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From Styling Design to Products Fabricated by
Planar Materials

Charlie C.L. WangMember, IEEE,Yunbo Zhang, and Hoi Sheung

Abstract— This article describes a geometric modeling system  2) Design transformation:After carefully designing the
that generates industry required planar pieces for fabricding shape of a product around one reference model, it is wished to
user-customized products from styling designs. The proce®g  paye an automated tool to transfer this product to varioigs-re

from style design to industrial patterns is automated. Pre- del sh o tling desi then b ted|
stored styling designs can be automatically mapped into diérent ~ €NCE MOCEI Shapes. Une Styling design can then be repeatedly

reference model shapes and then unfolded into planar pieces €mployed to generate products while the re-generated ptedu
Besides, a map-guided algorithm has been developed to loeat fit the various shape of reference models (e.g., human bodies

unfolded pieces according to industrial requirement. Figure 1(b) gives an example of such a design transformation

Index Terms— Geometric modeling, styling design, industrial for a wetsuit product.

pieces, unfolding, application. 3) Generation of precise planar piece$he final products

in sheet manufacturing industries are generally fabritétam

two-dimensional pieces of materials. During fabricatitime

2D pieces are warped and stitched together to build the final
HE computer graphics techniques have been employedot@duct. Ideally, the warping and the stitching should be
simulate the behavior of sheet materials like cloth, leathstretch-free since a stretch will produce an elastic energiye

and paper in computer animation or virtual reality systears ffinal product which debases the fitness, creates unwanted wri

more than a decade (e.qg., [1]). There are also a few commheréigs, and even leads to material fatigue. Therefore, design

Computer-Aided DesigfCAD) systems for industrial productsneed the solution for unfolding given 3D surface patches int

fabricated from planar sheets. However, industrial design 2D pieces with invariant lengths at prescribed feature esirv

rarely use the 3D tools provided in these systems as they aled boundaries. An example is shown in Fig.1.

not agree with the habit of designers. In this paper, we dssscr

what tools are expected by designers in relevant industrigs Existing Methods

review existing methods, and analyze why the existing tools

cannot satisfy designers.

I. INTRODUCTION

In order to let designers have better interfaces for styling
design, techniques have been developed in the community of
computer graphics to provide sketch-based styling desigis t
for toy industry and cloth industry. Turquin et al. develdpe
_ _ _ virtual garment design system in [3], where the 3D shape for a
The tools expected by designers in cloth industry can legrment is constructed from contour lines drawn by designer
classified into three groups. in a sketch-based interface. The contour lines are clagsifie
1) Freehand styling designThe most natural way for as bounda}ry if they cross the V|rtl_1al 3D human body or as
4 L silhouette if they do not. Distance field around the mannequi
designers to create new fashion is to have a freehand drawin . .
4 ; : : . .. iIs'employed to determine the 3D position of contour curves,
tool like drawing on a piece of paper with a pencil. This is & . .
. and the final 3D mesh surface is reconstructed from these
reason why the sketch-based interface becomes so popular in . L . .
: o . _curves while mimicking cloth tension and modelling surface
many 3D computer graphics applications. Moreover, desgn ’
. - olds. However, they did not address the problem of how to
also want to have the curve creating and editing tools such as

. . . . convert 3D virtual clothes into 2D pieces to fabricate thal re
the widely used spline curves in CAD systems since thess toof : : .
th products. Mori and Igarashi recently introduced adlke

A. Tools Expected by Designers

can define the styling shape more precisely. The final shap XU

) : o . ased design system for plush toys (ref. [4]). The modelling
a designed product will be specified by the styling curves (s L . .
Fig.1(a) for the application in the design of wetsuit). Stamis ?ools are similar to their previous famous Teddy system |n [5

have been recently provided in some CAD systems (e.g., [ nother sketch-based modelling system for creating 30psha

However, the freehand styling design tools are seldom use m industrial styling design was described in [6]

. . ; . or the plush toy design system introduced in [4], the final
without the support of design transformation and unfoIdng piecespto proguce t%e pxush toys are unfoltge]d from its
solutions.

