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Fig. 1 – (left) A traditional fashion design artwork,
used in early stage of the creation process to convey
on paper the designer’s vision. (middle) A reproduc-
tion of this concept art drawn with our sketch-based
interface. (right) The resulting 3D garment genera-
ted by our system.

Despite sometimes questionable user-friendliness,
software solutions for 2D image authoring and edi-
ting are now a widespread commodity among average
computer users. Clearly, the same cannot be said of
3D suites ; the introduction of the third dimension on
input and output devices that are intrinsincally 2D
(i.e., the mouse and the screen) add a discouraging
complexity that only professional artists and a hand-
ful of skilled amateurs are able to overcome. To make
such tools appealing to a broader audience, a conside-
rable effort has been devoted to enhancing intuitivity

and ease of use, by proposing original interfaces ba-
sed on simple tasks at which people are known to
excel. When it comes to conveying 3D shapes, a uni-
versal and natural way to do so is basically to sketch
them (more precisely a 2D projection of them) : from
a drawing, we can easily reconstruct in our minds the
object the sketcher intended. Sketch-based interfaces
seem all the more convenient because most people
whose work involves the design of 3D objects and the
heavy use of 3D modeling programs already make ex-
tensive use of sketches or artwork in early phases of
the creative process ; it is especially true of fashion
designers when they conceive of new garments (see
figure 1 left).

Actually, fashion design is a good instance of a
domain where the required step between the initial
concept art and the final product1 turns out to be
particularly lengthy and cumbersome, as currently
done ; furthermore, it requires a know-how that only
trained designers posess.

The range of approaches used for clothing virtual
characters is large : for incidental characters, the clo-
thing may be no more than a texture map. For lead
characters in feature films, full-fledged physical simu-
lation of detailed cloth models may be used. And in
the midrange, simple skinning techniques, combined
with texture mapping, are common, providing some
deformation of clothing as the character moves, but
no physical realism.

There are three problems one can associate with
clothing virtual characters : the design of the clothes

1The final product may as well be a “real” garment, but
from this point on we will focus on virtual clothes used to
dress virtual actors or video game characters.
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(tailoring), placing them on the character (dressing),
and making them look physically correct (typically
through simulation).

The process of tailoring, for human beings, involves
choosing cloth and fitting it to the body, often ma-
king adjustments in the patterns of the cloth to adapt
it to the particular person’s form, and then sewing it.
For virtual characters, a garment often has no “pat-
terns” from which it is sewn, instead being represen-
ted by a simple polygon mesh that is constructed to
fit the body. It is currently tedious to construct such
meshes even without the issues of patterns and stit-
ching. It is sometimes done by directly incorporating
the cloth mesh into a character’s geometric model, so
that the character doesn’t actually have legs, for ins-
tance, but just pants. In this case physical simulation
is no longer a possibility, and when a character needs
new clothes, it must be largely re-modeled. An alter-
native approach involves drawing pattern pieces for a
garment and positioning them over the naked form of
the character, defining stitching constraints, etc. This
can be wearisome, especially when the character is
not important enough to merit this level of effort ; it
also requires an understanding of how cloth fits over
forms, although the actual pattern-and-stitching in-
formation may not be relevant after the tailoring is
completed (except in the rare case where the physi-
cal properties of the cloth — was it cut on the bias ?
Does the cloth resist folding along one axis ? — are
later used in a full-fledged physical simulation).

Our approach combines tailoring, dressing and phy-
sical plausibility into a single step to create a mesh
that is both visually pleasing and suitable for later
complex simulation or skinning approaches. The idea
is to make it easy to generate simple garments that
are adapted to an existing model. We believe that
most people know better how to draw garments worn
by a mannequin (which is how they imagine it in the
first place) than the 2D patterns needed to sew them.
The aim of this work is thus to explore the use of
a sketch-based interface for quickly constructing 3D
virtual garments over a character model. We will des-
cribe simple yet effective solutions to the problems of
shape generation, placement and basic simulation of
the clothing in a rest position.

