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ABSTRACT

This paper presents a new method which can create the virtual garment from a single photograph of a real garment put on
to the mannequin. In solving this problem, we obtain the insight from the pattern drafting theory in the clothing field. We
abstract the drafting process into a computer module, which takes the garment type and primary body sizes then produces
the draft as the output. Then the problem is reduced to find out the garment type and primary body sizes. We find that
information by analyzing the silhouette of the garment with respect to the mannequin. The method works robustly and
produces practically usable virtual clothes that can be used for the graphical coordination. Copyright © 2015 John Wiley
& Sons, Ltd.
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1. INTRODUCTION

Creation of virtual garments is demanded from various
applications. This paper notes that such demand arises also
from the consumers at home who would like to graphically
coordinate the clothes in her closet to her own avatar. For
that purpose, the existing garments need to be converted to
virtual garments.

For the consumer, using the computer-aided design
(CAD) programs for digitizing (i.e., identifying and cre-
ating the comprising cloth panels, positioning the panels
around the body, defining the seams, extracting and map-
ping the textures, and then draping on the avatar) her
clothing collection is practically out of question. That job
is difficult and cumbersome even for the clothing experts.
This paper proposes a new method to instantly create the
virtual garment from a single photograph of the existing
garment put on to the mannequin, the setup of which is
shown in Figure 1.

Millimeter-scale accuracy in the sewing pattern is not
the quality this method promises. From insufficient infor-
mation, the method aims to create practically usable
clothes that are just sufficient for the graphical outfit coor-
dination. For the earlier purpose, the proposed method is
very successful. As Figure 2 and other reported results
demonstrate, the method creates practically usable clothes
and works very robustly.

We attribute the earlier success to the following two
novel approaches this paper takes: (i) silhouette-based and
(ii) pattern-based. The use of vision-based techniques is
not new in the context of virtual garment creation. Instead
of trying to analyze the interior of the foreground, how-
ever, this paper devises a garment creation algorithm that
utilizes only the silhouette, which can be captured much
more robustly. This robustness trades-off with the fore-
ground details such as buttons or collars, but we give them
up in this paper to obtain a practically usable technique.

Another bifurcation this paper makes is, instead of
working directly in the 3D-shape space, it works in
the 2D-pattern space. In fact, our method is based on
the pattern drafting theory, which is well established
in the conventional pattern-making study [1]. The pro-
posed method is different from sketch or photograph-based
shape-in-3D-then-flatten approaches in that it does not
call for flattening of the 3D surfaces. Flattening of a
triangular mesh cannot be performed in the theoretical
(differential-geometrical) sense thus inevitably introduces
errors, which emerge as unnaturalness to keen human
eyes. Our method’s obviation of the flattening significantly
contributes to producing more realistic results.

Because it is based on pattern drafting, our work is
applicable only to the types of garments whose drafting
is already acquired. In this work, the goal of which is to
demonstrate the potential of the proposed approach; we
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Figure 1. The setup for the garment capture.

(a) (b)

Figure 2. The proposed method GarmCap takes a photograph (a) and produces its 3D virtual garment (b).
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(a) (b) (c) (d) (e)

(f) (g) (h) (i) (j)

Figure 3. Input photograph (left) versus captured result (right). The captured result was obtained by performing physically based
draping simulation on the 3D mannequin model.

limit the scope to simple casual designs (shirt, skirt, pants,
and one-piece dress) shown in Figure 3.

To summarize the contribution, to our knowledge, the
proposed work is the first photograph-based virtual gar-
ment creation technique that is based on the pattern
drafting.

2. PREVIOUS WORK

In the graphics field, there have been various studies for
creating virtual garments. Turquin et al. [2] proposed a
sketch-based framework, in which the user sketches the sil-
houette lines in 2D with respect to the body, which are then
converted to the 3D garment. Decaudin et al. [3] proposed
a more comprehensive technique that improved Turquin et
al.’s work with the developability approximation and geo-
metrical modeling of fabric folds. The recent sketch-based
method [4] is based on context-aware interpretation of
the sketch strokes. We note that the earlier techniques
are targeted to novel garment creation, not to capturing
existing garments.