3D shape by the ABF++ algorithm in [7]. Nevertheless, as
we know that the ABF++ algorithm obtains the optimal pa-

Manuscript prepared in September, 2008; revision preparddne, 2009. gmeterization by minimizing the angle distortion of p(IWQS,
All the authors are with the Department of Mechanical andofation

Engineering Department, Chinese University of Hong Korigat®, NT, Hong the length of cgrves on SL_”face piecesist preseryed. It_ is .
Kong. E-mail: cwang@mae.cuhk.edu.hk; Fax: (852) 2609 8052 very problematic when using 2D patterns determined in this
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Fig. 1.

Overview of application in wetsuit design and fahbtion. (a) Steps from styling design to fabricated wetsnithoman modelH 4: after using
freehand drawing tools to get the styling design on the mesface generated from scanned human body point-cloud, utface of a wetsuit is trimmed
into 3D pieces, unfolded into 2D pieces and then output torosermial 2D Garment CAD software in DXF file standard; finatlye real wetsuit customized
for H 4 is fabricated from these 2D patterns. (b) Design transftona- the styling design of wetsuit o 4 can be easily transferred to the human model
Hp to generate planar pieces for industrial fabrication.
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way to fabricate high-accuracy products like wetsuit. tirs
the dimension of 2D pieces and their corresponding 3D sha
could be quite different. This is acceptable for applicasio
like plush toys where elastic stretch is allowed. Howeve
such a stretch on wetsuit makes the person wearing it fe
very uncomfortable. Therefore, a new method needs to
developed to preserve the dimension of pieces in unfoldi
More seriously, the length variation on the boundaries
pieces makes neighboring pieces hard to be stitched tagett
Sewing boundaries with different lengths together product
unwanted wrinkles, which is considered in the cloth industr
to distinguish the quality of a fabric product — thus must b
prevented. In order to solve a similar problem, Decaudir.et ¢
in [8] employed a deformation process to process a given me
surface so that it locally approximates a conical surfaces |
a sufficient (but not necessary) condition for a conical mesrf
surface to be flattenable (or discrete developable). M@€OWFig. 2. Wetsuit produced by conventional tailor-makingpteft and middle
for products like wetsuit and shoes, customers prefer thepiumn) vs. wetsuit fabricated from 2D pieces generated by system
Shape 1o be as-close-as-possible to the human body. Dire@PIEITef and taftcoumn) it easyto find tt e etona wetsut
applying the techniques in [8] to every piece will make the

products unfit. New techniques are requested to preserve the

dimension of unfolded pieces at certain places or to process

the surface to be more easily flattened while minimizing

deformation.

According to the aforementioned transformation tool, it
can be implemented based on the template warping based
compatible mesh generation (ref. [9]) and the freeform defo
mation technique (ref. [9], [10]). Once all reference madel «
H; (j =1,---,n) are with the same mesh connectivity, we
can easily apply the freeform deformation to warp the produc

designed around{; to the shape around; (i # j).

C. Conventional Fabrication of User Customized Products

Of course, similar to other drawing based design systems,
tools like mirror copying, curves trimming and erasing are
provided too. The designed styling curves are stored as
an attachment of the reference model's polygonal mesh
surface so that it can be further adjusted and used later.
Trimming: After confirming the styling design, the mesh
surface of the reference model is duplicated and trimmed
into separate 3D mesh pieces by the styling curves.
The feature curve information (i.e., the red curves on
mannequin in Fig.1) must be transferred to the newly
generated 3D mesh patches as it plays an important role
in the following unfolding procedure.

