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ABSTRACT

Producing 3D cloths for different body sizes from 2D patterns
of any size has recently gained attention in both academic and
industry fields. Most of the classical patterns in old books and
magazines are available only in hardcopy forms. Thus, there
is a need to produce softcopies of those patterns in the old
books and magazines. In this research work, efficient
solutions for these two issues are provided. First, a specific
pattern size given any size pattern is automatically generated.
This greatly facilitates the generation process of different size
patterns in the apparel industry. Second, the design of
customized apparel products provided in hardcopy images is
fully automated. This automation process can greatly improve
the efficiency of cloth production in the apparel industry.
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1. INTRODUCTION

The desire of getting softcopies of old patterns found in
hardcopy forms in books and magazines has been considered
a critical issue and need to be solved efficiently. Furthermore,
the problem of obtaining 3D cloths for different body sizes
from 2D patterns of a specific size requires fast and accurate
solutions. Moreover, the pattern generation process is
considered to be a bottleneck for the garment manufacturing,
especially for producing different size garments for the same
style patterns [1].

In the literature, three methods are available for modeling of
virtual cloths: The first method [2] is using the traditional
approach to produce real cloth through drawing the 2D
panels. This approach requires a skillful pattern-maker
for the 2D panel drawing. The second method [3] is producing
the 2D sketch based on 3D features of the character model.
This approach is efficient for simple clothes, but it is hard to
use for complex ones. The third method [4] is designing
clothes in 3D by modeling 2D mesh cloth around the character
model. This approach requires an intensive labor to modify
the size of the cloth model to fit different character models.
There are many challenges in the garment production industry
that are related to the different features of customers in order
to produce maximally conformable garments. Thus, it is very
important for the clothdesigners and manufacturers to know
information about human body outer shape description, sizing
and measurements. Currently the most important challenge for
the clothing industry is the improvement on the basic stage of
the designing process [5]. Also, it is important to know the 3-

D tools that might be used in the garment design to improve
the efficiency of pattern generation and producing a more
attractive design presentation.

The classical patterns in old books and magazines are
available only in hardcopy forms. Therefore, it is desirable in
some instances to produce softcopies of those patterns in the
old books and magazines. It is of some practical interest to
produce 3D cloths for different body sizes from 2D patterns of
any given size. In this work, efficient solutions to solve these
two problems are introduced. More specifically, external
boundary detection and dart detection techniques are used to
automatically  extract panels from pattern images.
Furthermore, for a specific given panel, a cubic Bezier curve
representing the panel is generated. Then, alinear conformal
transformation and/or affine transformation are wused to
generate the panel with the desired size. Thus, the two
proposed techniques can greatly improve the efficiency of
cloth production in the apparel industry.

The rest of this paper is organized as follows. Section 2
summarizes the related work to the proposed research. Section
3 introduces the proposed reliable approach for automatic
panel extraction. Resizing panel is presented in Section 4.
Developed software and the results are reported in Section 5.
Finally, conclusions of this research work are shown in
Section 6.

2.RELATED WORK

There is a number of techniques that can be used for modeling
of virtual cloths. One approach is based on 2D patterns [2]. It
is mainly, using the traditional approach of making real cloth
through drawing 2D panels, fitting them to a character model,
creating seams for sewing the panels, and running a cloth
simulation to assist the deformation of the 2D panels into the
character model. The main disadvantage of this approach is
that it needs a skilled pattern-maker for the drawing of the 2D
panels. Another is a 2D sketch approach based on 3D features
of the character model [3]. It consists of three main parts;
construction of garment feature templates, 3D profile
specification using 2D strokes, and construction of garment
surfaces interpolating the specified 3D profiles. This 2D
sketch-based approach is efficient for modeling simple
clothes, but it is difficult to use in modeling complex clothes.
A third approach is designing clothes in 3D by modeling 2D
mesh cloth around the character model [4]. The output 3D
garment models can be fit on different character models by
deforming the garment mesh to match the different shapes of
the character models [6]. Normally, the cloth model is tailored
on a specific character model; therefore it is necessary to
modify the size of the cloth model to fit different character
models which is not a straight forward task and needs an
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intensive labor. Modifying the size of the cloth is required in
many applications such as online clothing shops.