Some researchers used implicit markers (i.e., printed
patterns) in order to capture the 3D shape of the gar-
ment [5–7]. Tanie et al. [5] presented a method for cap-
turing detailed human motion and garment mesh from
a suit covered with the meshes, which are created with
retro-reflective tape. Scholz et al. [6] used the garment on
which a specialized color pattern is printed, which enabled
reproduction of the 3D garment shape by establishing the
correspondence among multi-view images. White et al. [7]
used the color pattern of tessellated triangles to capture the
occluded part as well as the folded geometry of the gar-

ment. We note that the earlier techniques are applicable
to specially created clothes but not to the clothes in the
consumers’ closet.

A number of marker-free approaches have been also
proposed for capturing garments from multi-view video
capture [8–11]. Bradley et al. [8] proposed a method
that is based on the establishment of temporally coherent
parameterization between the time-steps. Vlasic et al. [9]
performed the skeletal pose estimation of the articulated
figure, which was then used to estimate the mesh shape
by processing the multi-view silhouettes. Aguiar et al. [10]
took the approach of taking the full-body laser scan prior
to the video-recording. Then, for each frame of the video,
the method recovered the avatar pose and captured the
surface details. Popa et al. [12] proposed a method to rein-
troduce high frequency folds, which tend to disappear in
the video-based reconstruction of the garment. We note
that the earlier multi-view techniques call for somewhat
professional setup for the capture.

Zhou et al. [13] presented a method that generates the
garment from a single image. Because the method assumes
that the garment is symmetric in front part and rear part,
it is hard to generate realistic rear part of the garment.
The result can be useful if the clothing expert applies
some additional processing, but not quite sufficient for the
graphical coordination of the garments.

3. OVERVIEW

Our virtual garment creation is based on the drafts. Con-
ventionally, there exists a draft (note that draft is different
from the pattern; a draft is a collection of points and lines
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Figure 4. The one-piece dress draft, which can be determined from the primary body sizes summarized in Table I.

Table I. The primary body sizes for the one-piece
dress draft.

Acronym Meaning

WBL Waist back length
HL Hip length
SL Skirt length
BiSL Bishoulder length
BP Bust point to bust point length
BC Bust circumference
WC Waist circumference
HC Hip circumference

that are essential for obtaining the patterns or the cloth pan-
els) for each garment type. Figure 4 shows a typical draft
for the one-piece dress. The whole set of the panels can
be obtained by symmetrizing, mirroring, or making some
variations to the draft.

We note that in fact the drafting can be performed from
the input of just a few parameters [14]. For the case of
the one-piece dress draft shown in Figure 4, the required
input parameters are eight sizes, which are summarized
in Table I. We call them the primary body sizes (PBSs).
Because this work performs the garment capture in the
context of pre-acquired drafts, the problem of converting
the photographed garment to a 3D virtual garment can be
reduced to the problem of identifying the garment type and
the PBSs.

Figure 5 overviews the steps of our garment capture
technique (GarmCap). From the given photograph, it first
extracts the garment silhouette. Based on the garment sil-
houette, it identifies the garment type and PBSs, which
enable the creation of the sized draft. Then, it can generate
the comprising panels. Finally, it performs the physically
based simulation on the 3D mannequin or avatar.

4. GARMENT CAPTURE

This section presents each of the steps overviewed in
Figure 5.

4.1. Off-line Photographing Set up

Our photographing setup (Figure 1) consists of a camera
and a mannequin such that the photograph can be taken
from the front. The positions of both the camera and the
mannequin are fixed, so that the photographs taken with
and without the garment can have pixel-to-pixel corre-
spondence. We use the green background screen, which
facilitates extraction of the foreground objects. In order to
minimize the influence caused by the shadow, we tried to
use lights of ambient nature as much as possible. We pre-
processed the mannequin (scanned, graphically modeled,
and stored into an OBJ format file) to obtain its complete
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Figure 5. The steps the proposed garment capture technique (GarmCap).

(a) (b) (c)

Figure 6. The steps for obtaining the garment silhouette and landmarks: (a) base mask, (b) garment silhouette, (c)
mannequin-silhouette landmark points (red) and garment-silhouette landmark points (blue).

3D geometry as well as its PBSs such that we can estab-
lish the relationship between real world distance and
pixel distance.