At present, without the help of CAD tools, user customized
products are fabricated in the conventional tailor making *
manner. As shown in the top-left of Fig.2, a loosely fit
wetsuit is firstly produced for a customer, and then revision
on the wetsuit is tailored through trial and error to remove
the unwanted fabric. However, wetsuits fabricated in this
way is inaccurate and time-consuming because it is not easy
to convert a freehand styling design into a final product,
and whether the revised wetsuit fits the customer’s body
does very much rely on the skills of tailors. Besides, design

Unfolding and Geometry Processinghe 3D pieces are

the dimension in 3D is preserved and there will be no

unfolded into planar pieces while the lengths of feature
curves and boundary curves remain invariant. Therefore,

sewing problem between neighboring patches. However,
for some patches, it is not possible to retain the length of
all feature curves in flattening as they are highly curved
and unflattenable. A geometry processing tool has been
developed to deform such patches into a similar shape

transformation is unavailable in the conventional methml.

overcome these difficulties, we have developed a system to
generate 2D pieces for fabricating user customized preduct

from 3D styling deign.

Il. OVERVIEW

The diagram in Fig.1 shows how our system generates the

2D pieces from styling design for the fabrication of product

To generate the 2D patterns from a styling design, our system

provides geometric modelling tools in five aspects below.

« Styling Design:The freehand drawing tools are provided e«

to enable designers to specify styling curves on the mesh

but being more flattenable.

Layout Arrangement:lt is unacceptable to industrial
users if the unfolded 2D pieces are randomly oriented
and placed. To solve this problem, we develop a map-
guided layout arrangement method so that the position
and orientation of flattened patterns can be determined
according to the guiding map. The resultant layout is
output into a DXF file according to the standard of
Garment CAD systems to generate further industrial
processing information which is used to fabricate the final
product.

Design TransformationOnce the point-to-point corre-
spondence between reference models is found, we can

surface of a reference model. Users are also able to snap very easily transform the styling design from one model

points on a styling curve to drag it into a desired shape.

into another. Then, the industry required 2D patterns for
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another user can be generated (see Fig.1(b)).

I1l. | MPLEMENTATION
A. Styling Design and Its Transformation

As analyzed above, the most popular tool for designers is tit
freehand drawing tool. The curve creating tool of our syste|
allows users to specify some points of the curve (i.e., abntr
points). Then, a subdivision curve passing through these cc
trol points is generated by refining the line segments ligkin
control points three times — using thModified Butterfly Mask
in [11]. Here the curve is treated as a 2D curve on the viewir
plane. The control points are allowed to be moved to chan
the curve’s shape. After construction, the refined datatpoir
on the curve are projected onto the triangular mesh surface o
the reference model and linked by discrete geodesic curveg. 3. The editing of styling curves is conducted in 3D: efi) the
The projected styling curve is stored as a sequence of ligisve to be edited on the foot, (top-middle) the curve cameoedited in 2D

: : : : :manner as part of it is at the back of the foot surface undectinent view,
segments in triangles together with the control points fer I(top-right) the curve has been edited by dragging contraitpp(bottom-left)

construction. interference between the 3D curve and the mannequin ocsumlg data
As the viewing direction for further editing a curve maypoints are snapped onto the human’s foot, and (bottomjripktinterference
not be the same as the one creating it, the curve editiﬁgf“mmated by linking snapped data points with discrededgsic curves.
tool is developed in a different way — we process the styling
curve in 3D now. First of all, the portion to be edited on a

curve is specified. The original control points of this pelrti

. . ne by one using the line segments of styling curves. The
curve are employed as control points for further editing. %onstrained Delaunay TriangulatiofCDT) is employed to
no control point is found (e.g., the part to be edited is jusg y 9 ploy

: . : . carry out triangulation on the plane of these triangles. &en
between two control points during construction), we uniftyr Y 9 P g

) . : . %DT robust to numerical errors, we process the line segments
sample the curve into four to six points by its arc length and _. .
INside a triangle by

employ these sample points as control points. Then, users ca o ) ) .
1) finding the intersections between line segments;

move the control points to adjust the curve. During movement : 9 HIt - )
the control points and the refined data points are snapped ;n_sert:ng (;ntersectlons between line segments and the
riangle edges;

onto the surface of the reference model. This is implemented A= ]

by tracking these points to their closest point on the mesh3) €liminating nearly overlapped (or partially overlapped

surface in real-time with the help of space partition teghei line s_egments; o )