The current proposed research work has two main
contributions; one is the automatic extraction of cloth panels
from pattern images, while the other is the generation of
different cloth sizes for different character models from a
single given size pattern. The proposed research work relied
on three image processing techniques: snakes, curve
representation, and transformations. Active contours, or
snakes, are used widely in the literature to find object
boundaries. Curve representations are used to draw panels
which consist mainly of curves. Transformation techniques
have become very popular and important in image processing.
Transformation is used in deforming the panels.

Active contours, or snakes, are curves defined within an
image domain that can move under the influence of internal
forces coming from within the curve itself and external forces
computed from the image data [7]. They are often used in
computer vision and image processing techniques to detect
and locate objects, and to describe their shapes. For example,
a snake might be used to automatically find a manufactured
part on an assembly line, the outline of an organ in a medical
image, and the outline of a pattern in this work. There are two
well-known types of snakes, the traditional snake and the
gradient vector flow (GVF) snake. In this paper, the gradient
vector flow (GVF) snake is used. The advantages of the GVF
snake over the traditional one are its insensitivity to
initialization and its ability to move into boundary concavities.
Its initializations can be inside, outside, or across the object’s
boundary.The gradient vector flow (GVF) snake begins with
the calculation of field of forces, called the GVF forces, over
the image domain. The GVF forces are used to drive the
snake, modeled as a physical object having a resistance to
both stretching and bending, towards the boundaries of the
object. The GVF external forces make the GVF snake
inherently different from the previous snakes. The GVF forces
are derived from a diffusion operation, thus they tend to
extend very far away from the pattern.

Curves are normally used to draw panels. A curve can be as
simple as a line or as complex as a B-Spline. In general,
Curves can be classified as follows:

I- Analytical curves: This type of curves can be represented
by a simple mathematical equation, such as, a circle or an
ellipse. They cannot be used to represent curves of patterns
because of their complex shapes.

II- Interpolated curves: They are drawn by interpolating the
given data points and have fixed forms which are dictated by
the given data points. These curves cannot be used to
represent curves of the pattern because they are hard to edit,
have limited flexibility, and needing a large number of data
points.

I1l- Approximated curves: These curves provide the most
flexibility in the drawing of complex shapes. There are many
types of approximated curves such as Bezier and B-spline.
These curves can be joined together to form a smooth curve,
and local changes in the shape do not affect the entire shape of
the curve [8].

Bezier curves are most often used in a number of applications
due to their flexibility in forming curves. Bezier curves differ
from other types of parametric curves by the type of basis
polynomials used to form them [9].Bezier curves are now
widely used in many fields such as industrial and computer-
aided design, vector-based drawing, font design and 3D
modeling. The Bezier curve of the third order is the most
commonly used and it is fully defined by four points: two
endpoints (Po, P3) and two control points (P4, P,). The control
points do not lie on the curve itself, but they define its shape.
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Thereare many properties of Bezier Curves such as endpoint
interpolation, convex hull property, and prescribed tangent
lines at the endpoints.

Transformation is mainly a function that creates images which
are congruent to the original image. There are many types of
transformations in the literature such as linear conformal
transform, box transformation, composite transformation,
projective transformation, polynomial transformation, LWM
transformation ~ (local ~ weighted  mean), piecewise
transformation,  custom  transformation, and affine
transformation [10]. The affine, linear conformal, projective,
and polynomial transformations are global transformations. In
these types of transformations, a single mathematical
expression applies to an entire image. However, the
piecewise, and LWM (local weighted mean) transformations
are local transformations. In these transformations, different
mathematical expressions apply to different regions within an
image. In this research work, linear conformal transformation
and affine transformation are used. The affine transformation
is a mixture of scaling, rotation, shearing, and translation
processes. Straight lines remain straight and parallel lines
remain parallel to avoid distortion of the main features of the
pattern. The affine transform requires at least three pairs of
control points. On the other hand, linear conformal transform
is a mixture of scaling, rotation, and translation processes.
Thus linear conformal transform requires at least two pairs of
control points.