A description of a preliminary version of this sys-

tem appeared at the EuroGraphics Workshop on
Sketch-Based Interfaces and Modelling’2004 [8]. In
this article, we present the system in detail, and des-
cribe several new aspects, including :

– generation of complete (back and front) gar-
ments,

– fold-sketching,
– improvements to the graphical user interface,

and
– feedback from a seasoned fashion designer.

The resulting system is so easy to use that it took less
than an hour to create the whole wardrobe featured
in this article.

Overview

We will present both the user-interaction expe-
rience in our system and the main algorithmic contri-
bution : a method for reconstructing the 3D geome-
try and placement of garments from a 2D sketch. As
in [2], the user sketches the garment directly on a
3D virtual actor body model. However, our method
outputs a full 3D geometry for the garment, using
the distance from the 2D garment silhouette to the
character body model to infer the variations of the
distance between the garment and the character in
3D.

More precisely, the reconstruction is performed in 4
steps : the contour lines of the 2D drawing are first au-
tomatically classified either as silhouettes (lines that
do not cross the body) or as border lines (lines that do
cross the body). A distance-to-the-body value is com-
puted for each point of a silhouette segment and these
distances are then used to determine desired point-
to-body distances for the border lines. Then, this dis-
tance information is propagated in 2D to find desired
point-to-body distances, which are then in turn used
to determine the 3D position of the garment. When
the drawing includes fold-strokes indicating the loca-
tion and placement of folds, the process includes an
adjustment of the distance values on the garment, so
that the computed level-set now moves closer to or
farther from the body.
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Related work

Current interactive systems [4, 9, 1] for designing garments and dressing virtual actors with them
can be quite tedious : typically the user must draw each pattern piece on a planar virtual cloth,
specify the edges to be stitched together, position the pieces around the virtual actor, and then
finally run a simulation to obtain a convincing rest shape for the garment around the character
model. Not only is this a long process, but it is also fairly unintuitive for users who have no prior
experience with fashion design.
Sketch-based modeling systems have became popular for interactively generating 3D geometry
from sketches, not only within the research community and graphics enthusiasts but even among
the general public and in large businesses, as shown by the recent acquisition of SketchUpa, a
user-friendly CAD system, by Google. One trait these systems share is that in order to infer the
third (missing) dimension, they make assumptions about the kind of objects the user is about
to create. These hypothesis can be expressed by low-level geometrical considerations : the famed
Teddy program [6] aims at smooth volumes, whereas Sketch [10]) rather generates angular objetcs.
They can also be based on higher level a priori knowledge, as in Malik’s system [7] which narrows
the range of expressible entities to hairstyles. Our system is part of the later category. since we
limit ourselves to open surfaces representing garments.
Two works have combined the idea of sketching with the goal of designing clothes : Bourgui-
gnon [2] provided a 3D sketching method and used it to design garments over virtual actors. The
sketch could be viewed from arbitrary viewing angles, but no 3D surface was reconstructed for the
garment. Igarashi [5] described a sketch-based method for positioning garment patterns over a 3D
body, but the user could not use the system for directly sketching the desired garment and still
had to know which pattern shapes would result in the garment he desired. That is to say, they
addressed the dressing and to some extent the simulation problems through sketching, but not the
tailoring problem.

ahttp ://sketchup.google.com

Sketch-based interface

A central objective of any sketch-based interface is
to provide the user with the benefits of a traditional
pencil-and-drawing-board, while providing new func-
tionality to the degree possible. To capture this fa-
miliar experience, we seek to minimize the number of
UI modes2 and the use of modifier keys and buttons.
Our system uses only a single button (which makes
it feasible to use devices such as graphical tablets or
tablet PCs), mode sets, and an optional symmetry
mode.

The first mode-set consists of toggling between
sketching the contours of the garment and sketching

2An example is the Caps Lock mode, used in word proces-
sors to type in upper- instead of lower-case.

folds in the garment, which we call contour and fol-
ding mode, respectively. Contour mode is the default,
and is the starting point for any garment creating.
Folding mode is subsidiary.

The second mode-set determines whether the
strokes being drawn apply to the front of the garment,
the back, or both. The latter is the default behavior.

Finally, an optional symmetry mode helps the user
to draw vertically symmetrical garments.

Typical user interaction

To give a sense of the system’s performance, we
describe a typical interaction, in which a user sketches
a skirt on a female model.