4.2. Obtaining the Garment Silhouette

The first step of the GarmCap is the garment silhou-
ette extraction, that is based on GrabCut [15] method.
We already have the mannequin mask MM obtained from
the mannequin image. We can obtain the exposed mask
ME, the non-garment region of the input photograph.
Subtracting ME from MM gives us the base mask MB.
Figure 6(a) shows the base mask of the input photograph
in Figure 5. By supplying this base mask, now the Grab-
Cut can produce the garment silhouette without any user

interaction. Figure 6(b) shows the garment silhouette taken
from the input photograph of Figure 5 according to the
earlier procedure.

4.3. Identifying the Garment Type

With the garment silhouette extracted in Section 4.2, we
identify the garment type from the choices in the cur-
rent garment type database (DB) (shirt, skirt, pants, and
one-piece dress) by searching the closest match with

arg min
SD

kTSI � SDk (1)

where SI is the input garment silhouette image (e.g.,
Figure 6(b)), SD is the silhouette in the DB, and T is a
transformation that can take an arbitrary combination of
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rotation, translation, and scaling (same scales along each
axis). After the garment type is identified, when needed,
we subclassify the type. For example, after a garment is
identified as a skirt, we further subclassify it whether it is
A-line or H-line. For the case of the shirt, it is subclassified
according to the sleeve and neckline. The subclassifica-
tion is performed in the similar way as described with
Equation 1.

4.4. Identifying the Primary Body Sizes

A few points on the surface of the mannequin are
pre-registered as the mannequin-silhouette landmark
points (MSLPs). Garmcap identifies them and labels them
with red circles as shown in Figure 6(c). Then, GarmCap
labels a few feature points of the photographed garment
with blue circles as shown in Figure 6(c). We call them the
garment-silhouette landmark points (GSLPs). For the cen-
ter waist and bust points, the MSLPs and GSLPs coincide,

thus the red circles are hidden behind the blue ones. But, in
general, there can exist some discrepancy. For example, the
discrepancy at the waist left and waist right, although they
are in 2D, informs the ease at the waist. Note that the sleeve
ends and the skirt end exist only as GSLPs, and indicate
the length of the sleeves and the skirt.

To identify the GSLPs from the garment silhouette,
we search the candidate spots of the silhouette image
according to

arg min
ML

kMF �MLk (2)

where MF is one of the filters shown in Figure 7, and ML

is the square fraction of the silhouette image. Note that
the earlier minimization is not mislead by the local min-
ima because the searching is performed around MSLP. By
performing the earlier search for the silhouette image with
the transformation T in Equation 1 being applied, we do
not need to consider the size mismatch here. Now, we

Figure 7. Filters for identifying the garment-silhouette landmark points.

(c) (d) (e)

(a) (b)

Figure 8. Extraction of the texture: (a) original image, (b) triangle mesh, (c) deformed image, (d) deformed mesh, (e) one-repeat
texture.
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can obtain the PBSs of the garment based on the GSLPs
identified earlier. For the circumferences, we reference the
geometry of the scanned mannequin body.

4.5. Texture Extraction

This section describes how we extract one-repeat tex-
ture from the input image. Texture is a significant part
of the garment without which the captured result would
look monotonous. Note that our work is not based on
vision-based reconstruction of the original surface, but
it reproduces the garment by pattern-based construction
and simulation. In that approach, the conventional texture
extraction (i.e., extracting the texture of the whole gar-
ment) produces poor results. The proposed method calls for
extraction of an undistorted one-repeat texture. We propose
a simple texture extraction method that can approximately
produce visual impression of the original garment in the
limited cases of regular patterns consisting of straight lines.

We eliminate the distortion first and then extract
one-repeat texture from undistorted image. We extract
the lines by applying the sobel filter, then construct a
2D triangle mesh based on the extracted lines as shown
in Figure 8(b). We apply the deformation transfer tech-
nique [16] to straighten the earlier mesh.

To apply the deformation transfer method, we define the
affine transformation T as

T D eVV�1 (3)

for each triangle, where V and QV represent undeformed and
deformed triangle matrices, respectively. Using only the
smoothness term ES and the identity term EI ,

ES D

jtjX
iD1

X
j2adj.i/

��Ti � Tj
��2

F (4)

EI D

jtjX
iD1

kTi � Ik2F (5)

we formulate the optimization problem as

mineV1���eVn

E D wSES C wIEI (6)

subject to yeVi
D yeVj

.i, j 2 Lh/

xeVi
D xeVj

.i, j 2 Lv/

where wS and wI are the user controlled weights, Lh and Lv

are horizontal and vertical lines, respectively, and yeVi
is y

coordinate of vertex i. We use weights wS D 1.0 and wI D

0.001 as in [16]. The optimization produces straightened
results as shown in Figure 8(c) and (d). Now, one-repeat
texture (Figure 8(e)) can be extracted by selecting the four
corner points of the texture along the parallel straight lines.