Due to the importance of virtual clothing for the cloth design
industry, computer generated movies and games, thus cloth
simulation is needed. Cloth simulation is one of the main
subjects in computer animation that recently gained attention
in the literature [11-17]. Early cloth simulations focused on
generating the geometrical features of clothes [18].With the
fast advance in technology of graphic cards and computers’
processing power, an accurate generation of movement of
clothes has been achieved, using particle systems [15, 16] or
finite elements [19]. The modeling of virtual cloths requires
special tailoring skills.

3. AUTOMATIC PANEL EXTRACTION

In this section, a novel reliable approach for automatic panel

detection based on image processing techniques from pattern

images is presented. The proposed approach consists of two
main stages: automatic external boundary detection and
automatic dart detection.

To detect external boundaries of panels from pattern images,

the next steps are followed:

1- Given an input gray pattern imagel(x, y), the input image
is converted to gray level, if the input image is a color
image.

2-  The grayscale image is converted into a binary image and
the connected components (C4,C,, ....C, )are computed
for the binary image.

3- For each connected component,a panel or a non-panel
(e.g., arrows and words) test is performed. Then the
width, height, and area of the connected component are
computed.If the width is less than a threshold value Ty,
the height is less than a threshold value Ty, or the area is
less than a threshold valueT,, the connected component
is considered a non-panel.

4- The canny edge detection is applied to the
imagel(x,y) followed by the boundary trace algorithm
[20]; the result of the external boundary trace is
sometimes incorrect, as shown in Figure 1(c). This
problem is a command problem, especially for old
pattern books. To overcome this problem, the Euler
number is computed of the binary images. If the Euler
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number is equal to zero, this means that applying the
boundary trace algorithm produces an incorrect result.
Thus, the snake technique is used in this case.

5-  The snake based on Gradient Vector Flow (GVF) [7] is
applied to extract the correct boundary of the panel. The
snake is used to fit closed curves which is usually the
case in cloth panels. The input to the snake is the
boundary that is computed in the previous step. Then the
snake is attracted towards the boundary of the panel by
forces called gradient vector flow (GVF).

The gradient vector flow field is defined as
V(x,y) = [u(x,y), v(x, y)]which minimizes the energy &.
¢ is defined as follows:

e=|f p.(u)z(+u}2,+v,2(+vsz,) + |Vf|?|v — Vf|2dxdy, (1)where the

coefficient p specifies the relative importance of the first term

versus the second term and f(x,y) = |VI(x,y)|%.

Equation (1) can be rewritten in the following general form:

e = [[ F(u,uy, uy, v, vy, vy, X, y)dxdy, (2)

which has the following general solution that is represented by

the two Euler equations:

du OF 0 (0F 0 ( OF

Fri [ﬁ‘&(aux) ‘a;(@)]

av OF 9 (OF a (oF

e r-2G) -5l @)

The general solution in (3) can be applied to the specific
problem in (1) as follows:

uv2u — (u - f)(F2 +£2) =0

uvzv — (v —f,)(f2 + £2) = 0. (4)

The iterative solution to the equations in (4) is:

n+1 __ — . n
ui’j = (1 bl']At)uLJ
+ r(u{‘ﬂ_]- +ufeq iyt oulog

— 4ufy) + cjjAt
viy !t = (1= by A vy + r(viky; + Vijea + Vil + Vijoa —
4v)) + cfjat ©)
Where b(xy) = fi(xy)* + fy(xy)* , ¢! =bxy)f(xy) ,
e _
¢ = bk y)fy(xy) andr = ;7.