3



Contour mode

The user first draws a line across the waist (see
figure 2 (left)), indicating the top of the skirt, and
then a line down the side, indicating the silhouette
of the skirt, then a line across the bottom in a vee-
shape indicating that he wants the front of the skirt
to dip down, and finally the last side. A simple corner-
detection process is applied to break the sketch into
parts ; one extra corner is detected by accident (at the
bottom of the vee) and the user can delete it with a
deletion gesture. He could also add new breakpoints
as well, but none are necessary. Breakpoints play an
important role in the 3D positioning process, since
they determine the global 3D position of the cloth
with respect to the body. The way they are used is
detailed in section . The two lines on the sides are
classified as silhouettes, and the others are classified
as border lines, as shown in the figure.

Now the user asks to see the garment inferred by
the system, by pressing a button ; a surface matching
the drawn constraints, but adapted to the shape of
the underlying form (look near the waistine, for ins-
tance) appears almost instantly (see figure 2 (right)).

Fig. 2 – (left) The user has drawn a few lines to
indicate the shape of the skirt in contour mode ; the
corner-detector has detected a breakpoint that the
user does not want. The user will make a deletion
gesture (a curve in the shape of an α enclosing the
mistaken point) to delete it. (middle) The user has
deleted the breakpoint, and the lines have been clas-
sified : the silhouettes are in red and the borders in
yellow. (right) The surface inferred by the system
once the user has required a reconstruction.

Sometimes, as in figure 3, the breakpoint-inference
fails to detect all the points the user wants ; in this
case she or he can make a gesture to add new break-
points.

Fig. 3 – (left) The user drew in contour mode the
outline of the skirt without sharp corners at the bot-
tom, and the corner-detector failed to put break-
points there. The user therefore makes gestures (over-
drawn in green here) to indicate the need for new
breakpoints, in the form of short strokes that cross
the contour. (middle) The new breakpoints have
been inserted. (right) The skirt is reconstructed.

Folding mode

Now that he is satified with the global shape of the
skirt, the user decides to add a few folds to obtain
a more physically plausible 3D surface. To do so, he
simply switch to folding mode and draws strokes that
mark the presence of either ridges or valleys, and can
specify the width and amplitude of these folds in an
intuitive way (see figure 4). The details of the gestures
and their meanings are described at the end of this
section.

Front/back modes

By default, the strokes drawn by the user af-
fect both the front and back parts of the garments.
Usually, most of the lines are shared by the two
views : it is always the case for silhouettes, which
by definition join the front and back parts, and it
is true for the borders in many cases. It is, howe-
ver, possible to edit front and back borders indepen-
dently by toggling to the appropriate mode (with the
constraint that the contour remains closed), as shown
in figure 5. When borders differ, to avoid confusion,
the ones belonging to the current view are rendered
with a continuous stroke whereas the others appear
dashed. There is no constraint about the way the
folds are edited, but it usually makes more sense to
generate different folding for front and back parts.
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Fig. 4 – (left) The user draws few fold lines in fol-
ding mode, like the one highlighted in thick green,
corresponding to ridges or valleys on the surface of
the garment. (middle) He may draw a ”u-shaped”
gesture crossing a fold line near either end. The width
of the U determines the width of the fold ; the depth
determines the depth of the fold. These are indicated
for the user at all times by a pink circled gaussian
profile at each end of the fold-line, indicating both
the width and the depth of the fold. (right) The
folds are added to the skirt.

Fig. 5 – (left) Front part and (right) back part of
the garment. Note how the borders of the opposite
view appear dashed.

Vertical symmetry

It is common for garments to exhibit vertical sym-
metry. Consequently, the system has a mirror mode
where only half the canvas is active : the other half
automatically reproduces mirrored versions of the
strokes. When a stroke crosses the axis of symme-
try, it is cut at the intersection and the left and right
parts are joined. The system can be (de)activated by
pressing a key.

Gestural interface components

The user’s marks are interpreted as gestures ; in
contour mode the default is the construction of sil-

houette and border line segments. Other gestures
add breakpoints for the classification process, delete
breakpoints, delete a segment or an entire chain of
segments, and clear all segments, as shown schemati-
cally in figure 6.

