equal
to -1. The texture alignment is performed for making
the R become to 0.
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a) Rear view of the b) Projection of the
yukata patterns

Fig: 7. Comparison of the stencil patterns.

C. Measurement system for wearer’s body shape

In order to achieve garment simulation, a measure-
ment system for wearer’s body shape is developed as
shown in Fig. 9. The system consists of an overhead
projector, two CCD cameras, and a personal computer.
The wearer stands in front of the wall. The color pat-
terns shown in Fig. 10 are projected to the wearer. The
color patterns consist of green small regions which are
arranged 20 in row and 15 in column. The color of the
background is red. The color patterns are detected by
an image processing algorithm as follows.

« Noise reduction

«» Extraction of the color patterns

» Labelling of the color patterns

RGB to YUV conversion is carried out to the im-
age data. Y component represents the luminance. U
component and V component provide color informa-
tion. The image processing is carried out in V compo-
nent. First, the noise reduction is performed with the
median filter. Second, the pixels of color patterns are
extracted by adaptive thresholding. The small regions
are set around the each pixel. The threshold value is
an average of intensities in the small area. The color
patterns are detected by their feature parameters of size
and normalized area. The normalized area is the square
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Fig. 9. Measurement gystem.

of the contour length over the size. The regions that are
near to the average in feature parameter are detected.
Finally, the detected color patterns are numbered from
the lower left to the upper right.

The distances between each color patterns and the
camera are estimated by the stereovision method. The
(X,Y, Z) coordinate system is used. The YV axis is per-
pendicular to the wall. The X axis and the Z axis are
parallel to the wall. Fig. 11 shows the XY plane of
the measurement system. The z; and z, represent the
points which are the position of the color pattern P to
be projected to the left and right CCD. The distance
Yp is estimated by the stereovision method as follows.

fxd
Ty — Ty

()

Yp =

where the f is the focal distance of the cameras and
the d is the distance between the left and the right
cameras. The f and d the are estimated from the actual
measurement. The distances between the camera and
each center of the color patterns are estimated.

The wearer's body shape is derived as a matrix data
of the distances between the color patterns and the
camera.
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Fig. 10. Color pattern.
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Fig. 14. Yukata with butterfly patterns.

III. RESULTS

A wearer’s height is 150cm, and the sleeve plus shoul-
der length is 59¢m, and the hip is 79cm. Fig. 12 shows
the striped yukata. The left body section, the sleeves
and the left overlap are designed automatically so that
its stripes match up with each other. Its cutting pat-
tern is derived as shown in Fig. 13. Fig. 14 shows the
yukata with stencil patterns. The yukata with sten-
NN N \Wall\ NN cil pattern is designed automatically so that its stencil
patterns are with well-balanced location. Fig. 15 shows
the cutting pattern derived by using this CAD system.

Fig. 11. Principle of st isi thod. . . .
& rinciple of Stereovision metiio Fig. 16 a) shows the mannequin having the same as

the wearer. By the image processing, the color patterns
are derived as shown in Fig. 16 b). The shape of the
mannequin is derived as the depth map as shown in Fig,
17. The garment simulations of the designed yukata
shown in Fig. 12 and Fig. 14 are performed. Fig. 18
and Fig. 19 show thé results of the garment simulation.
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Fig. 12. Striped yukata.

Fig. 15. Cutting pattern of the yukata with b\itterﬁy patterns.
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b) Detected color pattern

Fig. 16. Result of image processing.

Fig. 18. Garment simulation of the striped yukata.

-751-

Fig. 19. Garment simulatioy of the yukata with butterfly pat-
terns.

IV. CONCLUSIONS

We developed a CAD system for the yukata.
Achievements are as follows.
(1) The cutting patterns for the yukata is automat-
ically estimated.
(2) Texture alignment is antomatically achieved.
(3) A garment simulation is performed with a simple
measurement system.
As a result, designers tailor easily the yukata regardless
of their skill by using this CAD system.
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