The shape of the edited curve is again computed by the?) Merging nearly coincident points.

the Modified Butterfly Maskbut in 3D — so there may be This is similar to the method presented in [12]. The restiltan

interference between the curve and the mannequin, which édangles of CDT are attached onto the duplicated mesh model

be eliminated by linking data points on the surface of th&!’, and the information of whether a triangle edge is derived

reference model with discrete geodesic curves. Figure @gifrom a styling curve (or a feature curve) ad can be easily

an illustration of this 3D curve editing tool. retrieved through local search using the correspondentes o
The styling design stored on a reference makigl can be triangles betweed/’ and M. Note that if the feature curves

easily transferred onto another reference model (élg) as ©n M are not presented by triangle edges, they will also be

long as the bijective point-to-point mapping betwedn and introduced into CDT to become triangle edges/dn Lastly,

Hp has been established. More specifically, we determine ¢ triangle edges generated from styling curves are catplic

corresponding position off; for every data point of styling SO that the regions o/’ surrounded by these edges are

curves onH 4 using this mapping, and link the transferre@eparated into pieces of mesh patches.

data points by discrete geodesic curves. One example of such

a transformation can be found in Fig.1(b). In our implemere, Unfolding with Length-Preserved Feature Curves

tation, we employed a template fitting based method as [g]The 3D pieces of a wetsuit must be unfolded into planar
to generate fully compatible meshes among scanned human

. . patterns to be used in industrial fabrication. In order to
?sg'e?HeNcr)égr:)lxetzeinsgilén%Cg;\r/‘esebfr;?g%rt;%fﬁa:ﬁ{seﬁ;vgenerate precise planar patterns that keep the dimension at

critical places, we developed an unfolding algorithm named

o as WireWarpingthat preserves the length of feature curves.

B. Trimming The basic idea ofVireWarpingis to simulate the physical
The 3D pieces of products are generated by trimmimghenomenon of warping tendon wires from a 3D wireframe

duplicated mesh surface using the styling curves. For ttehmento plane, wherein the wires can only be warped but not

surfaceM of a reference model, the triangles with no stylingtretched so that their lengths can be retained. Here, #terée

curve are duplicated firstly into a new triangular mesh modelirves and the boundaries of 3D pieces serve as the tendon

Then, the triangles with styling curves are re-triangedat
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warped simple wireframé/p,. Integrating all wireframes on
the given 3D piece into one optimization framework by adding
these constraints gives the unfolded results with the fengt
feature curves and boundaries preserved. More details&an b
found in [13].

The planar positions of verticemitheron the feature curves
nor on the boundary curves can be determined by the shape-
preserved mesh parameterization method in [14] after fixing
the vertices on wires.

D. Discrete Developable Mesh Processing

Nearly developable polygonal mesh surfaces can be suc-
cessfully unfolded into planar pieces using thé&reWarping
methods introduced in previous subsection. Here diberete
Fig. 4. An illustration of warping the boundary of a given mgsatch into developableis derived from the definition of developable
an optimal planar shape while preserving the length of edges. surface in differential geometry as: a polygonal mesh serfa

said to be discrete developable if the sum of polygonal angle

at each non-boundary vertex i&r. A nearly developable
wires. Let us first consider about how to warp the simplegiesh surface means the angle sum at non-boundary vertices
wireframe — the boundary curve of a mesh surface pafgh are close to2r. As those mesh surfaces far from discrete
(as shown in the top of Fig.4), which consistsrofriangular  gevelopable will create great area errors on resultant 2D
edges. There are many possible ways to warp such a simgigces generated byireWarping we developed a tool to
wire into different 2D polygons without varying its length.process a given undevelopable mesh surfageinto a nearly
Among all these possible 2D polygons, we seek one whichdgyelopable one)/%. The processed mesh surfatgf must

most similar to the 3D shape dffp's boundary. Therefore, approximate the shape affp. This is again formulated as a
the one which minimizes the sum of angle variation at allonstrained optimization problem,

boundary nodes is what we want, i.e.,

n min Jg s.t.oa(vy) =27 2
. 9 N2 (1) PEVint
11(11111; (6: = ) whereJ, is the objective function that measures the deforma-