The folding mode default gesture results in the
creation of a new folding line. Breakpoints are not
relevant in this mode, hence corresponding gestures
are replaced by others allowing to control the profile
of the folds (see figure 7), but stroke deletion gestures
are still valid.

The breakpoint-deletion gesture matches well with
the standard typsetting deletion-mark ; the other de-
letion gestures require multiple intersections with
existing strokes to prevent accidental deletions.

Interpreting sketches of gar-
ments : basic ideas

Reconstructing a 3D surface from a 2D drawing
clearly is an under-constrained problem ; however, by
considering the special nature of clothing, we can ge-
nerate a plausible guess of the user’s intentions.

Our first observation is that if we can find a po-
sition of the model and a 2D projection such that
for every P (xp, yp) of the image plane, the back-
projected 3D ray posesses at most 2 intersections
(zf

p , zb
p) with the model’s body surface, the same can

be said of most unilayer garments. In other words,
such a pose minimizes the overlappings of the sur-
face (or maximizes the visible surface), and allows
us to express the garment with two height-fields, one
for the front and another for the back part. To sa-
tisfy this constraint, we chose a standing stance with
spread-eagled arms, seen from the front or back. In
this pose, the only parts of the body that do not
comply to the desired property are the extremities
(head, hands, feet), which are usually not covered by
cloth. Additionally, we want to be able to construct
the front and back parts with two different points of
view, so that we can edit the currently visible part.
Since we want the two views to share the same sil-
houette lines, we are obliged to use an orthographic
projection.
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Fig. 6 – The gestures in contour mode ; the model
is drawn in thick lines, prior strokes as medium lines
with dots at breakpoints, and new strokes with thin
lines ; the arrowhead on the new-stroke lines is not
actually drawn by the user, but merely indicates the
direction in which the stroke is drawn. (a) adding
a segment ; (b) deleting a segment (stroke must in-
tersect the segment at least five times) ; (c) dele-
ting several segments (the stroke must intersect more
than one segment, and intersect segments at least five
times. If the stroke intersects segments from two dif-
ferent chains, both chains are deleted entirely.) ; (d)
clearing all segments (the stroke must intersect some
segment and count at least fourty intersections) (e)
adding a breakpoint (f) deleting a breakpoint (the
stroke must intersect the segments on either side of
the breakpoint, and intersect itself once).

For the sake of clarity, we’ll now assume that the
character’s model is aligned with the xy-plane, vie-
wed along the z direction.

Another assumption we make is that silhouettes of

Gaussian parameters

Amplitude

Diameter

(b)

(a) (c)

(d)

Fig. 7 – The gestures in folding mode ; new strokes
are drawn with arrows. (a) adding a fold, by default
a valley ; (b) modifying the profile of the fold at
one extremity (the closest to the intersection). The
shape of the stroke defines both the amplitude and
the width of the fold. A convex stroke with regards
to the end point of the fold results in a valley ; (c)
on the contrary, a concave stroke results in a ridge ;
(d) changing the other extremity, making the fold a
pure ridge.

clothing not only indicate points where the tangent
plane to the cloth contain the view direction ; they
usually occur as the clothing passes around the body,
so we can estimate the z-depth of a silhouette edge as
being the z-depth of the nearest point on the body.
Another way to interpret this is that we want the
silhouettes of the garment to be as close as possible
to the silhouettes of the body.

Moreover, we observe that the distance from a sil-
houette to the body helps us to infer the distance
elsewhere, since a garment that fits the body tightly
in the (x, y) plane will also tend to fit tightly in the
z direction, while a loose garment will tend to float
everywhere.

Overview of the algorithm

We’ll give the details of the steps of our algorithm
in the next few sections. We assume that we already
have a valid 2D drawing of a garment, sketched with
the interface described previously. The front and back
parts of the garment are treated separately, but are
easily joined together to construct a C0 surface, since
they posess the same silhouettes. Therefor, we only
describe the process for one of the parts :
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1. Process the 2D sketch of the garment :
– Find high-curvature points (breakpoints) that

split the contours into segments ;
– Let user add and/or delete breakpoints.
– Classify curve-segments between breakpoints

into border lines (which cross the character’s
body) or silhouette lines.