The boundary is defined as a parametric curve c(s) =
(x(s),y(s)),s € [0,1], where s is the arc length. The final
position of the boundary minimizes the energy, Ey:
Ep = Ec + Eg + Eext (6)
1,1 ' 2 1,1 " 2

where E, = Efo alc'(s)|"ds , Eg= Efo Blc"(s)|"ds, and

1
Eext = fo Eimg(c(s))ds. Thus,

Ey = f;% [o&|c'(s)|2 + B|c"(s)|2] + Eimg(c(s))ds(7)

The energy Ey, is defined as the sum of three energy terms: (1)
E. is the continuity term which is responsible for the shrinking
of the contour. (2) Egis the smoothness term which is used to
smooth the curve. (3) Eq4:is an edge attraction term to attract
the contour towards the boundary of the panel.

The solution of equation (7) that minimizes the snake’s energy
E}, must satisfy the Eular equation

ac’(s) = Bc"(s) = VEimg = 0 ®)

Where VEjnhg = —v, is calculated in equation (5). To solve
equation (8), the contour c(s) is consider as a function of time,
i.e., c(sb)

%EY — ac'(s,t) — Bc"(s,t) +v. (9)

at
Equation (9) can be solved iteratively until%: 0. The

result is the boundary pointsz = {z,,z,, ..., z,}. Figure 1(d)
shows the boundary after applying the snake technique.
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(b)

©) (d)

Fig. 1: (a) The original scanned pattern. (b) The image
after applying the canny edge detection to the panel in
image (a). (c) Incorrect boundary trace. (d) The boundary
after applying the snake technique.

Applying the previous steps to a panel having darts will

produce an incorrect boundary as shown in Figure 2. To

remedy this problem, the darts are automatically detected and

insertedintothe  detected boundary in the previous

steps.Morespecifically,the exterior boundary Bgis traced for

each panel, as well as the boundaries of the interior inside this

panel By, in the binary image, as shown in Figure 3.For each

interior boundary BI, let pbe the set of the points of the B;.For

each point p; € p, a test is performed tocheck whether it is a

dart’s corner or not as follows.

1- Letj=T,

2-  Calculate the vectors vi = p;_j — p;andv, = pj4j — p;.

3- Normalize the two vectors vyand v,.

4- Calculate the angle between the two vectors ¢ =
cos~1(vy - vy).

5-  Ifp < Ty, 0r @ = Ty, exit the loop because the point p; is
not a dart’s corner.

6- Incrementj by 2

7- If j = T,the point p; is consider as a dart’s corner; so add
the point p; to the set S and exit the loop.

8- Loop through steps 2-7.

For each dart’s corner pyin the set S, the two intersection

points (IP},1P?) between the boundary of the corresponding

dart and the exterior boundary Bjare calculated as follows.

I.  Calculate the first intersection point IP! by performing
the following steps:

1- Letj=T;

2. d = minypes, <\/ (=" + (bl - hy)2)>
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3- Ifd < T,IP! =

arg minpcp, (\/ <(p)1§—i )+ (i - hy)z)) ’

setjt = j, and exit the loop.

4-  Increment j

5- If j = Tyremove the dart’s corner pifrom the set S and
exit the loop.

6- Loop through steps 2-5.

I1- Calculate the second intersection point IP?