. . . tion betweenMp and ME, V;,; is the set of non-boundary
wheref); is the 2D angle associated with the boundary VerteX rices onMp, anda(v,) gives the summed polygon angles

gi, ; Tepresents its 3D surface angle bfy that is computed ;¢ 0 vertexv,. Boundary vertices are fixed so that the
by "’_‘dd'ng all tnangles angle a, and there are. boundary assembly relationship between neighboring pieces willb®ot
vertices onMp. Since we need to preserve the length qf oy on The most common method to measure the deformation
boundary ed_ges during the warping, three constraints atecad;q . employ.Jy = 3 [|v, — V9|12 with v¥ being the closest
to ensure this. point of v, on Mp. However, as analyzed in [15], this
1) From theclosed-path theoremwe know that: for a gpjective function prevents the movement of vertices in som
simple non-self-intersecting planar closed path, if itgense. Therefore, a least-norm approach was proposedéo sol
path is anti-clockwise, the total turning must be. this constrained optimization problem.
2) When keeping the length of boundary edges unchangedgistly, the nonlinear developable constraintgv,) = 2
the 2D curve should still be a closed one — i.e., with thge |inearized by using the Taylor expansion and truncatiag
determined angl®;, the first point on the curve mustponjinear terms. Then, the unknown variabigsare replaced
haye the same- andy- coord_lnates as that of the last,y, d, with v0 = v,+d,,. There are3|V;,,.| unknown variables
point on the curve (see the right of Fig.4). but only |V;,.| linear equations derived from the developable
Hard constraints derived from these are added into the opibnstraints (here,: - - | denoting the number of elements in a
mization framework to compute the optimal valueg/pfNote set). Thus, the least-norm method can be applied to determin
that, to efficiently solve the constrained optimizationigem the solution ofd = {d,} with the minimal norm||d||. The
in Eq.(1), we compute optimdl;s instead ofy;s. above steps are then repeated until the deformed meshaurfac
A 3D piece to be unfolded is usually subdivided inta\/5 becomes nearly developable. Furthermore, to make the
several such simple wireframes by feature curves and boun@merical computation more stable, the least-square rdstho
ary curves. If we use the above method to unfold theare used to update the position of vertices — details can be
one by one, the resultant 2D wires in general cannot eund in [15].
stitched together without distortion. To solve this incatiple In practice, the users may feel that usihff has changed
problem, for each vertex on feature curve which is shared bythe shape of a 3D piece too much. They would like to use an
m simple wireframes\/p, (j = 1,---,m), the hard constraint interpolation betweerd/p and M5 as Mt = (1 — t)Mp +
>ie10mp, (v) = 27 is added ifv is not on the boundary tA/f with ¢ € (0,1) as long as the area error of unfoldd,
of the 3D piece.fy, denotes the 2D angle at in the is below an acceptable ratio compared with its 3D surface. As
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Fig. 5.  An example of discrete developable mesh procesgiog) the (a)
given collar pieceM p, (middle) the fully processed mesh surfamzég, and
(bottom) the interpolated mesM}D with ¢ = 0.7. Colors denote how the

value of summed angle at a non-boundary vertex is diffenerh 27.

shown in Fig.5, the collar patch gives a large area errorrbefc
discrete developable mesh processing but a small errdt on
with ¢ = 0.7. Note that the processed mesh surfaces are al
unfolded by theWireWarpingmethod.