2. Infer the 3D position of silhouette and border
lines :
– For each breakpoint that does not lie over the

body, find the distance to the body, d, and set
the point’s depth, z, to the depth of the closest
point on the body.

– For each silhouette line, interpolate z linearly
over the interior of the line, and use the in-
terpolated z-values to compute d-values (dis-
tances to the body in the 3D space) over the
interior of the line. This allows for straight
junctions between the two parts.

– For each border line, linearly interpolate d over
the interior to establish a desired distance to
the model, and set a z value for each point on
the line.

3. Generate the interior shape of the garment :
– Create a mesh consisting of points within

the 2D simple closed curve that the user has
drawn, sampled on a rectangular grid in the
(x, y) plane.

– Extend the values of d, which are known on
the boundary of this grid, over the interior.

– For each interior grid point (x, y), determine
the value of z for which the distance from
(x, y, z) to the body is the associated value of
d.

– Adjust this tentative assignment of z values to
take into account the tension of the garment
the character’s limbs when appropriate ; this
is described later in this section.

4. Apply the folds to the garment :
– For each fold stroke, determine which grid

points (x, y) intersect the fold.
– For each intersected point, linearly interpolate

the two parameters (radius, amplitude) sup-
plied by the user at each end of the stroke.

– Evaluate a gaussian within the neighbourhood

of the pixel.
– Apply the resulting displacement map to the

z values.

5. Tesselate the grid with triangles, clipped to the
boundary curves, and render the triangles.

Pre-computing a distance field

To accelerate steps 2 and 3 of the algorithm above,
a distance field to the character’s model is pre-
computed when the model is loaded : for each point
of a 3D grid around the model, we determine and
store the distance to the nearest point of the model,
using an octree-based algorithm.

The distance field will be used each time we need
to find the z coordinate to assign to a point p(x0, y0)
so that it lies at a given distance from the model.
This can easily be done by stepping along the ray
R(z) = (x0, y0, z) and stopping when the adequate
distance value is reached (we interpolate tri-linearly
to estimate distances for non-grid points). When this
computation is performed during a sweeping proce-
dure, the stepping starts at the z value already found
at a neighbouring pixel, which ensures the spatial co-
herence of the result and efficiency. Else, the process
starts near the near plane of the rectangular frustum
on which the distance field has been computed.

The quality of the results depends directly on the
resolution of the 3D grid storing the distance field,
as does computation time. The size of the 3D grid is
user-configurable, but we have generally used a 128×
128 × 128 grid to cover the whole body.

Processing of contour lines

2D processing

First, one must classify the parts of the user’s
sketch. As the user sketches, a new line that starts
or ends near (within a few pixels of) an endpoint of
an already-sketched line is assumed to connect to it.
When the sketch is complete (i.e., forms a simple clo-
sed curve in the plane), we classify the parts :

– First the sketched lines are broken into seg-
ments by detecting points of high (2D) curvature
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(breakpoints) (this is actually done on-the-fly, as
the user draws the strokes).

– Each segment is classified as a silhouette or bor-
der line : border lines are ones whose projection
meets the projection of the body in the xy-plane,
silhouettes are the others. The mask of the bo-
dy’s projection is pre-computed and stored in a
buffer called the body mask, in order to make this
classification efficient.

– The resulting segmentation is visible to the user,
who may choose if necessary to add or delete
breakpoints indicating segment boundaries, after
which segments are re-classified.

Distance and z-value at breakpoints

Breakpoints that are located over the body model
(which is tested using the body mask) are used to
indicate regions of the cloth that fit very tightly to
the body. They are thus assigned a zero distance to
the model, and their z value is set to the body’s z at
this specific (x, y) location.

To assign a distance value d to a breakpoint that
does not lie over the body, we step along the ray from
the eye in the direction of the breakpoint’s projection
into the xy-plane, checking distance values in the dis-
tance field data structure as we go, and find the z-
value at which this distance is minimized. We assign
to the breakpoint the discovered z and d values, thus
positioning the breakpoint in 3D.

Line positioning in 3D

Our aim is to use the 3D position of the breakpoints
we just computed to roughly position the garment
in 3D, while the garment’s shape will mostly be in-
ferred from distances to the body along the sketch
silhouettes.