Figure 9. The side and rear view of Figure 3(a).
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Figure 10. The panels for the captured result shown Figure 2.

Figure 11. Draping captured garment on the avatar.

4.6. Generating the Draft and Panels

After we obtain the garment type and the PBSs, we create
the panels by supplying them to the parameterized draft-
ing module. We map the one-repeat texture on the panels.
Each garment type has the information on how to position
and create seams between the panels. After positioning and
seaming panels, we perform the physically based clothing
simulation [17,18].

5. RESULTS

We implemented the proposed garment capture method on
a 3.2 GHz Intel Core(TM) i7-960 processor with 8 GB
memory and a Nvidia GeForce GTX 560Ti video card. We
ran the method to the left images of Figure 3. The right side
images of Figure 3 show the results produced with Garm-
Cap. For the physically based static simulation, we set the
mass density, stretching stiffness, bending stiffness, and
friction coefficient to 0.01g=cm2, 100kg=s2, 0.05kgcm2=s2,
0.3, respectively, for the experiments shown in this paper.
Running the proposed method took about 3 seconds per
garment excluding the static simulation.

Our experiments included three dresses (Figure 3(a)–
(c)), two sweaters (Figure 3(d)–(e)), one shirt (Figure 3(f)),

one H-line skirt (Figure 3(g)), one A-line skirt (Figure 3
(h)), and two pairs of pants (Figure 3(i)–(j)).

There can exist some discrepancies between captured
and real garments. We measured the discrepancies in the
corresponding PBSs of the captured and real garments. For
the garments experimented in this paper, the discrepancy
was bounded by 3cm.

The proposed method reproduces the shoulder strap
(Figure 3(b)) and the necklines (Figure 3(a)–(f)) quite well.
The method captures loose-fit garments (Figure 3(a)–(h))
as well as normal-fit garments (Figure 3(b)) very success-
fully. In capturing tight-fit garments, however, GarmCap
may not accurately represent the tightness of the garment
because the silhouette analysis cannot tell how much the
garment is stretched. Because of the earlier problem, for
example, some wrinkles are produced in the captured result
of Figure 3(g).

Intrinsically, the proposed method cannot capture the
input garment accurately when its draft does not exist in
the database. In Figure 3(h), whereas the skirt has pleats
at the bottom end, our method produces an A-line skirt
because the pleated skirt is not in the database. In spite
of the missing pleats, we note that the results are visually
quite similar.
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Figure 9 shows the side and rear views of the virtual
garment shown in Figure 3(a). Although the method refer-
enced only the frontal image, we note that the result is quite
plausible from other views. We attribute the success to the
fact that GarmCap is based on the pattern drafting theory.

Figure 10 shows the panels that have been automatically
created for the captured garment in Figure 2. Figure 11
shows a few results which are put on to the avatar.

6. CONCLUSION

In this work, we proposed a novel method GarmCap that
generates the virtual garment from a single photograph
of a real garment. We obtain the insight of the method
from the drafting of the garments in the pattern-making
study. GarmCap abstracted the drafting process into a com-
puter module, which takes the garment type and PBSs to
produce the draft as the output. For identifying the gar-
ment type, GarmCap matched the photographed garment
silhouette with the selections in the database. The method
extracted the PBSs based on the distances between the gar-
ment silhouette landmark points. GarmCap also extracted
the one-repeat texture in some limited cases based on the
deformation transfer technique.

The virtual garment captured from the input photograph
looks quite similar to the real garment. The method did
not require any panel-flattening procedure, which con-
tributed to obtaining realistic results. Although we created
the virtual garment based on the front image, the result is
plausible even when it is viewed from an arbitrary view.

The proposed method is based on the silhouette of the
garment. Therefore, the method is difficult to represent the
non-silhouette details of the garment such as wrinkles, col-
lars, stitches, pleats and pockets. It would be challenging
for the method to represent complex dresses (including
traditional costumes). In the future, we plan to investi-
gate the methods for more comprehensive garment capture
techniques that can represent the earlier features.
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