E. Map-guided Layout Arrangement

The randomly placed 2D pieces are in a tangle. This ci
hardly be used in the downstream applications. Lévy et ¢
in [16] employed a “Tetris” game like method to lay out the
2D pieces. However, the industrial users still find it difftdo (b)
decide where a 2D piece of wetsuit should be located in 3D ui:
the human body. Therefore, a map-guided layout arrangemggt g wap-guided layout arrangement: (a) the guiding mag ¢) the
algorithm is developed to cope with it. final layout with overlaps eliminated.

A guiding map is in fact the parameterized planar mesh
Mg of a reference modeHs (e.g., the guiding map of
human body shown in Fig.6(a)) — here the method in [16] is Overlap happens when using the above determiReahd
employed. Therefore, for any other reference mallgl, the T to place planar patterns. The initially placed patterns are
corresponding point od/s of a point onH 4 can be easily then moved iteratively to eliminate overlaps. To speed up
found once the cross-parameterization betwéenand Hes the overlapping detection, we rasterize the planar pattern
has been established. Such mapping is denot€dy.. .. into 2D boolean arrays using the off-screen rendering. By

our experiments, rasterization at the resolution of thiigelp

For a flattened mesh piedd p for the wetsuit of mannequin for one centimeter balances the computing speed and the
H 4, the bijective mapping from any point diip to a pointon accuracy. Furthermore, to retain the symmetrical layowutmi
H 4 is denoted by, 17, and can be retained in the abovéy the guiding map, the initially placed patterns are cfaessi
modelling steps of trimming and unfolding. By, into left and right groups. The patterns in the left group are
and Qs m,, the bijective mappind2as, <, from Mp  moved leftwards or upwards while the ones in right are moved
to the guiding map can be obtained. Using the method iightwards or upwards to eliminate overlaps. Before thht, a
[17], the rotation matrixR and the translation vectol' patterns in both groups are sorted by the vertical cooreinat
from {px|Vpr € Mp} to {p,Ip) = Qmrenme(pr)} can be of their bounding boxes’ bottom edges ascendingly. For two
computed by least-square fitting. Therefore, the locatan$ patterns having the same vertical coordinate, their hat&o
orientations of all 2D pieces according to the guiding map acoordinates (of left or right edges) are used. At the begigni
determined. However, as the guiding map consists of a f@ll pieces are considered as “movable” except the lowest one
separate regions, the points on flattened pieces may be ohappkich has been fixed by its current position. The first piece
to different regions, which will lead to an unsatisfactoegult. in the sorted movable piece-list is then removed from the lis
For a pieceM p whose points are mapped to different regiongnd moved to a position where no overlap is found with other
the points are clustered into different sets according &rthfixed ones and this process repeats iteratively. When moving
mapped region. Only the points in the set with maxima piece to eliminate overlap, it is either moved upwards or
number of points are used to determiReand T. horizontally away from the medial-axis. The direction wih
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Fig. 7. More examples: (top) the patterns and wetsuit folirgydesign | with different postures are generated andtd¢bot styling design II.

smaller movement is chosen. Note that all movable pattemns and wetsuit for the styling design | that has been shown
moved in the same direction and with the same extent as tivatFig.1 but with different postures. As the posture of the
of the piece. The iteration stops when the list becomes emgtyman body is changed, the mesh surfaces of wetsuit at some
An example of a final layout has been shown in Fig.6(b). regions like the elbow, the knee and the hip become far from
nearly developable. Therefore, the discrete developalelehm
IV. APPLICATIONS processing is applied to the 3D pieces at these regions. The
final fabricated wetsuit is shown at the rightmost end of the

; Vgesh;ve?niT,pIf/ﬁﬁgfegfreaﬁLOpoozendGTggﬂthgfdnwiapm fp row in Fig.7. The bot.tom row of Fig.? shows the wetSl_Jits
ype sy by peniL. sup . PP&Hith different styling designs and on different human basdie
by OpenNL is conducted as the numerical computation kernel.