To position the silhouette lines in 3D, we interpo-
late z linearly along the edge between the two break-
points at the extremities of the silhouette. We then
set the d-values for interior points of the silhouette
to those stored in the pre-computed distance field.
(We could instead interpolate d directly, and com-
pute associated z-values, but if the body curves away
from the silhouette curve, there may be no z value for

which the interpolated d-value is the distance to the
body ; alternatively, we could compute d directly for
each interior point and then assign the z-value of the
closest body point, as we did with the breakpoints,
but in practice this leads to wiggly lines because of
the coarse grid on which we pre-compute the approxi-
mate distance-to-body.)

Having established the values of z and d along sil-
houette edges, we need to extend this assignment to
the border lines. We do this in the simplest possible
way : we assign d linearly along each border line.
Thus, for example, in the skirt shown above, the d-
values at the two ends of the waistline are both small,
so the d-value for the entire waistline will be small,
while the d-values for the ends of the hemline are
quite large, so the values along the remainder of the
hemline will be large too.

3D Reconstruction of the gar-
ment’s surface

Using distance to guess surface position

As for the contour lines, the interpolation of dis-
tances to the body will be our main clue for inferring
the 3D position of the interior of the garment. The
first process thus consists of propagating distance va-
lues inside the garment. This is done in the following
way :

First, the 2D closed contour lines of the garment
are used to generate a (x, y) buffer (sized to the boun-
ding box of the sketch) in which each pixel is assigned
one of the values ‘in’, ‘out’ or ‘border’, according to
its position with respect to the contour. A border
pixel is one for which some contour line intersects ei-
ther the vertical or horizontal segment of length one
passing through the pixel-center (see figure 8) ; other
pixels are either inside or outside, which is determi-
ned by the winding number of the contour about the
pixel center. The distance values already computed
along the silhouette and border lines are assigned to
the border pixels.

We also want to minimize the variation of distance
inside the garment, so that the resulting garment is as
tight as possible, given the constraints on the border.
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Fig. 8 – Each grid point represents a small square
(solid lines). If a contour (heavy line) meets a small
vertical or horizontal line through the pixel center
(dashed lines), the pixel is classified as a boundary ;
boundary pixels are marked with a “B” in this figure.
Others are classified as inside (“I”) or outside (“O”)
by winding number.

Let Ω by the set of inside and boundary pixels,
with δΩ the boundary. We already know f∗

d |δΩ, the
pre-determined distance values on the boundary, and
want to find an interpolant fd without extrema over
Ω. This interpolant satisfies :

∆fd = 0 over Ω, with fd|δΩ = f∗
d |δΩ (1)

Equation 1 is a Laplace equation with Dirichlet
boundary conditions, which can be solved simply by
iterating convolutions with a 3x3 neighbours avera-
ging mask over Ω.

We then sweep in the 2D grid for computing z va-
lues at the inner pixels : as explained in section , the
z value is computed by stepping along a ray in the
z direction, starting at the z value we already assi-
gned for a neighbouring point, and taking the z the
closest to the desired distance value, as stored in the
pre-computed distance field.

Mimicking the cloth’s tension

The previous computation gives a first guess of the
garment’s 3D position, but still results in artifacts in

Fig. 9 – Surface reconstruction without (top) versus
with (bottom) taking tension effects into account.
The part of the surface over the body mask is shown
in green in the left images. At bottom left, the body
mask has been eroded and Bézier curves used to infer
the z-values between the legs. The resulting z-buffers
are shown in the middle images and the reconstructed
surfaces on the right.

regions located between two limbs of the character :
due to tension in the cloth itself, a garment should
not fit tightly in the region between two limbs (as in
figure 9 (top)), but rather smoothly interpolate the
limbs’ largest z values.

To achieve this, we first erode the 2D body mask
(already mentioned in section ) by a proportion that
increases with the underlying d value (see figure 9)
(bottom left)). We then use a series of Bézier curves
in horizontal planes to interpolate the z values for the
pixels in-between. We chose horizontal gaps because
of the structure of the human body : for an upright
human (or most other mammals), gaps between por-
tions of the body are more likely to be bounded by
body on the left and right than to be bounded above
and below.