1- Let] = T3

. 2 2
2-  d = minypep, (J((pﬁﬂ. —-h¥)" + (piﬂ - hy) ))
3- Ifd<T,,

2
IPkZ = arg minheBE <\/((p)]§+] - hx)z + (piﬂ - hy) )),

setjZ =j, and exit the loop.
4-  Increment j
5-  Ifj = T, remove the dart’s corner pifrom the set S and
exit the loop.
6- Loop through steps 2-5.
I1I-Replace the (IP},IRZ) segment of the exterior boundary
Bgwith the (ji, j2) segment of the dart k.
The cubic Bezier curve fitting is applied to the boundaryBg,
for several reasons: (1) smoothing the data and improving the
appearance of the boundary, (2) the problem of changing the
size of the panel becomes a matter of changing the position of
the control points and a panel can be redrawn again without
losing a single detail; (3) the control points allow the user to
easily change the shape of the panel;

(b)
Fig. 2: (a) The original scanned patterns. (b) Incorrect
boundaries.

: — Exterior
/ Boundary
I i \
/ Interior

dart's corner Boundary

Fig. 3: An example illustrating the exterior boundary,
interior boundary, and dart’s corner
Cubic Bezier curves are defined using four control
points (Py, P, P, P;), known as knots. P, and P;are the end
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points of the curve, while P; and P, define the slope at the end
points. The Bezier curve is given by:

B(t;) = Yoo Bk(t) P, 0 < t; < 1, (10)
WhereBk(ti) = (]?:) tik(l - ti)3_k

The two points Py and P; are known and are equal to the end
points of the curve. While the two pointsP; and P, are
unknown. They are computed based on the least square

method by minimizing the squared distance between the
boundary z and the Bezier curve as follows:

S= XL,(z — B(t;))?, (11)

Wherez; € z is a boundary point and n isthe number of
boundary points.

Substitute equation (10) into equation (11)yields:
S = YiL1(z — Bo(t)Py — By (t;)P, — B, ()P, — B3 (t;)P3)?
(12)
P,andP,are calculated by solving the following two equations:
B B 13)
ap,  ’ ap, (
The two equations in (13) can be written as follows:
31P1 + azpz = blv azpl + 33P2 = bz (14)
Where
2
a = 22{1=1(Bl(ti)) yaz =2 i By (4B, (t),a3 =
2
231, (Ba (1)
b; = XL, 2B1 (t;) (vi — Bo(t)Py — B3(t;)P3), by =
i1 2B2 (86 (v — Bo(t;)Po — B3 (t;)Ps)
The solution of the two equations in (14) is:
__agbj;—azb, __azb;—a;b,
aZ-ajaz (15)

k= ajaz—az 2

143 2
The cubic Bezier curve fitting is applied to the boundary z as
follows:
1- LetErry,,x be the maximum allowed fitting error.
2-Lety = {z,,z,} be the set of breakpoints, where z, is the
first point of z and z, is the last point of z.
3-Set cubic Bezier knots k = (P?, P2, P, PY), where P =
z,,PY = z,,, and P and PJ are computed using equation (15).
4-Use cubic Bezier interpolation to generate n

points(by, by, ...,by)at t = (%%% ...,E)based on the knotsk.

5-Calculate the fitting error Err¢ as follows:
Erre = max |b; -z
i=1,2,.,n

6-1f Err¢ is greater thanErr,, ., insert a new breakpoint into
the sety. Thusy = {z,, zy, z,,}, wherez,is the boundary point
that has the errorErry.

7-Set cubic Bezier knots k = (P?, P2, P, P, P, PL, P, PY),
whereP? = z,, PY = z,, P} = 7, and P} = z,,, then calculate
PP,P2, PL, and P} using equation (15).

8-Repeat the steps 4-7 until the Erry is less than or equal

to Errpax-

4. RESIZING OF PANELS

The problem of producing panels of different sizes from a
given panel size is similar to image registration techniques.
The proposed method gives the user two options: a linear
conformal transformation and affine transformation. A linear
conformal transformation is easy to use; it only requires two
pair of points to be calculated. It allows rotation, translation,
and scaling of both axes with the same amount, i.e., it will
lock the aspect ratio. The main advantage of the linear
conformal transformation is the ease of use. However, linear
conformal transformation is not well applicable in the cases
where a change in the aspect ratio is required. In such cases
the affine transformation must be used. It allows for rotation,
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translation, and scaling of both axes with different amount.
The affine transformation needs three pairs of points to be
calculated.