The computation from a styling design to the patterns to beWe also apply the prototype system to shoe design. Different
fabricated can be completed in less than one minute onfram the application of wetsuit design and fabrication, the
desktop PC with the standard configuration. We have teststifling design of shoes is conducted on the shoe last instead
the prototype system in several applications. of the surface of scanned foot. The surface of shoe last for a
Our modeling system is motivated by an industrial projeébot is a smooth offset surface of the foot model (see Fig.8
whose purpose is to automatically generate planar pattefos the example). After designing the styling curves on the
for user customized wetsuit from different styling designshoe last's surfacé/ 4 for the reference model, the fodt,,
Previous examples shown in Fig.1 demonstrate the functione can easily warp the surfackl4 to the shape fitting a
of our system. In this application, the reference models anew foot modelF’sz as long as we have the bijective mapping
human bodies, and the styling design is conducted on thetweenF', and Fiz established. Then, the planar patterns for
human models that are presented by two-manifold trianguliie fabrication of user customized shoes can be generated by
mesh surfaces. More examples of the wetsuit applicationr system. Also, the guiding map of layout arrangement can
are shown in Fig.7, where the top row shows the patterhs produced by the mesh parameterization technique, and the
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Fig. 8. Using our system in the design automation of shogsTlfa foot
with skin F'4 (left), the styling design curves (middle), and the shadiesvv
of designed shoe (right). (b) The automatically generatesigth on the foot
Fg. (c) The guiding map. (d) The 2D layouts of shoes for (left) and Fip
(right).
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Fig. 9. An example application of designing a furniture: pfeft) the
wireframe of the designed sofa-chair, (top-right) the 3feme of sofa-chair
constructed by the approach of [6], and (bottom) the laydu® pieces
generated by our system for the fabrication.

to the application in shoe design. Instead of shoe last, the
basic blocks of clothes are employed in this application. In
the apparel industry, the general basic blocks includeebtaz
shirts, jackets, trousers, Jeans-pants, polo-shirtssdseand
skirts, which define the structure and spatial relationstitp
human bodies. The techniques for building such basic blocks
have been studied in our previous work (ref. [18]). After ob-
taining the surfacé/4 of a basic block for a human body 4,

we can specify the styling design curves on it and transform
them to the shape around another human béfly by the
spatial constraints defined between basic blocks and human
bodies. For example, in Fig.10, a new dress is automatically
generated around the human bddy. The planar patterns can
then be determined by preserving the lengths of featuressurv
defined on the basic blocks — therefore, the spaces between th
clothes and human bodies are guaranteed to fit.

layout of 2D pieces is automatically arranged according 10 Thg |ast application tested in our study is the generation of
the guiding map. Figure 8 gives an example of the use of 0§ pieces for the fabrication of fabric toys. In this applioa,

system in shoe design.

the designers wish to have a tool to help them analyze the

The third application tested on our system is the generatigfietch distribution after designing a 3D model and spéuify
of planar pieces for furniture. Here we adopt the sketclhe cutting lines. Figure 11 provides such an example. As
based modeling method to design a sofa-chair by the appro@s# computation of our unfolding results is very fast, after
presented in [6]. Several feature curves are then defineg) uspecifying the cutting curves, users can get the error imser
the tools provided in our system at the places where the area difference on 2D versus 3D interactively. The color-

dimensions (i.e., lengths) must be controlled. WigeWarp-

map in Fig.11 is an example. Therefore, it is easier for uwers

ing algorithm adopted in our system can well preserve theitid some darts to reduce the stretch in fabrication. Noteatha
lengths on the resultant patterns — see Fig.9. The final ptodiarge area distortion between 2D and 3D patterns will make th
can be fabricated from the leather sheets in the determirfg@rication of final products difficult, especially when aist

planar shape.