To maintain the smoothness of the garment surface
near the re-computed region, distances values are ex-
tracted from the new z values and the distance field.
Some distance propagation iterations are performed
again in 2D, before re-computing the z values in the
regions not lying over the body that haven’t been
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Fig. 10 – Computing the z-offset generated by a fold.
For each pixel intersecting the fold line, a gaussian is
applied to the neighboring pixels.

filled with the Bézier curves, as was done previously
(see figure 9 (right)).

We finally apply a smoothing step to the z values
in order to get a smoother shape for the parts of the
cloth that float far from the character’s model. This
is done by computing a smoothed version of the z-
buffer from the application of a standard smoothing
filter, and then by taking a weighed average, at each
pixel, of the old and smoothed z-values, the weighing
coefficients depending on the distance to the model
at this pixel.

Applying the folds to the surface

We express folds as a deformation of the garment
surface, where the magnitude of the deformation in
z is at a maximum on the fold stroke, and decreases
away from the stroke. The magnitude of the defor-
mation corresponds to a 2D gaussian centred on the
point of stroke nearest to the surface sample point.
The algorithm proceeds as follows :

For each segment in the fold stroke
– Determine which pixels in the garment map in-

tersect the segment.
– For each pixel intersected

– Clip the segment to the pixel.
– Determine the centre point of the segment -

this is the origin for sampling the 2D gaussian
in this pixel.

– Sample the gaussian within the neighbou-
rhood of the pixel (see figure 10).

We want the effect of the gaussian to fall to zero
at the radius specified by the user. As 99.7% of the
support of the gaussian is within 3 standard devia-
tions (σ) we set the σ of the gaussian to be 1/3 of
the radius. The radius and amplitude of the gaus-
sian in each sampled pixel are linearly interpolated
between the extremities of the fold stroke. The size
of pixels neighborhood to sample is specified by this
interpolated radius.

Once the contribution to all the folds has been com-
puted, the resulting offset is applied to the z-values
previously computed.

Mesh generation

Finally, the triangles of the standard diagonally-
subdivided mesh are used as the basis for the mesh
that we render : all “inside” vertices are retained ;
all outside vertices and triangles containing them are
removed, and “boundary” vertices are moved to new
locations via a simple rule :

– If any segments end within the unit box around
the vertex, the vertex is moved to the average of
the endpoints of those segments. (Because seg-
ments tend to be long, it’s rare to have more
than one endpoint in a box).

– Otherwise, some segment(s) must intersect the
vertical and/or horizontal mid-lines of the box ;
the vertex is moved to the average of all such
intersections.

Results

The examples presented in figure 1 and figure 11
were drawn in no more than 5 minutes each. We want
to point out that the jagged appearance of the strokes
in the drawings is simply due to the use of a mouse
instead of a more adequat graphics tablet as the in-
put device. The gallery includes simple clothes such
as pants, skirts, robes and shirts, but also less stan-
dard ones such as a “bohemian” dress, or exantric
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outfits that would certainly fit nicely in a Haute cou-
ture collection. This wide range of types of clothing
gives an idea of the expressivity our system provides
the user with.

Discussion

We have presented a method for dressing virtual
characters from 2D sketches of their garments. We
used the distance from the 2D garment silhouette
to the character model to infer the variations of the
distance between the garment and the character in
3D. The garment surface is generated from the sil-
houette and border lines and this varying distance
information, using a data-structure which stores the
distance field to the character’s body. The resulting
shape can be easily modified with fold-strokes that
indicate ridges and folds, and shape creation is facili-
tated with a symmetrizing mode that makes it easy to
create vertically-symmetric garments. This method
has been integrated in an interactive system in which
the user can interactively sketch a garment and get
its 3D geometry in a few minutes.

There are other approaches that could be used as
well : one could imagine a parametric template for
shirts, for instance, and a program that allowed the
user to place the template over a particular character
and then adjust the neckline, the overall size of the
shirt, etc. But this limits the realm of designs to those
that exist in the library of pre-defined templates (how
could one design an off-one-shoulder shirt if it wasn’t
already in the library ?), and limits it to standard mo-
dels as well. Nonetheless, the model-based approach
is a very reasonable one for many applications, such
as a “virtual Barbie Doll,” for instance.