4.1 Linear Conformal Transformation
For each panel, the user creates two tapes (the tape is defined
as a line segment with a start point spand an end point ep):
one tapet; = (spi,ep;) on the panel and the other tape
t, = (sp», ep,) on the cross section image which is generated
from a given 3D character model as shown in Figure 3.
The Linear conformal transformation is defined as follows:
Hgx =X,
h; hy, t]xt 1'e)

—h, h; ty] [XZ] = [fgz],
o o 1dt1 1
where Hg is the 3x3 coordinate transformation matrix, x
denotes the panel homogeneous coordinates and % is a new
position in the cross section image. The Linear conformal
transformation requires fourparameters (hy, hy, ty, ty) . The
four parameters can be calculated by solving the following
four equations:

spixhy + spiyhy + ty = spay

epixh; + epiyhy + ty = epyy

—spixhz + spiyh; +ty = spyy

—epyxh, + epiyhy +ty = epyy

Wheresp; = (Splx; Sply)' Sp2 = (SPZX! Sp2y),€‘p1 =

(eplxr eply)' and ep, = (epz)o epZy)
The solution of the previous equations is:

h, SPix  SPiy 1 0 -t SPax
hy[ | ®Pix €P1iy 1 0 €Pax
tx| |SPiy —SPix 0 1 SPay
tyl 1Py —€Pix 0 1] |[®Pzy

4.2 AffineTransformation

For each panel, the user creates three pairs of points: three
points on the panel (pp1, pp2, pp3) and the three
corresponding points (cp4, cp,, cps) on the cross section
image.

The affine transformation is defined as follows:

H,x =%,
a; Ay ]xa K1
[a3 ay ty} [xz] = [)’ZZ
0 o 1it1 1
whereH, is the 3x3 coordinate transformation matrix. The
affine transformation requires
sixparameters(a;, az, a, aq, ty, ty). The six parameters can be
calculated by solving the following six equations:
PPixa1 T PP1ydz + tx = CPix
PP2xa1 + PPayaz + tx = CPax
PP3xa; T PP3yaz + tx = CPp3x
PP1xaz + PPiyas + ty = CPpyy
PP2xasz + ppzyas +ty = Cpay
PPsxasz + ppayas +ty = Cpay

where pp1 = (PP1x PP1y), PP2 = (PPax, PP2y), PP3 =
(PP3x PP3y)s cP1 = (CPix: CP1y),

Ccp, = (szx’ CpZy)’ and cp; = (Cp3x’ Cp3y)
The solution of the previous equations is:
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ra;1 [PPix PPy 117" fopaxd
az| = |PP2x PP2y CP2x
&1 |ppsx PPay [CP3x ]

e

(a3 [PP1x  PP1y 1™ [CP1y]
4| = [pp2x Pb2y 1| |CP2y
LYyl |ppsx ppsy 1| LCPsyl

(@)(b)
Fig.4: (a) 3D model of a human. (b) Cross-section of the 3D
model in (a).