inextensible sheet materials are used in manufacturinghe\t

When applying our system to the design of clothes — i.éapttom of Fig.11, the fabric squirrel toy can be fabricatexirf
general ones unlike the tight wetsuit, it is more or lessIsimi the pattern generated by our approach. As fewer pieces are
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Fig. 10. A new styling design is conducted on the basic blockvening dress around the human baoly, (left), and the design is transferred to a new

dress for another bod¥i z (right). Their corresponding planar patterns are alsorgive

generated by our approach comparing to [5], the fabricationirrored 2D pattern?, and then the average 2D piece Bf

time could be greatly reduced. and P is used as the result. Here, the average is computed by
the morphing technique using length-parameterization@n 2
V. USER EXPERIENCES polygons. An example of the resultant symmetric pattern can

We have licensed the developed prototype software to gﬁ&tge fo;m:jh|nvclg.\jllv2(bc_)ttoml). ith t local
industrial company whose major business is user-custamize oug € virevvarping aigorithm: can prevent loca

wetsuit. Feedback from the industrial usage of our systemliglf'mtersecnon of an unfolded patch, it cannot prevéwt t

very positive. The users are very satisfied with the ease 8bal self-intersection. Theref_ore, the global selemsection
of our freehand styling design tools, the design transfdiona IS detected by a post-process in the image space and reported

tools and the function of generating precise planar patén However, we leave the problem of how to generate a new

using the newly developed system, the design/manufat‘:ﬁurﬁ“lmdtg1 ellmlna(;e ;[heb s?rl:‘-lntterltsectéon_to l:selrs.#wsers rttﬁegl f
cycle of the user-customized wetsuit has been reduced frgﬁl € new darts by the styling design foo’s. The memod o

around one week to one day. A well-trained designer can pr%gneratmg such darts automatically is considered as aefutu

duce a new styling design and the corresponding 2D pattewgrk of our research.
in around 15 to 30 minutes on average. Even for novices,
after taking a half-day training course, they can generate a
new styling design and the 2D patterns in less than one hour!n this article, we introduce an application of using the
The planar patterns generated by our system can be dire&iigte-of-the-art geometric modelling techniques in theiress
imported into the downstream CAD systems to generate Ak user-customized products fabricated from sheet méderia
seam allowance and printed out for cutting of fabrics. Based on the analyzed requests from industrial designers,
In addition, the users from industries also point out sonf€veral tools have been developed. The implementation-meth
drawbacks of our current imp'ementation_ After transfo'rg‘]i ods have been detailed. The fabricated prOdUCtS have been
the styling design between human bodies with greatly variéown to verify the functionality of these tools. Moreoée
shapes, the smoothness of styling curves cannot be preiserf&periences of real industrial users have been reported.
More specifically, the S-shape distortion may be generated o
originally smooth curves (e.g., the one shown in Fig.12(top ACKNOWLEDGMENT
Currently, users need to select the unsatisfactory curmds a This work was partially supported by the Hong Kong
adjust their shape by moving the control points interagtiv® Innovation and Technology Fund (ITF) ITS/026/07 and Shun
curve fairing function needs to be developed in the nearéutuHing Institute of Advanced Engineering (SHIAE) Research
to solve this problem — note that, different from general 3Grant (CUHK/8115022), and the authors would like to thank
spatial curve fairing, the difficulty here is to conduct cairvTPC (HK) Ltd. for providing some testing data and Pu Huang

VI. CONCLUSION

fairing on a 3D freeform surface. for implementing the rendering program of our system.
The second expected function reported by industrial users
is the symmetric unfolding. After user specifying the styli REFERENCES
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Fig. 11. Example of generating 2D patterns for a 3D toy sqLifTop row)
Several cutting lines have been specified by users, and thietsts of area
between 2D and 3D are displayed by color-map where red deno@’
or even more area stretch while blue represents no area etmngriangles.
(Second row) After adding some darts (pointed at red arrothg) stretches
have been reduced. (Third row) The flattened planar piecebédoy squirrel
and the final squirrel fabricated from these pieces. (Bottow) The squirrel
toy fabricated from the 2D pieces computed by our approach.
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