The automated inference of the shape is simple and
easy-to-understand, but may not be ideal in all cases,
and we have not yet provided a way for the user to
edit the solution to make it better match the idea
that she or he had when sketching.

Finally, we mentioned earlier the possibility for this
system to be the first step in a pipeline whose final
product is a more physically realistic garment ; we
have been proven right by Decaudin et al. [3] who
generate 2D flat panels from an initial garment pro-

duced by our system. This, coupled with a fast phy-
sical simulation, allows for the generation of realistic
garments that closely match the input sketch.

Future work

It would prove valuable to be able to have more
control on the geometric properties of the generated
surface : currently, we can only ensure a C0 continuity
of the surface, notably at the silhouettes ; higher-
order continuity might be desirable in many situa-
tions.

To provide greater continuity, we plan to use an
approximate (smoothed) distance field instead of the
euclidean distance ; in addition, this would allow for
a faster convergence of the isosets towards a sphere,
which would result in smoother surfaces as one moves
away from the body. We will also consider replacing
the harmonic diffusion of distance inside the garment
by a more customizable one.

For now, the tesselation we use to generate the final
mesh is very simple ; we would like to improve it so
that is creates uniformly triangulated meshes, also
taking into account the directions of folds.

A substantial improvement to the system’s ex-
pressivity would be the possibility of editing and
modifying garments from multiple views : the
system would render the current surface non-
photorealistically, displaying the silhouettes and bor-
ders.,which could then be over-sketched by the user.

Finally, we have sketched clothing as though it were
simply a stiff polygonal material unaffected by gra-
vity. We would like to allow the user to draw clothing,
indicate something about the stiffness of the material,
and see how that material would drape over the body.
The difference between silk (almost no stiffness), can-
vas (stiff), and tulle (very stiff) can generate very
different draping behaviors. In the much longer term,
we’d like to incorporate a simulator that can simulate
the difference between bias-cut cloth and straight-
grain, the former being far more “clingy” than the
latter.
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Fig. 11 – Gallery of examples of garments created with our system.
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Feedback from a fashion designer

Laurence Boissieux is a skillful fashion designer, with experience in creating both real and virtual
garments. She produced the sketch in figure 1 and most garments featured in this article.
Here is Laurence’s commentary on the system :
For a designer, the most natural way to create new fashion is with a simple sheet of paper and a
good old pencil. But designers must keep up with the times and enter the digital age. So far the tools
for creating clothes that are provided in most 3D modeling systems are based on a quite complex
sequence of steps. The first is to draw flat panels, which presupposes a strong knowledge of pattern-
making, which not everyone has ; in the fashion industry, it’s a separate job and is usually not
handled by the designers themselves. Once the panels are created, they must be arranged correctly
in space around the body. The next step is to specify seams and finally to launch a physically based
simulation that will pull the different panels towards each other. If all parameters have been well
chosen and with a lot of trials — and time ! — we can get a 3D garment.
The real strength of this new sketch-based interface is — as the name claims — that it sticks to
the designer’s natural gestures. Paper and pencil are replaced by a graphic tablet which is strictly
equivalent, and above all, the designer is only expected to draw, which he is used to. The system
bears a likeness to reality in its use of metaphors : to remove a line you just need to scrawl on it.
Strokes can be drawn and redrawn until they’re satisfying. To generate the 3D shape is as simple as
clicking a button, and the computation is efficient and quick. The result is nearly instantaneous ;
there’s no need to wait for endless iterations.
This lets the designer go back and forth from the sketch to the garment making rapid changes. With
the same drawing metaphor, the system lets the designer add folds. While the shapes of these folds
are kind of automatic, they’re aligned on free-hand curves and thus look natural. This is another
great feature that painlessly enriches the models and gives them more realism at no cost. Another
interesting aspect is that even neophytes can play the designer. The system doesn’t require any
particular know-how. It is easy to get into it and really intuitive. My wish as designer would be to
see this system included in well-known 3D modelers, so that garments can be created very quickly,
easily, and directly. with a nice shape ; then I would have more time to focus on animation !
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