5. DEVELOPED SOFTWARE AND
RESULTS

To test the effectiveness oftheproposedapproach in this
research work, it was necessary to design a user friendly
program to facilitate obtaining the results and visually
inspecting them. The developed software package has been
written in Matlab [20] and Maxscript [4].The developed
software takes as an input the 3D character models. Then it
extracts the cross-section and saves it in a file, see Figure4.
Once the developed software is started, it reads two files: the
cross-section of the 3D character model and the intensity
image of the cloth pattern. The main window of the developed
software is shown in Figure5.The developed algorithm
described in Section 2 will automatically extract the panel.
The developed software gives the user two options: “Create
Tape for Registration” and “Create Points for Registration”.
The Create Tape for Registration option applies a linear
conformal transformation which is easy to use since it only
requires two tapes to be calculated per panel. One tape is
drawn on the intensity image of the cloth pattern and the other
tape is drawn on the cross-section of the 3D character model.
The developed software allows the user to interactively
modify the position of the tape. The main drawback of the
linear conformal transformation is that it does not work in the
cases where a change in the aspect ratio is required. In these
cases the “Create Points for Registration” option should be
used. It applies the affine transformation which requires three
pairs of points to be calculated. The three points are placed on
the intensity image of the cloth pattern and the other three
points are placed on the cross-section of the 3D character
model. Next, the user should press the Registration button.
The developed program calculates the transformation
parameters and transforms the panel from the coordinate of
the cloth pattern’s image to the coordinate of the 3D character
model’s cross-section. After the user has done fitting all the
panels; the user creates seams for sewing the panels together.
Then the user runs the cloth simulation to assist the
deformation of the panels into the character model.

The developed approach of this research work is tested with
several cloth pattern images and different character sizes. The
test is done to demonstrate the accuracy achieved using the
developed approach in extracting boundaries of the panel from
cloth pattern images, changing their sizes to fit different
character models, and sewing the panels together. Figures
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6(a), 7(a), 8(a), 9(a), 10(a), and 11(a) show scanned cloth
pattern images. Figures 6(b), 7(b), 8(b), 9(b), 10(b), and 11(b)
show the boundary of the panels extracted using the proposed
approach.
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-10 5 0 5 10
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Fig. 5: Main window of the developed software

The proposed approach produces incorrect boundary of the
panels extracted with some patterns as shown in Figure 12 and
Figure 13. Figuresl2(a) and 13(a) show a scanned cloth
pattern image. Figures 12(b) and 13(b) show the incorrect
boundary of the panels extracted using the proposed approach.
The problem with the two patterns is that there are words or

drawing inside the panel that touches or very close to the
boundary of the panel.

Figure 14 and Figure 15 show the fitting of the cloth pattern in
Figures 8 and 9 respectively to different human models using
the proposed panel resizing approach to fit all the panels.

Then, the panels are sewn together to construct the 3D
garments.

@ (b)

Fig. 6: (a) The original scanned patterns. (b) The
boundary of the panels extracted using the proposed
approach
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Fig. 7: (a) The original scanned patterns. (b) The
boundary of the panels extracted using the proposed
approach.

@) (b)

Fig. 8: (a) The original scanned patterns. (b) The
boundary of the panels extracted using the proposed
approach.
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Fig. 9: (a) the original scanned patterns. (b) The boundary
of the panels extracted using the proposed approach.

back skirt back skirt

@ (b)

Fig. 10: (a) the original scanned patterns. (b) The
boundary of the panels extracted using the proposed
approach
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Fig. 11: (a) The original scanned patterns. (b) The
boundary of the panels extracted using the proposed
approach.
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Fig.12: (a) The original scanned patterns. (b) Incorrect
boundary of the panels extracted using the proposed

approach.
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Fig.13: (a) The original scanned patterns. (b) Incorrect
boundary of the panels extracted using the proposed
approach.

6. CONCLUSIONS

Classical patterns in old books and magazines are available
only in hardcopy forms; to reproduce such patterns it is more
convenient to obtain softcopies of those patterns. In this paper,
a novel approach is introduced for fully automated extraction
of panels from cloth pattern images and producing different
size patterns from a given pattern size. A software package
has been developed, and tested it on many cloth pattern
images and different 3D models. The proposed approach
accurately extracts the panels from cloth pattern images and
perfectly fits them to different human models. Thus, the
proposed approach is consequently very helpful for computer
generated movies, computer games, and cloth design industry.
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Fig. 14: The fitting of the cloth pattern in Figure8 to
different human models.
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Fig. 15: The fitting of the cloth pattern in Figure9 to
different human models.
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